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PROGRAM

9. celostatni studentské konference Optometrie a ortoptiky s mezinarodni uéasti

CooperVision

poradané dne 18. 10. 2018 v 10:00 hod.

poslucharna P31 FSS MU, Jostova 10, 60200 Brno
kontakt:optobrno@med.muni.cz

@

essilor

9.00-9.45

Registrace ucastnikd - registration

10.00 - 10.20

1. Zahajeni — Introduction

e zavedeni: Mgr. Pavel Benes, Ph.D., prednosta KOO LF MU

e za LF MU: doc. PhDr. Andrea Pokorna, Ph.D., prodékanka pro nelékaiské
obory
za hosty: Mgr. Sonja Drugovié¢, University of Applied Sciences Velika Gorica,
za sponzory: Be. Tomas Dobrensky zastupce firmy CooperVision

ing. Roman Motyka, generalni manazer firmy Essilor CR

za studenty: Be. Barbora Caslavska, zéstupce studentt

10.20-10.30

2. Bc. & Be. Beata Kovacovicova, Mgr. Pavel Bene§, Ph.D.: Komparace hodnot fiizni rezervyj
v zavislosti na technikach vyseteni - Comparison of fusion vergence values depending on the
used examination techniques

10.30-10.40

3. Bc. Katefina Mikulkova, Mgr. Petr Vesely, DiS., Ph.D.: Moznosti vySetfeni akomodace
oka - Possibilities of measurements ocular accommodation

10.40 - 10.50

4. Bc. Jana Chludilova, Mgr. Pavel Benes, Ph.D.: Vyuziti specialnich zrakovych pomucek|
v zakladnich $kolach a v centrech pro zrakové postizené - Use of special visual aids in primary
schools and centers for the visually impaired

10.50 - 11.05

5. Be. Lucie Mikeskova: Predstaveni ptistroji, metodika workshoptt — presentation of devices,
methodology of workshops

11.05-11.15

6. Prezentace postert - poster presentation

11.15 - 11.20

diskuze k piednaskam — disscusion

11.20 - 12.00

1. pitestavka -1st break WORKSHOP

12.00-12.10

7. Andrija Matkovi¢: Strabismus

12.10-12.20

8. Nikola Cibarié¢: \Vertical heterophoria

12.20-12.30

9. Simona Chludilova: Pseudostrabismus v klinické praxi - Pseudostrabismus in clinical
practice

12.30 -12.40

10. Bc. Katefina Mala, MUDr. Miroslav Dostalek, Ph.D.: Moznosti cviceni konvergence a
Sitky fize v ortoptické ambulanci - The possibilities of convergence and fusion amplitude

exercise in the orthoptic office
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12.40 — 12,50 |11. Be. Barbora Caslavska: Virtualni realita v binokularni pleoptice? - Virtual reality and
binocular pleoptics?

12.50 —13.00 [12. Bc. Michaela Béhounkova, Mgr. Petr Vesely, DiS., Ph.D.: Problematika anizometropie u
jednotlivych refrakénich vad -

13.00 — 13.10 |13. Bc. Nikol Dostalova, Mgr. Petr Vesely, DiS., Ph.D.: Vliv heteroforii na praci s pocitacem -
Influence of heterophoria on computer work

13.10 — 13.20 |14. Bc. Veronika Chladkova, Mgr. Dana Travnikova: LCD optotyp, specialni testy, srovnani
software jednotlivych ptistroji LCD optotypes — Evaluation of special tests for eye examination,
comparison of software of individual device

13.20 — 13.30 |15. Bc. Anna Kotinkova, Mgr. Petr Vesely, DiS., PhD.: Lancaster test a jeho vyuziti pii
analyze poruch okohybného aparatu — Lancaster tese and its use in analyzing the defect of eye
muscles apparatus

13.30 — 13.35 diskuze k ptednaskam - disscusion

13.35 — 14.00 2. ptestavka - 2nd break WORKSHOP

14.00 - 14.15 soutéz — competition

14.15 — 14.45 |16. Mgr. Dana Travnikova: 3D refrakce - 3D Refraction

14.45 - 15.15 [17. Mgr. Roman Heinz: Novinky firmy Essilor - Essilor News

15.15 — 15.45 |18. Bc. Tomas Dobiensky: Primyslova vyroba kontaktnich ¢o¢ek — Industrial production of
contact lenses

