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Bc. Kamila Galuskova, Mgr. Petr Vesely, DiS., PhD.

Komparace subjektivni refrakéni metody pomoci Jacksonovych zkrizenych

cylindri s metodou vyuziti stenopeické Stérbiny

Katedra optometrie a ortoptiky, Lékatska fakulta, Masarykova univerzita Brno

Anotace

Prispévek se zabyva charakteristikou astigmatismu a jeho subjektivni refrakci. Na zacatku
prispeévku zminuji teorii astigmatismu, jeho etiologii a rozdéleni. Na konci piispévku nastiiuji
sviy vyzkum, kde porovnavam vysledky meéfeni astigmatismu pomoci Jacksonovych

zktizenych cylindrti a pomoci stenopeické stérbiny.

Kli¢ova slova

Subjektivni refrakce, astigmatismus, jacksonliv zkiiZeny cylindr, stenopeicka Stérbina.

Mg¢éteni zraku je kazdodenni néplni prace kazdého optometristy. Nedilnou soucésti celkové
refrakce oka je tzv. subjektivni refrakce, ktera dopomiize poskytnout pacientovi co nejlepsi
snesitelnou korekci. Nicméné existuje vice variant subjektivni refrakce oka. Ve svém piispévku
porovnavam asi nejznaméjsi konvenéni metodu pomoci Jacksonovych zkiiZzenych cylindri

s mén¢ zndmou alternativni metodou, ktera vyuziva stenopeickou §térbinu.

Astigmatismus

Astigmatismus je asféricka refrakéni vada, pfi niz se paprsky prochéazejici o€nimi médii
protnou Vv n¢kolika ohniscich, které se nachéazeji v rliznych rovinadch. Divody vzniku
astigmatismu mohou byt rizné. Moznou pfi¢inou mizZe byt zména indexu lomu o¢nich médii
(katarakta) nebo jejich nepfesné centrace (subluxace o¢ni ¢ocky). Nejcastéjsi pti¢inou vzniku
astigmatismu je nepravidelné zakiiveni rohovky nebo cocky. V takovém piipadé se
astigmatismus rozviji jiz v prvnim roku véku ditéte.

Astigmatismus lze rozdélit do nékolika skupin:

1) podle vzajemnych poloh dvou hlavnich rovin;
Jestlize jsou dv¢ hlavni roviny astigmatismu k sob€ navzajem kolmé, jedna se o astigmatismus
pravidelny (astigmatismus regularis). Tuto variantu Ize jednoduse korigovat brylovymi skly

nebo mekkymi kontaktnimi ¢ockami.



Pokud ovSem dva hlavni fezy astigmatismu nesviraji mezi sebou thel 90°, jednd se o
astigmatismus nepravidelny (astigmatismus irregularis). Tuto variantu astigmatismu lze
vykorigovat velmi tézce a v nékterych piipadech vykorigovat zcela nejde. Diivodem vzniku
nepravidelného astigmatismu jsou Casto urazy oc¢i nebo onemocnéni, ktera deformuji rohovku
(napt. keratokonus). Korekce se provadi pomoci tvrdych kontaktnich ¢ocek. Pokud ani ty

neposkytuji dostatecnou zrakovou ostrost, je moznost podstoupit chirurgicky zakrok.

2) podle polohy hlavnich Fezii;
Jestlize se vice lomivy fez nachdzi ve vertikdlnim sméru, mluvime o astigmatismu pfimém
neboli podle pravidla. Pokud je vice lomivy ez v horizontalnim sméru, jedna se o astigmatismu

nepiimy nebo také astigmatismus proti pravidlu.

3) podle polohy fokal.
Astigmatismus mizeme téz rozdélit podle polohy fokal. Jestlize se jedna z fokal nachazi na
sitnici a druhd mimo ni, mluvime o astigmatismu jednoduchém. Pokud je druha z fokal pred
sitnici, jednd se o astigmatismus myopicky. Jestli je druhd z fokal za sitnici, mluvime
astigmatismu hypermetropickém. V ptipad€ Ze jsou ob¢ fokaly umistény mimo sitnici (oba fezy
jsou myopické nebo oba hypermetropické), jedna se astigmatismus sloZeny. JestliZe je jedna
z fokal umisténa pied sitnici (myopicky) a druha za sitnici (hypermetropicky), jednd se o
astigmatismus smiSeny (mixtus). Pokud se fokaly nachdzeji ve stejnych vzdalenostech od

sitnice, je to ryze smiSeny astigmatismus.

Subjektivni refrakce

Subjektivni refrakce je nedilnou soucasti celkové refrakce oka. Bez ni bychom nebyli
schopni poskytnout pacientovi snesitelnou korekci. Existuje vice metod subjektivni refrakce
oka. V mém vyzkumu porovnavam metody méfeni, a to konkrétné¢ pomoci Jacksonovych

zkiizenych cylindri s méné pouzivanou metodou, ktera vyuziva stenopeickou stérbinu.

Jacksonovy zkriZené cylindry

Jacksontiv zktizeny cylindr (JCC) je v podstaté sféro-cylindricka ¢ocka usazena do objimky
s rukojeti. JCC je asi nejrozsitenéjsi metoda refrakce ve svété a mizeme ji najit v témeét kazdé
vysetifovné optometristy. Cocka se skladd ze dvou na sebe kolmych os cylindru o totozné
mohutnosti ale opacného znaminka. V ose zaporného plan-cylindru mé nejvétsi lomivy Gc€inek
kladny plan-cylindr a naopak. Uginek kazdého cylindru je tedy kolmy k jeho ose. Mezi osami

plan-cylindrii je umisténa rukojet, coz vyrazné urychluje praci béhem celého vysetieni.
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Optometrista tak mize pouhym pietocenim Cocky v 0se rukojeti ® ® ®

vymeéné efektivné porovnat obé varianty. JCC se vyrabi ve vice 0 o0

+ 0,25 D, £ 0,50 D a £ 1,00 D. Jako testova znacka se nejcCastéji . .

meénit kladnou osu cylindru za zdpornou. Pacient mtize diky rychlé (]
variantach mohutnosti. Nejvice pouzivanymi jsou JCC o hodnotach

vyuziva bodovy test, ktery je umistén ve vysetfovaci vzdalenosti 5 ® [ ) ®
nebo 6 metri podle moznosti vySetfovny. Dal§imi variantami Obrézek 1+ Bodovy test
testovych znacek je Landoltiv kruh nebo kulaté pismeno, které
volime o jeden fadek vétsi, nez je pacientova nejlepsi dosazend zrakova ostrost.

Poté, co je stanovena nejlepsi sférickd korekce, stanovi optometrista predbéznou osu
cylindrické korekce, nasledné definitivni osu cylindru, a nakonec nasleduje uréeni hodnoty

korekéniho cylindru.

Obrazek 2: Hledani predbezné osy astigmatické korekce

V Ceské republice se obvykle pracuje se zapornymi hodnotami cylindru, zatimco

Vv zahrani¢ni literatufe se mizeme Castéji setkat s hledanim kladnych hodnot cylindru.



Stenopeicka S$térbina

Stenopeicka $térbina (SS) je nedilnou soudasti kazdé
zkusebni sady cocek. Stenopeicka stérbina je v objimce
zasazend Cerna clona v jejimz stiedu se nachdzi podlouhly
otvor. Vopraxi se Kkvyuziti stenopeické Stérbiny
optometristé obvykle obraci az v pfipadé, kdy Zzadna

z konvenénich refrakénich metod neposkytuje pacientovi

dostateCn¢ uspokojivy vizus. Stenopeickd Stérbina je

napomocna pro potvrzeni jiné metody subjektivni refrakce.

Obrazek 3: Stenopeicka stérbina

Jelikoz se méti kazdy hlavni fez zvlast, je tato metoda
vhodna 1 pro stanoveni nepravidelného astigmatismu.

Promitneme fady znaki na optotypu tak, aby pacientova nejlepsi zrakova ostrost odpovidala
spodnimu tadku. VySetfeni se provadi monokularné, proto ve zkuSebni obrubé zakryjeme
pacientovi levé oko a najdeme nejlep$i moznou sférickou korekei pravého oka. Nasledné
pacienta zamlzime +1,00 az +1,50D. Sférickou korekci a zamlZujici Co€ky vloZime do zadni
strany zkuSebni obruby a dopfedu obruby vlozime stenopeickou Stérbinu. JestliZe se pacientova
zrakova ostrost vyrazné zhorsi, je nutné pouzit $irsi stenopeickou $térbinu. Nasledné pomalu
ota¢ime stenopeickou stérbinou do pozice, ve které pacientovi poskytuje nejlepsi zrakovou
ostrost. Otvor stenopeické Stérbiny je v tomto okamziku paralelné s osou minusového cylindru.
Postupné snizujeme hodnotu zamlzujici ¢ocky, dokud nedosdhneme nejlepsi zrakové ostrosti a
vyslednou hodnotu (hodnota zamlZzujici Coc¢ky + hodnota sférické korekce) a polohu meridianu
sl zaznamename.

Znovu zamlzime oko alespoii +1,00D a ota¢ime stenopeickou Sté€rbinou v objimce zkuSebni
obruby a hledame polohu, ve které je zrakova ostrost nejhorsi. Pokud je tato poloha o 90°
sto¢end oproti nejlepsi poloze Stérbiny, jednd se o pravidelny astigmatismus. Pokud ovSem
nejhors$i poloha Stérbiny neni od nejlepSi polohy Stérbiny vzdalena o 90°, jednd se o
astigmatismus nepravidelny. Nasledn¢ se snizuje hodnota zamlzujici ¢ocky, dokud neni
dosazeno nejlepsi korekce.

Odstranime zamlzujici ¢ocku se stenopeickou stérbinou a vlozime vyslednou sféro-
cylindrickou korekci. Zméfime zrakovou ostrost pravého oka a stejnym zplsobem zméiime

levé oko.



Vyzkum
Ve svém vyzkumu se zabyvam komparaci refrakénich hodnot namétenych metodou pomoci
Jacksonovych zkiiZzenych cylindrii s metodou méfeni promoci stenopeické Stérbiny.

Pro sviij vyzkum jsem si stanovila dvé nasledujici hypotézy:

Hypotéza 1

+  Pomoci metody JCC se dosahne lepsiho vizu nez metodou pomoci SS.

Hypotéza 2
* Nameéfené hodnoty pomoci metody JCC se budou vice blizit vysledkiim naméfenych

pfi objektivni refrakci nez pomoci metody SS.

Témito hypotézami chci dokéazat, ze konvencni metody méteni subjektivni refrakce jsou

presngjsi a vice aplikovatelné nez metody alternativni.

Metodika

Probandy k mé diplomové praci jsou zejména klienti optiky, kde ptisobim.
Probandi budou mit minimaln¢ 18 let (vylou€eni pfipadné akomodace), nebude se u nich
vyskytovat zadna o¢ni patologie a nebudou po jakékoliv refrakéni operaci. V ptipadé, ze se
bude jednat o nositele kontaktnich ¢oc¢ek, budou mit cocky vysazeny minimalné 3 hodiny pied
samotnym meéfenim.

JestliZe se u oka neprokazZe astigmatismus, nebude zatazeno do vyzkumu.
Metody meéfteni stfidam u kaZzdého jednoho klienta, abych tak zamezila ovlivnéni vysledkd.
V praxi nejvice pouzivam metodu pomoci JCC a méla bych tendenci se priklanét k vysledklim
touto metodou.

Kazdy pacient podepsal prohlaseni se souhlasem o publikaci jeho namétenych hodnot.



Dosavadni vysledky
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Pomér namérenych hypermetorpl a myopl

Hypermetropové

B MuZi ®Zeny

Myopové

Prozatimni naméfené hodnoty zatim potvrzuji ob& hypotézy. Doposud jsem naméfila celkem

16 probandt a naméfila hodnoty pro 29 o¢i.

Nameétené hodnoty naznacuji, Ze pomoci JCC lze dosdhnout primérné lepSiho vizu, nez

metodou stenopeické §térbiny. Primérny vizus u hypermetropi pomoci JCC je 0,94 s

odchylkou pouze 0,05. Zatimco vizus pomoci stenopeické stérbiny dosahuje primérné hodnoty

0,89 s odchylkou 0,09. U vétsiho vzorku dat u myopt dosahuje prumérna hodnota vizu 0,95 s

odchylkou 0,07. Zatimco u metody stenopeické Stérbiny je primérna hodnota dosaZzeného vizu

0,84 s vyrazngjsi odchylkou 0,2. Hodnoty jsou zatim v souladu s moji prvni hypotézou.

Vizus JCC SS
Hypermetropové 0,94 +£0,05 0,89 +0,09
Myopové 0,95 +0,07 0,84 +0,20

Primérné hodnoty astigmatické korekce naméfené metodou JCC se vice blizi objektivnim

hodnotdm méfenych refraktometrem. Tyto hodnoty tak zatim potvrzuji moji druhou hypotézu.

Hypermetropové Refraktometr JCC SS
Praumér -1,08 -0,73 -0,63
SM 0,48 0,43 0,41
Myopové Refraktometr JCC SS
Praumér -1,29 -1,08 -1,0
SM 0,75 0,61 0,57




Primérné hodnoty os namétené astigmatické korekce JCC se téz vice shoduji s objektivné

naméfenymi hodnotami nez hodnoty namétené pomoci stenopeické stérbiny.

Hypermetropové Refraktometr JCC SS
Priamér 120,6 61,3 53,50
SM 54,32 62,37 66,26
Myopové Refraktometr JCC SS
Priamér 105 100,05 90
SM 52,86 54,78 59,3

Vzhledem k tomu, Ze jsem se svym méfenim teprve na zac¢atku, nejsou zde uvedené hodnoty

smérodatné. Ve své prezentaci budu uvadét své aktualngjsi hodnoty.

Diskuze

Cilem mého vyzkumu bylo pfedev§im porovnat spolehlivost a aplikovatelnost dvou
subjektivnich metod refrakce. Podobnou studii se zabyval Johnson et al. v roce 1996, ve které¢
vzajemné porovnaval tfi subjektivni metody refrakce na celkem 40 probandech. Vyhodou této
studie byly celkem dva vysetiujici, ¢imz byla zajisténa vétsi objektivnost vyzkumu. Johnson et
al. porovnaval metodu Jacksonovych zkiizenych cylindri se zamlzovaci Humphriss imediate
contrast (HIC) metodou a tzv. Pratt near cylinder testem. Vyzkum prokazuje velmi dobrou
spolehlivost metod pomoci JCC a HIC. Vzajemny rozdil astigmatické korekce u vSech tii metod
byl mens$i nez = 0,25D. U Pratt near cylinder testu byla vétsi tendence zvySovat hodnoty
cylindrické korekce. Divodem byla pravdépodobné odlisna testovaci vzdalenost. Metody se v
rozmezi + 0,25D shodovaly na 80-98 % a s toleranci + 10° definitivnich os astigmatické korekce
se vzajemné shodovaly na 85-90 %.

Co se tyce meého vyzkumu, metoda stenopeickou Stérbinou se zatim prokazuje jako docela
spolehlivé aplikovatelna na pacientech s astigmatismem o hodnoté cca -0,75 - 1,75 D. Tito
pacienti nemaji vétSinou problém najit nejlepsi/nejhorsi polohu stenopeické Stérbiny. Nicméné
u pacientll s vy$§im astigmatismem jsem se dostala do situace, kdy se stenopeickou Stérbinou
ve zkuSebni obrubé byl vizus vyrazné lep$i, nez kdyz jsem Stérbinu ndsledn€ nahradila
cylindrickym ekvivalentem a sféricky dokorigovala. Pfisuzuji to vlivu odstinéni perifernich
paprsku vstupujicich do oka pfes stenopeickou $térbinu, ktera v ten moment fungovala jako

clona a poskytla tak lepsi celkovy vizus. Naopak u astigmatismu nizsiho, nez je -0,75 D pacienti
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nereaguji pfili§ jednoznacné a nalezeni nejhorsi a nejlepsi pozice $térbiny je pro né mnohdy

nejednoznacné a zbytecné zdlouhavé.

Zavér

Metoda Jacksonovych zkiizenych cylindrii je pro mé¢ zatim "ptesnéjsi" a dosahuji s jeji
pomoci lepsich vysledkd vizu nez u SS. Piesto je viak pro praxi vhodné znat vice moznosti
subjektivni refrakce, jelikoz konvenéni refrakéni metody nemusi byt mnohdy aplikovatelné u
vSech pacientd. Je tfeba ke kazdému pacientovi pfistupovat individudlné a volit takové refrakéni
postupy, které jsou pro n¢j nejkomfortnéjsi a pro nas jako vysSettujici stale efektivni. Jak bylo

poukézéano ve studii Johnson et al., je vice metod refrakce, které jsou spolehlivé.
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Kamila Galuskova, Mgr. Petr Vesely, DiS., PhD.
Comparison of the subjective refractive method using Jackson cross

cylinders and the method of using the stenopeic slit.
Department of Optometry and Orthoptics, Faculty of Medicine, Masaryk University in Brno

Annotation

The article deals with the characteristics of astigmatism and its subjective refraction. At the
beginning of the article I mention the theory of astigmatism, its etiology and division. At the
end of the paper, | outline my research, where I compare the results of measuring astigmatism

using Jackson's crossed cylinders and a stenopeic slit.

Keywords

Subjective refraction, astigmatism, Jackson's crossed cylinder, stenopeic slit.

Refraction is an optometrist’s daily task. An integral part of the overall refraction of the eye is
the so-called subjective refraction, which is the only way how to provide the tolerable
correction. However, there are several variants of subjective refraction. In my paper | compare
the conventional method using Jackson cross cylinders with a less known alternative method

that uses a stenopeic slit.

Astigmatism

Astigmatism is an aspherical refractive error in which rays passing through the ocular media
intersect at several foci located in different planes. There are various causes of astigmatism. A
possible cause may be a change in the refractive index of the ophthalmic media (cataract) or
their inaccurate centering (subluxation of the ocular lens). The most common cause of
astigmatism is irregular curvature of the cornea or lens. In this case, astigmatism develops in

the first year of the child's age.
Astigmatism can be divided into several groups:

1) according to the mutual positions of the two main planes:
If the two main planes of astigmatism are perpendicular to each other, it is regular astigmatism.
This variant can be easily corrected with spectacle lenses or soft contact lenses.
However, if the two main sections of astigmatism do not form an angle of 90°, it is irregular

astigmatism (irregularis astigmatism). This variant of astigmatism is very difficult to correct,
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and, in some cases, it is not even possible to correct it completely. Irregular astigmatism is often
caused by eye injuries or diseases that deform the cornea (e.g. keratoconus). The correction is
usually performed using hard contact lenses. If even these do not provide sufficient visual

acuity, it is possible to undergo surgery.

2) according to the position of the main sections:
If the more refractive section is in the vertical direction, it is direct astigmatism, which is also
called according to the rule. If the section is more refractive in the horizontal direction, it is

indirect astigmatism which we can also call as an astigmatism against the rule.

3) according to the position of the focal lines.
Astigmatism can also be divided according to the position of the focal lines. If one of the focal
lines is on the retina and the other outside it, it is a simple astigmatism. If the second of the
focal lines is in front of the retina, it is myopic astigmatism. If the second of the focal lines is
behind the retina, we speak about hyperopic astigmatism. If both focal lines are located outside
the retina (both sections are myopic or both hyperopic), it is a compound astigmatism. If one of
the focal lines is located in front of the retina (myopic) and the other behind the retina
(hyperopic), it is a mixed astigmatism (mixtus). If the focal lines are at equal distances from the

retina, it is purely mixed astigmatism.

Subjective refraction

Subjective refraction is an integral part of the overall refraction of the eye. Without it, we would
not be able to provide the patient with a tolerable correction. There are several methods of
subjective refraction. In my research, | compare measurement methods, specifically using

Jackson's crossed cylinders, with a less widely used method that uses a stenopeic slit.

Jackson’s crossed cylinders

The Jackson cross cylinder (JCC) is a spherical-cylindrical
lens seated in a sleeve with a handle. JCC is probably the most . . .
common method of refraction in the world and can be found in ... o ...
almost every optometrist's examination room. The lensconsists @ @ @ @ @
of two cylindrical axis perpendicular to each other with the same @ @ P ® O
power but the opposite sign. In the axis of the negative plane- .. P ..
cylinder, the positive plane-cylinder has the greatest breaking

effect and vice versa. The effect of each cylinder is thus Figure 1. Point test
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perpendicular to its axis. A handle is placed between two axis of the plan-cylinders, which
significantly speeds up the work during the entire examination. The optometrist can thus change
the positive axis of the cylinder for the negative one by simply turning the lens in the axis of
the handle. Thanks to the quick exchange, the patient can effectively compare both variants.
JCC is produced in several power variants. The most common variants values of + 0.25 D, +
0.50 D and £ 1.00 D.

The most frequently used test mark is a point test, which is located at an examination
distance of 5 or 6 meters, depending on the possibilities of the examination room. Other variants
of test marks are the Landolt circle or a round letter, which we choose one line above than the
patient's best achieved visual acuity.

After determining the best spherical correction, the optometrist determines the preliminary
axis of the cylindrical correction, then the final axis of the cylinder, and finally the value of the

correction cylinder is determined.

Figure 2: Finding the preliminary axis of the cylindrical correction

In the Czech Republic, negative cylinder values are usually used, while in foreign literature

is more common positive cylinder values.

Stenopeic slit

The Stenopeic slit (SS) is a part of each test set of lenses. The
Stenopeic slit is a black screen inserted in the sleeve with an
elongated opening in the middle. In practice, optometrists usually
turn to the use of a stenopeic slit only when none of the
conventional refractive methods provide the patient with a

sufficiently satisfactory visa. The stenopeic slit is helpful in

Figure 3: Stenopeic slit

confirming another method of subjective refraction. Since each
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major incision is measured separately, this method is also suitable for determining irregular
astigmatism.

We show the rows of letters on the optotype so that the patient's best visual acuity
corresponds to the bottom line. The examination is performed monocularly, so in the test frame
we cover the patient's left eye and find the best possible spherical correction of the right eye.
Subsequently, the patient is obscured by +1.00 to + 1.50D. Insert the spherical correction and
fog lenses into the back of the test frame and insert the stenopeic slit to the forepart of the
glasses. If the patient's visual acuity deteriorates significantly, a wider stenopeic slit must be
used. Then, we slowly turn the stenopeic slit to the position in which it provides the patient with
the best visual acuity. The opening of the stenopeic slit is at this moment parallel to the axis of
the negative cylinder. Gradually reduce the value of the fogging lens until we reach the best
visual acuity and the resulting value (fogging lens value + spherical correction value) and record
the position of the meridian.

Re-fog the eye at least + 1.00D and rotate the stenopeic slit in the test glasses to find the
position where the visual acuity is the worst. If this position is rotated 90 ° from the best position
of the slit, it is regular astigmatism. However, if the worst position of the slit is not 90 © away
from the best position of the slit, it is an irregular astigmatism. Then, the value of the fogging
lens decreases until the best correction is achieved.

Remove the fogging lens with a stenopeic slit and insert the resulting spherical-cylindrical
correction. We measure the visual acuity of the right eye and then measure the left eye in the

same way.

Research

In my research | deal with the comparison of refractive values measured by the method using
Jackson's crossed cylinders with the method of measuring by the stenopeic slit.
For my research, I set the following two hypotheses:

Hypothesis 1

e The JCC method achieves a better visa than with the stenopeic slit.

Hypothesis 2
e Measured values using the JCC method will be closer to the results measured during
objective refraction than the results measured with the stenopeic slit method.
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With these hypotheses, | want to prove that conventional methods of measuring subjective

refraction are more accurate and more applicable than alternative methods.

Methodology

The probands for my diploma thesis are mainly clients of the opticians, where | work.
Probands will be at least 18 years old, they will not have any ocular pathology and they will not
be after any refractive surgery. In the case of contact lens wearers, the lenses will be removed
for at least 3 hours prior to the actual measurement.

If the eye does not have an astigmatism error, it will not be included in the research.
| alternate measurement methods for each client to avoid affecting the results. Before the
research | mostly used the JCC method and I would tend to lean towards the results with this
method.

Each patient signed a statement agreeing to the publication of his/hers measured values.
Tentative results

Ratio of the measurement

12

10

Hyperopia Myopia

H Men M Women

The provisional measured values so far confirm both hypotheses. So far, | have measured a
total of 16 probands and measured values for 29 eyes.
The measured values indicate that the JCC can achieve a better visa on average than the
stenopeic slit method. The average visa for hyperopes using JCC is 0.94 with a deviation of
only 0.05. While the visa using the stenopeic slit reaches an average value of 0.89 with a
deviation of 0.09. For a larger sample of myopic data, the average visa value is 0.95 with a
deviation of 0.07. While with the method of stenopeic slit, the average value of the achieved

visa is 0.84 with a more significant deviation of 0.2. The values confirm my first hypothesis.
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Visa JCC [D] SS [D]
Hyperopia 0,94 £0,05 0,89 0,09
Myopia 0,95 £0,07 0,84 £0,20

The average values of the astigmatic correction measured by the JCC method are closer to the
objective values measured by the refractometer. These values confirm my second hypothesis.

Hyperopia Objective method JCC SS
Average [D] -1,08 -0,73 -0,63
Deviation [D] 0,48 0,43 0,41
Myopia Objective method JCC SS
Average [D] -1,29 -1,08 -1,0
Deviation [D] 0,75 0,61 0,57

The average values of the axis of the measured astigmatic correction by JCC also coincide with
the objectively measured values more than the values measured by the stenopeic slit.

Hyperopia Objective method JCC SS
Average [D] 120,6 61,3 53,50
Deviation [D] 54,32 62,37 66,26
Myopia Objective method JCC SS
Average [D] 105 100,05 90
Deviation [D] 52,86 54,78 59,3

Due to the fact, that | am only at the beginning of my measurement, the values given here are

not authoritative. In my presentation, | will present my current values.

Discussion

The aim of my research was mainly to compare the reliability and applicability of two
subjective methods of refraction. A similar study was performed by Johnson et al. in 1996, in
which they compared three subjective methods of refraction on a total of 40 probands. The
advantage of this study was a total of two optometrists, so there was a greater objectivity of the
research. Johnson et al. compared the method of Jackson's crossed cylinders with the fogging
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Humphriss immediate contrast (HIC) method and the so-called Pratt near cylinder test.
Research shows very good reliability of methods using JCC and HIC. The difference in
astigmatic correction between the three methods was less than + 0.25D. During the Pratt near
cylinder test was a greater tendency to increase the values of the cylindrical correction. The
reason was probably the different testing distance. The methods agreed to 80-98 % within +
0.25D and to 85-90 % with a tolerance of = 10° of the definitive axis of the astigmatic
correction.

As far as my research is concerned, the stenopeic slit method has so far proved to be quite
reliably applicable to patients with the value of astigmatism from -0.75 D to 1.75 D. These
patients usually do not have a problem finding the best / worst position of the stenopeic slit.
However, during measurement the patients with higher astigmatism, | found myself in a
situation where the visa was significantly better with a stenopeic slit in the testing glasses than
when | subsequently replaced the slit with a cylindrical equivalent and spherically corrected it.
| attribute this to the effect of shielding the peripheral rays entering the eye through the
stenopeic slit thus provided a better overall visa. Conversely, in astigmatism lower than -0.75
D, patients do not respond very clearly and finding the worst and best slit position is often

unclear and time consuming.

Conclusion

The method of Jackson's crossed cylinders is so far more accurate, and | achieved better visa
results with it than with SS. Nevertheless, it is useful for practice to know more about the
possibilities of subjective refraction, as conventional refractive methods may not often be
applicable to all patients. It is necessary to approach each patient individually and choose such
refractive procedures that are most comfortable for him and still effective for us as examiners.
As pointed out in the study by Johnson et al., there are several refraction methods that are

reliable.
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Soucasné moznosti, vyznam screeningu refrak. vad u déti predskolniho véku

Katedra optometrie a ortoptiky, Lékarska fakulta, Masarykova univerzita Brno

Anotace
Tento pfispévek je zalozen na screeningu refrak¢énich vad u déti predskolniho véku.
Ptredevsim je zaméfen na dopad amblyopie na vyvoj vidéni, vyznam screeningu refrak¢nich

vad, souc¢asné moznosti screeningu a na mtj vyzkum.

Kli¢ova slova

Screening, refrak¢ni vady, amblyopie, Welch Allyn Spot Vision Screener.