15.45 — 15.50 diskuze k prednaskam — disscusion

15.50 - 16.20 PREDANI STAFETY, vyhodnoceni nejlepsi prednaska, poster, kviz
19. zhodnoceni konference studenty, sponzory, hosty
evaluation by students, sponsor, guests

16.20 - 16.30 [20. Mgr. Pavel Bene§, Ph.D.: Zavéreéné slovo - closing words

WORKSHOPY:

Burza udebnic a pomiicek

2. a 3. Orto - CAM, lokalizator, Welsch
4. a5. OPT - fokometr, binoptometr

6. Essilor - Nautilus

7. Cooper

o > w D E

Vyhlaseni (Ceremony):

wevr

- nejlepsi poster — vyhodnoti komise ve sloZzeni: Mgr. Pavel Benes, Ph.D., zastupce firmy CooperVision,
zastupce firmy Essilor, 1 student Bc. ORTO, 1 student Bc. OPOP, 1 student Mgr. OPTO

- vysledky soutéze + vylosovani 3 vyherci (competition results + lottery winners)



Postery:
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Zmeény rohovkového endotelu u dlouhodobych nositelti kontaktnich ¢ocek
Effects of long-term contact lens wear on the corneal endothelium
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Devices and tests for colour vision testing
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The relationship of the change in the visual distance to the visual system in a non presbyopic patient
5. Bc. Lucie Mikeskova, Mgr. Dana Travnikova:

Komparace hodnot piedni plochy rohovky u nositeld kontaktnich ¢ocek
Comparison of corneal anterior surface values for contact lens wearers
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Slzny film a oéni povrch v populaci pacientt s kataraktou

Tear film and ocular surface in the cataract patient population

7. Bc. Eliska Vyhnalkova, Mgr. Gabriela Spurna:

Vyskyt refrakénich vad a zptsoby jejich korekce v populaci studentli optometrie
Occurrence of refractive defects and methods of their correction in the population of students of optometry
8. Bc. Lenka Zubéakova, MUDr. Monika Synkova:

Dystrofie makuly

Macular dystrophies

9. Bc. Katefina Kostkova, Mgr. Pavel K¥iZ, Ph.D.:

Diferentni akomodace — diagnostika, feSeni

Different accommodation — diagnostics, management

10. Bc. Zuzana Roubcova, Mgr. Simona Bramborova, DiS.:

Individualni parametry brylovych obrub

Individual parameters of spectacle frames

11. Bc. Ondi'ej Linha, MUDr. Karolina Skorkovska, Ph.D.:

Zmény kontrastni citlivosti pfi onemocnéni sitnice

Changes of contrast sensitivity in retinal disease

12. Be. Filip Mikulecky, Mgr. Petr Vesely, DiS., Ph.D.:

Tvorba interaktivnich video zaznamil vysetfovacich postupt v optice a optometrii
Creation of the optometric examination interactive video record
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Comparison of retinoscopy and autorefractometry when determining refraction

14. Katarina Sarac, Sonja Drugovi¢. Marcela Domnik, Kristijan Pili:
Pterygium and pinguecula
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Sekce prezentaci / Oral presentations:

Bc. et Bc. Beata Kovacovicova, Mgr. Pavel Benes, Ph.D., Mgr. Gabriela
Spurna

Komparacia hodnot fiznej vergencie v zavislosti na pouzitych
technikach vySetrenia

Katedra optometrie a ortoptiky LF MU, Brno

Anotacia

Velkost' fuznej vergencie je mozné vySetrit rdznymi vySetrovacimi technikami. Vsetky
vyuZzivaju uritt mieru disocidcie, teda mieru oddelenie obrazov pravého a l'avého oka.
Zvolend miera disociacie nie je rovnaka u vSetkych vySetrovacich technik To sa modze
prejavit na vyslednej hodnote fiznej vergencie. V praci je popisand metodika vyskumu
vplyvu miery disociacie na vel'kost’ fiznej vergencie s ndslednym Statistickym vyhodnotenim

ziskanych dat.

KPucové slova

Fuzna vergencia, disocidcia, foropter, synoptofor

Uvod

Fuzna vergencia je velmi doblezita pre schopnost’ udrzat' jednoduché binokularne
videnie. Ide o rozsah konvergencie, divergencie a zmeny vo vertikale, v ktorom je klient
schopny udrzat’ rovnaké obrazy oboch oc¢i spojené. Plati, Ze ¢im je velkost’ fiznej vergencie
vySSia, tym je flzna schopnost’ vicSia a fuzia pevnejSia. V praxi optometristov vyuZivame
mnoho technik na ich vySetrenie. Jednotlivé techniky sa liSia, okrem iného, mierou disocidcie,
ktorou st oddelené obrazy pravého a I'avého oka. Cielom prace je zistit’, ¢i miera disociacie

ovplyviiuje velkost” fiznej vergencie.

Material a metody

Zber dat prebiehal na katedre optometrie a ortoptiky sidliacej na Komenského nam.
220/2 v Brne vo vysetrovni optometrie v obdobi od januara 2018 do marca 2018. Na zber dat
boli pouzité 2 pristroje: foropter Topcon CV-5000S a synoptofor Oculus TAKAGI MT - 364.



S foropterom bol sparovany LCD optotyp. Hodnoty aktualnej sféro-cylindrickej korekcie
klienta boli zistované na automatickom fokometri a velkost’ pupilarnej distancie (PD) bola
merana za pomoci PD pravitka.

Na zaciatku vySetrenia bola klientovi odobrand rodinna, osobnd a o¢na anamnéza.
Oc¢na anamnéza bola zamerand na binokularne videnie. Druhym krokom bolo zmeranie
aktualnej sféro-cylindrickej korekcie klienta pomocou automatického fokometru a zmeranie
PD pomocou PD pravitka. Hodnoty aktudlnej korekcie a velkost’ pupilarnej distancie boli
prenesené do foropteru, skrz ktory klient ¢ital optotypové znaky. Takto bol zisteny vizus
s korekciou, pricom bolo pozadované dosiahnut’ hodnotu minimalne 0,8.

Pri vySetreni fiznych rezerv boli zistované viaceré¢ vyznamné body: bod rozdvojenia
(break point, bod, kedy uz nie je vergenény systém schopny trvalej fuzie predmetu a vnima ho
ako dva obrazy v uréitej vzdialenosti od seba), bod opatovného spojenia (recovery point, bod,
kedy ddjde k trvalému spojeniu fixovaného predmetu). Tieto body boli uréované pre pozitivne
a negativne fizne vergencie (PFV a NFV).

Hodnoty boli zistované na 4 réznych testoch. Tieto metddy boli zoradené podl'a miery

.....

.....

1. Rotatné prizma vo foropteri, fixaCny podnet: optotypovy znak — pismeno H
odpovedajice hodnote vizu 0,6

2. Rotacné prizma a anaglyfné (Cerveno — zelené filtre) vo foropteri, fixaény podnet:
Worthov anaglyfny test

3. Rotacné prizma a polarizacné filtre vo foropteri, fixacny podnet: polarizovany kriz
s flznym podnetom

4. Synoptofor, fixatny podnet: obrazky pre F II — somar s mrkvou a chvostom (kontrolné
znacky)

U kazdej metody bol zistovany break point a recovery point u PFV a NFV dvakrat, takze

bolo ziskanych celkovo 32 hodnét u kazdého klienta.

Vysledky

Ziskané vysledky boli zaznamenané do tabulky a nasledne Statisticky spracované.
Celkovo bolo zmeranych 27 Tudi, pricom 1 klientka musela byt zo §tadie vyradend pre
neschopnost’ vySetrenia flznej vergencie s pouZitim anaglyfnych filtrov. VySetrenych

a zaradenych do stadie bolo 6 muzov a 20 zien vo veku 19 az 26 rokov s priemernym vekom
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22 rokov. V anamnéze uvadzalo 8 T'udi astenopiu, 1 ¢lovek obc¢asnu diplopiu, 1 strabizmus a 2
I'udia amblyopiu.