Déti se nenarodi s bezchybnym zrakem. Jejich zrak se béhem prvnich par let zivota vyviji a
zdokonaluje. Po narozeni rozlisuji vylu¢né svétlo a tmu, protoze nemaji vyvinutou makulu.
Tomuto stavu odpovida zrakova ostrost ptiblizné 6/180 na Snellenovych optotypech. Dikazem,
Ze novorozenec reaguje na svétlo a ma pfitomné zrakové funkce, je pozitivni fotoreakce zornic
a Belltiv fenomén. V prubéhu prvniho mésice déti fixuji pouze jednim okem, maji periferni
monokularni fixaci a mohou se kazdym okem divat na jiné misto (strabismus spurius). Posléze
morfologicky dozravaji ¢ipky v makule, nastava jejich prodlouZeni a ztenCeni. Ve druhém
mésici se uz objevuje chvilkova binokularni fixace, déti zacinaji pouzivat obé oci zaroven,
potad ale dochazi k ujizdéni jednoho oka. Binokularni centralni fixace se stabilizuje ve tfetim
mésici. Dale se v pribéhu ¢tvrtého az Sestého mésice vyviji akomodacni, konvergenéni reflex
a jejich spoluprace, vergen¢né-akomodacni synkinéza. V pll roku dozrava makula také
oftalmoskopicky. Kolem devatého mésice az prvniho roku dité zac¢ina 1ézt a chodit, proto se
zaCina vyvijet prostorové vidéni (stereopse). Koncem prvniho roku ma dité vyvinuté zrakoveé
funkce na 10 %, ve tech letech uz na 80 % zrakovych funkci dospélého Cloveéka. Ve Ctvrtém
roce je makula vyzrala i histologicky, hustota ¢ipkl vzroste od narozeni z 19.000/mm2 na
112.000/mm2. Piiblizné¢ do Sesté¢ho roku v€ku se upeviiuje fuzni reflex, binokuldrni a
prostorové vidéni. Vidéni se dale ucastni na formovani spravnych ptredstav, vyvoji paméti, feci,
emocionality a psychiky. Ma tedy velky vliv i na kvalitu Zivota. [6, 10]

Pokud se v pribéhu vySe popsaného fyziologického vyvoje zraku vyskytnou nékteré o¢ni
vady, vznikne pifekazka v piijmu informaci, vyvoj vidéni se muze narusit a pokracovat

patologicky. Pfi¢inou neostrého vidéni u déti miZze byt nejCastéji refrakéni vada, Silhani
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(strabismus) a zakaly optickych prostiedi oka. Tyto vSechny pfic¢iny se mohou podilet na vzniku

tupozrakosti (amblyopie). [4]

Refrak¢ni vady

Kvalita sitnicového obrazu zavisi na spravném pomeéru optické mohutnosti oka k jeho délce
a na prihlednosti optickych prostiedi oka. Ostry obraz se na sitnici vytvoii, pokud se
rovnobézné paprsky vstupujici do oka spoji na sitnici. Tento idedlni, fyziologicky stav se
nazyva emetropie. VSechny odchylky, které vznikaji pii nepomeéru optické mohutnosti a délky
oka, se nazyvaji ametropie, neboli refrak¢ni vady. Mezi refrakéni vady fadime sférické o¢ni
vady myopii, hypermetropii a asférickou o¢ni vadu astigmatismus. Oko s refrakéni vadou vidi
obraz pfedmétu pozorovaného v nekonecnu rozmazang, protoze vznikd mimo sitnici. Obraz je
tim rozmazangj$i, ¢im déle od sitnice vznika. Mezi fyziologické zmény, které vedou
Kk refrak¢énim vadam, patfi nepomér mezi optickou mohutnosti oka a jeho délkou. Patii sem
axialni a refrakcni typ refrakéni vady. Refrakéni vady mohou zptisobit i patologické zmény, ke

kterym patii o¢ni a celkové choroby, urazy a poruchy metabolismu. [3, 5]

O¢ni a celkové choroby zpusobujici:

Hypermetropii — afakie (chybéni o¢ni ¢ocky, vyjmuti zkalené ¢ocky), kortikalni katarakta
(snizeni lomivosti Coc€ky), prosdknuti sitnice u retinitis centralis seroza,
odchlipeni sitnice (zména délky oka o 1 mm zpiisobi zménu refrakce o
3,0 D), orbitalni tumor (tlakem dojde ke zkraceni bulbu), glaukom (ztrata
akomodacni schopnosti), posun coc¢ky dozadu pii uraze, diabetes mellitus
(pokles hladiny cukru v krvi)

Myopii — zacinajici katarakta (zvySena tloustka Cocky), zanéty (rohovky, bélimy,
duhovky, spojivky, vicek, cévnatky, sitnice, orbity), infantilni glaukom
(hydroftalmus), keratokonus, vyklenuti rohovky u keratitid (zvySeni
lomivosti rohovky), pfetrhnuti vldken zavésného aparatu cocky
zpusobeného urazem (vyklenuti cocky), posun ¢ocky doptedu po uraze,
diabetes mellitus (vzestup hladiny cukru v krvi), menstruace
(hyperhydratace téla, edém rohovky)

Astigmatismus — posun ¢ocky do stran po traze, perfora¢ni poranéni (pokiiveni lamavych
ploch), jizveni pfi zanétech rohovky, keratokonus, tumory a zanéty vicek,

po chirurgickych o¢nich zdkrocich

Tab. 1: Ocni a celkové choroby zpiisobujici refrakcni vady [3]
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Nejobvyklejsi refrakéni vadou u déti do 10 let je hypermetropie. Pfic¢inou byva kratsi
pfedozadni délka oka nebo mensi lomivost rohovky, poptipad¢ cocky. Hypermetropické oko
akomoduje jak do blizka, tak i do dalky. Celkova hypermetropie se d€li na latentni a manifestni,
ktera se dale déli na fakultativni a absolutni. K astenopickym potizim (bolest hlavy, tnava o¢i,
zarudnuti o¢i, obCasné zasilhani) dojde, pokud je absolutni slozka hypermetropie vétsi nez
akomodacni schopnost ditéte. Mén¢ Casta je u déti do 10 let myopie, pii které je predozadni
délka oka naopak delsi nebo je lomivost oka vys$si. Myopie se u déti projevuje mhoufenim oci,
jejich slzenim a zaCervenanim, psanim a malovanim blizko stolu. Podle progrese se déli myopie
na stacionarni a progresivni (patologicka, maligni). K stacionarni myopii patii Skolni myopie,
ktera zacina mezi 6. a 7. rokem véku, vrcholi v puberté a stabilizuje se s dokon¢enim ristu
ditéte. Obvykle nedosahuje vice nez -5,0 az -6,0 D. Déle k stacionarni myopii patii pozdni
myopie, kterd zacind az po 18. roku v€ku a nebyva vyssi nez -3,0 D. Progresivni myopie zacina
jiz v 1. roce veéku a dosahuje az -20,0 D. Zpusobuje ztenceni bélimy v zadni ¢asti oka, atrofii a
degeneraci sitnice az jeji trhliny a odchlipeni. [5, 7]

V tabulce €. 2 jsou uvedené fyziologické hodnoty refrak¢nich vad u déti od narozeni po 17
let v€ku. Hodnoty, které se nachazi nad uvedené hranice, jsou kritické pro vznik amblyopie.
Velké tézkosti zplsobi i anizometropie vyssi nez 2,5 D, pfi které vznikaji nestejné velké obrazy
pravého a levého oka. Mozek v této situaci utlumi a pozdéji potlaci vjem jednoho oka a rozviji

se také amblyopie. [7, 10]

Vék Hypermetropie [D] Myopie [D] Astigmatismus [D]
Novorozenec +2,5 az +4,0 -1,5az-3,5 <25
1 rok <435 -1,5az-2,0 <20
3 roky <+2,0 <-15 <10
5 let <+2,0 <-15 <05
7-17 let <+15 -0,5az-1,0 <05

Tab. 2: Fyziologické hranice refrakcnich vad u déti [10]

Amblyopie

V¢as rozpoznana vada zraku a jeji rychlé zahdjeni 1é€by mliZze umoznit spravné pokracovani
fyziologického vyvoje vidéni. Ale pokud je o¢ni vada rozpoznana pozdé (po 6.-8. roku véku),
1ze jen malo nebo dokonce viibec ovlivnit vyvoj vidéni a dojde mnohdy ke vzniku amblyopie.
Amblyopie je snizend zrakova ostrost oka pfi normalnim anatomickém ndlezu. VétSinou

postihuje pouze jedno oko, ale miize byt i oboustranna. Miize vzniknout potlatenim vjemu
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postizeného oka nebo v disledku chybéni zrakového vjemu néasledkem neobvyklého vyvoje
vidéni. D¢li se na: kongenitélni, ex anopsia (z nepouzivani oka), deprivacni (zkaleni optickych
médii, krvaceni do sklivce), okluzni (reverzni, dlouhotrvajici okluze, obvaz po operaci),
anizometropicka, ametropickd, meridionalni, relativni (mala organicka vada) a strabicka, ktera
je nejcastéj$im typem amblyopie. K 1é¢be je potfeba spravna brylova korekce refrakéni vady,
okluze a ortopticko-pleoptické cviceni. Je to dlouhodoby proces, ke kterému je potieba hodné
trpélivosti a dobra spoluprace 1ékaie, ditéte a rodicu. [6]

Ptfi zanedbani terapie vstupuje dit¢ do zivota nedostatecn¢ vybavené, neschopné
prostorového vidéni, s prakticky fungujicim jednim okem Nejcastéji narusené oblasti jsou
poruchy vnimdani prostoru, vizudln¢ motorickd koordinace, rozliSovaci cinnosti, zrakové
ostrosti, vnimani barev a zrakové pfedstavy. To ma negativni vliv na jeho budouci volbu studia,
sportovani, potize pti ziskani fidi¢ského prikazu a zazeny vybér pracovniho uplatnéni. Je-li
tupozrakost provazena Silhdnim trpi dité Casto psychicky pro sviij vzhled. Dité se muze stat
ter¢em posméchu od svych vrstevnikd a s pfibyvajicim vékem tento svilj nedostatek nese
bolestnéji, trpi pocity ménécennosti, ptipadné i depresemi. Vznik amblyopie a jeji nedostatecni
nebo Zadna 1écba tedy handicapuje dit€ po cely jeho Zivot. Ovliviiuje celou osobnost a
psychicky vyvoj ditéte. Miize dojit k nevratnému poskozeni, které je spojeno i s uritym
omezenim v budoucim zivoté ditéte. [1]

Je dillezité o tom informovat jak rodic¢e tak pedagogy matefskych Skol a prvnich ro¢nika
zakladnich Skol. M¢li by si u déti v§imat pfedevs§im Castého zakopavani, naraZeni do véci, mnuti
0o€li, jejich paleni a zarudnuti, ¢ast¢ mrkani, opakované zanéty oci, naklanéni hlavi¢ky na jednu
stranu, ptivirani jednoho oka, svétloplachost a mhouieni. Pti vyskytu vySe zminénych obtizi je

vhodné navstivit s ditétem o¢niho 1ékaie. [1, 10]

Screening a preventivni o¢ni prohlidky

Screening zraku zacind jiz v porodnici. U novorozencu se provadi screening na kongenitalni
kataraktu pomoci oftalmoskopu. Dle vyvolaného reflexu se zjisti, jestli jsou opticka média
prihledna, bez piekazek a patologii. Operace kongenitalni katarakty je mozna uz n¢kolik tydnt
po porodu, aby se zajistil spravny rozvoj zrakovych funkci. K dalSimu preventivnimu zachytu
zrakovych vad slouzi pravidelné prohlidky u pediatra, ktery béhem nich provadi i orientacni
vysetteni zraku. Casovy plan preventivnich prohlidek zraku détskym lékafem byl odvozen ze
standardizovaného protokolu vyhlasky o preventivnich prohlidkach déti a dorostu v Ceské

republice. Preventivni prohlidky byly stanoveny na vék: 3 mésice, 6 mésict, 1 rok, 1 a piil roku,
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3 roky a poté periodicky kazdé 2 roky az do 17 let zivota. V ptipad¢, ze pediatr zjisti jakékoliv
odchylky od normalu, ihned odesle dit¢ k ocnimu 1ékafi. [2, 6]

V ordinaci détského oc¢niho 1€kare je potieba upravit prostredi ordinace pfidanim par hracek
a hlavné motivacni krabicky se sladkostmi, vhodné piipravit personal na komunikaci s détmi a
jejich rodici. Pti vysSetfeni déti je dilezitd rychlost, aby se udrzela jejich pozornost. Prvnim
bodem vysetieni je anamnéza, kterou lékat ziska od rodici. Otazky sméfuji pfevazné na Silhani,
nystagmus, kompenzacni postaveni hlavy, zda dit€¢ navazuje ocni kontakt, reaguje na vizualni
podnéty, silné svétlo a tmu. Dulezita je i1 rodinnd anamnéza, zda se v rodiné vyskytuje
strabismus, amblyopie, vrozené vyvojové vady oka a refrak¢ni vady. Poté provede aspekei pfi
seznamovani se s ditétem, Iékatf pozoruje: oblicej, drzeni hlavy, malformace oci, postaveni a
polohu o¢i, zda si dit€ nechd zakryt jedno oko a fixaci oka po mrknuti nebo zakryti. Nasleduje
vySetfeni zrakové ostrost, kterd mize u déti vySetfena vice metodami: fotoreakce zornic,
zrakové evokované potencialy (VEP), metoda preferen¢niho vidéni, optokineticky nystagmus,
optotypy. Vhodnd metoda a vySetfovaci vzdalenost se zvoli vzdy dle véku ditéte. Pii
monokularnim vySetieni zrakové ostrosti je vhodné zakryt détem druhé oko ndplastovym
okluzorem. Je podstatné si uvédomit, ze déti nemaji od narozeni vizus 6/6, ale vyviji se
postupné (viz. tabulka ¢. 3). Nasledné se vySetii refrakce naturalné a v cykloplegii (skiaskopie,
autorefraktometr), pfedni a zadni segment na Sté€rbinové lampé¢, predepise se vhodna korekce a
nemuZe se zapomenout na edukaci rodict. Subjektivni vySetieni refrakce se zarazuje az u déti
Skolniho ve&ku. Pii predpisu korekce se zhodnoti typ refrakéni vady, vék pacienta a diivod
predpisu korekce. Plna hodnota korekce se predepisuje u myopie, astigmatismu, strabismu a
amblyopie. U hypermetropie se piedepisuje polovina nebo 2/3 hodnoty refrakce nemétené
Vv cykloplegii, podle toho zda ma dit& potize, je-li nad hranici kritickych hodnot nebo je ze
skupiny rizikovych déti. Pokud dité $ilha, ma amblyopii ¢i anizometropii, je tfeba korigovat 1

hypermetropii plné. Pfedepsana brylova korekce se vzdy musi nosit celodenné. [10]

Vék: Zrakova ostrost:
Novorozenec 6/180 0,033
3. mésice 6/36 0,166
1 rok 6/20 0,3
3 roky 6/9 0,6
5 let 6/9-6 0,8-1,0
717 let 6/6 1,0

Tab. 3: Vyvoj zrakové ostrosti [10]
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Screening refrakénich vad u déti predskolniho véku se provadi predevsim kviili zamezeni
vzniku amblyopie, popiipad¢ zahajeni jeji v€asné 1écby. Je dilezité si uvédomit, ze se jedna
pouze o preventivni test, ktery nenahrazuje dikladné vysetfeni ocnim Iékafem. Pro nemluvici
nebo nespolupracujici détské pacienty byla vyvinuta metoda fotorefrakce, kterd je rychla a
umoznuje provadét screening u vSech déti. Dnes se vyuzivd ke screeningu v matetskych
Skolach pomoci piistroje Plusoptix nebo Welch Allyn Spot Vision Screener, ktery budu
vyuzivat pii svém vyzkumu. Principem fotorefrakce je zachyceni a vyhodnoceni jednotlivych
snimk?l, na kterych lze rozpoznat: kornedlni reflex obou oci (odraz svétla fotoblesku od
rohovky), retindlni reflex obou oci (odraz svétla fotoblesku od sitnice), priimér rohovek obou

o¢1 a prumer zornic obou oci. [6, 9]

a) emetropie

¢) myopie

f) hypermyopie s korekei

g) astigmatismus h) strabismus -exotropie
Obr. 1: Fotorefrakce [9]

Welch Allyn Spot Vision Screener patii mezi ptfenosné, bezkontaktni, binokularni
autorefraktometry a pracuje na principu infracervené fotoretinoskopie a excentrické
fotorefrakce. Slouzi nejen k zachytu amblyogennich faktord, ale i vyznamnych refrakcénich vad,
které¢ by mohly narusit vyvoj vidéni. Je uren k posouzeni, zda ma byt vySetfovany odeslan
k o¢nimu Iékafi k podrobnéjs§imu vySetteni. Piistrojem Ize zméfit objektivni hodnoty refrakce,
pupilometrii, pupilarni distanci, urcit pohledovy smér, respektive thel Silhani v redlném case.
Pred vySetfenim neni nutné cykloplegie, vySetieni je Setrné, bezbolestné a 1ze ho provadét uz
od 6. mésice v€ku az po dospélé. Screening je vhodné provadét v prostiedi s menSim
osvétlenim, protoze pti méieni musi byt minimalni prumér zornicky 4 mm. Nejlepsich vysledki

se dosdhne pii priméru zornicky 5 mm a vice, oci by mély byt hodné oteviené a obé oci by
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meély byt ve stfedu rdmecku na obrazovce. V priubéhu méfeni dité sedi na zidlicce, popiipade
na klin¢ matky nebo pani ucitelky a vySetiujici stoji s pfistrojem 1 m od ditéte. Pfi méteni
prostupuje skrz zornici infracervené svétlo na sitnici, od které se odrazi a na zornici vznika
specificky svételny obrazec podle stupné refrakéni vady (viz. obrdzek ¢. 1). Z obrazce je
vypoctena sféricka hodnota refrakce. Méfeni se opakuje ve tfech meridianech, kvuli zachytu
astigmatismu. Interpretaci vysledki mizeme vidét na obrazku ¢. 2, Cervené oznaené hodnoty

jsou mimo rozsah. [6, 8]

| +0.25 1| 0.00 ] 1 ®

| +0.50 | -0.75 | @176°] | | +0.25 | -0.50 | @176°)

Astigmatigm(OD,0S)

(-»\'
\:)
Mono Edit Summary Retry

Obr. 2: Interpretace vysledkii [8]

(1- zornickova vzdalenost, 2- indikdtor velikosti zornicky, 3- OD pravé oko/ OS levé oko, 4-
uplna refrakce, SE sféricky ekvivalent, DS sféra, DC cylindr, Axis osa, 5- vysledek
screeningu, screening complete = screening dokoncen / complete eye exam recommended =
doporuceno kompletni ocni vySetreni, 6- domii, 7- cylindricka konvence, 8- indikator

zarovnani, 9- stupen uchylky horizontdlni / vertikalni)
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Vyzkum

Moji ulohou bude zméfit ruénim autorefraktometrem déti v matefskych Skolach a poukézat
na dtlezitost screeningu, zvysit povédomi o refrakénich vadach mezi pedagogy v matetskych
Skolach a mezi rodi¢i. Pro rodi¢e mam pfipraveny informovany souhlas o zméteni jejich déti
ruénim autorefraktometrem a informacni letdcek se zdkladnimi informacemi o refrak¢énich
vadach, amblyopii a screeningu. Mym cilem je v€asné zjisténi vyznamnych refrak¢nich vad,
které by mohly zptsobit poruchy vyvoje vidéni u déti, jde tedy o preventivni zachyt refrak¢énich
vad u déti v rizikovém obdobi.

Stanovila jsem si tfi pracovni hypotézy, pii kterych jsem vychézela z dostupnych studii v nasi

republice zamétenych na screening refrak¢énich vad u déti.

HYPOTEZA:
1) Pfedpokladam, Ze bude 20 % déti nad hrani¢ni hodnoty podle Tabulky ¢. 5.
2.) Predpokladam, ze 60 % zdéti, které byly nad hrani¢ni hodnoty, bude mit
hypermetropii.

3.) Ptredpokladam, ze 5 % z déti, které byly nad hrani¢ni hodnoty, bude mit myopii.
Tab. 4: Pracovni hypotézy

K posouzeni mnou naméfenych screeningovych hodnot bude pouzita tabulka €. 5. Tabulka
je soucasti studie Metody preventivniho vysetiovani zraku s orientaci na screening refrakcnich
vad u deti pristrojem Plusoptix, ktera byla publikovana v roce 2015 a byla akceptovana ceskymi
odbornymi o¢nimi spole¢nostmi a je dnes pouZivana pii fotoscreeningu, naptiklad

v matetskych Skolach.

Vékova Hypermetropie Myopie Astigmatismus Anisometropie  Anisokorie

skupina [sf] [sf] [cyl] [sfl/[cyl] [mm]

[roky]

0,5-1 4,00 2,00 -2,50 +/- 2,00 1,50
1-3 3,00 2,00 1,50 +/- 1,50 1,50
3-5 2,50 1,00 1,00 +/- 1,50 1,50
5-20 2,00 -1,00 -1,00 +/- 1,00 1,50

Tab. 5: Doporucené hranicni hodnoty refrakce pro detekci refrakcnich vad détského véku v

Ceské republice
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Children are not born with flawless eyesight. Their eyesight develops and improves during
the first few years of life. After birth, they distinguish exclusively light and dark, because they
do not have a developed macula. This condition corresponds to a visual acuity of approximately
6/180 on Snellen optotypes. Proof that the newborn responds to light and has visual functions
present is a positive photoreaction of the pupils and the Bell phenomenon. During the first
month, children fix with only one eye, have peripheral monocular fixation and can look at each
eye to a different place (strabismus spurius). Subsequently, the suppositories in the macula
mature morphologically, their lengthening and thinning occurs. In the second month, there is a
momentary binocular fixation, the children start using both eyes at the same time, but one eye
still runs away. Binocular central fixation stabilizes in the third month. Furthermore, during the
fourth to sixth month, accommodation, convergence reflex and their cooperation, vergence-
accommodation synkinesis develop. In half a year, the macula also matures
ophthalmoscopically. Around the ninth month to the first year, the baby begins to climb and
walk, so spatial vision begins to develop. At the end of the first year, the child has developed
visual functions at 10%, at the age of three already at 80% of the visual functions of an adult.
In the fourth year, the macula also matures histologically, the density of suppositories increases
from birth from 19,000 / mm2 to 112,000 / mm2. By approximately the age of six, fusion reflex,
binocular and spatial vision are consolidated. Vision also participates in the formation of correct
ideas, the development of memory, speech, emotionality, and psyche. It therefore has a great
impact on the quality of life. [6, 10]
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If some eye defects occur during the physiological development of vision described above,
there is an obstacle to the reception of information, the development of vision may be disrupted
and continue pathologically. Refractive errors, strabismus, and cataracts of the optical
environment of the eye can be the most common causes of blurred vision in children. All these

causes may contribute to amblyopia. [4]

Refractive errors

The quality of the retinal image depends on the correct ratio of the optical power of the eye
to its length and on the transparency of the optical environment of the eye. A sharp image is
formed on the retina when the parallel rays entering the eye combine on the retina. This ideal,
physiological condition is called emmetropia. All deviations that occur when the optical power
and the length of the eye are disproportionate are called ametropia, or refractive errors.
Refractive errors include spherical eye defects, myopia, hypermetropia, and aspherical eye
defects, astigmatism. An eye with a refractive error sees the image of an object observed at
infinity blurred because it forms outside the retina. The farther the image is from the retina, the
more blurred the image. Physiological changes that lead to refractive errors include the
disproportion between the optical power of the eye and its length. This includes the axial and
refractive type of refractive error. Refractive errors can also cause pathological changes,

including eye and general diseases, injuries, and metabolic disorders. [3, 5]

Ocular and general diseases causing:

Hyperopia — aphakia (absence of ocular lens, removal of opaque lens), cortical cataract
(reduction of lens refraction), retinal leakage in retinitis centralis serosis,
retinal detachment (change in eye length by 1 mm causes change in
refraction by 3.0 D), orbital tumor (pressure occurs to shorten the bulb),
glaucoma (loss of accommaodation ability), moving the lens backwards in
case of injury, diabetes mellitus (drop in blood sugar)

Myopia — incipient cataract (increased lens thickness), inflammation (cornea,
whites, iris, conjunctiva, eyelids, choroid, retina, orbits), infantile
glaucoma (hydrophthalmus), keratoconus, corneal arching in keratitis
(increased corneal refraction), fiber rupture caused by injury (lens
arching), lens shift forward after injury, diabetes mellitus (rise in blood

sugar), menstruation (body hyperhydration, corneal edema)
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Astigmatism — lens shift after injury, perforation injury (distortion of brittle surfaces),
scarring in corneal inflammation, keratoconus, tumors, and eyelid

inflammation, after eye surgery
Table 1: Ocular and general diseases causing refractive errors [3]

The most common refractive error in children under 10 years of age is hyperopia. The cause
is usually a shorter anteroposterior length of the eye or less refraction of the cornea or lens. The
hyperopic eye accommodates both near and far. Total hypermetropia is divided into latent and
manifest, which are further divided into facultative and absolute. Asthenopic problems
(headache, eye fatigue, redness of the eyes, occasional squinting) occur when the absolute
component of hypermetropia is greater than the child's ability to accommodate. Myopia is less
common in children under 10 years of age, in whom the anteroposterior length of the eye is
longer, or the brittleness of the eye is higher. Myopia is manifested in children by squinting,
tearing and redness, writing and painting near the table. According to the progression, myopia
is divided into stationary and progressive (pathological, malignant). Stationary myopia includes
school myopia, which begins between the ages of 6 and 7, culminates in puberty and stabilizes
with the completion of a child's growth. It usually does not reach more than -5.0 to -6.0 D.
Furthermore, stationary myopia includes late myopia, which begins after the age of 18 and is
usually not higher than -3.0 D. Progressive myopia begins as early as the 1st year of age and
reaches up to -20.0 D. It causes thinning of the white matter in the back of the eye, atrophy and
degeneration of the retina to its rupture and detachment. [5, 7]

Table 2 shows the physiological values of refractive errors in children from birth to 17 years
of age. Values that are above these limits are critical to the emergence of amblyopia.
Anisometropia higher than 2.5 D will also cause great difficulties, resulting in unequally large
images of the right and left eyes. In this situation, the brain dampens and later suppresses the

perception of one eye, and amblyopia also develops. [7, 10]

Age: Hyperopia [D] Myopia [D] Astigmatism [D]
Newborn +2,5to +4,0 -1,5t0-3,5 <25
1 year <+35 -15t0-2,0 <20
3 years <+2,0 <-15 <10
5 years <+2,0 <-15 <0,5
7-17 years <+1,5 -0,5t0-1,0 <0,5

Table 2: Physiological limits of refractive errors in children [10]
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Amblyopia

Early recognized visual impairment and its rapid initiation of treatment may allow the
physiological development of vision to continue properly. But if the eye defect is recognized
late (after 6-8 years of age), little or no effect can be seen on the development of vision and
amblyopia often occurs. Amblyopia is reduced visual acuity of the eye with a normal
anatomical finding. It usually affects only one eye but can also be bilateral. It can be caused by
suppression of the perception of the affected eye or due to a lack of visual perception due to an
unusual development of vision. They are divided into: congenital, ex anopsia (from not using
the eye), deprivation (opacity of optical media, bleeding into the vitreous), occlusal (reverse,
long-term occlusion, dressing after surgery), anisometropic, ametropic, meridional, relative
(small organic defect) and strabicka, which is the most common type of amblyopia. The
treatment requires correct spectacle correction of refractive error, occlusion and orthoptic-
pleoptic exercise. It is a long-term process that requires a lot of patience and good cooperation
between the doctor, the child, and the parents. [6]

If therapy is neglected, the child enters a life of insufficiently equipped, incapable of spatial
vision, with a practically functioning one eye. This has a negative effect on his future choice of
study, sports, difficulties in obtaining a driver's license and a narrowed choice of employment.
When amblyopia is accompanied by squinting, the child often suffers mentally for his or her
appearance. The child can become the target of ridicule from his peers and with increasing age
he bears this deficiency more painfully, he suffers from feelings of inferiority, or even
depression. The onset of amblyopia and its insufficient or no treatment therefore handicaps the
child throughout his life. It affects the whole personality and mental development of the child.
Irreversible damage can occur, which is associated with certain limitations in the future life of
the child. [1]

It is important to inform both parents and teachers of kindergartens and first graders of
primary schools. Children should be especially aware of frequent burying, bumping into things,
rubbing their eyes, burning, and reddening, frequent blinking, repeated eye inflammation,
tilting the head to one side, pinching one eye, photophobia, and frowning. If the above-
mentioned problems occur, it is advisable to visit an ophthalmologist with the child. [1, 10]

Screening and preventive eye examinations
Visual screening begins in the hospital. Newborns are screened for congenital cataracts using
an ophthalmoscope. According to the evoked reflex, it is determined whether the optical media

are transparent, without obstacles and pathologies. Congenital cataract surgery is possible
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several weeks after delivery to ensure the proper development of visual functions. For further
preventive detection of visual defects, regular examinations by a pediatrician are used, who also
perform an orienting eye examination during them. The schedule of preventive eye
examinations by a pediatrician was derived from the standardized protocol of the Decree on
Preventive Examination of Children and Adolescents in the Czech Republic. Preventive
examinations were determined for age: 3 months, 6 months, 1 year, 1 and a half years, 3 years
and then periodically every 2 years up to 17 years of age. If the pediatrician detects any
abnormality, he / she will immediately send the child to an ophthalmologist. [2, 6]

In the pediatric ophthalmologist's office, it is necessary to adjust the environment of the office
by adding a few toys and especially a motivational box with sweets, to properly prepare the
staff for communication with children and their parents. When examining children, speed is
important to keep their attention. The first point of the examination is the medical history, which
the doctor obtains from the parents. The questions focus mainly on squinting, nystagmus,
compensatory position of the head, whether the child makes eye contact, responds to visual
stimuli, strong light and darkness. A family history of whether strabismus, amblyopia,
congenital malformations of the eye, and refractive errors are also important in the family. Then
he performs an aspect when getting to know the child, the doctor observes: face, head posture,
eye malformations, position, and position of the eyes, whether the child will have one eye
covered and eye fixation after blinking or covering. The following is an examination of visual
acuity, which can be examined in children by several methods: photoreaction of the pupils,
visual evoked potentials (VEP), method of preferential vision, optokinetic nystagmus,
optotypes. The appropriate method and examination distance is always chosen according to the
age of the child. During the monocular examination of visual acuity, it is advisable to cover the
children's second eye with a patch occluder. It is important to realize that children do not have
a 6/6 visa from birth, but it develops gradually (see Table 3). Subsequently, the refraction is
examined naturally and in cycloplegia (sciascopy, autorefractometer), the anterior and posterior
segments on a slit lamp, a suitable correction is prescribed, and the education of the parents
cannot be forgotten. Subjective examination of refraction is included only in school-age
children. When prescribing a correction, the type of refractive error, the patient's age, and the
reason for prescribing a correction are evaluated. The full value of the correction is prescribed
for myopia, astigmatism, strabismus, and amblyopia. In hypermetropia, half or 2/3 of the
refractive value not measured in cycloplegia is prescribed, depending on whether the child has

difficulty if he is above the critical value or from a group of children at risk. If the child is
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squinting, has amblyopia or anisometropia, it is necessary to fully correct the hypermetropia.
The prescribed spectacle correction must always be worn all day. [10]

Age: Visual acuity:
Newborn 6/180 0,033
3. months 6/36 0,166
1 year 6/20 0,3
3 years 6/9 0,6
5 years 6/9-6 0,8-1,0
7 —17 years 6/6 1,0

Table 3: Development of visual acuity [10]

Screening of refractive errors in preschool children is performed primarily to prevent the
development of amblyopia, or to initiate its early treatment. It is important to note that this is
only a preventive test and does not replace a thorough examination by an ophthalmologist. For
non-speaking or non-cooperating pediatric patients, a photorefraction method has been
developed that is rapid and allows screening for all children. Today, it is used for screening in
kindergartens using the Plusoptix or Welch Allyn Spot Vision Screener, which | will use in my
research. The principle of photorefraction is the capture and evaluation of individual images,
which can be recognized: corneal reflex of both eyes (reflection of flash light from the cornea),
retinal reflex of both eyes (reflection of flash light from the retina), corneal diameter of both

eyes and pupil diameter of both eyes. [6, 9]

a) emetropie b) anizohypermetropie
_

¢) myopie d) hypermyopie

¢) hypermyopie bez korekce f) hypermyopie s korekci

£) astigmatismus h) strabismus -exotropie

Figure 1: Photorefraction [9]
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The Welch Allyn Spot Vision Screener is a portable, non-contact, binocular
autorefractometer and works on the principle of infrared photoretinoscopy and eccentric
photorefraction. It serves not only to capture amblyogenic factors, but also significant refractive
errors that could disrupt the development of vision. It is intended to assess whether the examinee
should be sent to an ophthalmologist for a more detailed examination. The device can measure
objective values of refraction, pupillometry, pupillary distance, determine the visual direction,
or the angle of squinting in real time. Cycloplegia is not necessary before the examination, the
examination is gentle, painless and can be performed from 6 months of age until adults.
Screening should be performed in a low light environment, as the minimum pupil diameter
must be 4 mm when measuring. The best results are obtained with a pupil diameter of 5 mm or
more, the eyes should be very open and both eyes should be in the center of the frame on the
screen. During the measurement, the child sits on a chair or on the lap of the mother or teacher
and the examiner stands with the device 1 m from the child. During the measurement, infrared
light passes through the pupil on the retina, from which it is reflected, and a specific light pattern
is created on the pupil according to the degree of refractive error (see Figure 1). The spherical
refraction value is calculated from the figure. The measurement is repeated in three meridians,
to detect astigmatism. The interpretation of the results can be seen in Figure 2, the values
marked in red are out of range. [6, 8]
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Figure 2: Interpretation of results [8]

(1- pupil distance, 2- pupil size indicator, 3- OD right eye / OS left eye, 4- complete
refraction, SE spherical equivalent, DS sphere, DC cylinder, Axis, 5- screening result,
screening complete / complete eye exam recommended, 6-cylinder, 7-cylinder convention, 8-

way alignment indicator, 9- degree horizontal / vertical deviation)
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Research

My task will be to measure children in kindergartens with a hand-held autorefractometer and
to point out the importance of screening, to raise awareness of refractive errors among
kindergarten teachers and among parents. | have prepared informed consent for parents to
measure their children with a hand-held autorefractometer and an information leaflet with basic
information about refractive errors, amblyopia, and screening. My goal is the early detection of
significant refractive errors that could cause visual impairment in children, so it is a preventive
detection of refractive errors in children at risk.

| set three working hypotheses, based on available studies in our country focused on

screening for refractive errors in children.

HYPOTHESIS:
1.) lassume that 20% of children will be above the limit values according to Table No. 5.
2.) 1 assume that 60% of children who were above the thresholds will have hyperopia.

3.) | assume that 5% of children who were above the thresholds will have myopia.
Table 4: Working hypotheses

Table 5 will be used to assess the screening values measured by me. The table is part of the
study Methods of preventive vision examination with a focus on screening refractive errors in
children with the Plusoptix device, which was published in 2015 and was accepted by Czech

professional eye societies and is now used in photoscreening, for example in kindergartens.

Age group Hyperopia Myopia Astigmatism Anisometropia  Anisocoria
[years] [sf] [sf] [eyl] [sfl/[cyl] [mm]
0,5-1 4,00 2,00 -2,50 +/- 2,00 1,50
1-3 3,00 2,00 1,50 +/- 1,50 1,50
3-5 2,50 1,00 1,00 +/- 1,50 1,50
5-20 2,00 -1,00 -1,00 +/-1,00 1,50

Table 5: Recommended limit values of refraction for the detection of refractive errors in
children in the Czech Republic
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Anotace

V piispévku se doctete o komunikaci s klientem a jeho edukaci pti aplikaci kontaktnich
cocek. Ze zacatku jsou stru¢né sepsany informace o komunikaci a edukaci obecné. Soucasti
jsou zakladni pravidla pro komunikaci s jednotlivymi skupinami klientd (déti, klienti
dichodového veéku a klienti s postizenim). Na konci pfispévku jsou nésledné ptilozeny

dotazniky pro vyzkum.

Klic¢ova slova

Komunikace, aplikace, kontaktni cocky, edukace.

Edukaci klienta se v optometristické praxi vénujeme kazdy den. Tento pfispévek je
vénovany struénym zékladiim edukace klienta. Nasledné popisuje mozna uskali pti komunikaci
a pravidla, ktera je potfeba dodrzovat pii komunikaci s nékterymi skupinami klientd. V zévéru
prace jsou prilozeny dotazniky. Prvni dotaznik je urceny nositelim mékkych kontaktnich
cocek. Cilem je zjistit vliv edukace na nasledné noSeni a péci o kontaktni ¢ocky. Druhy dotaznik

je sméfovan na optometristy a zkouma jejich komunikaéni dovednostem v praxi.

Zaklady edukace klienta

Edukace klienta ve zdravotnictvi je velmi specifickd. Konkrétné fadime edukaci jako
soucast celkové péce o klienta. V praxi optometristy béZné¢ seznamujeme klienta s vykony,
které jej cekaji napf. objektivni a subjektivni refrakce, kontrola na Stérbinové lampé, test
slzavosti a mnoho dalsSich. V piipad¢ aplikace kontaktnich ¢ocek je klienta nutné seznamit
s prib¢hem vySetfeni, se samotnou aplikaci, dale s péci o kontaktni ocky, reZimem noSeni

a informacemi pro zivot s kontaktnimi ¢ockami.

., Edukace je proces soustavného ovliviiovani chovani a jednani jedince s cilem navodit

pozitivni zmény v jeho védomostech, postojich, navycich a dovednostech* (1, str. 9).

Jiz s ptichodem klienta ziskdvame informace, které nasledné uleh¢i aplikaci i samotnou
edukaci. Velkou ¢ast informaci zjiSt'ujeme pii sepisovani anamnézy. Ziskané informace délime

dle charakteru jako subjektivni (jedna se o informace, které nam poskytl sdm klient — napf. typ
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kontaktnich ¢ocek, které v minulosti klient nosil) a objektivni (informace, které si ovétujeme
méfenim — napt. ovétreni hodnot brylové korekce na fokometru).

Béhem rozhovoru si v§imame motivace klienta, jeho postoji, hodnot, psychického stavu
a zdravotniho stavu, predpokladii klienta pro uceni potfebnych informaci a v neposledni fad¢ i
zazemi klienta. Na zaklad¢ ziskanych informaci pfizptisobujeme samotnou edukaci.

Kazdy klient je jiny a je ovliviiovan rozdilnymi faktory, které mohou mit vliv na aplikaci
a pribéznou edukaci. Rozdilné faktory, které mohou ovlivnit klientiv pfistup a motivaci, jsou
napt. vék, zkuSenosti s noSenim kontaktnich cocek, zména vzhledu, zaméstnani, konicky,

rodina, préatelé a jejich zkuSenosti a mnoho dal$ich.

,EBdukace ve zdravotnictvi ma pfispét k pfedchazeni nemoci, udrZzeni nebo navraceni

zdravi Ci piispét ke zkvalitnéni zivota jedince.” (1, str. 11)

Edukaci délime na 3 typy:

- Zékladni — klient se setkava s t¢ématem poprvé (napt. nikdy nenosil kontaktni ¢ocky,
poprvé se je u¢i nasazovat, pecovat o n¢ atd.)

- Reedukaéni — klient se jiz s tématem setkal, dané znalosti a dovednosti miZeme
prohloubit (napf. klient v minulosti kontaktni co€ky nosil, ale potiebuje poradit a znovu
seznamit s potiebnymi informacemi)

-  Komplexni — pfedavani ucelenych v&domosti v nékolika etapach (napt. edukace pii
kontrolach)

V optometristické praxi se setkdvame se vSemi typy edukace. Optometrista by mél byt

dostate¢né kvalifikovany a znaly problémi, se kterymi se mize v praxi setkat (o¢ni patologie,

volba vhodné korekce, inava o¢i a mnoho dalSich).

Klient by mé¢l byt fadné seznamen s:

- aplikaci a vyndanim kontaktnich ¢ocek

- péci o kontaktni CoCky a pouzdro, mytim rukou
- reZimem noSeni

- bezpecnostnimi opatfenimi

- ptipadnymi problémy, které mohou nastat

- cenou (kontaktnich ¢ocek, vySetfeni, roztoky, ...)

- a dal$imi potfebnymi informacemi (dle sportu, cestovani, zaméstnani, ...)
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V ramci utvrzeni edukace muizeme pouzivat rizné pomicky (modely, obrazky atd.).

Klientovi také mizeme nabidnout ti§t€nou verzi potiebnych informaci ¢i jejich zaslani na email.

Komunikace

Spravna komunikace je zakladem kvalitni péce. Je nedilnou soucésti edukacniho
procesu, ziskavani a vymény informaci, vytvareni vztaht s klientem a v neposledni fad¢ je i
prostiedkem edukace. V praxi klademe diraz na odborné znalosti, komunika¢ni dovednosti a

psychologicky ptistup ke kazdému klientovi jednotlive.

Uskali pii komunikaci

Komunika¢ni problémy mohou nastat ze strany optometristy i ze strany klientd.
V ptipad€ nedostate¢né komunikace ze strany optometristy se prohlubuje klientova nedtveéra,
neochota komunikovat, nespokojenost a nejistota. Optometrista by mél klienta umét dostatecné
informovat i bez toho, aniz by byl k tomu vyzvan. Klient bohuzel vétSinu pokynti zapomene,

proto je dilezité informace opakovat a ptipadné nabidnout v tisténé ¢i elektronické formé.

Pti¢iny nedostatecné informovanosti klienta:

iluze samoziejmosti ze strany optometristy

inteligence a troven vzdélani klienta (klient nemusi dostateéné porozumét informacim,

predstira znalost daného tématu, ...)

smyslové vady, poruchy paméti, izkost a deprese

nerozliSovani pfikazu, doporuceni a dovoleni

B¢éhem komunikace mohou nastat ptekazky, které zpiisobi nedostateCnou informovanost
klienta. Mezi tyto prekdzky fadime hluk z okoli, tichy hlas, jazykové ptekazky (pfevazné u
cizincil), emoce, nedostatek spanku, bolest a mnoho dalSich faktorii. Kvalitu komunikace
sniZzuje agrese, arogance, nepravdivost informaci, zatéZovani klienta vlastnimi problémy,

nepfiméiené reakce, vysméch, bezobsazna komunikace atd.

Nedostatecna komunikace ze strany klienta:
- nechce komunikovat (nedtivéra, psychologické problémy a jiné)
- neumi komunikovat (nej€astéji u cizincl)

- nemitize komunikovat (poruchy feci a jin¢)

Zakladni pravidla pro komunikace s détskyvmi klienty

- ditéti nelZzeme (lhani a zlehovani zpochybtiuje celou komunikaci)
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vSe vysvétlujeme primétene véku ditéte (kratké jednoduché véty, jednoduchy slovnik)
dit¢ by nemélo v mistnosti ziistat samo

pokud je to mozné, zaclenime rodi¢e do procesu aplikace a edukace, dité z komunikace
nevycClentujeme a mluvime primarné k nému

upozornime predem na mozné nepiijemnosti daného vysetieni (pt. everze vicka)
nechovat se prili§ autoritativné

neignorovat détského klienta, jeho dotazy a pocity

neporovnavat s jinymi détmi, nezlehCovat situaci

pouzivat obrazky, knihy a jiné pomicky, které ditéti pfiblizi vySetieni a aplikaci

Zékladni pravidla pro komunikaci s klienty diichodového véku

zjistit komunikaéni moznosti klienta

komunikaci a vySetfeni je nejlepsi planovat v dopolednich hodinéch

klast jednoduché a stru¢né otazky

vymezit si konkrétni ¢as, o kterém klienta informujeme (napf. vysetfeni trva 30 minut)
mluvit pomalu s pfiméfenou hlasitosti

byt trpélivy

komunikovat piimo s klientem, ne s rodinou ¢i jinym doprovodem

kontrolovat zpétnou vazbu

Obecna pravidla pro komunikace s klientem s riiznym typem postiZeni

komunikovat stejné jako se zdravym klientem, pokud nas klient sam nevyzve k opaku
(nekficet, nezpomalovat fec€ atd.)

prizptsobit nekteré fraze dle klienta, se kterym hovotfim

mluvit ptimo ke klientovi, ne k osobé, ktera ho doprovazi

Zeptat se, zda je nase pomoc vitdna. Nepomahat klientovi, pokud nés o to sam nepozada
(pf. manipulace s vozikem atd.).

nepouZzivat oznaceni ,,0soba se zdravotnim postizenim* nebo ,,postizena osoba“, ale
oslovovat klienta jménem

Pti komunikaci s klientem je potfeba zvolit spradvné komunikacni strategie. Zvolit
vhodny postoj, aby klient mohl navazat o¢ni kontakt a vidél do obliceje vysetiujiciho

(sedét vedle sebe, stat ve stejné tirovni atd.).
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Otazky z dotazniku pro nositele mékkych kontaktnich ¢o¢ek

Pohlavi

Muz Zena

Vek

15-18 let 19-30 let 31-50 let 50 let a vice

Jak dlouho nosite kontaktni ¢ocky?

méné nez rok

1-5 let 5-10 let 10 let a vice

Jaky typ kontaktnich ¢ocek nosite?

jednodenni

¢trnactidenni mesicni (30 dni)

Umyvate si pred manipulaci s KC ruce?

- ano, vzdy

- obcas zapomenu
- ne, neumyvam si ruce

V piipadé, Ze nosite ¢trnactidenni a mesicni kontaktni cocky:

Jak Casto ménite pouzdro na kontaktni cocky?

s novym parem KC
jednou meésicné
jednou za 3 mésice
jednou za rok

kdyz si vzpomenu
nikdy

Jak Cistite kontaktni ¢ocky?

pouze roztokem (multifunkcni)

pouze roztokem (peroxidovy)

multifunk&nim roztokem i mechanicky (mnuti KC pted ulozenim do
pouzdra)

vodou ¢i fyziologickym roztokem (ptipadné€ i mechanicky)

necistim

Kdo Vam poradil s vybérem kontaktnich cocek?
nikdo, sam jsem si je koupil(a) a od té¢ doby je nosim
optometrista (v o¢ni optice)

o¢ni 1ékar
nekdo jiny

Chodite na pravidelné kontroly
K o¢nimu lékati? k optometristovi?

ANO

NE ANO NE
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Probéhla ze strany oc¢niho lékare ¢i optometristy edukace ohledné kontaktnich cocek?
ANO NE

Dodrzujete rezim nosSeni kontaktnich ¢ocek?
ANO NE

V ptipadé, ze odpovite NE (zakrouzkujte, které body nedodrzujete)

- nosim kontaktni cocky déle, nez je doporucena doba noseni

- spim s nasazenymi kontaktnimi cockami

- bé&hem delsiho noseni kontaktni ¢ocky z oka viibec nevyndavam a necistim je
- Jiné — dopliite prosim

Méli jste za celou dobu noSeni kontaktnich néjaké potize?
ANO NE

Pokud ANO — vyberte prosim (miizete i vice moznosti)
- zarudlé oci
- pocit fezani ¢i ciziho télesa v oku
- nadmérné slzeni
- ofni zanéty
- jiné — dopliite prosim

Jste spokojeni se svymi kontaktnimi ¢ockami?
ANO NE
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Otazky z dotazniku pro optometristy

Pohlavi
Muz Zena
Vek
20-30 let 31-40 let 40-50 let 50-60 let 60let a vice

V piipadé ,,specialnich skupin‘ zdkaznikt se v praxi nejvice setkavam:
- deét
- lidé diichodového véku
- cizinci
- lidé s postizenim

Pti komunikaci se zahrani¢nim pacientem (zakaznikem) pouzivam (lze vybrat i vice odpovédi):
- anglictina
- némcina
- ruStina
- francouzstina
- jiny jazyk
- zadny (gestikulace apod.)

Zkuste ohodnotit svoje jazykové schopnosti v optometristické praxi (1 — vyborné, 5 — nedostacujici):

- anglictina 1 2 3 4 5
- némcina 1 2 3 4 5
- ruStina 1 2 3 4 5
- francouzs$tina 1 2 3 4 5

Jak Casto se v zameéstnani setkavate se zahrani¢nimi zakazniky/pacienty:
- denné
- jednou tydné
- jednou do mésice
- méng¢ Casto
- vubec

Povazujete jazykovou bariéru za hlavni tiskali pfi komunikaci s cizinci?
ANO NE

V ptipadé komunikace s cizinci zvolte JEDEN alternativni prostfedek, ktery pouzivate NEJCASTEJI:
- internet
- obrazkové karty
- malovani/psani
- gesta, pantomima
- jiné

Mate moznost se v sou¢asném zaméstnani vzdélavat (zameéstnavatel nabizi komunikacni ¢i jazykové
kurzy):
ANO NE NEVIM

Me¢l(a) bych zajem o jazykové kurzy:
ANO NE NEVIM

Mg¢l(a) bych zajem o komunikac¢ni kurzy:
ANO NE NEVIM
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Hypotézy k dotaznikiim:
1. Dotaznik
o Vice nez 50 % nositelti kontaktnich ¢ocek nosi kontaktni cocky déle, nez je
doporuceno vyrobcem.
o Meéné nez 30 % nositelti kontaktnich co¢ek mélo potize zptisobené kontaktnimi
¢ockami.
2. Dotaznik
o Vice nez 40 % optometristi by od zaméstnavatele uvitalo jazykové kurzy.
o Vice nez polovina optometristii povazuje jazykovou bariéru za hlavni uskali pfi

komunikaci se zahrani¢nimi klienty.

Ziskana data z dotaznikli a pritbézné vysledky budou prezentovany v ramci piednasky

na konferenci.

Zavér

Cilem této prace je zlepSeni komunikacnich dovednosti v optometristické praxi. Rada
bych toto téma ptiblizila naSemu oboru ve srozumitelné form¢. Zaméruji se 1 na edukaci klienta
pfi aplikaci kontaktnich cocek, proto v mé diplomové praci naleznete soupis potiebnych
informaci, které by mély byt ptedany pacientovi, aby se piedeSlo pifipadnym problémim

spojenych s noSenim kontaktnich ¢ocek.
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Abstract

In the article you will read about communication with client and his education about
contact lenses. At first, are written informations about communication and education in general.
Furthermore, the contribution includes basic rules for communication with individual groups
of clients (children, senior clients and clients with disabilities). Questionnaires are at the end of
the paper.

Key words

Communication, application, contact lenses, education.

In optometrist practice we deal with client education every day. This post is dedicated
to brief basics of client education. Then it describes possible disabilities in communication and
the rules that need to be followed when communicating with certain groups of clients. At the
end of the work are attached questionnairies. The first questionnaire is intended for soft contact
lens wearers. The aim is to determine the effect of education on subsequent wearing and care
of contact lenses. The second questionnaire is directed at optometrists and examines their

communication skills in practice.

Basics of client education

Client education in healthcare is very specific. Specifically, we rank education as part
of the overall client care. In practice optometrists routinely acquaint the client with the
examination that await him e.g. objective and subjective refraction, slit lamp control, tear drop
test and many others. We explain to the client the necessary informations about examination,
application of contact lenses, contact lenses care, wear schedule and further life with contact

lenses.

Education is the process of continuously influencing an individual’s behavior and

actions in order to induce positive changes in his or her knowledge, attitudes, habits and skills.
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Already with the arrival of the client we get informations that will help the application
and the education itself. We find out a lot of the information when writing down anamnesis.
We divide the information obtained according to nature as subjective (this is information
provided to us by the client himself — e.g. the type of contact lenses that the client wore in the
past) and objective (information that we verify by measurement — e.g. verification of the values
of the spectacle correction on the focometer).

During the conversation, we notice the client’s motivations, his attitudes and values,
mental state and state of health, the client's prerequisites for learning the necessary information
and the client's background. Based on the information obtained, we adapt the education itself.

Each client is different and is influenced by different factors that can affect the
application and continuous education. Different factors that may affect a client's access and
motivation are e.g. age, experience of wearing contact lenses, changing appearance,

employment, hobbies, family, friends and their experiences and many more.

Education in the health sector is intended to contribute to the prevention of disease,
maintenance or return of health or to contribute to the improvement of the quality of life of the

individual.

Education is divided into 3 types

- Basic — the client meets the topic for the first time (e.g. never wore contact lenses, first
time learning to apply them, take care of them, ...)

- Re-education — the client has already encountered the topic, we can deepen the
knowledge and skills (e.g. the client has worn contact lenses in the past, but needs advice
and reacquaint with the necessary information)

- Comprehensive — transfer of comprehensive knowledge in several stages (e.g. education
during inspections)

In optometristic practice we encounter all types of education. The optometrist should be

sufficiently qualified and knowledgeable with problems that may encounter in practice (eye
disorders, eye fatigue, appropriate correction and many others).

The client should be properly acquainted with:
- applications and removing of the contact lenses
- contact lenses and case care, hand washing
- wearing schedule
- safety
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- potential problems
- price (contact lenses, examination, solutions, ...)
- and other necessary information (by sport, travel, employment, ...)
As part of the education, we can use various aids. We can also offer the client a printed version

of the necessary information or send it to an email

Communication

Proper communication to be the basis of quality care. It is an integral part of the
educational process, the acquisition and exchange of information, the creation of relationships
with the client and, last but not least, is a device of education. In practice, we emphasize

expertise, communication skills and psychological approach to each client individually.

Communication difficulties

Communication problems can occur by the optometrist and by clients. In the event of
insufficient communication by the optometrist, the client's mistrust, reluctance to communicate,
dissatisfaction and uncertainty deepen. The optometrist should be able to inform the client
sufficiently without being asked to do so. Unfortunately, the client forgets most of the
instructions, so it is important to repeat the informations and possibly offer it in printed or

electronic form.

Causes of insufficient client awareness:
- the illusion of course by the optometrist
- intelligence and level of education of the client (the client may not understand the
information enough, pretending to know the topic, ...)
- sensory defects, memory disorders, anxiety and depression

- non-distinguishing of orders, recommendations and permissions

During communication, there may be obstacles that will cause a lack of awareness of the
client. These obstacles include ambient noise, silent voice, language barriers (mostly in
foreigners), emotions, lack of sleep, pain and many other factors. The quality of communication
is reduced by aggression, arrogance, falseness of information, burdening the client with its own

problems, unreasonable reactions, ridicule, unobtrusive communication, etc.

Lack of communication on the part of the client:

- does not want to communicate (mistrust, psychological problems and others)
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can't communicate (most often in foreigners)

unable to communicate (speech disorders and other)

Basic rules for communication with children's clients

we do not lie to the child (lying and trivializing calls into question the whole
communication)

we explain everything appropriately to the age of the child (short simple sentences,
simple dictionary)

the child should not be left alone in the room

parents are included in the process (if possible), but we do not exclude the child from
the communication

motivation, praise

we will warn in advance of possible inconveniences of the examination (eversion of the
eyelid)

not be too authoritative

do not ignore the child client, questions and feelings

with other children, do not downplay the situation

use pictures, books and other aids to bring the child closer to the examination and
application of contact lenses

Basic rules for communication with retirement age clients

identify the client's communication options

communication and examination is best to plan in the morning

ask simple and concise questions

define the specific time we inform the client about (e.g. the examination takes 30
minutes)

speak slowly with a reasonable volume

be patient

communicate directly with the client, not with family or escort

control feedback

General rules for communication with a client with different types of disability

communicate in the same way as with a healthy client, unless the client himself asks us
to do the opposite (do not shout, do not slow down speech, etc.)

to adapt some phrases according to the client | speak to
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- speak directly to the client, not to the person accompanying him

- Ask if our help is welcome. Do not help the client unless he asks us to do so (e.g.
handling the trolley, etc.).

- not to use the designation ‘person with disabilities' or "disabled person” but to address
the client on the

- When communicating with the client, it is necessary to choose the right communication
strategies. Choose a suitable position so that the client can make eye contact and see in

the face of the examiner (sit next to each other, stand at the same level, etc.).

Questions from the questionnaire for soft contact lens wearers

sex
male female

age
15-18 y.o. 19-30 y.0. 31-50y.0. 50 y.o. and older

How long do you wear contact lenses?
Less than a year 1-5 years 5-10 years 10 years and longer

Which kind of contact lenses do you wear?
Daily disposable two-week replacement monthly replacement (30 days)

Do you wash your hands before manipulating with contact lenses?
- yes

- sometimes

- no

in the case you wear contact lenses with replacement

How often do you change your contact lens case?
- with next pair

- every month

- once per 3 months

- once per a year

- irregularly

- never
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How do you clean your contact lenses?

- solution only (multipurpose)

- solution only (peroxide)

- multipurpose solution and mechanical cleaning
- water or saline solution

- Idon’tclean

Who helped you choose your contact lenses?
nobody (by myself)
optometrist
ophthalmologist
somebody else

Do you go for regular check-ups
to ophthalmologist? to optometrist?
YES NO YES NO

Have you been educated about contact lenses?
YES NO

Do you follow contact lens wear schedule?
YES NO

If NO
- wearing them longer than is recommended
- sleeping with contact lenses

- I don’t take them off or clean them at all while wearing them

- Other

Did you have any problems with your eyes while wearing the?
YES NO

If YES

- redness

- discomfort or itching
- tearing

- eye infections

- other

Are you satisfied with your contact lenses?
YES NO
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Questions from the questionnaire for optometrists

Sex
male woman
Age
20-30 y.0. 31-40 y.0. 40-50 y.o. 50-60 y.o. 60 years and older

In case of special groups of patients, | meet the most in practice:
- children
- senior clients
- foreigners
- clients with disability

Which language do you use to communicate with foreign clients?
- English
- German
- Russian
- French
- other language
- none (gesticulation etc.)

Try to grade your language skills in optometrist practice (1- excellent, 5 — insufficient)

- English 1 2 3 4 5
- German 1 2 3 4 5
- Russian 1 2 3 4 5
- French 1 2 3 4 5

How often do you communicate with foreign clients?
- every day
- once aweek
- once a month
- less often
- never

Do you consider the language barrier to be the main difficulty in communicating with foreigners?
YES NO

In the case of communication with foreigners, choose ONE alternative that you USE THE MOST:
- internet
- pictures
- painting/writing
- gestures, pantomime
- other

Do you have opportunity to visit language or communication lesson at you current job?
YES NO 1 DO NOT KNOW

I would be interested in language courses:
YES NO I DO NOT KNOW

| would be interested in communication courses
YES NO I DO NOT KNOW
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Hypotheses for questionnaires:

1. Questionnaire

- More than 50% of contact lens wearers wear contact lenses longer than
recommended by the manufacturer.

- Less than 30% of contact lens wearers had problems caused by contact lenses.

2. Questionnaire
- More than 40% of optometrists would attend language courses from their employer.
- More than half of optometrists consider the language barrier to be the main problem

in communication with foreign patients.