Na statistické spracovanie vysledkov boli pouzité: parametricky parovy t-test
a neparametricky parovy Mann-Whitney test. Parovy t-test bol pouzity u dat, ktoré vykazovali
normalne hodnoty a parovy Mann-Whitney test u dat, ktoré nevykazovali normalne hodnoty.
Normalita dat bola testovana pomocou Shapirovho-Wilkov testu s hladinou vyznamnosti

a =5 %. Porovnavané boli jednotlivé metody navzajom.

1. Statistické zhodnotenie dat pozitivnej fiznej vergencie v break pointe:

Optotypovy znak H | Worthov anaglyfny | Polarizovany kriz s Synoptofor
test fiznym podnetom
Ano Ano Ano Nie

Tab. 1a: Vysledky normality dat

Optotypovy znak H | Worthov anaglyfny | Polarizovany kriz s Synoptofor
test faznym podnetom
19,19 + 1,22 17,35 + 1,09 15,67 + 1,15 19,83 + 1,93

Tab. 1b: Ziskané priemerné hodnoty a smerodajna chyba [cm/m]

Porovnavané metody Priemer [cm/m] Pouzity test P - hodnota
ng;gﬁ%géﬁ? East }3: ;2 Parovy t-test 0,0530
oo ks 1567 Pirovy ttes
Opt(;tﬁggz)?gf kH }g:g Mann-Whitney test
Woﬁiﬁgﬁzafffﬁiﬁﬁf};e“ }223 Parovy t-test
Worthgzﬁssg)léfily fest };:gg Mann-Whitney test 0,9625
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Polarizovany kriz 15,67 .
Synoptofor 19.83 Mann-Whitney test 0,4223
Tab. lc: Statistické porovnanie jednotlivych metéd navzajom v break pointe PFV. Pocet
dat N =26, a. =5 %, testy, ktoré vysli Statisticky vyznamne, na zvolenej hladine

spolahlivosti, st zvyraznené ¢ervenou farbou.

Porovnanie vysledkov Break pointu pozitivnej fiznej vergencie
u jednotlivych vysSetrovacich technik
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Graf 1: Box plot: rozdielne rozlozenie hodnét break pointu pozitivnej fiznej vergencie

Vv jednotlivych vysetrovacich metédach. Medidny jednotlivych metdd klesaji so zvySujacou

sa mierou disociacie.
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2. Statistické zhodnotenie dat pozitivnej fiiznej vergencie v recovery pointe:

Optotypovy znak H | Worthov anaglyfny | Polarizovany kriz s Synoptofor
test faznym podnetom
Nie Ano Ano Nie
Tab. 2a: Vysledky normality dat
Optotypovy znak H | Worthov anaglyfny | Polarizovany kriz s Synoptofor
test fiznym podnetom
10,46 £0,91 10,60 = 0,78 9,04 £ 0,68 12,50 £ 1,72

Tab. 2b: Ziskané priemerné¢ hodnoty a smerodajna chyba [cm/m]
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Tab. 2c: Statistické porovnanie jednotlivych metéd navzajom v recovery pointe PFV.
Pocet dat N =26, a. = 5 %, testy, ktoré vysli Statisticky vyznamne, na zvolenej hladine

spolahlivosti, st zvyraznené ¢ervenou farbou.

Porovnanie vysledkov Recovery pointu pozitivnej fGznej vergencie
u jednotlivych vysetrovacich technik
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Graf ¢. 2: Box plot: rozdielne rozlozenie hodnot recovery pointu pozitivnej fiznej vergencie
Vv jednotlivych vysetrovacich metédach. Medidn dat zikanych pri fixacii optotypového znaku
H nema najvyssiu hodnotu, ako by sme predpokladali. To moze byt spdsobené nenormalnym

rozlozenim dat v sabore.