The obtained data from the questionnaires and interim results will be presented as part

of the lecture at the conference.

Conclusion

The aim of this work is to improve communication skills in optometrist practice. | would
like to bring this subject closer to our field in a comprehensible form. | also focus on the
education of the client when applying contact lenses, so in my thesis you will find an inventory
of the necessary information, which should be passed on to the client in order to avoid any

problems associated with the wearing of contact lenses.
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Monitoring zrakovej ostrosti a binokularnych funkcii wu réznych

profesijnych skupin
Katedra optometrie a ortoptiky, Lékarska fakulta, Masarykova univerzita, Brno

Anotacia

Tento ¢lanok rozobera zrakové problémy sposobené s vykonom urcitych profesii. Prva ¢ast’
je zamerana na charakteristiku, vyvoj, poruchy a Specifikd zrakovej ostrosti a binokularneho
videnia. Druhé Cast’ prace je zamerand na profesie, ktoré mozu pri ich vykone ovplyviiovat
zrakové funkcie alebo mézu spdsobovat’ zrakovl tinavu a prinasa prehlad zrakovych funkcii

jedincov, ktory takéto prace vykonavaju.

KPucové slova

Zrakova ostrost’, binokularne videnie, ergondmia, profesijné skupiny, zrakova zat'az.

Takmer kazda vykondvana profesia ma z dlhodobého hl'adiska dopad na l'udské telo. Tato
praca sa zaobera tymi profesiami, ktoré maju urcity vztah k zrakovému systému. Ide najméa
0 tie profesie, ktoré ich vykonavatel'om spdsobuju zrakové problémy, v niektorych pripadoch
aj zhor$enie zraku. Mnoho I'udi si pri vybere profesie nemusi uvedomovat jej nasledky na zrak,
pretoZze mnohé sa objavia aZ po niekol'kych rokoch. Cielom tejto diplomovej prace je na tieto
profesie poukézat’ a informovat’ o ich Skodlivom dopade na zrak. Vyskumna Cast’ tejto prace
prinasa prehlad zrakovych funkcii u I'udi, ktori ich vykonédvaju a nasledne ich porovnava medzi

sebou.

Zrakova ostrost’

Zrakova ostrost’ udava rozliSovaciu schopnost’ oka, charakterizuje zrakovy vnem a dava ndm
cennu informaciu o kvalitne zrakového aparatu. Ur€uje ju samotny opticky systém oka,
funk¢nost’ sietnice, zrakovej drahy a zrakovych centier v mozgu. Rozozndvame koincidenént
zrakovu ostrost’, inak nazyvanu aj noniusova a anguldrnu zrakovu ostrost’, ktort oznacujeme

ako uhlov.

Koinciden¢na (noniusova) zrakova ostrost’

Pri koincidencnej zrakovej ostrosti T'udské oko vyhodnocuje stupent koincidencie

(nadvéznosti, resp. pokracovania) dvoch alebo viacerych priamok. Nakol'ko sa pri vyhodnoteni
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koincidencie podiel'aju celé rady Capikov, ktoré st navzajom prepojené, 'udské oko dokaze
vyhodnotit’ tento stav koincidencie 6 az 10 krat presnejSie ako pri rozliSeni dvoch separatnych
bodov. V pripade, ak by sa na sietnicu premietal obraz dvoch geometrickych priamok, ktoré by
na seba nadvizovali, avSak boli by premietané v periférii jedného Capiku, l'udské oko by tento

stav nevyhodnotilo ako koincidenciu.

Obrdzok 1 Capiky vo fovea centralis pri koincidencnej zrakovej ostrosti [1]

Angularna (uhlova) zrakova ostrost’

Pri angularnej zrakovej ostrosti vyhodnocuje I'udské oko separatnost 2 bodov
Vv predmetovom priestore. Emetropické oko je schopné odliit’ od seba dva samostatné body iba
V tom pripade, ak vstupuju do oka pod uhlom, ktory nie je mensi ako 1 uhlovd mintta, ¢o

oznacujeme ako minimum separabile.

Minimum separabile

Minimum separabile definuje prahovll hodnotu rozliSiteInosti dvoch samostatnych bodov.
Obrazy tychto bodov dopadnu na sietnicu tak, ze podrazdia 2 blizke €apiky, medzi ktorymi
ostava jeden Capik nepodrazdeny. V pripade ak by obrazy dvoch bodov dopadli na sietnicu pod
mensim uhlom ako je minimum separabile, podrazdili by sa 2 susedné Capiky a neostal by
medzi nimi jeden ¢apik nepodraZzdeny, I'udské oko by vyhodnotilo tento stav tak, ze vidi iba

jeden bod, nie dva samostatné body.
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Obrdzok 2 Capiky vo fovea centralis pri anguldrnej zrakovej ostrosti [1]

Vzdialenost’ medzi obrazmi dvoch samostatnych bodov na sietnici musi byt miniméalne 5
um. Ohniskova vzdialenost’ oka podl'a Gullstranda je -17,05 mm. Minimum separabile teda

vypocitame nasledovne:

t in =229 0,00029 rad = 0,9969 ~ 1 1
gam1n—17’05~ ) raa = v, ~ [1]
V suvislosti s rozliSovacou schopnostou oka aminimom separabile je dolezité

charakterizovat’ aj d’alSie pojmy, ktoré¢ s nim tizko suvisia.

Minimum cognibile
Minimum cognibile je prahovd hodnota, ktord charakterizuje schopnost” I'udského oka
rozliSit zndmy tvar urCitého znaku. Kazdy znak ma Tlahko odliSné minimum cognibile.

NajcastejSie sa uplatituje pri rozliSovani znakov na optotype.

Minimum legibile

Jedna sa o prahovu hodnotu, ktord ndm hovori o schopnosti Citat” a porozumiet’ ¢itanému
textu. Uplatiiuje sa najmé pri vySetreni zrakovej ostrosti do blizka, kedy zrakovy systém
nerozoznava samostatné znaky na optotype, ale Cita suvislé vety (vySetrenie zrakovej ostrosti

do blizka na Jagerovych tabulkach).

Vyvoj zrakovej ostrosti

Zrakova ostrost’ nie je ihned’ po narodeni plnohodnotne vyvinutd, vyvija sa s vekom spolu
s d’al$imi schopnostami diet’at’a. Rovnako ani pocas Zivota ¢loveka nie je rovnaka, ale mé svoju

dynamiku a dochadza k urcitym charakteristickym zmenam. Vo vSeobecnosti st vsetky detské
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o¢i hypermetropické, pretoZze po narodeni méa oko dietata priblizne 16-17 milimetrov. Luce
ktoré prichadzaju z nekonecna by sa po prechode takymto okom ldmali az za sietnicu, avSak
ocna SoSovka ma v detskom veku vel'kti akomodacnt schopnost’ a tieto luce fokusuje priamo
na sietnicu. Tymto mechanizmom sa oko dietata dokaze vysporiadat’ s tymto problémom.
Pocas vyvoja a dospievania dietata oko postupne rastiec az do 24 milimetrov, kedy sa za
fyziologickych podmienok jeho rast zastavi.

Ihned’ po narodeni nie je dostatone vyvinuta sietnica a najma zIta skvrna, v ktorej sa este
nenachadza konecny pocet fotoreceptorov. To je dovod, preCo novorodenec vyuziva najma
periférne Casti sietnice. Fotoreceptory v makule byvaju vyvinuté az priblizne v 6. mesiaci zivota
dietat’a, kone¢ny vyvoj zltej Skvrny sa vSak udava az v 3. roku zivota.

U novorodenca v prvych diioch Zivota pozorujeme iba svetlocit - dokaze rozoznat’ svetlo
a tmu, ¢omu nasvedcuje aj reakcia zornic novorodenca na svetlo. Od druhého mesiaca dokéaze
dieta rozoznavat’ blizke predmety priblizne do 30 centimetrov, v 3. mesiaci uz aj predmety
vzdialenejSie. Zrakova ostrost’ sa do prvého pol roka diet'ata udava na hodnotu 1/60. V druhom
roku Zivota sa vizus zlepSuje na 6/15 a do tretieho roka je to uz 6/8. Pocas Stvrtého roka Zivota
hodnoty zrakovej ostrosti postupne dosahuji plnohodnotnych 6/6. U vela deti dochadza este
Kk postupnému zlepSovaniu vizu, tym padom mézu u niektorych deti dosahovat’ hodnoty aj 4/6.
V pripade ak by do fyziologického vyvoja zrakovej ostrosti zasiahla nejaka komplikacia
a narusila by jeho bezproblémovy priebeh, stava sa tento vyvoj patologickym a nemusi byt
dosiahnuta plnohodnotna zrakova ostrost’. [2]

Zrakova ostrost’ neostava rovnaka ani po ukonceni rastu bulbu, ale nad’alej sa dynamicky
vyvija a meni. Udéava sa, Ze pocas zivota nastavaju 2 hypermetropizujice a 2 myopizujlce fazy.
Prvy stav hypermetropizacie je medzi narodenim a 8. rokom Zivota diet'ata, nakol'’ko oko este
nema dostatocntl velkost’ ako uz bolo spomenuté vyssie. Od 8. roku do 20. roku Zivota m6Zeme
pozorovat’ fazu myopizécie. Medzi obdobim po 20. roku Zivota az priblizne do 50. roku zZivota
sa refrakcia vyrazne nemeni. Po 50. roku Zivota modzeme pozorovat druhti fazu
hypermetropizacie spojent s presbyopiou, ktort po 65. roku Zivota vystrieda druhd faza

myopizacie. Tieto 4 fazy zmien refrakcie zvykni mat’ pomaly priebeh. [3]
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Obrazok 3 Dynamika zrakovej ostrosti pocas zivota [4]

Refrakéné stavy oka

Refrakény stav oka, kedy luce po prechode optickym systémom oka dopadaji priamo na
sietnicu sa nazyva emetropia. V pripade, ak lace po prechode optickymi médiami oka
nedopadaji na sietnicu, nazyvame takyto stav ametropia. Podl'a kde v zavislosti od sietnice

dopadaju luce vstupujuce do oka rozoznavame tieto refrakéné vady.

Myopia
Luce st po prechode okom st nadmerne lomené a fokusované do urcitej vzdialenosti pred
sietnicou. Velkost’ myopie je priamoumernd vzdialenosti fokusovanych lacov pred sietnicou.

Tuto refraként vadu korigujeme rozptylnymi SoSovkami.

Hypermetropia
Luce po prechode optickym systémom oka nie si dostatocne lomené a dopadaji az za
sietnicu. Rovnako ako v pripade myopie, aj u hypermetropie je velkost’ vady je priamotimerna

vzdialenosti fokusovanych lacov od sietnice. Tento stav korigujeme spojnymi SoSovkami.

Astigmatizmus

V pripade tejto refrakénej vady nie su vSetky lace po prechode optickym systémom oka
lomené do jednej vzdialenosti ale lomia sa do r6znych pozicii (fokal) ktoré mézu byt’ pred alebo
za sietnicou, v niektorych pripadoch astigmatizmu moéze byt jedna fokala umiestnena aj na
sietnici, avSak druha sa nachadza pred alebo za nou. NajCastejSie sa stretavame s dvoma
fokalami, v tomto pripade sa jedna o pravidelny astigmatizmus. V pripade nepravidelného

astigmatizmu sa kazdy 14¢ ldme na iné miesto.
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BINOKULARNE VIDENIE

Binokularne videnie je koordinovana ¢innost’ obidvoch o¢i, ktorej vysledkom je vytvorenie
jednoduchého obrazu predmetu, ktoré o¢i pozoruji. Toto videnie sa skladéd z 3 stupiiov, ktoré
na seba navzajom nadvézuju a pre to, aby bolo mozné prejst’ na d’alsi stupeii je potrebné uplné

zvladnutie predchadzajiuceho stupiia tohto videnia.

Stupne binokularneho videnia

Prvy stupeit binokularneho videnia je superpozicia. Jednd sa o schopnost zrakového
systému prekryt’ obrazy z oboch o¢i, ktoré nie su rovnaké.

Druhy stupen binokularneho je schopnost’ fiizie, teda vytvorenie z obrazov z obidvoch o¢i
jeden zmyslovy vnem. Flizia ma 3 pod-stupne podl'a toho, na akej Grovni je zaistovana. Jedna
sa 0 fuziu paramakularnu, makularnu a foveolarnu, ktord je zaroven najcitlivejsia. Ak jedinec
dosiahne tento stupen flzie, povazujeme uneho schopnost’ fuzie za plne vyvinuta. Tato
schopnost’ zaist'uje centradlny nervovy systém.

Posledny treti stupen binokularneho videnia je stereopsia. Jedna sa o schopnost’

priestorového videnia.

Vyvoj binokularneho videnia

V prvych dvoch mesiacoch zivota sa dieta pozera iba jednym okom, je vyvinuty
monokularny fixaény reflex. Od druhého mesiaca sa zac¢ina vyvijat’ binokularny fixacny reflex,
diet’a sa zacina pozerat’ oboma ocami, av§ak nakol’ko este nie je vyvinuty reflex konvergencie,
diet’a nie je schopné sledovat’ blizsie predmety. Tato schopnost’ sa vyvija aZ v tretom mesiaci
zivota. V Stvrtom mesiaci je dieta schopné na blizke predmety zaostrovat’, pretoze sa vyvija
ciliarny sval a S nim aj schopnost’ akomodacie SoSovky. Po dosiahnuti Siesteho mesiaca je dieta
schopné vytvorit’ z obrazov z obidvoch o¢i v jeden zmyslovy vnem, to znamend Ze sa u dietat’a
vytvara schopnost” fuzie. Ku koncu prvého roka Zivota sa zacina vyvijat priestorové vnimanie
a vnimanie hibkového videnia na zaklade koordinaénych schopnosti oko-ruka, neskor, ked’
zacina chodit’ na podklade oko-noha. Dieta si zacina uvedomovat’ vzdialenost’, polohu
a velkost’ predmetu o priaznivo prispieva k zdokonal’ovaniu tychto schopnosti a k vylepSeniu
vzajomného vztahu medzi akomodiciou konvergenciou. Binokuldrne videnie sa utuzuje
priblizne do Siesteho roku Zivota diet’a. Je vel'mi dblezité, aby bol vyvoj binokularneho videnia
prebiehal za fyziologickych podmienok. V pripade ak by do tohoto vyvoja zasiahol patologicky
faktor, zvySuje sa riziko vzniku tupozrakosti, Skulenia alebo anomalnej retindlnej

korespondencie. Do konca Siesteho roka Zivota je mozné tieto patologické stavy rieSit
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a zabezpecit' dietatu plnohodnotné binokuldrne videnie, po Siestom roku zivota kedy je uz

binokularne videnie plne vyvinuté je tento stav tazké ovplyvnit’. [5]

ERGONOMIA PRI POVOLANI

Mnoho profesii pri ich kazdodennom vykondvani ma z dlhodobého hl'adiska vplyv na
I'udské telo a vela znich pdsobia na jedinca, ktory ich vykonava zat'azujuco a mézu mu
sposobit’ dlhodobé nasledky. V tejto praci sa zameriame na povolania, ktoré stivisia so zrakom
a posobia na neho zatazujico a pri dlhodobom vykonavani moézu viest’ k jeho samotnému
zhorSeniu a vyskytu astenopickych problémov ako napriklad, oc¢nd a celkovd unava,
zaCervenanie o€, bolest” hlavy a iné.

Pri hodnoteni prace sposobujlicej zrakovu zat'az sa berie do vahy aj psychickd pracovna
zataz. Legislativa podl'a zdkona ¢.355/2007 Z.z. udel'uje zamestnavatel'ovi povinnost, aby
zabezpecil hodnotenie zrakovej zat'aze pri vykonavanej praci. Toto zhodnotenie je vykonavané
nepriamo, pomocou pracovnych charakteristik a prostredia prace z pohladu senzorického
zrakového zat'azenia pri vykondvanej praci a subjektivneho hodnotenia zamestnanca na
zrakovu zat'az. Podl'a vyhlaSsky Ministerstva zdravotnictva Slovenskej republiky ¢.542/2007

Z.z. §8 sa pracou so zrakovou zatazou rozumie:

e praca naro¢na na rozliSenie detailov oproti pozadiu
e praca naro¢na na akomodaciu a okohybné svaly
e praca naro¢nd na adaptaciu zraku

e praca vykonavana za zvlastnych svetelnych podmienok [6, 7]

Opatrenia na zniZenie zrakovej zat’aZe na pracovisku

Ak jedinec vykonava profesiu, ktord ma na zrak zat'azujici dopad, je potrebné aby bola tato
zataz zniZzend na najmensiu moznu mieru. Pri rizikovej préci je potrebné pouzivat vSetky
predpisané ochranné pomocky, vratane ochrannych Stitov a okuliarov, ktoré spliuji urcity
stupen kvality a to najmé u profesii ako zvara¢, sklar, chemik alebo laborant. Odporuca sa
pouzivat’ okuliare so Specidlnymi filtrami, ktoré odfiltruji Skodlivé Ziarenie pred jeho vstupom
do oka. Nevyhnutna je dostatocna hladina osvetlenia a jeho spravne umiestnenie na pracovisku,
pravidelné prestavky pocas vykonu takéhoto povolania a ergonomické upravenie pracovného
miesta. V neposlednom rade sa odportca pravidelne navstevovat’ o¢ného Specialistu

(oftalmolog, optometrista).
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Prehl’ad profesii zatazujucich zrak

Profesie naro¢né na adaptaciu zraku, respektive si vykonavané za zvlastnych svetelnych

podmienok:
e zvaradi
e sklari

e plavcici
o fotografi
e profesionalny Soféri

e Dbanici

Profesie narocné na akomodéciu, okohybné svaly a narocnostou na rozliSenie detailov

oproti pozadiu:

e kontrolori kvality

e datovy analytici

e administrativny pracovnici
e Uctovnici

e Zlatnici

¢ laboranti a chemici

e Studenti

VYSKUMNA CAST

Tato praca je zamerana na screening zrakovej ostrosti a binokularnych funkcii u profesii,

ktoré maju urcity dopad na zrakové funkcie jedinca, ktory ju vykonava. Zamerana je na:

e ludi vykonavajucich preciznu pracu
e administrativnych pracovnikov

e matky na materskej dovolenke

e Studentov

e [T pracovnikov

e profesiondlnych vodi¢ov
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Metodika vySetrenia

Na zaciatku vySetrenia je pacient zaradeny do jednej zo 6 vySetrovanych skupin, podl’a toho,
aku profesiu vykonéava. V kazdej ztychto Siestich skupin bude priblizne 20 probandov.
Zaznamenany je vek a pohlavie probanda. Je vySetreny naturdlny vizus do dial’ky na LCD
optotype, popripade vizus s vlastnou korekciou ak je predpisand. Subjektivne vySetrenie
refrakcie do dial’ky na LCD optotype s pouzitim skiiSobnej obruby a na vySetrenie cylindrickej
zlozky je pouzity Jacksnov skrizeny cylinder. Na vysSetrenie subjektivnej refrakcie do blizka su

pouzivané Jagerove tabul’ky. Binokularne funkcie st vySetrované pomocou Schoberovho testu.

Predbezné vysledky

Vyskumna Cast’ tejto prace este stale prebieha, preto nie su zastipené vysledky zo vSetkych
spominanych profesijnych skupin a pocet probandov v jednej skupine bude vacsi.

Predbezné vysledky zrakovej ostrosti u IT pracovnikov ukazuju, Ze z celkového poctu 12
vySetrenych o¢i malo 9 z nich hor$iu zrakovu ostrost’ ako 1,0 ¢o tvori 64% a iba 3 oc¢i mali

zrakovu ostrost’ 1,0 a lepSiu o tvori 36%.

Stav zrakovej ostrosti u IT pracovnikov

=
o

Pocet vysetrenych oci

O B N W b U1 O N 0O O

Vizus nizsi ako 1,0 Vizus 1,0 a lepsi

Graf 1 Stav zrakovej ostrosti u IT pracovnikov
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V pripade Studentov boli vysledky priaznivejsie, pretoze z doposial’ vySetrenych 18 o¢i malo
14 7z nich zrakovu ostrost’ 1,0 a lepSiu ¢o tvori 77,7% a iba 4 o¢i mali zrakovu ostrost’ horSiu

ako 1,0 ¢o tvori 22,2%.

Stav zrakovej ostrosti u Studentov

e L =
a 0 O N M O

Pocet vysetrenych oci

SN

Vizus 1,0 a lepsi Vizus nizsi ako 1,0

Graf 2 Stav zrakovej ostrosti u Studentov
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Annotation

This article deals with visual problems caused by doing specific professions. First part is
orientated on characteristic, evolution, disorders and specifications of visual acuity and
binocular vision. Second part is oriented on professions, which may affect visual functions or
caused visual fatigue and brings outline of visual functions of subjects who are doing these
professions.
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Almost every profession has a long-term impact on the human body. This work deals with
those professions that have a certain relationship to the visual system. These professions cause
visual problems, in some cases even visual impairment. Many people may not be aware of the
consequences for their eyesight when choosing a profession, because many of them will not
appear until several years later. The aim of this diploma thesis is to point out these professions
and inform about their harmful impact on the eyes. The research part of this work provides an
overview of visual functions in people who perform them and then compares the results

between the professions.

Visual acuity

Visual acuity indicates the differential ability of the eye, characterizes the visual perception
and gives us valuable information about the quality of the visual system. It is determined by the
optical system of the eye, the functionality of the retina, the visual pathway and the visual
centres in the brain. We recognize coincident visual acuity, otherwise called vernier acuity and

angular visual acuity.

Coincident (vernier) visual acuity

In coincident visual acuity, the human eye evaluates the degree of coincidence (continuity)
of two or more lines. Because several interconnected cones are involved in the evaluation of
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coincidence, the human eye can evaluate this state of coincidence 6 to 10 times more accurately
than when distinguishing two separate points. If the image of two geometric lines were
projected onto the retina, which would be connected to each other, but would be projected in

the periphery of one cone, the human eye would not evaluate this condition as a coincidence.

Picture 1 Cones in fovea centralis in case of coincident visual acuity [1]

Angular visual acuity
With angular visual acuity, the human eye evaluates the separation of 2 points in the subject
area. The emmetropic eye can distinguish two separate points from each other only if they enter

the eye at an angle not less than 1 angular minute, which is called the minimum separabile.

Minimum separabile

The minimum separabile defines the threshold of resolution of two separate points. The
images of these points strike the retina by irritating 2 close cones, when one cone between them
is not irritated. If the images of two points fell on the retina at an angle less than the minimum
separabile, 2 adjacent cones would be irritated without one non-irritated cone between them,

the human eye would evaluate this condition by seeing only one point, not two separated points.
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Size of cone
in retina
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Picture 2 Cones in fovea centralis in case of angular visual acuity [1]

The distance between pictures of two separated points on the retina has to be at least 5 pm.
Focal length according to the Gullstrand eye model is -17,05 mm. Minimum separabile is

calculated:
. 0,005 ’,
tg a min =T~ 0,00029 rad = 0,9969 =~ 1" [1]

In connection with the distinguishing ability of the eye and the minimum separabile, it is

important to characterize other concepts that are closely related to it.

Minimum cognibile
The minimum cognibile is a threshold value that characterizes the ability of the human eye
to distinguish the known shape of a particular trait. Each letter has a slightly different minimum

cognibile. It is most often used to distinguish symbols into optotypes.

Minimum legibile

This is a threshold that tells us about the ability to read and understand the text which is read.
It is used especially in the examination of near visual acuity, when the visual system does not
recognize separate symbols on the optotype but reads continuous sentences (examination of

near visual acuity on Jéger tables).

Development of visual acuity

Visual acuity is not fully developed immediately after birth, it develops with age along with
the child's other abilities. It is not the same during a person's life, but it has its own dynamics
and certain characteristic changes. In general, all children’s eyes are hypermetropic because

their eye is approximately 16-17 millimeters. Rays that come from infinity would break beyond
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the retina after passing through the eye, but the eye lens has a great ability to accommodate in
childhood and focuses these rays directly on the retina. Through this mechanism, the child's eye
can deal with this problem. During the development and adolescence of the child, the eye
gradually grows up to 24 millimeters, when under physiological conditions its growth stops.

Immediately after birth, the retina and especially the yellow spot, is not sufficiently
developed, because there is not the final number of photoreceptors. Therefore, the new-born
uses mainly the peripheral parts of the retina. Photoreceptors in the macula are usually
developed in the 6th month of a child's life, but the final development of the yellow spot is not
reported until the 3rd year of life.

In the first days of life in the new-born, we observe only light perception, so it can recognize
light and darkness, as evidenced by the reaction of the new-born’s pupils to light. From the
second month, the child can recognize close objects up to about 30 centimeters, in the 3rd month
even objects farther away. Visual acuity is reported to be 1/60 by the first half year of a child.
In the second year of life, the visus improves to 6/15 and by the third year it is already 6/8.
During the fourth year of life, the values of visual acuity gradually reach full values 6/6. Many
children are still gradually improving their visus, so in they can reach the value of 4/6. If a
complication interferes with the physiological development of visual acuity and disrupts its
smooth process, this development becomes pathological and full visual acuity may not be
achieved. [2]

Visual acuity does not stay the same even after the growth of the bulbus, but it continues to
develop and change dynamically. It is reported that 2 hypermetropic and 2 myopic phases occur
during life. The first state of hypermetropization is between the birth and the 8th year of a child's
life, as the eye is not yet large enough, as mentioned above. From the 8th year to the 20th year
of life we can observe the phase of myopisation. Between 20 to 50 years, refraction does not
change significantly. After the age of 50, we can observe the second phase of
hypermetropization associated with presbyopia, which is replaced by the second phase of
myopicization after the age of 65. These 4 phases of refraction changes tend to be slow. [3]
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Picture 3 Dynamics of visual acuity during the life [4]

Refractive states of the eye

The refractive state of the eye, when the rays fall directly on the retina after passing through
the optical system of the eye, is called emmetropia. If the rays do not fall on the retina after
passing through the optical media of the eye, we call this condition ametropia. According to
where the rays fall depending on the retina, we recognize these refractive errors.

Myopia
The rays, after passing through the eye, are excessively refracted and focused to a certain
distance in front of the retina. The size of myopia is directly proportional to the distance of the

focused rays in front of the retina. We correct this refractive error with minus lenses.

Hyperopia

The rays after passing through the optical system of the eye are not sufficiently refracted and
fall behind the retina. As with myopia, in hyperopia, the size of the error is directly proportional
to the distance of the focused rays from the retina. We correct this condition with plus lenses.

Astigmatism

In the case of this refractive error, not all rays after passing through the optical system of the
eye are refracted to one distance but they fall to different positions (focals) which may be in
front of the retina or behind it, in some cases of astigmatism one focal may be located on the
retina and second one is located in front of the retina or behind it. Many of astigmatisms have
two focals and we signify them as a regular astigmatism. In the case of irregular astigmatism,

each ray breaks to a different location depending to the retina.
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BINOCULAR VISION

Binocular vision is the coordinated action of both eyes, which results in the creation of a
simple image of the object that the eyes see. This vision consists of 3 stages, which follow each
other, and in order to be able to move to the next stage, it is necessary to fully master the

previous stage of this vision.

Degrees of binocular vision

The first degree of binocular vision is superposition. It is the ability of the visual system to
cover images from both eyes that are not the same. The second stage of binocular vision is the
ability to fuse, it means, to create images of both eyes into one sensory percept. The fusion has
3 sub-stages. It is a paramacular, macular and foveolar fusion, which is the most sensitive. If
an individual reaches this degree of fusion, we consider his ability to fuse to be fully developed.
This ability is provided by the central nervous system. The last third degree of binocular vision

is stereopsia. It is the ability of spatial vision.

Development of binocular vision

In the first two months of life, the child looks with only one eye, a monocular fixation reflex
is developed. From the second month, a binocular fixation reflex begins to develop, the child
begins to look with both eyes, but since the convergence reflex is not yet developed, the child
is not able to see closer objects. This ability develops in the third month of life. In the fourth
month, the child can focus on closer objects, because the ciliary muscle develops and with this
ability is also developing the ability of the lens to accommodate. After reaching the sixth month,
the child can create from images of both eyes into one sensory perception, which means that
the child develops the ability to fuse. In the end of the first year of life, spatial perception and
perception of deep vision begin to develop based on eye-hand coordination skills, later when
he begins to walk on an eye-foot basis. The child begins to realize the distance, position and
size of the object, which favorably contributes to the improvement of these abilities and to the
improvement of the mutual relationship between accommodation and convergence. Binocular
vision is strengthening to the age of six. It is very important to keep the development of
binocular vision under physiological conditions. If a pathological factor interferes with this
development, the risk of amblyopia, squinting or anomalous retinal correspondence increases.
By the end of the sixth year of life, it is possible to solve these pathological conditions and
provide the child with full-fledged binocular vision, after the sixth year of life, when binocular

vision is already fully developed, this condition is difficult to influence. [3]
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PROFESSIONAL ERGONOMICS

Many professions in their daily practice have a long-term effect on the human body, and
many of them have a strain effect on the individual who perform them and can have long-term
consequences. In this work, we focus on occupations that are related to the eyes and have a
negative impact on it, and in long-term practice can lead to its own deterioration and the
occurrence of asthenopic problems such as eye and general fatigue, redness of the eyes,
headache and others.