3. Statistické zhodnotenie dat negativnej fiiznej vergencie v break pointe:

Optotypovy znak H | Worthov anaglyfny | Polarizovany kriz s Synoptofor
test fiznym podnetom
Ano Ano Nie Ano
Tab. 3a: Vysledky normality dat
Optotypovy znak H | Worthov anaglyfny | Polarizovany kriz s Synoptofor
test fiznym podnetom
6,96 £ 0,61 5,54 +£0,29 5,42 +£0,33 5,64 £0,29

Tab. 3b: Ziskané priemerné hodnoty a smerodajnéa chyba [cm/m]
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Porovnavané metédy | Priemer [cm/m] Pouzity test P - hodnota
Optotypovy znak H 6,96
Worhtov anaglyfny test 5,54 Parovy t-test
Optotypovy znak H 6,96
Polarizovany kriz 5,42 Parovy t-test
Optotypovy znak H 6,96
Synoptofor 5,64 Mann-Whitney test
Worthov anaglyfny test 5,54 0.5300
Polarizovany kriz 5,42 Parovy t-test ’
Worthov anaglyfny test 5,54 07435
Synoptofor 5,64 Mann-Whitney test ’
Polarizovany kriz 5,42 0.4774
Synoptofor 5,64 Mann-Whitney test ’

Tab. 3c: Statistické porovnanie jednotlivych met6d navzajom v break pointe NFV. Podet
dat N =26, a =5 %, testy, ktoré¢ vysli Statisticky vyznamne, na zvolenej hladine

spol’ahlivosti, su zvyraznené cervenou farbou.
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Porovnanie vysledkov Break pointu negativnej fznej vergencie
u jednotlivych vysetrovacich technik
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Graf €. 3: Box plot: rozdielne rozlozenie hodnot break pointu negativnej fiznej vergencie
V jednotlivych vySetrovacich metddach. Zavislost, miery disociacie na velkosti fuznej

vrgencie je zjavna, az na synoptofor.

4. Statistické zhodnotenie dat negativnej fiiznej vergencie v recovery pointe:

Optotypovy znak H | Worthov anaglyfny | Polarizovany kriz s Synoptofor
test faznym podnetom
Ano Ano Ano Nie

Tab. 4a: Vysledky normality dat

Optotypovy znak H | Worthov anaglyfny | Polarizovany kriz s Synoptofor
test fiznym podnetom
4,57 +0,27 2,79 £ 0,23 2,67 +£0,22 2,60 + 0,25

Tab. 4b: Ziskané priemerné hodnoty a smerodajna chyba[cm/m]
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Porovnavané metédy | Priemer [cm/m] Pouzity test P - hodnota
Optotypovy znak H 4,57
Worhtov anaglyfny test 2,79 Parovy t-test
Optotypovy znak H 4,57
Polarizovany kriz 2,67 Parovy t-test
Optotypovy znak H 4,57
Synoptofor 2,60 Mann-Whitney test
Worthov anaglyfny test 2,79 0.5791
Polarizovany kriz 2.67 Parovy t-test ’
Worthov anaglyfny test 2,79 0.2327
Synoptofor 2,60 Mann-Whitney test ’
Polarizovany kriz 2,67 0.5998
Synoptofor 2,60 Mann-Whitney test ’

Tab. 4c: Statistické porovnanie jednotlivych metdd navzajom v recovery pointe NFV. Podet
dat N =26, a =5 %, testy, ktoré vysli statisticky vyznamne, na zvolenej hladine

spol’ahlivosti, su zvyraznené cervenou farbou.

Porovnanie vysledkov Recovery pointu negativnej fiznej vergencie
u jednotlivych vysetrovacich technik
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Graf ¢. 4: Box plot: rozdielne rozlozenie hodnot recovery pointu negativnej fiznej vergencie
V jednotlivych vySetrovacich metdédach. Medidny jednotlivych technik dosahuju niZSie

hodnoty so zvySujiicou sa mierou disociacie.
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Diskusia

Hodnoty namerané Styrmi roznymi disociaénymi technikami sa navzajom liSili. Bolo
zistené, ze vysledky PFV v break pointe, NFV v break pointe aj v recovery pointe klesaja so
zvySujicou sa mierou disocidcie az na pouzitie synoptoforu. Tato odchylka méze byt
sposobena konstrukciou pristroja aj faktom, Ze vysetrenie prebieha v pristrojovom priestore,

pri¢om vSetky tri d’al$ie techniky v priestore redlnom.