Psychological workload is also considered when evaluating work causing visual stress.
Legislation according to No. 355/2007 Coll. imposes an obligation on the employer to ensure
the assessment of the visual burden during the performed work. This evaluation is performed
indirectly, using work characteristics and the work environment from the point of view of
sensory visual burden during the performed work and subjective evaluation of the employee
for visual burden. According to the Decree of the Ministry of Health of the Slovak Republic
No. 542/2007 of codex, §8, work with visual load means:

» work demanding to distinguish details from the background
» work demanding to accommodation and oculomotor muscles
» work demanding to adapt the eyesight

» work performed under special lighting conditions [6, 7].

Measures to reduce visual exposure in the workplace

If an individual pursues a profession that has a straining effect on the eyes, this burden must
be reduced to a minimum. In these professions, it is necessary to use all prescribed protective
equipment, including protective shields and goggles, which reported to a certain level of quality,
especially in professions such as welder, glassmaker, chemist or laboratory technician. It is
recommended to use glasses with special filters that filter out harmful radiation before it enters
the eye. Enough level of lighting in the workplace and regular breaks during the performance a

profession and ergonomic adaptation of the workplace are essential.

Overview of professions that burden the eyes
Professions demanding on the adaptation of sight, respectively, are performed under special
lighting conditions:
» welders
* glassmakers

* lifeguards
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* photographs
* professional drivers

* mine workers

Professions demanding on accommodation, eye muscles and difficulty in distinguishing
details from the background:
* quality controllers
* data analysts
* administrative staff
* accountants
* laboratory technicians and chemists

* students

RESEARCH SECTION

This work is focused on the screening of visual acuity and binocular functions in professions
that have a certain impact on the visual functions of the individual who performs them. It
focuses on:

* people doing precise work
* administrative staff

* mothers on maternity leave
* students

o IT staff

* professional drivers
There will be approximately 20 probands in each of these six groups.

The course of the examination

At the beginning of the examination, the patient is included in one of the 6 examined groups,
depending on the profession. The age and sex of the probands are recorded. A natural long-
distance visual acuity is examined on the LCD optotype, or a visual acuity with its own
correction if it is prescribed. Subjective refraction on distance is examined on an LCD optotype
and a Jack's crossed cylinder is used to examine the cylindrical component. Jéger tables are
used to examine subjective refraction for near distance. Binocular functions are examined using
the Schober test.
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Preliminary results
The research part of this work is still ongoing, so the results from all the mentioned
professional groups are not represented and the number of probands in one group will be larger.
Preliminary results of visual acuity in IT staff show that out of the total number of 12
examined eyes, 9 of them had worse visual acuity than 1.0 which is 64% and only 3 eyes had

visual acuity 1.0 and better which is 36%.

Visual acuity in IT profession

10

Number of examined eyes

Visual acuity lower than 1,0 Visual acuity 1,0 and
better

Graf 1 Visual acuiy in IT profession

In the case of students, the results were more favorable, because of the 18 examined eyes,
14 of them had a visual acuity 1.0 and better, which is 77.7%, and only 4 eyes had a visual

acuity worse than 1.0, which is 22.2%.

Visual acuity in students
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Visual acuity lower than 1,0 Visual acuity 1,0 and
better

Number of examined eyes

Graf 2 Visual acuity in students
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Anotace

Tato prace je zaméfena predevsim na teoreticky podklad problematiky mé diplomové prace
na téma ,Moznosti vySetfeni akomodace oka“. Jsou zde popsany piedevSim obecné
charakteristiky a zpasoby vySetfeni akomodace oka. V zavéru se par slovy zmiiuji o své

diplomové studii, které se vénuji.
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Akomodace

Akomodace je velmi dilezity proces probihajici v lidském oku. Diky této schopnosti jsme
schopni vidét ostie piedméty nachazejici se v rdznych vzdalenostech pfed okem. Lze ji
definovat jako dynamicky proces zmény dioptrické mohutnosti oka vyklenutim ptedni plochy
coCky. U clovéka je tento mechanismus zplsoben zménou zaktiveni o¢ni Cocky. Pojem
»akomodace* je pomé&rmn¢é novy, poprvé ho zavedl Burow aZz v 1841 roce. Dfive se pouZzival

pojem adaptace, ktery je dnes pouzivan pro zménu senzitivity sitnice na riznou vzdalenost. [4]

Mechanismus akomodace

Nazory na piesny mechanismus akomodace doposud nejsou zcela jednotné. Bylo jiz
popsano nékolik teorii, které jsou popsany nize. Podili se na ném nékolik o¢nich struktur,
zejména se jednd o ocni Cocku, zavésny aparat a fasnaté tcélisko. PiestoZe je to mimovolni
proces, je do jisté miry ovlivnitelny vili.

Pti pohledu do dalky se stahuji meridionalni vldkna cilidrniho svalu (Briicketv sval), jenz
jsou inervovana sympatikem. Jedna se o vzdjemnou antagonistickou ¢innost. Vidéni do dalky
zajiSt'uje sympatikus a parasympatikus vidéni do blizka. Rychlost akomodace a desakomodace

se odviji od celkového stavu pozornosti, unavy a stavu vegetativniho nervového systému. [1]
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Obr. ¢. 1. Akomodace oka [9]
Existuji tfi nejznaméjsi teorie akomodace:
Teorie Helmholtzova (kapsularni),
Teorie podle Schachara a Tscherninga,
Teorie Colemanova.

Helmholtzova teorie (Hermann von Helmholtz, 1821-1894) ptedpoklada, Ze za
akomodaci je odpovédna pouze o¢ni ¢ocka. Pti pohledu oka do dalky je cilidrni sval uvolnén,
coz zpusobi napéti zonularnich vlaken. Coc¢ka se tim protidhne smérem k ekvatoru a ma
ptiblizné zplostély tvar. Ke kontrakci ciliarniho svalu dojde v momenté, kdyZz oko zacne
akomodovat, coz zonularni tenzi snizuje. Vlivem toho se zvysi zakiiveni pfedni plochy a ¢ocka
se tak vyklene. Tato teorie vSak nepopisuje zplosténi coCkové periferie ani redukci sférické

aberace, k cemuz béhem akomodac¢niho procesu dochazi. [6]

VY

predni plocha Eocky
pfi akomodaci

/1A

zonula pfi akomodaci povoli

Obr. ¢. 2: Princip Helmholtzovy teorie akomodace (c¢innost zonularnich vidken pri

akomodaci) [4]

79



Tscherning vytvoril v roce 1904 oponentni teorii a tu o téméf sto let pozdeji rozpracoval
Schachar. Tato teorie predpoklada, ze zonularni vlakna nejsou vSechna upnuta na stejné misto
ciliarniho svalu. Na ptfedni Cast se upinaji vlakna ekvatoridlni, zatimco na zadni ¢ast se upinaji
predni a zadni zonularni vlakna. Béhem kontrakce cilidrniho svalu dojde k uvolnéni ptednich a
zadnich zonularnich vlaken, zatimco u ekvatoridlni vlakna se napnou. Vysledkem je elongace
neboli prodlouzeni vertikdlniho priméru cocky se ztenCenou periferni oblasti a soucasné
rozsifeni centralni oblasti cocky. Zakladni rozdil mezi touto teorii a teorii Helmholtze je v tom,
ze Schachar piedpokladal aktivni spolupréci zavésného aparatu Cocky a ciliarniho svalu. Také
pocita s priblizenim ekvatoru ¢ocky ke skléte. Tscherning navic piredpokladal ucast sklivce pii

akomodaci. [4] [6]
ok &

predni plocha ¢ocky
pfi akomodaci

relaxace predni zonuly l relaxace zadni zonuly

kontrakce ekvatorialni zonuly

Obr. ¢. 3: Princip teorie akomodace podle Schachara a Tscherninga (cinnost zonularnich

viaken pri akomodaci) [4]

Podle Colemana, ktery svou teorii publikoval v 1986 roce, nelze proces akomodace
vysvétlit pouze pomoci dvou vyse popsanych teorii. Pfedpokladal, ze ¢ocka, zavésny aparat a
pfedni sklivec tvoti diafragmu mezi pfedni komorou a sklivcovym prostorem. Dojde tak ke
sniZeni tlaku v pfedni komote a ke zvySeni ve sklivci, ¢imZ vznika tlakovy gradient. Na zadni

pouzdro ¢ocky ptisobi tlak sklivce a zptisobuje tak jeji mirny anteriorni posun. [4] [6]

Slozky akomodace

Z tfunk¢niho hlediska rozliSujeme u akomodacéniho procesu Ctyfi sloZky akomodace. Tyto
slozky nazyvame — tonicka, reflexni, vergencni a proximalni.

Tonicka akomodace je stav klidového zamétfeni akomodace. K tomuto stavu dochézi pti

absenci jakéhokoliv podnétu v zorném poli, naptiklad ve tmé& nebo v ptipadé¢ prazdného
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prostoru letct. Jedna se o stav, ktery je navozen klidovym napétim cilidrniho svalu. V klidovém
postaveni neni akomodacni systém nastaven na nekonecno ale na vzdalenost ptfiblizné 1-2 m.
Hodnota tonické akomodace je u mladych lidi okolo 0,75 D, coz odpovida zaostfeni na
vzdalenost piiblizné 1,33 metrd, ale mize se pohybovat v rozmezi 0 D az +2 D. [3] [7]
neovladatelnd a aktivuje se automaticky v ptipad€, ze na sitnici vznikd neostry obraz. Jejim
stimulem je tedy rozostieny obraz na sitnici. Kdyz je obraz na sitnici rozostieny, tato slozka
akomodace automaticky zajisti Upravu refrakéniho stavu oka, aby se obraz fixovaného
pfedmétu zaosttil. V pribéhu Zivota se vyrazné nemeéni.

Vergencni akomodace je v uréitém pomeéru pevné spjata s konvergenci. Zajistuje druhou
pro akomodacni systém, ktery je odpovédny za zvySeni akomodace o konvergenéni slozku
akomodace

Proximalni (psychickd) akomodace je zplsobena ptitomnosti blizkého predmétu nebo

odhadem vzdalenosti. Pfedstavuje pouze malou ¢ast celého akomodacniho procesu (ptiblizné

asi 4-10 %). [3] [7]

Poruchy akomodace

Mezi poruchy akomodace fadime jak patologické, tak fyziologické zmény. Patologické
poruchy obvykle nastdvaji ndhle a mizou se projevit v jakémkoliv véku. Mohou zde byt
pritomny anomalie konvergence a byvaji doprovdzeny i zménou velikosti pupily. Oznacujeme
je jako:
insuficience akomodace
spasmus akomodace
exces akomodace
obrna akomodace

Fyziologickou zménou akomodace je presbyopie neboli stafeckd vetchozrakost, kterd
souvisi s poklesem akomodacni §ite s piibyvajicim vékem. Blizky bod se posouva smérem od
oka. Dochazi ke snizovani plasticity a elasticity Cocky a postupné se snizuje i1 schopnost
cilidrniho svalu. Plsobi zneostfené vidéni, o¢ni nepohodli nebo astenopii na béZnou pracovni
vzdalenost. Zacind se obvykle projevovat po 40. roce, ale v zavislosti na riznych faktorech i

mezi 38. az 48. rokem. [1] [2]
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Zakladni pojmy charakterizujici akomodaci

Blizky bod (punctum proximum) — nejblizsi bod leZici na optické ose, ktery se jeSté ostie
zobrazi na sitnici oka pfi maximalni akomodaci. Jeho vzdalenost od oka se uvadi v metrech a
znaci se jako ap. [7]

Daleky bod (punctum remotum) — nejvzdalenéjsi bod leZici na optické ose, ktery se ostie
zobrazi na sitnici oka pii uvolnéné akomodaci. Oznacuje se jako ap a udava se v metrech.
Reciproka hodnota této vzdalenosti je axialni refrakce Ar métend v dioptriich. Vypocita se ze

vzorce:

Ag=—[D] [41[7]

Axialni refrakce popisuje refrakeni stav oka a v podstaté udava hodnotu, kterd optickému
aparatu chybi do stavu emetropie. U emetropického oka, kdy lezi daleky bod v nekonecnu,
odpovidéa tato hodnota 0 D. V piipadé hypermetropického oka jej nalezneme v konecné
vzdalenosti za okem, dosazuje se vzdalenost s kladnym znaménkem. Naopak u myopického
oka se nachazi daleky bod konec¢né vzdalenosti pfed okem, tudiz se dosazuje vzdalenost
se zapornym znaménkem.

Akomodacni interval — oblast vymezena dalekym a blizkym bodem, ve které vidi oko dané
predméty ostie. Jedna se o miru vyuzitelnosti akomodace. Udava se v metrech a lze ho

vypocitat dle nasledujiciho vzorce:

Aa = ag — ap[m] da=5-—-—[m]  [4][7]

Akomodacni amplituda (Sife) — vyjadfuje nejvétsi mozny nartst refrakéni sily oka
zapojenim akomodace. Jedna se o maximalni hodnotu, o kterou je o¢ni ¢ocka schopna zménit
svou optickou mohutnost. Je tedy dana rozdilem mezi dynamickou refrakci oka, zménénou
maximalni akomodaci a statickou refrakci oka, ktera udava lomivost oka bez akomodace.

Akomodacni $ife se udava v dioptriich a je mozné ji vypocitat dle nésledujiciho vzorce:

AA = Ap — Ap[D] AA=———=[D] [4[7]

agr ap

VySetieni akomodace oka
Akomodaci a jeji velikost miizeme charakterizovat a métit pomoci nékolika zékladnich

veli¢in. Jednd se o amplitudu akomodace, relativni akomodaci, akomodac¢ni facilitu a
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akomodacni odezvu. Podle vysledkii jednotlivych meéfeni lze zjistit, zda je akomodace

dostate¢na ¢i nikoli.

Méreni akomodaéni amplitudy

AA lze méfit n€kolika metodami, které délime na objektivni a subjektivni. K objektivnim
metodam  fadime méfeni pomoci  Hartingerova  koincidencniho  refraktometru,
autorefraktometru, ktery splituje urCité podminky nebo pomoci pfistroje PowerRef II. Mezi
subjektivni metody fadime Push-up test, Push-down test, Minus lens to blur (metoda
rozptylnych cocek), akomodometry a méteni pomoci fokometru.

Metody Push-up i Push-down vyuzivam ve své vyzkumné ¢asti. Ob¢ jsou to subjektivni
metody pro zjiSténi hodnoty akomodacni amplitudy. Samotné vySetieni miiZze probihat
monokularné i binokularné, s optimdlni korekci na dalku. Pokud méfime binokularné, je nutné
brat v potaz vliv vergenéni slozky. Podstata téchto metod spociva v nalezeni blizkého bodu
pacienta. Hleda se tedy nejkratsi vzdalenost, ve které se sledovany pfedmét zobrazi ostie do
ohniska na sitnici. Tato metoda vySetfovani je rychld, jednoducha a nenaro¢na na vybaveni. Je
k tomu potieba pouze testovy znak (Cteci tabulka, fixaéni pravitko, Duaniv ¢i Glaseruv test),

pravitko a v ptipadé monokularniho vysetieni i okluzor. [§]

Obr. ¢. 4. Fixacni znaky: Duanitv a Glaseriv test [vilastni]

Samotny prib¢h vysetieni metodou Push-up spociva v plynulém piiblizovani testového
znaku smérem k oku vySetfovaného. Jeho tkolem je ohlasit jeji rozostfeni. V tomto momenté
pacienta jeSt¢ pozddame, aby se pokusil znak zaostfit. Polohu blizkého bodu jsme nasli
Vv piipad¢, Ze je rozostfeni trvalé. Reciproka hodnota naméfené vzdalenosti blizkého bodu se
rovna hodnoté akomodacni amplitudy.

Metoda Push-down je opozitni metodou Push-up testu. Principem testu je uvoliovani
akomodace. Testovou znacku umistime za bod rozostieni, poté ji oddalujeme az do bodu, kdy
ji pacient vidi ostfe. Stejn€ jako u Push-up testu ziskdme velikost akomodaéni §ife v dioptriich

jako reciprokou hodnou vzdélenosti blizkého bodu. [§]
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Méreni relativni akomodace

Relativni akomodace je veliCina, ktera nam udava, jak moc se miize zvysit, resp. snizit
akomodace pifi konvergenci na danou vzdalenost, aniz by se naruSilo ostré jednoduché
binokuldrni vidéni. Relativni akomodace vyjadiuje nejveétsi moznou zménu akomodace, kdy
jesté nevznikne diplopie.

Pozitivni relativni akomodaci vySetfujeme piedkladanim rozptylnych cocek (stimuluji
akomodaci) a negativni relativni akomodaci pomoci ¢ocek spojnych (uvoliiuji akomodaci).
Cilem tohoto vySetfeni je zjistit, jestli pacient potiebuje adici na praci do blizka. VySetiuje se
na vzdalenost 40 cm, kdy pacient sleduje text, ktery odpovida hodnoté visu 1,0. Ukolem
pacienta je oznamit, kdy se pozorovany obraz rozostfi ¢i rozdvoji po piredkladani

spojnych/rozptylnych cocek binokularné. [5]

Méieni akomodacni facility (snadnosti)
Akomoda¢ni facilita nam tik4, jak rychle dokaZze oko ménit akomodaci. K jejimu vySetieni
se pouzivaji flipry (pfedsadka tvorena dvojici spojnych a rozptylnych ¢ocek). Méfit se mize

monokularng¢ ¢i binokularné a jejich vysledky se udavaji v cyklech na minutu (cpm). [5]

Méreni akomodacni odezvy

Je to konkrétni reakce na akomodacni stimul. VySetfeni akomodacni odezvy, resp. odpovédi,
je jednou z dulezitych soucasti vysetfeni akomodace. Je slabsi pti pohledu do blizka nez do
dalky. Méfi se, zda je akomodaéni odezva na akomodac¢ni stimul vétsi (nadbytek akomodace)
nebo mensi (nedostatek akomodace — pacienti maji tendenci akomodovat vice na dany cil, nez
je nutné) nez se ofekava. Vysetfovat se mize pomoci Jacksonovych zktizenych cylindri ¢i
objektivné dynamickou retinoskopii. [5]

Jak jiZ bylo zminéno vyse, ve svém vyzkumu v diplomové praci se vénuji vySetienim
akomodac¢ni Sife pomoci Push-up testu a Push-down testu. Vyzkum probiha v o¢ni optice
Gemini v Brn¢. Porovnavam mezi sebou pacienty s odlisnou refrakéni vadou ve stejné vékové
kategorii, monokularng i binokularn€. Dale se zamétuji na to, jak moc se vysledky lisi, pokud

testovacim znakem pohybuji j4, anebo sam vySetfovany.
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This work is focused mainly on the theoretical basis of my diploma thesis on the topic
"Possibilities of examination of eye accommodation”. | describe mainly general characteristics
and methods of examination the ocular accommodation. In the end, 1 mention in a few words

about my diploma study.
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Accomodation

Accommodation is a very important process taking place in the human eye. With this ability,
we are able to sharply see objects located at different distances in front of the eye. It can be
defined as a dynamic process of changing the refraction of the eye by arching the front surface
of the lens. This mechanism is caused by a change in the curvature of the eye lens. The term
"accommodation™ is relatively new, first introduced by Burow in 1841. Previously, the term
adaptation was used, which is now used to change the sensitivity of the retina to different

distances. [4]

Accomodation mechanism

Opinions on the exact mechanism of accommodation are not yet completely unanimous.
Several theories have already been described, which are described below. Several ocular
structures are involved, especially the ocular lens, the suspension apparatus and the ciliary body.
Even though it is an involuntary process; it can be influenced to some extent by the will.

When looking into the distance, the meridional fibers of the ciliary muscle contract (Briicke's
muscle), which are innervated by the nervus sympathicus. It is a mutual antagonistic activity.
Distant vision is provided by the nervus sympathicus and near vision by the nervus
parasympathicus. Accommodation speed depends on the overall state of attention, fatigue and

the state of the vegetative nervous system. [1]
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Fig. 1: Accomodation of the eye [9]
There are three the most well-known theories of accommodation:

Helmholtz's theory
Schachar's and Tscherning's theory

Coleman’s theory

Helmholtz's theory (Hermann von Helmholtz, 1821-1894) assumes that only the ocular
lens is responsible for accommodation. When looking into the distance, the ciliary muscle is
relaxed, which causes tension in the zonular fibers. This extends the lens towards the equator
to an approximately flattened shape. However, the accommodation leads to contraction of the
ciliary muscle, which reducing zonular tension. As a result, the curvature of the front surface
of the lens increases and the lens arches. However, the theory does not describe the flattening
of the lens periphery or the reduction of spherical aberration, which occurs during the

accommodation process. [6]

a4 o

predni plocha Soéky
pri akomodaci

7%

zonula pfi akomodaci povoli

Fig. 2: Helmholtz's theory. [4]
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Tscherning developed the opponent's theory in 1904, and almost a hundred years later
Schachar elaborated it. This theory assumes that not all zonular fibers are clamped in the same
place on the ciliary muscle. Equatorial fibers are clamped to the front, while anterior and
posterior zonular fibers are clamped to the back. During the contraction of the ciliary muscle,
the anterior and posterior zonular fibers are released, while the equatorial fibers become taut.
The result is an elongation or extension of the vertical diameter of the lens with a thinned
peripheral region and at the same time an extension of the central region of the lens. The basic
difference between this theory and Helmholtz's theory is that Schachar assumed the active
cooperation of suspensory apparatus of the lens and ciliary muscle. It also allows for the lens
equator to approach the sclera. In addition, Tscherning assumed vitreous involvement in

accommodation. [4] [6]
Gl #

predni plocha cocky
pfi akomodaci

relaxace predni zonuly l relaxace zadni zonuly

kontrakce ekvatorialni zonuly

Fig. 3: Schachar's and Tscherning's theory. [4]

According to Coleman, who published his theory in 1986, the process of accommodation
cannot be explained by the two theories described above. He assumed that the lens, the
suspension apparatus, and the anterior vitreous formed a diaphragm between the anterior
chamber and the vitreous space. This reduces the pressure in the anterior chamber and increases
the vitreous, creating a pressure gradient. The vitreous pressure acts on the back of the lens,

causing it to move slightly anteriorly. [4] [6]

Accommodation components
From a functional point of view, we distinguish four components of accommodation in the

accommodation process. These components are called — tonic, reflective, vergent and proximal.
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Tonic accommodation is a state of resting accommodation. This condition occurs in the
absence of any stimulus in the field of view, for example in the dark or in the case of empty
space of pilots. It is a condition that is induced by resting tension of the ciliary muscle. In the
rest position, the accommodation system is not set to infinity but at a distance of approximately
1-2 m. The tonic accommodation value in young people is around 0.75 D, which corresponds
to focusing at a distance of about 1.33 meters, but can range from 0 D to +2 D. [3] [7]

Reflective accommodation is probably the largest and most important component of
accommodation. It is uncontrollable by the will and is activated automatically when on the
retina arise a blurred. Its stimulus is therefore a blurred image on the retina. When the image
on the retina is blurred, this accommodation component automatically adjusts the refractive
state of the eye to focus the image on the fixed object. It does not change significantly during
life.

Vergency accommodation is to some extent firmly connected with convergence. It
provides the second most important component of accommodation, which is closely linked to
the fusion. Convergence creates an stimulus for the accommodation system, which is
responsible for increasing the accommodation by the convergence component of the
accommodation.

Proximal (psychic) accommodation is caused by the presence of a nearby object or by
estimating distance. It represents only a small part of the entire accommodation process
(approximately 4-10 %). [3] [7]

Accommodation disorders

Accommodation disorders include both pathological and physiological changes.
Pathological disorders usually occur suddenly and can occur at any age. Convergence
anomalies may be present and may be accompanied by a change in pupil size. Pathological

conditions are described as:

accommodation insufficiency
accommodation spasm
excess accommodation

paralysis of accommodation

The physiological change in accommodation is presbyopia, which is associated with a
decrease of accommodation amplitude with increasing age. The proximal point moves away

from the eye. The plasticity and elasticity of the lens are reduced, and the ability of the ciliary
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muscle is gradually reduced as well. It causes blurred vision, eye discomfort or asthenopia at
normal working distances. It usually begins after 40 years, but depending on various factors,

presbyopia may occurs between 38 and 48 years. [1] [2]

Basic terms characterizing accommodation

Near point (punctum proximum) - the nearest point on the optical axis that still appears
sharply on the retina of the eye with maximum accommodation. Its distance from the eye is
measured in meters and is denoted as ap. [7]

Far point (punctum remotum) — the most distant point lying on the optical axis, which is
sharply imagined on the retina of the eye when the accommaodation is relaxed. It is denoted as
ag and is measured in meters. The reciprocal value of this distance is the axial refraction A,

measured in diopters. Calculated by the formula:
Ap =—[D] [4] [7]

Axial refraction describes the refractive state of the eye and indicates a value that the optical
apparatus lacks to condition emmetropia. For the emmetropic eye, where the far point lies at
infinity, this value corresponds to 0 D. In the case of a hypermetropic eye, it is found in the
final distance behind the eye, a distance with a positive sign is substituted. Conversely, in the
myopic eye, there is a far point of final distance in front of the eye, so a distance with a negative
sign is set.

Accommodation interval — the area is defined by the far and near point of the eye, in which
the eye sees the objects sharply. This is the degree of usability of accommodation. It is measured

in meters and can be calculated according to the following formula:
da = ag — ap[m] da=-———[m] [4][7]
Ar  Ap

Accommodative amplitude — expresses the largest possible increase in the refractive power
of the eye by including accommaodation. This is the maximum value by which the lens of the
eye is able to change its optical power. It is given by the difference between the dynamic
refraction of the eye, altered by maximum accommodation and the static refraction of the eye,
which indicates the refraction of the eye without accommodation. The accommodative

amplitude is given in diopters and can be calculated according to the following formula:

AA = Ap — Ap[D] AA=——=[D] [4[7

ar ap
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Examination of accommodation of the eye

Accommodation and its size can be characterized and measured using several basic
quantities. These are accommodative amplitude, relative accommodation, accommodative
facility, and accommodative response. According to the results of individual measurements, it

is possible to find out whether the accommaodation is sufficient or not.

Accommodative amplitude measurement

Accommodative amplitude can be measured by several methods, which are divided into
objective and subjective. Objective methods include measurements using a Hartinger
coincidence refractometer, an autorefractometer that meets certain conditions, or by a PowerRef
Il instrument. Subjective methods include Push-up test, Push-down test, Minus lens to blur,
accommodometers and focimeters.

| use the Push-up and Push-down methods in my research part of my diploma thesis. Both
are subjective methods for determining the value of accommodative amplitude. The
examination itself can be performed monocularly or binocularly, with optimal correction at a
distance. If we measure binocularly, it is necessary to take into account the effect of the
vergency component. The essence of these methods is to find a near point of the patient.
Therefore, we are looking for the shortest distance in which the subject is displayed sharply in
focus on the retina. This method is fast, simple and easy to equip. All we need is a test character
(reading table, fixation ruler, Duan's or Glaser's test), a ruler and, in the case of a monocular

examination, an occluder. [8]

©

Fig. 4: Duan's or Glaser's test [viastni]

The course of the examination by the Push-up test method consists in the smooth approach
of the test character towards the examined eye. His job is to report her blur. At this point, we
ask the patient to try to focus the character. We found the location of the near point if the blur
is permanent. The reciprocal value of the measured distance of the near point is equal to the

value of the accommodative amplitude.
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The Push-down method is the opposite method of the Push-up test. The principle of the test
Is to release accommodation. We place the test mark behind the blur point, then move it to the
point where the patient sees it sharply. As with the Push-up test, we obtain the size of the

accommodative amplitude in diopters as a reciprocal worth of the distance of a nearby point. [8

Relative accommodation measurment

Relative accommodation is a quantity that tells us how much accommodation can increase
or decrease during convergence without disrupting sharp simple binocular vision. Relative
accommodation expresses the largest possible change in accommodation when diplopia has not
yet occurred.

We measure positive relative accommodation (PRA) with a minus lenses (stimulate
accommodation) and negative relative accommodation (NRA) using plus lenses (release
accommodation). The aim of this examination is to find out if the patient needs an addition for
work closely. It is examined at a distance of 40 cm, where the patient watches the text, which
corresponds to a visus value of 1.0. The patient's task is to report when the observed image
blurs or bifurcates after further submitting the plus/minus lenses in front of both eyes. [5]

Accommodative facility measurment

The accommodative facility tells us how quickly and correctly the eye can change the
accommodation. Flippers are used for its examination (a device consisting of a pair of plus and
minus lenses). It can be measured monocularly or binocularly and the results are given in cycles

per minute (cpm). [5]

Accommodative response measurment

It is a specific response to an accommodation stimulus. Examination of accommodation
response is one of the important parts of the accommodation examination. Accommodative
response is weaker when we look close than into the distance. It is measured whether the
accommodation response to the accommaodative stimulus is larger (lead of accommodation) or
smaller (lag of accommodation — patients tend to accommodate more on the target than it is
necessary) than expected. It can be examined using Jackson's crossed cylinders or objectively
dynamic by dynamic retinoscopy. [5]

As | mentioned above, in my research in my diploma thesis | focus on the examination of
accommodative amplitude using the Push-up test and the Push-down test. The research takes

place in Gemini eye optics in Brno. | compare results of patients with different refractive errors
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in the same age category, monocularly and binocularly. I also focus on how much the results
differ if I move the test mark or the patient move with it.
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Anotace

Tato diplomova prace se zabyva vySetienim zorného pole u pacientti s glaukomem. U
vybranych pacienti je testovan rozsah zorného pole dvéma metodami — metodou SITA standard
a SITA fast. Cilem je zjistit, zda metoda s kratSim vySetiovacim ¢asem — SITA fast, poskytne

stejné kvalitni vysledky jako SITA standard.
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Glaukom, zorné pole, vySetteni zorného pole, perimetrie.

Glaukom

Glaukom, neboli zeleny zékal, pfedstavuje skupinu chorobnych stavi, které béhem del§iho
¢asového useku poskozuji terc zrakového nervu (papila). Onemocnéni probihd progresivné a je
problematické v tom, Ze nezpiisobuje pacientovi zadnou bolest. Pokud neni toto onemocnéni
v¢as diagnostikovano a léceno, miize skoncit az slepotou. Podle informacich uvedenych na
strankach Svétové zdravotnické organizace (WHO) je na svéte vice jak 2,2 biliont zrakove
postizenych az zcela slepych lidi. Déle je zde uvedeno, ze z této celkové hodnoty je 1 bilion
zpisoben pii¢inami, které by pii v€asné diagnostice nemusely mit tak fatalni nasledky. Mezi
tyto pfic¢iny patii i glaukom a to hodnotou 6,9 miliont. (Kraus a kol., 1997; Rozsival a kol.,
2017; WHO)

Zeleny zékal je nejCastéji zplisoben zvySenym nitroo¢nim tlakem, pfi¢emz normalni hodnota
nitroo¢niho tlaku se pohybuje v rozmezi od 10 do 20 mmHg. ZvySeny nitroo¢ni tlak ptisobi na
ter¢ zrakového nervu, ktery je tvofen z axoni retindlnich gangliovych bunék. Tyto axony jsou
poskozovany, az dochazi k jejich uplnému zaniku — vznikaji defekty v zorném poli pacienta.
Subjektivné si pacient zpocatku vypadky v zorném poli neuvédomuje, jelikoz zorné pole
pravého a levého oka se prekryvaji v centru. AZ defekty vzniklé v pozdéjsim stadiu glaukomu
mohou byt tak velké, ze mohou zptisobovat pacientovi problémy s orientaci v prostoru. Mezi
prvni pfiznaky glaukomu patfi tzv. paracentralni skotomy nachézejici se do 20 stupniti od

fixacniho bodu. Z poc¢atku jsou tyto paracentralni skotomy tézko zjistitelné, az v pozdéjSim
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stadiu se mohou spojit se slepou skvrnou a vznika tzv. Bjerrumiiv skotom. U glaukomu je také
typicky tzv. nasalni (Renneho) skok — vypadek v zorném poli se nachazi pod fixaénim bodem
a spojuje se se slepym bodem. V pozdéjsim stadiu glaukomu se objevuje dolni i horni arkuatni
skotom. (Kraus a kol., 1997; Rozsival a kol., 2017)

Vysetieni o¢niho pozadi dokdze zmény u glaukomu prokézat diive nez vySetfeni zorného
pole. Na papile u glaukomu se nachdzi mensi pocet nervovych vlédken. Tato nervova vlakna
ubyvaji bud’ generalizované — koncentrické zvétSeni exkavace, nebo fokaln¢ — vznik zarezu
V neuroretindlnim lemu, exkavace se rozsifuje. U glaukomu se také porovnava pomér C/D
(cup/disc ratio), coz je pomér exkavace K teré¢i. Podle Rozsivala nabyvaji normalni hodnoty
poméru C/D od 0,1 do 1,0. Zrakova ostrost pacienta se zhorSuje az v pokro¢ilém stadiu tohoto

onemocnéni. (Kraus a kol., 1997; Rozsival a kol., 2017)

VySetieni zorného pole

Vysetienim zorného pole se zabyva perimetrie. Normalni rozsah zorného pole od fovei se
udava: 50-60 stupnti nahoru, 50-60 stupiii nasalné, 70-75 stupna dold a az 110 stupna
temporaln€. Smérem nahoru a dolt je rozsah zorného pole mensi nezZ smérem dolii a temporalné
— miiZe za to predevsim ulozeni o¢nice, omezeni zorné¢ho pole nosem, obocim, fasy,...
Vysetieni se provadi monokularné (druhé oko zakryté), po zkorigovani refrakéni vady pacienta.
Pacient celou dobu fixuje sttedovou znacku a pokud v periferii zorného pole zahlédne svételny
stimul, oznami to vySetfujicimu (zméacknutim tla¢itka). Stimul trva vétSinou kolem 100 ms, aby
pacienta nerozptyloval od sledovani sttedové znacky.

U glaukomu se perimetrie pouziva piedev§im diky moznosti zjisténi kvantitativni poruchy
onemocnéni a mozné progrese. VySetfeni se zamétuje pfedevSim na cast 30 stupnii od fovei =
centrdlni ¢asti zorného pole. (Benes, 2015; Skorkovska, 2015)

U kinetické perimetrie (napt. Goldmannlv perimetr) se podnét dané¢ho jasu a velikosti
pohybuje od periferie ke stiedu az do doby, kdy ho zaznamena vysetfovany. Vysetieni probiha
v n¢kolika smérech pomoci 2 velikosti bodii a osvétleni. Zaznamenané body se pak spoji
V izoptéru = spojnice spojujici mista se stejnou citlivosti.

U statické perimetrie neni jas stimulu vSude stejny, jako tomu bylo 1 kinetické perimetrie,
ale méni se podle mista, kter¢ je zrovna testovano. Proto se tato metoda nazyva prahova staticka
perimetrie. Stimuly se zde nepohybuji, ale jsou statické. Tato metoda perimetrie byva nejcastéji
vyuzivana v diagnostice glaukomu nebo neurologickych postizenich. V diagnostice glaukomu
se také pouziva kampimetrie. Je to metoda, kterd zjistuje drobné¢jsi skotomy do 30 stupiii od
fovei. Piikladem mize byt napf. Bjerrumiv kampimetr, coz je ¢erné platno s LED diodou
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uprostied — slouzi jako centralni znacka. VySetiovaci vzdalenost je 1-2 metry. Pacientovi jsou
nabizeny bilé znacky jako stimuly, které, pokud vidi, jsou na platné oznaCovany Spendlikem.
V dnesni dob¢ se pouziva pocitacove fizena kampimetrie. (Benes, 2015; Skorkovska, 2015)

Mezi nové metody vySetieni zorného pole patii modrozluta perimetrie, FDT nebo SITA. U
modrozluté perimetrie (SWAP — short-wavelenght automated perimetry) jsou svétlené stimuly
modré barvy o vinové délce pfiblizné 440 nm promitany na zluté pozadi o vinové délce 530
nm. Tato perimetrie poméaha odhalit poruchu v oblasti kratkovinnych vinovych délek, ktera je
zajistovana konioceluldarnimi gangliovymi bunkami. Tato metoda se c¢asto pouziva u
diagnostiky glaukomu.

Frequency doubling technology perimetry (FDT) je metoda, co testuje funkci gangliovych
bunck magnocelularni zrakové drahy. Pii vySetfeni se promitaji stimuly o nizkém kontrastu, ale
vysoké frekvenci. Dalo by se tedy fici, ze zkoumaji pohyb. Princip je takovy, ze pokud u
sinusové miizky o nizké prostorové frekvenci se rychle zméni bilé¢ pruhy na ¢erné a naopak,
vznikd dojem, ze ma sinusova miizka dvojnasobek pruhti — prostorova frekvence je zdanliveé
zdvojend. Tato metoda je uzitecné predevsim u glaukomu, kde pocatecni defekty odhali diive
nez klasicka perimetrie.

Swedish interactive threshold algorithm (SITA) je metoda testovani zorného pole, u které ma
oproti klasické perimetrii dojit ke zkraceni vySetfovaci doby. Metoda vyuziva pravdépodobnou
citlivost jednotlivych mist sitnice, ktera byla zjisténa na zakladé informacich o zdravém zorném
poli a zorném poli pacientli s glaukomem. Hodnoty prahové citlivosti jednoho mista se
pouzivaji pro vypocet parametra testovani pro vedlejs$i misto. Pfi tomto vySetfeni byva zjisténa
vys$i prahova citlivost sitnice pacientd nez pii vySetfeni standartni metodou — diky mensi
unavé. Tato metoda je testovdna na piistroji Humphrey od firmy Zeiss. (Benes, 2015;

Skorkovska, 2015)

Perimetr Humphrey

Humphrey je pfistroj od firmy Zeiss, ktery se pouZziva hlavné pfi vySetfeni zorného pole u
glaukomu. Firma Zeiss tento pfistroj neustale zdokonaluje. Nejen, Ze tento pfistroj je pfinosny
pfi vySeteni glaukomu, protoZe se zaméfuje predevSim na oblasti zorného pole, které jsou na
postiZeni nejvice nachylné, ale také diky tomu, Ze umoziuje rychlé testovani pomoci strategie

SITA. Testovani probihéd bud’ strategii SITA standard nebo SITA fast. (Zeiss)
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Obr. 1 — vysledky z perimetru Humphrey. 1 — osobni data klienta a shrnuti udajii o vysetreni,
2 — vykresleni zorného pole v odstinech sedi, 3 — hloubka vady, 4 — numerické vysledky v dB

(Ptirucka od perimetru Zeiss)

Metodika vyzkumu

Vyzkum probiha v nemocnici u sv. Anny v Bmné, kde testuji zorné pole pacienti
s glaukomem. Pozadavkem je, aby pacienti méli defekty v zorném poli, které jsou zpisobené
jenom glaukomem — nikoliv Zadnou dalsi pfi¢inou. VySetfeni probihd na vySe zminéném
piistroji Humphrey od firmy Zeiss, kde pacienty testuji dvéma metodami — metodou SITA
standard a SITA fast. Vysledky mezi sebou porovnavam a zjist'uji, zda by se do budoucna pro
praxi mohla pouZzivat metoda SITA fast s kratsi vySetfovaci dobou, kterd je méné€ narocna na
pozornost pacientdl. Obé metody mezi sebou porovnavam i z hlediska subjektivniho vnimani
pacientli pomoci kratkého dotazniku na konci vySetfeni. Z hlediska narocnosti testovani u
pacientli vétSinou testuji jen jedno oko — S vice defekty (zjisténo z vysledkl z piredchozich let).
Potadi metod u pacientti volim nadhodné.

Na zacatku vySetfeni s pacienty udélam kratkou anamnézu, kde se jich ptam i na dosavadni

zpusob 1é¢by glaukomu. Po tomto dotazniku nasleduje zadani pacientovych udaji do perimetru,
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korekce jeho vady, vysvétleni pribéhu vysetieni a volba strategie — standard nebo fast. Po tom,
co je jedna metoda dokoncena, umoznim pacientovi kratkou piestavku, po které nasleduje
druhéd metoda. Po dokonceni obou metod s pacientem projdu dotaznik, ve kterém se zajimam,
zda vidéli mezi metodami rozdil, kterd pro né€ byla pfijemné&jsi a v pfipad¢, ze by si méli vybrat

pouze jednu metodu, kterou by si vybrali.

Vysledky
Dosavadniho vyzkumu se zatim zacastnilo 13 osob (oci), z toho 5 muzi a 8 zen (graf 1).

Lidé byli ve veku od 42 do 82 let.

= muii = Zeny

Graf 1 — zastoupeni respondenti

Primérna doba testovani SITA Standard a SITA Fast. Primérna hodnota vysetfeni u SITA
standard je 9,38 minut a smérodatna odchylka ma hodnotu 1,39 minut. U SITA fast ma
primé&rna hodnota 5,88 minut a smérodatna odchylka 1,40 minut. Z grafu 2 mizeme vidét, Ze

testovaci doba se u SITA Fast zkratila o 3,5 minut. Statisticky rozdil p < 0,001.
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Graf 2 — priimérna doba testovani

Primérny naméfeny index visudlniho pole u SITA standard a u SITA fast. Tento index
porovnava v % pacientovo zorné pole se zdravym zornym polem pacientd. Primérnd hodnota
indexu visualniho pole mé hodnoty u SITA standard 64,77 % a smérodatna odchylka je 20,15
%. U SITA fast je primé&rna hodnota 69,54 % a smérodatna odchylka 21,54 %. Z grafu 3 je
patrné, Ze vysledky indexu visualniho pole jsou si velmi podobné, lisi se 0 5 %. Lepsi index

visualniho pole prozatim ukazuje SITA Fast. Statisticky rozdil p = 0,145.
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SITA standard vs SITA fast

Graf 3 — index visudlniho pole

V nasledujicim grafu 4 se zaméfime na to, kolik lidi by v praxi volilo metodu standard, fast
a kolika pacientlim to bylo jedno. Z vysledkl vidime, Ze pfijemné&j$i a rychlejsi se lidem zdala
metoda fast, kterou volilo sedm respondentti, tf1 lidé by volili metodu standard. Ttem
respondentim by bylo jedno, kterou metodou jsou vySetieni, jelikozZ mezi metodami nevidéli

zadny rozdil.
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Graf 4 — vysledek dotazniku

Diskuze

Cilem mé diplomové prace je zjistit, zda SITA fast je stejn¢ kvalitni jako SITA standard a
zda SITA fast poskytuje stejn¢ kvalitni vysledky. Na podobné téma se zabyvala i prace, ktera
byla provadéna ve spolupraci s nemocnici v Izraeli. Studie se zaméfila na vySetfovani zorného
pole u pacienti s glaukomem — bylo provedeno jedno méfeni a za 2 mésice bylo méteni
opakovano. Z testovani byli vyfazeni lidé, jejichZ vada ve sférickém ekvivalentu presahovala 6
D, a ktefi mé&li astigmatismus vétsi jak 3 D. VySetfovano bylo jen jedno oko.

Celkem do studie bylo zatazeno 26 lidi — 15 zen a 11 muzi, ve véku od 44 do 81 let.
Vysledky tohoto zkoumdani ukazuji, Ze SITA fast byla o 30 % kratSi nez SITA standard (SITA
fast trvala zhruba 5 minut a standard zhruba 8 minut). Studie porovnavala u obou méfeni MD
= stfedni odchylku, kterd udava rozdil oproti zdravému zornému poli. U prvniho méfeni vysla
primérna hodnota u SITA standard -14,8 dB a u SITA fast -14,5 dB. U opakovaného méteni
po 2 mésicich vySly tyto hodnoty u standard -14,3 dB a u fast -14,1 dB. Z vysledkt porovnani
MD neplyne zadny statisticky vyznamny rozdil. Prace dale staticky zpracovavala i spolehlivost
fixace, faleSné pozitivni i negativni chyby. I zde vSak nebyl prokézan rozdil. (Barkana et al.)

Dalsi podobnou studii je studie, kde byli pacienti s glaukomem vySetiovani hned 3
metodami. Klasickou bilou statickou perimetrii, SITA standard a SITA fast. Studie se tiCastnilo
77 pacientl ve v€ku od 38 do 84 let — 40 muzh a 37 Zen. Vysledky vySetfeni pomoci SITA
standard a SITA jsou si podobné, zatimco pfi srovnani s klasickou bilou perimetrii uz vznika
rozdil. Primérna hodnota MD u standard je -9,6 dB, u fast je -9,1, zatimco u klasické perimetrie

ma hodnota velikost -10,3 dB. Pokud se zaméfime jen na srovnani SITA standard a fast,
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muzeme vidét, Ze mezi vysledky MD neni statisticky vyznamny rozdil stejné, jako u pfedchozi
studie. (Budenz et al.)
Zavér

Z vyse uvedenych vysledkt a grafli zatim muzeme fici, Ze metoda fast poskytuje stejné
kvalitni vysledky jako metoda standard. Nejen, Ze poskytuje stejné kvalitni vysledky, ale také
nam zkrati vySetfovaci dobu asi o 3,5 minut, coz je zadouci vzhledem ke snizené unavé
pacienta. Diky tomu se nebudeme muset tolik bat, ze vysledky budou tolik zkreslené tinavou a
ztratou pozornosti. Také vétSina dosavadnich respondentti shledava strategii SITA fast za kratsi

4

S podobnymi vyzkumy, mizeme fici, Ze vysledky si zatim odpovidaji.
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Annotation

This diploma thesis deals with examination of visual field in patients with glaucoma. In
selected patients the vision field is tested by two methods — SITA standard and SITA fast. The
aim is to find out whether the method with a shorter investigation time — SITA fast — will

provide the same quality results as the SITA standard.
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Glaucoma

Glaucoma is a group of disease states that over a longer period of time damage the target of
optic nerve (papilla). The disease is progressive and problematic in that it causes no pain to the
patient. If the disease is not diagnosed and treated in time, it can end with blindness. According
to information on the World Health Organization (WHO) website, there are more than 2.2
trillion visually impaired or blindness people in the world. Furthermore, it is stated that of this
total value, 1 trillion is due to causes that might not have such fatal consequences in early
diagnosis. These causes include glaucoma of 6.9 million. (Kraus et al., 1997; Rozsival et al.,
2017; WHO)

Glaucoma is most caused by increased intraocular pressure; normal intraocular pressure is
from 10 to 20 mmHg. Increased intraocular pressure has effect on the target of optic nerve,
which is made up of retinal ganglion cell axons. These axons are damaged, complete extinction
may be available - defects in the patient's vision field occur. Subjectively, the patient is initially
unaware of defects in his visual field because the vision of field of the right and left eye
overlapping in the center. The defects that arise at a later stage of the glaucoma are so large that
they cause problems with the orientation of the patient in space. The first symptoms of
glaucoma are paracentral defects located 20 degrees from the fixation point. Initially, these
paracentral defects are hard to discovery, only at a later stage they can associate with the blind

spot and their are called Bjerrum scotoma. Glaucoma is characterized with nasal (Renneho)
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jump - a defect in the vision field is located below the fixation point and connects with the blind
spot. (Kraus et al., 1997; Rozsival et al., 2017)

Examination of eye background allows early detecting changes in glaucoma, which can be
detected before examination of visual field. There is a smaller number of nerve fibres on the
papilla. These nerve fibers either diminish in a generalizable - concentrated enlargement of the
excavation, or focally - the incision in the neuroretinal rim, the excavation extends. For
glaucoma, the C / D ratio (cup / disc ratio), which is the ratio of excavation to target, is
compared. According to Rozsival, the normal C / D values range from 0.1 to 1.0. The patient's
visual acuity deteriorates only at developed stage of the disease. (Kraus et al., 1997; Rozsival

etal., 2017)

Examination of visual field

Perimetry examines the field of vision. The normal range of view from fovea is 50-60

degrees up, 50-60 degrees nasally, 70-75 degrees down, and up to 110 degrees temporarily.
Upward and downward, the field of view is smaller than downward and temporarily - this is
mainly due to the position of the orbit, the reduction of the field of vision through the nose,
eyebrows, eyelashes, ...
The examination is performed monocularly (the second eye covered), after correcting the
patient's refractive error. The patient fixes the center mark all the time and if he sees a light
stimulus in the periphery of the field of vision, he / she notifies the investigator (by pressing the
button). The stimulus usually takes about 100 ms to keep the patient from distracting from the
center mark. In glaucoma, perimetry is mainly used to detect quantitative disease disorders and
possible progression. The examination focuses primarily on the part of 30 degrees from the
fovea = central part of the field of vision. (Benes, 2015; Skorkovska, 2015)

In kinetic perimetry (for example Goldmann's perimeter), the stimulus of the brightness and
magnitude varies from peripheral to center until it is detected. The examination is carried out
in several ways using 2 point sizes and lighting. The recorded points are then connected in an
isopter = a link connecting sites with the same sensitivity.

In static perimetry, the brightness of the stimulus is not the same everywhere as kinetic
perimetry but varies according to the place being tested. Therefore, this method is called
threshold static perimetry. Stimuli do not move here but are static. This method of perimetry is
most often used in the diagnosis of glaucoma or neurological disorders. Campimetry is also
used in the diagnosis of glaucoma. It is a method that detects minor defects within 30 degrees
of fovea. An example could be Bjerrum's campimeter, which is a black screen with an LED in
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the middle - it serves as a central marker. The examination distance is 1-2 meters. The patient
is offered white marks as stimuli which, if they see, are marked with a pin on the screen.
Nowadays, computer-controlled campimetry is used. (Benes, 2015; Skorkovska, 2015)

New methods of visual field examination include SWAP, FDT or SITA. For short
wavelength automated perimetry (SWAP), light stimuli of blue color with a wavelength of
approximately 440 nm are projected on a yellow background with a wavelength of 530 nm.
This perimetry helps to detect a short wave wavelength disorder that is mediated by endocellular
ganglion cells. This method is often used in the diagnosis of glaucoma.

Frequency doubling technology perimeter (FDT) is a method that tests the function of
ganglion cells of the magnocellular visual tract. Examination projects low-contrast but high-
frequency stimuli. So one could say that they are examining movement. The principle is that if
a sine grating with a low spatial frequency quickly changes white bands to black and versa, it
gives the impression that the sine grating has twice the bands - the spatial frequency is
seemingly doubled. This method is especially useful for glaucoma where initial defects are
detected before classical perimetry.

Swedish interactive threshold algorithm (SITA) is a method of testing the field of vision,
which should be compared to classical perimetry to reduce the investigation time. The method
uses probable sensitivity of individual points of the retina, which was found on the basis of
information on healthy field of vision and field of vision of patients with glaucoma. Single site
threshold sensitivity values are used to calculate the secondary site test parameters. This
examination reveals a higher threshold sensitivity of patients than in the standard method - less
fatigue. This method is tested on a Humphrey from Zeiss. (Benes, 2015; Skorkovska, 2015)

Perimeter Humphrey

Humphrey is a device from Zeiss, which is mainly used for examination of visual field in
glaucoma. Zeiss is constantly improving this device. Not only is this device beneficial in
glaucoma examination, because it focuses primarily on the areas of the field of vision that are
most susceptible to disability, but also because it allows for rapid testing with the SITA strategy.
Testing is performed either by SITA standard or SITA fast. (Zeiss)
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Picture 1 - results from the Humphrey perimeter. 1 - personal data of the client and
summary of examination data, 2 - rendering of the field of vision in shades of gray, 3 -

depth of the defect, 4 - numerical results in dB (manual from Zeiss perimeter)

Methodology

The research is in the hospital of St. Anna in Brno, where | test the vision field of patients
with glaucoma. The requirement is that defects in the visual field of patients must be caused
only by glaucoma - not by any other cause. The examination is carried out on the above-
mentioned Humphrey from Zeiss, where patients are tested by two methods - the SITA standard
and the SITA fast. The results are compared with each other and | find out whether the SITA
fast method could be used in practice in the future with a shorter investigation time, which is
less demanding for the attention of patients. Both methods are compared with each other in
terms of subjective perception of patients using a short questionnaire at the end of the
examination. I usually test only one eye - with multiple defects (found from results from
previous years). | change the methods randomly in patients.

At the beginning of the examination with the patients | make a short medical history, where

I ask them about the current treatment of glaucoma. This is followed by entering patient data
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into the perimeter, correcting its refractive error, explaining the course of the examination and
choosing a strategy - standard or fast. After one method is completed, | allow the patient a short
break, followed by the other method. After completing both methods with the patient, I do
questionnaire to see if they saw a difference between the methods that was more comfortable

for them and if they had to choose only one method which one would they prefer.

Results

For now, 13 people (eyes) have participated in the research — 5 man and 8 women (graph 1).
Age from 42 to 82.

= man =women

Graph 1 - Respondents

Average testing time of SITA Standard and SITA Fast. The average value of the SITA
standard is 9.38 minutes and the deviation is 1.39 minutes. For SITA fast the average value is
5.88 minutes and the deviation is 1.40 minutes. From the graph 2 we can see that the test time

for SITA Fast was shortened by 3,5 minutes. Static difference p < 0.001.

=
o

Minutes

QO B N W & U0 O N 0 WO

SITA standard SITA fast
SITA standard vs SITA fast

Graph 2 — average time of examination
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Average visual field index measured for SITA standard and SITA fast. This index compares
in % the patient's field of view with the healthy field of view of the patients. The average value
of the visual field index is 64,77 % for the SITA standard and 20,15 % for the deviation. For
SITA fast, the average value is 69,54 % and the deviation is 21,54 %. The graph 3 shows that
the results of the visual field index are very similar, they differ by 5 %. Meanwhile, SITA Fast

shows a better visual field index. Static difference p = 0.145.

70
69
68
67

Valuesin % 66
65

64
63
62

SITA standard SITA fast
SITA standard vs SITA fast

Graph 3 —visual field index

This graph 4 shows the answer for the question: If you had to choose an examination with
only one method, which one would you prefer? We can see that 7 people would prefer SITA
fast, 3 people SITA fast and 3 people do not see difference between both methods.

m SITA fast « SITAstandard = Evenly

Graph 4 - questionnaire result
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Discussion

The aim of my thesis is to find out if SITA fast is as good as SITA standard and whether
SITA fast provides the same quality results. Work on similar topic was also carried out in
cooperation with a hospital in Israel. The study focused on the examination of the vision field
in patients with glaucoma - one measurement was made and repeated after 2 months. People
whose spherical equivalent defects exceeded 6 D and who had astigmatism greater than 3 D
were excluded from testing. Only one eye was examined.

A total of 26 people were enrolled in the study - 15 women and 11 men, aged 44 to 81 years.
The results of this investigation show that SITA fast was 30 % shorter than the SITA standard
(testing time SITA fast is about 5 minutes and the SITA standard about 8 minutes). The study
compared MD = mean deviation in both measurements, indicating the difference from the
healthy vision field. For the first measurement, the average value for SITA standard was -14.8
dB and for SITA fast -14.5 dB. For repeat measurements after 2 months, these values were at -
14.3 dB for standard and -14.1 dB for fast. There is no statistically significant difference from
the MD results. The work also processed statically reliability of fixation, false positive and
negative errors. However, there was no difference. (Barkana et al.)

Another similar study is that where glaucoma patients were examined by 3 methods. Classic
white static perimetry, SITA standard and SITA fast. 77 patients aged 38 to 84 years - 40 males
and 37 females participated in the study. The results of the SITA standard and SITA are similar,
while there is a difference when compared to classical white perimetry. The average value of
MD for the standard is -9.6 dB, for fast it is -9.1, while for classical perimetry the value is -10.3
dB. If we focus only on the comparison of SITA standard and fast, we can see that there is no

statistically significant difference between MD results as in the previous study. (Budenz et al.)

Conclusion

From the above results and graphs we can say that the fast method provides the same quality
results as the standard method. Not only does it provide the same quality results, at SITA fast
is shorten examination time by about 3,5 minutes, which is desirable because of the reduced
patient fatigue. As a result, we won't have to worry so much that the results will be so distorted
by fatigue and loss of attention. Also, most respondents to date find the SITA fast strategy
shorter and less demanding for their attention, as indicated in the latest graph. If we look at

comparisons with similar studies, we can say that the results so far match.
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Porovnani metod méreni senzorické dominance
Katedra optometrie a ortoptiky, Lékarska fakulta, Masarykova univerzita Brno

Anotace

Tento ¢lanek se zabyva problematikou o¢ni dominance. O¢ni dominance se déli na
senzorickou, smérovou a okulomotorickou. Clanek se zabyva zejména senzorickou dominanci
a jejim testovanim. Nasledné jsem do ¢lanku zahrnula jiz vznikl¢ studie, které se timto tématem

zabyvaly.

rv 14
Klicova slova
O¢ni dominance, senzorickd dominance, smérova dominance, okulomotoricka

dominance.

O¢ni dominance

Oc¢ima pfijimadme nejvice podnétl z naseho okoli. Mozek pii binokuldrnim vidéni
uptednostiiuje vjem jednoho oka pfed vjemem oka druhého. Tomuto oku fikdme oko
dominantni. Jedno oko se pravdépodobné stdva vedoucim v raném détstvi. Neni pravidlem, Ze
musi mit dominantni oko lepsi zrakovou ostrost. Pfi testovani o¢ni dominance se jeji pfitomnost
vétSinou projevi. MiZe ale dojit k tomu, Ze bude mit dany pacient nevyhranénou o¢ni
dominanci a oc¢i se ve vedeni budou sttidat. Dalsi pfipad, ktery mlZe nastat je ten, kdy jedno
oko je dominantni na dalku a jiné na blizko. Uréeni o¢ni dominance ma vyznam pii zrakové
korekci. Pokud ddme monokularné na kazdé oko plnou korekci, nemusi pak byt vysledna
binokularni korekce optimalni. PIna korekce nedominantniho oka miize narusit dominanci oka

vedouciho, a tak zptlisobit nepiijemné astenopické potize. [1, 2]

Klasifikace
Existuji tii druhy ocni dominance a to smérovd, okulomotorickd a senzoricka
dominance. Nemusi byt u kazdého typu dominance stejné vedouci oko. Napf. senzoricky

dominantni mizZe byt oko pravé a smérové mize byt dominantni oko levé. [3, 4]

Smérova o¢ni dominance
Smérové dominanci se také fikd pozorovaci dominance. O tomto typu o¢ni dominance

se V literatute hovoti nejCastéji. Pravé metody méteni smeérové dominance jsou v klinické praxi
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nejCasteji vyuzivanymi postupy. Obrovskou vyhodou je, ze se dé otestovat jak subjektivné, tak
objektivné. Smérové dominantni oko je to, které pii binokuldrnim vidéni upiednostiiujeme.
Stejné tak je smérové dominantni to oko, které vykazuje mensi odchylky pfi alternujicim
zakryvacim testem. Oko, které je pii binokularnim vidéni smérové, nazyvame okem fidicim
neboli controlling eye. [3, 4]

K uréeni smérové dominance neni zapotiebi zadnych slozitych pomicek. Ridici oko se
da urcit velice snadno, a to bud’ za pomoci check-testu nebo vlastnich rukou. Pacient se diva
skrz otvor na vzdaleny pfedmét a stiidavé zavira vicka. Ridicim okem vidi stale stejny obraz.
Pti pohledu nedominantnim okem obraz uskoci stranou. Tato metoda je nejéastéji znama pod
nazvem Hole-in-the-card-test. Dal$im zpisobem uréeni smérové dominance je metoda palce a
hrany. Pacient natdhne ruku se vztyCenym palcem, ktery nastavi tak, aby byl v zakrytu
s n&jakou hranou. Stfidavé zavira pravé a levé oko. Princip je stejny, jako u predchozi metody.

Smérova dominance se da urcit i dal§imi metodami. [3, 4]

N

Obr. 1 Hole-in-the-card-test
Okulomotoricka o¢ni dominance
U okulomotoricky dominantniho oka se za binokularnich podminek lépe projevuje
fixace. Pokud je pfitomna fixa¢ni disparita, tak je dominantni to oko, které fixuje centralné.
Okulomotorickd dominance je v klinické praxi testovana jen velmi ziidka. Testy na
okulomotorickou dominanci nejsou piesné specifikovany, ale jestlize vychazime
z ptedpokladu, Ze lepsi oko za binokularnich podminek fixuje 1épe, tak lze vyuzit testy na

fixacni disparitu, jako je Malletuv test, hakovy test, ru¢ic¢kovy test nebo kiizovy test. [3, 4]

Senzoricka o¢ni dominance

U senzorické dominance dochdzi k tomu, Ze zrakovy systém upfednostiiuje jedno oko
pied druhym nebo jedno oko sndze utlumi. K upfednostnéni jednoho oka dochazi naptiklad u
koukani se do mikroskopu, kdy si zvolime, kterym okem se budeme do okularu divat.
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K utlumeni nedominantniho oka dochazi v ptipadé, Ze by se v sitnicovych obrazech objevily
rozdily napt. v sytosti barev nebo jasu obrazu. Senzoricky dominantni oko se také nazyva
zamétovaci oko. Pokud ma cloveék siln€ vyvinutou senzorickou dominanci, mize mit slabé
nebo Upln¢ zadné prostorové vidéni. Extrémnim piikladem je amblyopie. Zakladem senzorické
dominance je binokuldrni rivalita, kterd nam muize pomoci pii hodnoceni senzorické
dominance. [2, 3, 5]

Mezi metody, kterymi lze zjistit zaméfovaci oko se fadi napf. zamlzovaci metoda,

Worthtv test, polarizovany test, test pomoci ¢erveného filtru a dalsi.

ZamlZovaci metoda

Zamlzovaci metoda se da vyuzit k uréeni senzorické dominance jak do dalky, tak i do
blizka. Samotnému testovani dominance do dalky pfedchdzi vykorigovani pacienta na dalku a
binokuldrni vyvézeni. Pacient zaméti sviyj zrak do dalky na optotyp. Pfed kazdé oko mu je
stiidavé predkladana spojna cocka nejéastéji o hodnot¢ adice (napt. +1,5 D). Oko, které snasi
zamlzeni 1épe je okem nedominantnim. Napf. pokud levé oko snasi zamlzeni 1épe, pak je
senzoricky dominantni oko pravé. [3]

Testovani dominance na blizko piedchazi vykorigovani do blizka. Pacient se bude divat
na cteci tabulky ze vzdalenosti 40 cm. Stfidavé mu je pted kazdé oko predkladana rozptylka
(napft. -1,5 D). Senzoricky dominantni oko do blizka je to, které hiif snaSi rozmazani. Napf.
Pokud pravé oko zamlZeni snasi hif, je tim padem dominantni a levé oko nedominantni. [3]

Celkem jsou tii zpiisoby pfedkladani zamlzovaci ¢oc¢ky. Prvnim zpiisobem je plynulé
rozmlZzovani na foropteru. Pacient nam tfekne, kdy poprvé dojde k rozmlzeni sledovaného
znaku. Senzoricky dominantni oko je to, které snese mensi rozostfeni neboli niz§i hodnotu
spojné ¢ocky. Druh4 metoda zahrnuje pouziti mechanického foropteru, na kterém ptetacime
hodnotu spojné ¢ocky pired pravym a levym okem. Poslednim zplisobem je predkladani spojky

pted oci piimo pted brylovou nebo zkusebni obrubu. [6]

Worthiiv test

Worthliv test se primarné vyuziva k posouzeni binokularniho stavu, ale 1ze pomoci néj
také zjistit senzorickou dominanci oka. Je tvofen v horizontalni roviné dvéma zelenymi kiizky
a ve vertikalni roviné v horni ¢asti diagondln€ natoc¢enym Cervenym ctvercem a ve spodni ¢asti
bilym koleckem. Test ma ¢erné pozadi. VySetfeni se provadi na vzdalenost 5—6 m nebo 40 cm.
Pacient ma na pravém oku predsazeny Cerveny filtr a na levém oku filtr zeleny. Test je postaven

na anaglyfnim vnimani hornich tfech znakt. Levé oko vidi dva zelené kiizky a bilé kolecko se
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mu jevi zelené. Pravé oko vidi Cerveny ¢tverec a kolecko se mu jevi Cervené. Pokud prevazuje
Vv kolecku zelend barva, je dominantni oko levé, pokud ptevlada cervena barva, je dominantni
oko pravé. Pokud je kolecko vnimano bile nebo se barvy plynule ptelivaji, tak ma pacient

nevyhranénou senzorickou dominanci. [7, 8]

Obr. 2 Worthuv test

Polarizovany test

Pro vyuziti polarizovaného testu musime nejdiiv pacientovi nasadit polariza¢ni filtry,
které disociuji obraz po kazdé oko. Pacient binokularné vnima dva fadky cisel nebo pismen.
Monokularné ale vnima pouze bud'to horni nebo spodni fadek. Pravé oko vidi horni fadek a
levé oko vidi fadek spodni. Pacient porovnava, ktery fadek vidi jasnéji a vyrazngji. Pokud je

vyrazné€jsi horni fadek, je dominantni pravé oko a naopak. [9]

Test senzorické dominance pomoci ¢erveného filtru

Pacienta vyzveme, aby fixoval svételny bod nejlépe ve vzdalenosti 5—-6 m. Stfidavé
nejdfive pred pravé a nasledné pied levé oko piedsazujeme Cerveny filtr. Pacient urcuje, kterym
okem se mu jevi svételny bod cervenéjsi a jasnéjsi. To oko, které¢ vnima svételny bod jasnéji

oznacime jako senzoricky dominantni. [10]

Studie 1:

Be. Eliska Matéjkova: Souvislost refrakéni vady a zrakové ostrosti s utvoienim ocni

dominance
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Této studie se zti¢astnilo 50 probandt, z toho bylo 33 Zena a 17 muzt. Probandi byli ve
veéku od 18 do 80 let. Z 50 probandl bylo 36 myopti, 12 hypermetropd, 1 antimetrop a 1
emetrop. Od probandil byla zjiS§téna anamnéza, nasledné jim byla zji$téna jejich zrakova ostrost.
Poté nésledovala vykorigovani a zjiSténi o¢ni dominance. [11]

Bylo zjisténo ze ve vice jak poloving ptfipadu je senzoricky dominantni oko pravé to,

které ma lepsi zrakovou ostrost. [11]
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Graf'l Zavislost senzorické dominance na zrakové ostrosti

V dalsi casti bylo zkouméano, kolik ptipadii bude mit dioptrickou hodnotu ¢iselné nizsi
nez druhé oko (nizsi hypermetropie, vyssi myopie). U 26 probandti bylo senzoricky dominantni

0ko s nizsi hypermetropii nebo s vy$si myopii. Jedna se tedy o vice nez 50 % probandu. [11]
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Studie 2:
Clinical & Experimental Optometry Research Laboratory, Center of Physics, University
of Minho, Gualtar, 4710-057 Braga, Portugal

Studie se zGcastnilo 44 presbyopickych pacientii ve véku od 41 do 56 let. Z toho bylo
29 zen a 15 muzt. U probandi byla zjistovana okulomotorickd a senzoricka dominance oka.
Pti testovani okulomotorické dominance oka mélo pravé dominantni oko 61,4 % probandt. Pii
testovani senzorické dominance oka mélo pravé dominantni oko 70,5 % probandu. [12]

V jedné ¢asti studie bylo zkoumano, v kolika ptipadech se okulomotoricka a senzoricka

dominance oka bude shodovat. Vysledky se déli na 4 typy.

Typ 1: U 23 piipadi je pravé oko dominantni v obou piipadech (ODxOD)

Typ 2: U 4 ptipadil je okulomotoricky dominantni oko pravé a senzoricky dominantni oko levé.
(ODxO0S)

Typ 3: U 8 ptipadi je okulomotoricky dominantni oko levé a senzoricky dominantni oko pravé.
(OSx0OD)

Typ 4: U 9 ptipadi je levé oko dominantni v obou ptipadech (OSxOS) [12]
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RE/RE (n = 23) RE/LE(n=4) LE/RE(n=8) LE/LE(n=9)
D type 1 D type 2 D type 3 D type 4
Obr. 3 Vztah okulomotorické a senzorické dominance

Vyzkum ukézal, ze pravé oko je Castéji dominantni (52,3 %). [12]

Studie 3 :

Jonathan S. Pointer — Sighting versus sensory ocular dominance

Studie se zacastnilo 72 subjektii ve véku mezi 16 a 40 lety. Z toho bylo 37 muzi (51 %)
a 35 Zen (49 %). Mé&feni probihalo v rovnomérné osvétlené mistnosti na vzdalenost 6 m.
Smérova o¢ni dominance byla testovana metodou Hole-in-the-card. V 51 ptipadech ze 72 bylo
pravé oko dominantni (71 %). Senzoricka dominance byla testovdna pomoci zamlZovaci
metody, pii ¢emZ zamlZovaci spojnd ¢ocka méla hodnotu +1,5 D. V 39 piipadech ze 72 bylo
pravé oko dominantni (54 %). [13]

Pokud dame dohromady obé metody, tak bylo pravé oko dominantni v 62,5 % ptipadt
a levé oko v 37,5 % ptipadi. [13]

Table1 Numerical distribution of ocular dominance by test
format (male and female data combined: total number of
subjects=72).

Dominant eye Dominance Total
test format

Sighting Sensory

Right 512 390 90 (62.5%)
Left 21 33 54 (37.5%)
Total 72 (50%) 72 (50%) 144 (100%)

2 Seventy-one percent (51 of 72) of subjects identified as right
eye dominant by “hole-in-card’ sighting test.

b Fifty-four percent (39 of 72) of subjects recorded as right eye
dominant by ‘+1.50D blur’ sensory test.

Tab. 1 Numerické rozdéleni ocni dominance podle testovaciho formdtu

Metodika

Me¢éteni bude probihat na pobocce firmy CM Optik, s.r.o. Od pacientil si vyzadam
podepsané povoleni, ze mizu uvadét vysledky méteni ve své diplomové praci. Pacienta se
vyptam na osobni, o¢ni a rodinnou anamnézu. Poté piejdu ke zméfeni zrakové ostrosti, dale
k objektivni refrakci. Pacienta subjektivné vykoriguji. Poté budu testovat senzorickou
dominanci na délku, a to zamlZovaci metodou, pomoci Worthova testu, polarizovaného testu a
cerveného filtru. Nasledn€ se zam&fim i na testovani senzorické dominance. Zjistim také
smérovou o¢ni dominanci pomoci metody Hole-in-the-card.
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Annotation

This article deals with the issue of ocular dominance. Ocular dominance is divided into
sensory, sighting and oculomotor dominance. The article deals mainly with sensory dominance
and its testing. Subsequently, I included in the article already established studies that dealt with

this topic.

Key words

Ocular dominance, sensory dominance, sighting dominance, oculomotor dominance.

Ocular dominance

With our eyes we receive the most stimuli from our surroundings. In binocular vision,
the brain prefers the perception of one eye to the perception of the other eye. We call this eye
the dominant eye. One eye is likely to become a leader in early childhood. It is not a rule that
the dominant eye must have better visual acuity. When testing the dominance of the eye, its
presence usually manifests itself. However, it can happen that the patient will have unbridled
eye dominance and the eyes will change in the lead. Another case that can occur is where one
eye is dominant at a distance and the other at close range. Determination of ocular dominance
is important in visual correction. If we apply a full correction monocularly to each eye, then the
resulting binocular correction may not be optimal. Full correction of the non-dominant eye can

disrupt the dominance of the leader's eye, causing unpleasant asthenopic problems. [1, 2]

Classification
There are three types of ocular dominance: directional, oculomotor and sensory
dominance. Not every type of dominance has to have the same leading eye. For example, the

right eye may be sensory dominant, and the left eye may be dominant in direction. [3, 4]

Sighting dominance
Sighting dominance is also called directional dominance. This type of eye dominance is
most often mentioned in the literature. It is the methods of measuring sighting dominance that

are the most frequently used procedures in clinical practice. A huge advantage is that it can be
120



tested both subjectively and objectively. The directionally dominant eye is the one we prefer
for binocular vision. Likewise, the eye that shows minor deviations in the alternating cover test
is directionally dominant. The eye that is directional in binocular vision is called the controlling
eye. [3, 4]

No complex aids are needed to determine directional dominance. The controlling eye
can be determined very easily, either with the help of a check-test or with your own hands. The
patient looks through the opening at a distant object and alternately closes the eyelids. He still
sees the same image with the control eye. When viewed with the non-dominant eye, the image
jumps aside. This method is most commonly known as Hole-in-the-card-test. Another way to
determine sighting dominance is the thumb and edge method. The patient reaches out with his
thumb raised, which he adjusts to be in alignment with an edge. He alternately closes the right
and left eyes. The principle is the same as the previous method. Sighting dominance can also
be determined by other methods. [3, 4]

N

Figure 1 Hole-in-the-card-test
Oculomotor dominance
In the oculomotor-dominant eye, fixation is better under binocular conditions. If there
is a fixation disparity, then the eye that fixes centrally is dominant. Oculomotor dominance is
rarely tested in clinical practice. Tests for oculomotor dominance are not exactly specified, but
assuming that a better eye fixes better under binocular conditions, fixation disparity tests such

as the Mallet test, the hook test, the hand test, or the cross test can be used. [3, 4]

Sensory dominance

In sensory dominance, the visual system prioritizes one eye over the other or attenuates
one eye more easily. One eye is preferred, for example, when looking into a microscope, when
we choose which eye to look into the eyepiece. The non-dominant eye is attenuated in the event
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that differences in retinal images appear, for example, in color saturation or image brightness.
The sensory dominant eye is also called the aiming eye. If a person has strongly developed
sensory dominance, he may have little or no spatial vision. An extreme example is amblyopia.
The basis of sensory dominance is binocular rivalry, which can help us in assessing sensory
dominance. [2, 3, 5]

Methods that can be used to detect the aiming eye include, for example, the fogging
method, the Worth test, the polarized test, the red filter test and others.

Fogging method

The fogging method can be used to determine sensory dominance both at a distance and
at close range. Distance dominance testing itself is preceded by remote patient correction and
binocular balance. The patient focuses his sight on the optotype. In front of each eye, a
converging lens is most often presented alternately with an addition value (for example +1.5
D). An eye that tolerates fog better is a non-dominant eye. For example, if the left eye tolerates
fog better, then the right eye is sensory dominant. [3]

Near-dominance testing precedes near-correction. The patient will look at the reading
tables from a distance of 40 cm. Alternately, a diverging lens (for example -1.5 D) is presented
to him in front of each eye. The sensory dominant eye up close is the one that is less tolerant of
blurring. For example, if the right eye tolerates fog worse, it is therefore dominant and the left
eye non-dominant. [3]

There is a total of three ways to present a fog lens. The first method is continuous blurring on
the phoropter. The patient tells us when the monitored trait will be blurred for the first time.
The sensory dominant eye is the one that can withstand less blur or lower value of the
converging lens. The second method involves the use of a mechanical phoropter, on which we
rotate the value of the converging lens in front of the right and left eyes. The last way is to

present the coupling in front of the eyes directly in front of the spectacle or test frame. [6]

Worth test

The Wort test is primarily used to assess binocular status, but it can also be used to
determine the sensory dominance of the eye. It is formed in the horizontal plane by two green
crosses and in the vertical plane in the upper part by a diagonally turned red square and in the
lower part by a white circle. The test has a black background. The examination is performed at
a distance of 5-6 m or 40 cm. The patient has a red filter on the right eye and a green filter on

the left eye. The test is based on the anaglyphic perception of the upper three characters. His
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left eye sees two green crosses and a white circle appears green. The right eye sees a red square
and the wheel appears red. If green predominates in the circle, the dominant eye is the left, if
red predominates, the dominant eye is the right eye. If the wheel is perceived as white or the

colors spill over smoothly, the patient has an undefeated sensory dominance. [7, 8]

Figure 2 Worth test

Polarized test

To use the polarized test, we must first apply polarizing filters to the patient, which
dissociate the image after each eye. The patient perceives two rows of numbers or letters
binocularly. Monocularly, however, it perceives only either the top or bottom line. The right
eye sees the top line and the left eye sees the bottom line. The patient compares which line he
sees more clearly and distinctly. If the top row is more prominent, the right eye is dominant and

vice versa. [9]

Sensory dominance test using a red filter

The patient is asked to fix the light spot, preferably at a distance of 5-6 m. Alternately,
we first place a red filter in front of the right eye and then in front of the left eye. The patient
determines which eye the light spot appears redder and brighter. The eye that perceives the

point of light is more clearly marked as sensory dominant. [10]
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Study 1:

Bc. EliSka Matéjkova: The connection between refractive error and visual acuity and the
formation of eye dominance

50 probands participated in this study, of which 33 were women and 17 men. Probands
ranged in age from 18 to 80 years. Of the 50 probands, 36 were myopes, 12 hypermetropes, 1
antimetrop and 1 emmetrope. An anamnesis of probands was found, then their visual acuity
was found. This was followed by correction and determination of ocular dominance. [11]

It was found that in more than half of the cases, the sensory dominant eye is the one that

has better visual acuity. [11]
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Graph 1 Dependence of sensory dominance on visual acuity
In the next part, it was investigated how many cases will have a dioptric value
numerically lower than the other eye (lower hypermetropia, higher myopia). In 26 probands,

the eye with lower hypermetropia or higher myopia was sensory dominant. This is more than
50% of probands. [11]

124



W "Sighting" ocni dominance

Podet lidi n (-)
=
'S

=
o

M Senzoricka o¢ni dominance

o N B O

nizsi hodnota SE vyssi hodnota SE

Dominantni oko (-)

Graph 2 Sensory dominance in relation to a numerical dioptric value

Study 2:
Clinical & Experimental Optometry Research Laboratory, Center of Physics, University
of Minho, Gualtar, 4710-057 Braga, Portugal

The study included 44 presbyopic patients aged 41 to 56 years. Of these, 29 were women
and 15 were men. Oculomotor and sensory dominance of the eye was determined in probands.
When testing the oculomotor dominance of the eye, 61.4% of probands had the right dominant
eye. When testing the sensory dominance of the eye, 70.5% of the probands had the right
dominant eye. [12]

In one part of the study, it was investigated in how many cases the oculomotor and
sensory dominance of the eye will coincide. The results are divided into 4 types.
Type 1: In 23 cases, the right eye is dominant in both cases (ODxOD)
Type 2: In 4 cases, the right eye is oculomotor dominant and the left eye is sensory dominant.
(ODxO0S)
Type 3: In 8 cases, the left eye is oculomotor dominant and the right eye is sensory dominant.
(OSx0OD)
Type 4: In 9 cases the left eye is dominant in both cases (OSxOS) [12]
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Figure 3 Relationship between oculomotor and sensory dominance
Research has shown that the right eye is more often dominant (52.3%).

Study 3:
Jonathan S. Pointer — Sighting versus sensory ocular dominance

The study involved 72 subjects between the ages of 16 and 40 years. Of these, 37 were
men (51%) and 35 women (49%). The measurement took place in a uniformly lit room at a
distance of 6 m. Directional eye dominance was tested by the Hole-in-the-card method. In 51
cases out of 72, the right eye was dominant (71%). Sensory dominance was tested using the
fogging method, with the fogging lens being +1,5 D. In 39 cases out of 72, the right eye was
dominant (54%). [13]

If we combine both methods, then the right eye was dominant in 62.5% of cases and the
left eye in 37.5% of cases. [13]

Table1 Numerical distribution of ocular dominance by test

format (male and female data combined: total number of
subjects=72).

Dominant eye Dominance Total
test format

Sighting Sensory

Right 512 390 90 (62.5%)
Left 21 33 54 (37.5%)
Total 72 (50%) 72 (50%) 144 (100%)

2 Seventy-one percent (51 of 72) of subjects identified as right
eye dominant by “hole-in-card’ sighting test.

b Fifty-four percent (39 of 72) of subjects recorded as right eye
dominant by ‘+1.50D blur’ sensory test.

Table 1 Numerical distribution of ocular dominance by test format

Methodology

The measurement will take place at the branch of CM Optik, s.r.o. I will request a signed
permit from patients that | can present the results of measurements in my diploma thesis. | ask
the patient for a personal, eye and family anamnesis. Then | move on to measuring visual acuity,
then to objective refraction. | subjectively correct the patient. Then I will test the sensory
dominance at a distance, using the fogging method, using the Worth test, the polarized test and
the red filter. Subsequently, 1 will focus on testing sensory dominance. | will also determine
directional eye dominance using the Hole-in-the-card method.
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Anotace

Tento piispévek pojednava o moznostech testovani slzného filmu pomoci tfikrokového
diagnostického systému. V prvni ¢asti se zamétuje na teoretickou stranku, tedy na slzny film a
moznosti vysetfeni slzného filmu, jak po kvantitativni, tak i po kvalitativni strance. V druhé,
vyzkumné ¢asti dale pojednavé o metodice vyzkumu, stanovenych hypotézach a predbéznych

vysledcich, které jsou zakonceny diskusi a zavérem.

Klic¢ova slova

Slzny film, low-tech diagnostika, high — tech diagnostika, Ferningtiv kapradinovy test.

Na uvod nékolik fakti o slzném filmu, jenz tvoii tenkou vrstvu pokryvajici epitel rohovky a
spojivky, a ma zasadni vyznam na funkei oka.

Slzny film je tvotfen z 99 % vodou a zbylé 1 % je formovano pevnymi latkami, naptiklad
tuky, hlenem, odumfelymi epitelovymi buitkami, bilkovinami a krystaly. Slzny film se sklada
ze tfi oddélenych vrstev, a to: povrchni lipidové vrstvy, stfedni vodné vrstvy a vnitini mucinové
(hlenové) vrstvy. Primérna tloustka slzného filmu ¢ini ptiblizné 6,5-7,5 um. [2]

Mnozstvi a kvalita sloZeni slzného filmu jsou nadmiru dillezité pro udrZeni ocniho povrchu
a dobrého vidéni. Absence nebo degenerace v mnozstvi nebo kvalit¢ vede k chronickému

problému se slznym filmem, a nakonec k suchému oku. [3,4]

VySetrovaci metody slzného filmu

Stanoveni diagn6zy syndromu suchého oka ptedstavuje poméerné obtizny tikol. Neni mozné
vychazet pouze z vysledkil jednoho testu, ale je tfeba propojit dohromady vSechny informace
ziskané prostfednictvim rtiznych vySetfovacich metod. Zaklad tvofi odebrdni anamnézy
vySettovaného. Mezi zakladni druhy anamnézy zatazujeme: rodinnou anamnézu, osobni
anamnézu, toxickou anamnézu a ocni anamnézu, aspekci a vySetfeni pacienta na Stérbinové
lampé. Pak nésleduje vysetieni pomoci fady béznych i specifickych klinickych testi. Nasledné
je nezbytnosti zjistit, zda-1i je mrkéni dostate¢né a zda je jeho frekvence normalni. Pro spravnou

diagnozu suchého oka je doporuceno postupovat podle ttikrokového diagnostického systému,
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ktery se sklada z klinického vysetfeni slzného filmu, low-tech diagnostiky a high-tech
diagnostiky [3, 4, 6]

Klinické vySetreni slzného filmu

Slzy omyvaji a zvlh¢uji povreh oka, vyzivuji a chrani rohovku. Jejich nedostatek zptisobuje
nejen nepiijemné pocity, ale mize byt pti¢inou fady o¢nich potizi. Diky testu Ize diagnostikovat
syndrom suchého oka i riznd ocni onemocnéni. Mezi klinické testy, jez jsou bézn¢ pouzivany
k diagnostikovani SSO, patii Schirmertv test, BUT (Cas roztrZeni slzného filmu), méteni vysky

slzného menisku, a barveni pomoci fluoresceinu a Bengélské Cerveni. [2]

Obr.¢. 1: Na levé strané muzeme videt BUT test, zatimco na pravé strané barveni pomoci

fluoresceinu [10]

Low — tech diagnostika

Mezi metody Low-tech diagnostiky patii vyplnéni symptomatologickych dotaznikd, kde se
shromazd’uji udaje z anamnézy vySetifovaného, poté nasleduje biomikroskopii ptedniho
segmentu oka pomoci $térbinové lampy. Sledujeme lokalizovanou hyperémie bulbarni
spojivky, dale spojivkové fasy, a nakonec hodnotime kvalitu keratometrického zobrazeni,
nebot’ pti pouziti keratometru se v piipadé SSO ziska zobrazeni Spatné kvality. Po Low-tech

diagnostice se pokracuje na vySetieni pomoci klinickych testt. [1, 7, 8]

High — tech diagnostika

High — tech diagnostika, je posledni z fady vysetfovacich metod slzného filmu, nepatii vsak
mezi rutinni vySetfeni, provadi se pomoci specidlniho vybaveni, napiiklad u pacient
zatfazenych do vyzkumnych studii. Mezi high-tech diagnostiku fadime: Méteni osmolarity slz,
Interferencni fenomény lipidové vrstvy slzného filmu, Lactoferrinovy test, Impresni cytologii,
Meibografii a Meiboskopii a v posledni fadé Ferningliv kapradinovy test, kterym se zabyvam i
ve své vyzkumné ¢asti. [3,4]
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Obr.c.2: Meibografie horniho a dolniho vicka [9]

Ferningiiv kapradinovy test

Jedna se o vySetfeni nedostatku mucinu v slzné tekutiné po jejim vykrystalizovani na
podloznim sklicku. Ke krystalizaci dochazi diky pfitomnosti enzymu mucinu. Pacientovi je pii
pohledu vzhtiru odebran vzorek slzné tekutiny pomoci mikropipety z dolniho slzného vaku.
Odebrany vzorek slz pfemistime na podlozni sklicko mikroskopu, kde jej nechame 10 minut
zaschnout pfi pokojové teploté. Krystalické obrazce ve tvaru pfipominajici kapradiny pak
pozorujeme pod mikroskopem bilym svétlem pii velkém zvétseni 40 - 100%. Vysledky jsou
vyhodnocovany do péti klasifika¢nich stupiiti. Pokud jsou mezery mezi obrazci malé nebo
zadné a obrazec je rovnomérny, jedna se o klasifikacni stupné nizké, pokud jsou mezery velké

nebo dokonce nejsou patrné kapradinové obrazce, jde o vysoké klasifika¢ni stupné.

Vzory krystalizace mtizeme rozd¢lit do 5 klasifikacnich stupiti:
stupen 1: bohaté velké vétveni
stupeil 2: bohaté vétveni, ale mensi velikosti
stupeni 3: ¢astecné piitomné netplné vétveni
stupen 4: zadné vétveni

stupent 5: amorfni vzhled [3, 4, 5]
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Obr.c.3: Fotografie znazornujict jednotlive klasifikacni stupné [zdroj viastni]

Metodika vyzkumu

Vysetirovani probihalo od listopadu 2019 do ledna 2020, a to nejen doma v rodinném
prostiedi naseho domu v Buchlovicich, ale i1 vjinych domécnostech naSich rodinnych
ptislusnikt, ptatel a ostatnich lidi, probandii v okoli Uherskohradist’ska, Brnénska a v o¢ni
optice Naome v Uherském Hradisti.

Pomoci mikropipety se odebralo z dolniho spojivkového vaku probanda malé mnozstvi
slz, které se nasledné pieneslo na podlozni sklicko a nechalo zaschnout. Béhem vysychani
dochazi ke krystalizaci, ktera je ovlivnéna vztahem mezi proteinovymi slozkami slzného filmu
a jeho osmolaritou. Po zhruba 10 minutach se vzorek vyhodnocoval mikroskopicky za velkého
zvétSeni 40krat az 100krat. Poté probihalo roziazeni do 5 klasifikacnich stupiiti podle Riegera,
ktery modifikoval Rolandovu 4stuptiovou klasifikaci. Pfed odbérem samotnych slz se
probandiim k podpofte slzeni predkladala nakrajena cibule ¢i nastrouhany kien, podle toho, co
na koho ptisobilo vice. Pokud nepomohla ani jedna varianta z vySe zminénych, pomohl vtipek
nebo jina metoda, kterd na dané¢ho vySetfovaného zabirala. Odbér probihal v naprosté vétsSing
bez komplikaci a diky spolupraci vybranych probandi trval jen né€kolik minut. VéEtSina
probandi védé€la, co u nich samotnych podporuje vice slzeni oc¢i. U malé ¢asti vybranych
probandi bylo vSak nutné vyzkouset vice podptrnych pomucek a metod, aby bylo dosahnuto

poZzadovaného mnozstvi slzné tekutiny. Jen u minimalniho poctu probandd, asi 4,8 %
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z celkového poctu, nebyla zadna ze zvolenych pomicek a metod Uspésnd, a proto nebylo
dosazeno tizeného cile v podobé vzorku slz.
Na obrazcich nize je mozno vidét zptisob odbéru slzné tekutiny z oka probanda

a nasledné preneseni na podlozni sklicko a nésledné umisténi vzorku na mikroskopicky stolek.

Caa, |

Obr.¢.4: Odber slzy z dolniho spojivkového vaku a ndsledné kapnuti na podlozni sklicko
[zdroj viastni |

Obr.c.5: pozorovani pod mikroskopem s velkym zvétsenim

Stanovené hypotézy
* Hypotéza ¢ 1: Predpokladam, ze u zen bude vyskyt vyssiho klasifikacniho stupné
Cetnéjsi nez u muzii.
* Hypotéza &. 2: Predpokladam, Ze nejvétsi pocet probandii bude mit po vyhodnoceni I1.
a I1l. klasifikacni stuper.
* Hypotéza €. 3: Predpokladam, Ze se vzriistajicim vekem probandii se bude castéji

objevovat vyssi klasifikacni stupen.
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Priibézné vysledky testovani

Vyzkumu se prozatim z(c€astnilo celkem 21 probandi (viz Graf €. 1 a €. 2). Z toho 7 muzl
ve véku od 15 do 58 let (coz predstavuje 33,3 % z celkového poctu) a 15 Zen ve véku od 22 do
77 let (coz predstavuje 66,7 % z celkového poctu subjekti).

Graf ¢. 1: Vyskyt klasifikacniho stupné u Zen.

Vyskyt klasifikacnich stupniii u Zen

@ |. stupen
@ I stupen
@ 111 stupeni
o V. stupen
@ V. stupen

Klasifikacni stupen l. Il. . V. V.
Pocet probandi 1 5 4 4

[

Graf ¢. 2: Vyskyt klasifikacniho stupne u muzu.

Vyskyt klasifikacnich stupnt u muzi

@ 1. stupen
@Il stupen
@1l stupen
OIV. stupeii
@V. stupen

Klasifikacni stupeii l. Il. 1. V. | V.
Pocet probandi 1 1 3 1

[EEN
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Jak mizeme vidét na grafech vySe, mnou stanovena hypotéza se zatim potvrdila—> pocet zen
majici po vyhodnoceni klasifikani stupent vyssi nez II. je prozatim 9, muzl je prozatim 5.
Tato ¢isla mizeme vidét v grafu €. 1 pro Zeny a v grafu €.2 pro muZe po secteni III., [V. a V.
klasifika¢niho stupné&, pro lepsi piehled jsem pod oba grafy vytvofila tabulku, ve kterych jsou

vSechny klasifika¢ni stupné jesté jednou rozebrany.

Graf ¢. 3: Nejcastejsi vyskyt dle klasifikacniho stupné

vevs

Nejcastéjsi vyskyt dle klasifikacniho stupné

| I. klas. stuperi

@1 klas. stupen
@1l klas. stuperi
V. klas. stuperi

@ V. klas. stupefi

Graf ¢. 3 demonstruje fakt, Ze nejvétsi pocet probandli po vyhodnoceni a zpracovani ma II.
klasifikacni stupen (oranzova oblast) a I11. Klasifika¢ni stupen (Seda oblast)=> mnou stanovena
hypotéza se prozatim také potvrdila, nejvétsi pocet probandii ma po vyhodnoceni II. a III.

klasifika¢ni stupe.

Graf ¢. 4: Zavislost klasifikacniho stupné na zprumeérované vekové skupiné.

Zavislost klasifikaéniho stupné na zprimérované
vékové skupiné

@Il klas. stupen
@11 klas. stuperi
@1IV. klas. stupen
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Jak mtizeme vidét na grafu €.4 vyse, rozdé€lila jsem si soubor probandi na tii vékové skupiny:
15-25 let, 26-50 let a 51-77 let, které jsem nasledné zprimérovala a zanesla jednotlivé skupiny
do kolacového grafu. Vékové skupiné do 25 let, v grafu modra oblast vysel nejcastéji I1.
klasifika¢ni stupen, ve skupiné 26-50 let (v grafu oranzova oblast) nejcastéji II1. klasifikacni
stupen a v posledni vékové skupiné (Seda oblast) IV. klasifika¢ni stupen = hypotéza, kterou
jsem si stanovila se prozatim potvrdila, se vzristajicim v€kem probandi se zvySuje i

klasifika¢ni stupen Ferningova kapradinového testu = sussi oko.

Zavér

Z provedeného vyzkumu prozatim vyplyva, Ze u Zen se suché oko vyskytuje ¢astéji nez u
muzil, coZz dokazuji 1 n€které zahranicni studie. Tato skutecnost je dana tim, Ze u Zen je tato
problematika ovlivnéna pohlavnimi hormony. Déle z vyzkumu vyplyva, Ze se zvySujicim
veékem populace se zvysuje vyskyt suchého oka (fyziologické zmény, nezadouci uéinky 1ékd...)
a Vv posledni fadé€, Ze nejvice populace mé po vyhodnoceni II. a III. klasifika¢ni stupen. Je ale
samoziejm¢& mozné, ze pii dal§im vyzkumném méteni, tedy pfi rozsifeni vyzkumného souboru

subjektl se budou jednotlivé vysledky vyzkumu jesté menit.
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Comparison of methods of evaluation of tear film quality and quantity
Department of Optics and Orthoptics, Faculty of Medicine, Masaryk University in Brno

Annotation

This post discusses the possibilities of testing a tear film using a three-step diagnostic
system. In the first part, it focuses on the theoretical side, namely the tear film and the
possibilities of examining the tear film, both in quantitative and qualitative terms. In the second,
the research section further discusses the research methodology, the hypotheses set out and the

preliminary results, which are concluded with discussion and conclusion.

Key words
Tear film, low — tech diagnostics, high — tech diagnostics, Ferning fern test.

To begin with, a few facts about the tear film, which forms a thin layer covering the
epithelium of the cornea and conjunctival and is crucial to the function of the eye.

The tear film is 99 % water and the other 1 % is shaped by solids, such as fats, mucus, dead
epithelial cells, proteins, and crystals. The tear film consists of three separate layers, namely:
Superficial lipid layers, middle water layers and inner mucins (mucus) layers. The average
thickness of a tear film is approximately 6.5-7.5 um. [2]

The quantity and quality of the composition of the tear film are extremely important for
maintaining the eye surface and good vision. The absence or degeneration in quantity or quality

leads to a chronic tear film problem, and ultimately to a dry eye. [3,4]

Investigative methods of tear film

Making a diagnosis of dry eye syndrome is a relatively difficult task. It is not only possible
to build on the results of one test, but to link together all the information obtained through
different investigative methods. The basis is the removal of the investigator's history. We
include among the basic types of history: Family history, personal history, toxic history and eye
history, aspect, and examination of the patient on the slot lamp. This is followed by an
examination using a series of routine and specific clinical tests. Consequently, it is necessary
to determine if blinking is sufficient and whether its frequency is normal. For correct dry eye
diagnosis, it is recommended to follow a three-step diagnostic system consisting of clinical

examination of tear film, low-tech diagnostics, and high-tech diagnostics [3, 4, 6]
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Clinical examination of tear film

Tears wash and moisten the surface of the eye, nourish, and protect the cornea. Their lack
not only causes discomfort but can cause a number of eye problems. The test can diagnose dry
eye syndrome as well as various eye diseases. Clinical trials commonly used to diagnose SSO

include the Schirmer test, Break up time test (tear film time), measuring the height of the tear

meniscus, and dyeing using fluorescein and Bengal red. [2]

Fig.1: On the left side we can see the BUT test, while on the right-side fluorescein staining
[10]

Low — tech diagnostics

Low-tech diagnosis methods include filling out symptomatology questionnaires where data
from the investigator's history is collected, followed by a biomicroscopy of the front segment
of the eye using a slit lamp. We monitor the localized hyperaemia of the bulbous conjunctiva,
as well as the conjunctival algae, and ultimately assess the quality of the keratometric display,
as using the keratometer will give a poor-quality display in the case of SSO. Following Low-

tech diagnosis, testing is continued using clinical tests. [1, 7, 8]

High — tech diagnostics

High-tech diagnostics is the latest in a series of investigative methods of tear film, but is not
one of the routine examinations, being done using special equipment, such as in patients
enrolled in research studies. We rank high-tech diagnostics as: Measuring the osmolarity of
tears, the interference phenomena of the lipid layer of the tear film, the Lactoferrin test,
Impressive cytology, Meibography and Meiboscopy, and last but not least tear Ferning test,

which I also look at in my research section. [3,4]
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Fig.2: Meibography of the upper ald lower lids [9]

Tear Ferning test

This is an examination of the lack of mucin in the tear fluid after crystallizing it on the
backing slide. Crystallization occurs due to the presence of the enzyme mucin. Looking
upwards, the patient is taken a tear fluid sample using a micropipette from the lower tear bag.
Transfer the sample of tears taken to the microscope's backing slide, where it is left to dry at
room temperature for 10 minutes. The fern-like crystalline patterns are then observed under a
microscope by white light at a large magnification of 40 x - 100 x. The results are evaluated to
five classification grades. If the gaps between the shapes are small or none and the pattern is
even, these are low classification grades, if the gaps are large or even not apparent fern patterns,

they are high classification grades.

Crystallization patterns can be divided into 5 classification grades:
Grade 1: Rich large branching
Grade 2: Rich branching but smaller sizes
Grade 3: Partially present incomplete branching
Grade 4: No branching
Grade 5: Amorphous appearance [3, 4, 5]
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Fig.3: Photos showing individual classification grades [author's source]

Research methodology

The investigation ran from November 2019 to January 2020, not only at home in the
family environment of our home in Buchlovice, but also in other households of our family
members, friends and other people, probands around the Uherské Hradisté, Brno and in the
optics of Naome in Uherské Hradisté.

Using a micropipette, a small number of tears were taken from the proband’s lower
conjunctival bag, which was then transferred to the backing slide and left to dry. During drying
out, crystallization occurs, which is influenced by the relationship between the protein
components of a tear film and its osmolarity. After about 10 minutes, the sample was evaluated
microscopically for large magnification 40 to 100 times.

There was then a breakdown into 5 classification grades, according to Rieger, who
modified Roland's 4-degree classification. Before the tears themselves were collected, sliced
onions or grated horseradish were presented to probands to support the teardrop, whichever
affected them more. If neither option of the above helped, the joke or other method that worked
on the investigator helped. The collection took place in the vast majority without complications
and, thanks to the cooperation of selected probands, lasted only a few minutes. Most probands
knew what encouraged more tears in their own eyes. However, for a small part of the selected

probands, more supportive aids and methods had to be tried to achieve the required amount of
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tear fluid. For the minimum number of probands alone, about 4.8% of the total, none of the aids
and methods chosen was successful and therefore the onerous target of a sample of tears was
not achieved.

The pictures below show how the tear fluid is taken from the probe's eye and then

transferred to the backing slide and then placed on the microscopic table.

Fig.4: Draw tears from the lower conjunctival bag and then drip onto the backing slide
[author's source]

Fig.5: Observation under a large magnification microscope

Determined hypotheses
» Hypothesis 1: | assume that the incidence of higher grades in women will be more
frequent than in men
* Hypothesis 2: | assume that the highest number of probands will have II. and III.

classification grades
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» Hypothesis 3: | assume that with increasing age of probands grade I11, 1V and V. will
appear more often.

Ongoing test results
A total of 21 probands have participated in the research for the time being (see Graph No. 1
and No. 2). Of these, 7 men aged between 15 and 58 (representing 33.3 % of the total) and 15

women aged between 22 and 77 (representing 66.7 % of the total number of subjects).

Chart 1: Incidence of classification grade in the female population

Incidence of classification grade in the
female population

@ . grade
@Il grade
@11l grade
O |1v. grade
@V. grade

grade I. grade | Il. grade | lll. grade | IV. grade | V. grade
woman 1 5 4 4 1

Chart 2: Incidence of classification grade in male population

Incidence of classification grade in the
male population

M. grade

@Il grade
a1l grade
alv. grade
@V. grade

grade I. grade | Il. grade [ Ill. grade | IV. grade | V. grade
man 1 1 3 1 1
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As we can see in the charts above, the hypothesis | set out has so far been confirmed that the
number of women having a classification grade higher than Il is 9 for now, the men are 5 for
now. We can see these numbers in Chart No. 1 for women and in Chart No.2 for men after
adding up 111, IV and V classification grades, for a better overview under both charts I created

a table in which all grading grades are dismantled once more.

Chart 3: Most common occurrence by classification grade

Most common occurrence by classification
grade

@ 1. grade
@Il grade
@1 grade
alv. grade

@V. grade

Chart number 3 demonstrates the fact that the largest number of probands after evaluation
and processing has 1. grade (orange area) and I11. grade (gray area) - for the time being, the
hypothesis set out by me has also been confirmed, with the largest number of probands having

a classification grade after evaluation Il and I11.

Chart 4: Classification grade dependence on the averaged age group.

Classification grade dependence on the averaged
age group

@Il grade
@11 grade
@1V. grade
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As we can see on chart 4 above, | divided the set of probands into three age groups: 15-25
years, 26-50 years, and 51-77 years, which | subsequently averaged and included individual
groups in the pie chart. The age group under 25 years, in the blue area chart came out most
often II. classification grade, in the group 26-50 years (in the graph orange area) most often III.
classification grade and in the last age group (grey area) IV. classification grade - the
hypothesis | have established has been confirmed for the time being, with the increasing age of

the probands, the classification level of Tear ferning test - drier eye increases.

Conclusion

For now, research has shown that women have a dry eye more often than in men, as evidenced
by both professional literature and some foreign studies. This fact is determined by the fact that
in women this issue is influenced by sex hormones. Furthermore, research shows that with
increasing age of the population, the incidence of dry eye (physiological changes, side effects
of drugs...) increases, and most of the population has after evaluation Il. and I1l. classification
grade. However, it is possible, of course, that with further research measurements (i.e. the
expansion of the research set of subjects), the individual results of the research will be further

changed.
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Meéreni povrchové odolnosti brylovych ¢ocek

Katedra optometrie a ortoptiky, Lékarska fakulta, Masarykova univerzita Brno.

Anotace
Moje téma se zaméiuje na testovani povrchové odolnosti brylovych ¢ocek, konkrétné
na odolnost tvrzeni proti poSkrabani a odolnost antireflexu proti popraskéni zpisobené

vystavenim vysoké teploty.

Kli¢ova slova

Tvrzeni, odolnost, antireflex, poSkrabani, popraskani.

Testovani odolnosti povrchovych tprav brylovych ¢ocek je dilezité zejména z diivodu,
abychom mohli dobte poradit klientovi do jaké povrchové Gpravy se vyplati investovat, a také

mu nazorn¢ ukézat jaké benefity pro néj bude kvalitnéjsi Gprava mit. Zaméfil jsem se konkrétné

na dvé Gpravy, podle m¢ nejproblematictéjsi z pohledu uzivatele, a to je tvrzeni a antireflex.

UVOoD
Tvrzeni

Tvrzeni plastovych cocek se pouZiva za Ucelem stvrzeni povrchu, tudiz zvySené
odolnosti proti poSkrabani. V dneSni dob¢ se nejvice pouziva metoda tzv. dipcoating, neboli
,ponofovani“. Colky se na urdity &as, uréitou rychlosti namaceji do laku. Tento
nanokompozitni tvrdici lak obsahuje téméet 50 % kiemiku v elastickém pojivu. Po urcitém
opakovani namaceciho cyklu probiha polymerace. Vytvrzené ¢o€ky disponuji vyssi odolnosti

proti odéru. [1]

Dip coating

Pro dosaZeni nejlepsi adheze tvrdiciho laku na povrch ¢ocky, je potieba aby byl povrch
dokonale ¢isty. Z toho ditvodu se pfed ponofenim pouziva ultrazvuk. Z divodu nizké adheze u
vysokoindexovych ¢ocek je potieba u téchto materialli pouzit tzv. primer. Primer je vrstva mezi
lakem a cockou zajiStujici optimalni ptichyceni laku k povrchu. Velmi dilezita je kontrola
tloustky laku, ktera ma velky vliv na vysledek tvrzeni. Pokud je tloustka laku vySsi neZ standart
(obvykla tloustka je 2mikrometry) dochazi ke snizeni odolnosti proti odéru. Naopak pokud je

vysledna tloustka mensi, dochazi ke snizeni povrchové tvrdosti. Tato tloustka se odviji od
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viskozity laku a rychlosti pod jakou je &o¢ka vytahovana z materidlu. Cim rychleji vytahujeme
c¢ocku zroztoku, tim silngj$i zlstdva vrstva laku na povrchu. Na zavér se necha lak
zpolymerovat. Polymerace trva po dobu 2-3 hodin pfi teploté 100 stupiiii. Stejné tak jako jsou
na vyrobu ¢ocek pouzivany rizné indexy lomu, tak i na tvrzeni se musi pouzivat riizné indexy.
Tzv. ,,index matching* spocivéa v pouziti stejnych indexti. Naptiklad na material o indexu 1.6
se pouziva lak o indexu 1.6. timto systéme se piedchazi problémim s nerovnosti povrchu.
Kontrola nerovnosti povrchu se provadi pomoci Newtnovych krouzku, které velmi dobie
zobrazi 1 velmi jemné odchylky. Kontrola kvality tvrzeni se provadi napt. QUV (artificial aging
test), Bayertv test, test koupele v horké a ledové vodé. QUV test spociva v simulaci 2-letého
cyklu pouzivani, ktery probéhne béhem 3 tydnt. Pfi Bayer testu dochazi k otéru abraziva o

povrch Cocky. Nasledné se vyhodnocuje poskozeni zplisobené testem. [1,3]

Obr. ¢. 1: NandsSeni laku metodou dip coating. [1]

Dal$imi metodami pro nanaSeni laku jsou spin coating. Tato metoda spociva v rotujici
ocisténé brylové ¢occe, do jejiho stfedu se aplikuje lak, ktery se odstiedivou silou rozprostie po
celém povrchu. Tato metoda se pouzivd v menSich sériich a jeji pouziti je méné Casté
V porovnani s dip coatingem také z dlivodu mensi odolnosti vii¢i poSkrabani. Naopak vyhodou
muze byt rychlost procesu, nalakovani jedné strany trva piiblizné¢ 5 minut a snadnéjsi barveni

takto opatiené brylové cocky. [1]
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Obr. ¢. 2: Nanaseni laku metodou spin coating. [1]

Tvrzeni ve formé se provadi pfimo pii formovani brylové cocky. Tvrdici smés je
nanesena na povrch formy, do které se vsttikne material cocky. Vyhodou je dobré ptichytnuti
laku na ¢ocku. Vakuové tvrzeni spo€ivd v nanaSeni tenké vrstvy atoml kiemiku na povrch

pomoci odpaiovani z pevného zdroje. [3]

Antireflex

Antireflexni uprava na brylovych ¢o€kach se vytvafi za Gcelem zvySeni propustnosti
svétla na ukor svétla odrazeného. Eliminaci odraZenych paprskli od povrchu ¢ocky je dosaZeno
pomoci tzv. destruktivni interferenci vin odrazeného paprsku od antireflexu a odrazeného od
povrchu ¢oc¢ky. Pro destruktivni interferenci je dilezité aby byly dvé svételné viny posunuty o
polovinu vlnové délky, pro kterou je antireflexni vrstva vypocitdna. Tato definice se nazyva

fazova podminka.
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Obr. ¢. 3: Destruktivni interference pomoci opacnych fazi. [2]

Zaroven musi platit také amplitudova podminka, podle které musi byt amplitudy obou
svételnych vin stejné, ovSem diky fazové podmince s opacnou fazi. V takovém piipadé se
eliminuje odrazeny paprsek pro danou vlnovou délku. Pro zkvalitnéni antireflexni Upravy se
pouzivaji vicevrstevné antireflexy. Kazda vrstva je vypocitand pro urcitou vinovou délku tak
aby pokryly viditelné spektrum. Tenka vrstvicka antireflexu musi spliiovat také dalsi hodnoty
jako jsou spravny index lomu, transparentnost, konstantni tloust'ka, dobra ptilnavost k povrchu

a obdobné optické vlastnosti k podkladu. [2,3]
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Obr. ¢.4: Destruktivni interference mezi odrazenym a prosly paprskem. [2]
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Antireflexni Gprava je na brylové cocky nanaSena pomoci elektronového déla. Pomoci
iontovych paprskti je bombardovan povrch cocky, tim je zajisSténa velka adheze pro
sublimované atomy. Tyto atomy na povrchu tvofi souvislou vrstvu. K nanéaseni antireflexnich
uprav se pouziva oxid kiemicity, titanu, hofecnaty, manganaty a dalsi. Vybér oxidu zavisi na

indexu lomu. [2]

vysokoenergeticky
elektronové délo ) . zdroj plasmy

Obr. ¢. 5: schéma procesu nandSeni antireflexu pomoci elektronového dela. [2]

METODIKA VYZKUMU

Testovani odolnosti brylovych ¢ocek proti poskrabani budu provadét dvéma zplsoby,
prvnim je testovani na tribometru. Tento pfistroj podrobi povrch brylovych ¢ocek testovani
hrotem pod urcitym tlakem a poctem opakovani. VSechny testované ¢ocky budou podrobeny
stejnymi specifikacemi. Vysledky budu porovnavat na mikroskopu. Konkrétn¢ se zamétim na
Sitku vrypu pii daném zatiZeni a nasledném porovnani s ostatnimi testovanymi ¢ockami. Druhy
zpiisob je tzv. modifikovany Bayertv test. Cotky budou v uzavienych nadobach podrobeny
kontaktu s abrazivem pfi ur€itych vibracich. Nasledné dojde ke zhodnoceni intenzity poskozeni
povrchu. Moje hypotézy: brylova ¢ocka opatiend vicevrstevnym tvrzenim bude odolnégjsi viici

poskrabani. Cocky s vyssi odolnosti viigi tribometru jsou také odolngjsi pii Bayerovém testu.
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Obr. ¢. 7: ukazka vrypu zpiisobené tribometrem.

V druhé ¢asti mého vyzkumu se zaméfim na odolnost antireflexu proti popraskani.
Testované ¢ocky vystavim vysokym teplotdm v rozmezi od 70 do 100 stupnii. Na obr. €. 8
muzeme vidét snimek popraskaného reflexu se spocitanymi kusy antireflexu. VSechny fotky
budou stejné jako u Bayerova testu pod stejnym meéfitkem.

Hypotéza: CoCky s kvalitngj$im tvrzeni budou odolévat 1épe vysokym teplotim a

antireflex na téchto brylovych ¢ockéach popraska az pti vysokych teplotach.
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Obr. ¢. 8: popraskany antireflex

DISKUSE

Obr. ¢. 9: Testovani cocek na tribometru. [4]

Na obrazku ¢. 9 miizeme vidét ¢ocky podrobené testovani na tribometru. Cocky byly od
firem Omega optix (Zluty a zeleny ramecek) a Zeiss (modry ramecek). V mém vyzkumu budu

testovat Cocky firmy Essilor. [4]
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This Article is focused on testing durability of spectacles glasses. Mostly i am focused
on testing scratch-resistant and durability anti-reflective coating against crazing caused by
high temperature.
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Testing durability of coating which are on glasses is important for giving good advices
and recommendations for our patient. We can prove why its worthy to pay more for more
expansive coating and tell the customer benefits for him. I have focused on two most important

coating, in my opinion, those are anti-scratch coating and anti-reflective coating.

Introduction
Anti-scratch coating

Coating against scratches is on plastic lenses applied mostly for reason of higher
durability against scratches, which mean the lens will last longer. Nowadays is mostly being
used dip coating method. Lenses are immersed in solution for exact amount of time and also
are being pulled out by exact speed. After pulling lenses out of solution is phase of

polymerization.

Dip coating

Before starting dip coating method i tis important to have lenses clear. For this reason,
is used ultrasound. For hi-index lenses it is necessary to use primer. Primer is a thin layer
between lens and coating. This layer is there for better adhesion. Very important is checking
thickness of coating layer which is important for final result. If the layer is thicker than is
supposed to be (usual thickness is 2micrometer) the final anti-scratch durability is lower. On
the other hand, if the thickness is thinner surface durability is lower. This thickness is caused
by viscosity and the speed of pulling the lens out of solution. Which faster is lens being pulled

out that thicker the coating layer is. In the final phase are lenses polymerizate for 2-3 hours with
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temperature 100 degrees Celsius. Also is used Index matching, which mean comparing index
of refraction of lens and index of refraction of the coating layer. These two indexes are supposed
to be equal. For example, for lens with index of refraction 1.6 should be used coating layer with
index of refraction also 1.6. index matching is being done for better surface of lens. Checking
of surface is by Newton circles, which really good shows deviations on surface. For coating
check is used for example QUV (artificial aging test), Bayer test, temperature test in hot and
cold water. QUV test is simulating 2-year cycle of using in 3 weeks. Bayer test is using grit on

surface of lens. Then it is being checked how lenses were scratch-resistant. [1,3]

Figure 1 : Diping phase.[1]

Next method for coating is by spinning the lens and applying solution in the middle.
By the centrifugal force is solution taken all over the surface. This method is called spin coating
and is used in smaller series and is much less used compared to dip coating. Benefit of spin
coating is speed od coating lenses. One side of lens také approximately 5 minutes. Also lenses

coated by spin coating are easier to tint. [1]
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Figure 2 : Spin coating method.

Next possibility of coating is used right into the form for lenses. Coating solution is
applied into the form for lens. Advantage of this method is very good adhesion between coating

and lens. Vakuum coating is beeing dne by applying atoms of silicon on surface. [3]

Anti-reflective

Anti-reflective coating on the lens is increasing transmission, enhancing contrast, and
eliminating ghost images. Elimination of reflectivity is possible because of destructive
interference between the beam which was fended from AR and the beam which went thru AR
and fended off from surface of lens. For destructive elimination is important to shift of light
wave exactly for one half of wavelength for which is the AR counted for. This definition is

called phase condition.
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Figure 3: Destructive interference.

Next condition is called amplitude condition. According to this condition has to be
amplitude of both light beam same. But with exact opposite phase. In case both conditions are
done the reflective beam is eliminated. Effectiveness is raised by using more antireflective
coating (up to 9 layers AR). Antireflective coating also has to have exact index of refraction,

transparency, constant thickness, good adhesion, and similar optic features as the lens has. [2,3]
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Figure 4: Destructive interference between two beams. [2]
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Anti-reflection coatings are made from extremely thin layers of different dielectric
materials that are applied in a high vacuum onto both surfaces of the len. The quality of
the AR depends upon the number of layers applied to the lens. Layers are made out of atoms

of silicon, titan, magnesium etc. Choice of material depends on index of refraction. [2]

vysokoenergeticky
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Figure 5: This picture is showing process how the AR is made.

METHODOLOGY OF RESEARCH

I will be testing scratch-resistant coating by two methods. First method will be tested on
tribometer. This apparatus will analyze the surface by exact pressure and also number of
repetitions. All tested lenses will be analyzed by same specs. Results will be evaluated with the
microscope. In the evaluation i will be aimed on thickness of scratch caused by pike of
tribometer and comparing it with thickness on other lenses. Second method is done by the
modified Bayer test. Lenses will be in closed jar with small stones. After few minutes vibrations

will be taken out and compare the results.
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Figure 7: Scratches from tribometer. [4]

My second part of research is aimed on durability of AR against crazing. Tested lenses
will be exposed to high temperature from 70 to 100 degrees. In the figure number 8 we can see
damaged AR by high temperature, with counted pieces of AR. Photos of all tested lenses will
be taken in same dimension same as photos from Bayer test.
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Figure 8: Damaged AR.

DISCUSSION

Fig. No. 9: Testing of lenses on the tribometer. [4]

In Figure 9, we can see the lenses tested on the tribometer. The lenses were from Omega
optix (yellow and green frame) and Zeiss (blue frame). In my research I will test the lenses of

the company Essilor. [4]
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