Zaver
Zo Statistického hladiska bol zisteny signifikantny rozdiel u kazdej zistovanej

hodnoty, avSak rozdiel nebol signifikantny medzi kazdou disocia¢nou technikou navzajom.
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Comparison of fusion vergence values depending on the used
examination techniques

Department of Optometry and Orthoptics LF MU, Brno

Anotation

The value of the fusional vergence can be investigated by various examination techniques. All
of them use a certain degree of dissociation, the degree of separation between the right and
left eye. The chosen degree of dissociation is not the same in all investigation techniques. This
may be reflected in the resulting value of fusional vergence. The thesis describes the
methodology of research on the impact of the degree of dissociation on the value of the

fusional vergence with the subsequent statistical evaluation of the obtained data.

Key words

Fusional vergence, dissociation, phoropter, synoptophore

Introduction

Fusional vergence is very important for the ability to maintain simple binocular vision. It is
the range of convergence, divergence, and change in the vertical, in which the client is able to
connect the same images of both eyes together. In practice, optometrists use many techniques
to investigate of fusional vergence. Techniques differ, among other things, by the degree of
dissociation, which separated images of the right and left eye. The aim of the thesis is to

determine whether the degree of dissociation affects the value of the fusional vergence.

Material and methods

Data collection took place at the Department of Optometry and Orthoptics located in
Komenského nam. 220/2 in Brno in the optometry examination between January 2018 and
March 2018. Two devices were used for the data collection: Phoropter Topcon CV-5000S and
synoptophore Oculus TAKAGI MT-364. The values of the actual client sphero-cylindrical
correction were determined on an digital focometer and the pupil distance (PD) was measured

using a PD ruler.
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At the beginning of the examination, the client received a family, personal and eye
history. Eye history was focused on binocular vision. The second step was to measure the
actual sphero-cylindrical correction of the client using the digital focometer and the PD
measured by using PD rulers. The values of the current correction and pupil distance were
transferred to the phoropter through which the client read the optotype letters. The required
value of visus with correction was at least 0.8.

Several important points have been examined in the fusional reserves: break point (a
point where the vergence system is no longer able of fusing the subject and perceives it as two
images at a certain distance from each other). Recovery point (a point, when a fixed object is
permanently connected). These points were determined for positive and negative fusional
vergence (PFV and NFV).

The values were meassured on 4 different tests. These methods were ranked
according to the degree of dissociation from the lowest to the highest. In the following
section, the individual techniques are listed from the least to the greatest extent of
dissociation:

1. Rotating prism in phoropter, fixation stimulus: optotype character - letter H
corresponding to the visus 0,6
2. Rotary prism and anaglyphic (red-green filters) in phoropter, fixation stimulus: Worth
anaglyph test
3. Rotary prism and polarization filters in phoropter, fixation stimulus: polarized cross
with a fusional point in the middle
4. Synoptophore, fixation stimulus: pictures for F 1l — donkey with a carrot and tail
(control marks)

For each method, break point and recovery point were detected for PFV and NFV

twice, so a total of 32 values were obtained for each client.

Results

The results obtained were recorded in the table and then statistically processed. A total
of 27 people were measured, one client being excluded from the study for inability to measure
the fusional vergence with anaglyph filters. Investigated and enrolled in the study were 6 men
and 20 women aged 19-26 with an average age of 22 years. A history of 8 people reported
asthenopia, 1 person with occasional diplopia, 1 strabismus and 2 with amblyopia.

For the statistical processing of the results, the parametric paired t-test and the non-

parametric pair Mann-Whitney test were used. The pair t-test was used for data showing
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normal values and a paired Mann-Whitney test for data that did not show normal values. Data

normality was tested using Shapiro-Wilk's test with a significance level of a = 5 %. The

individual methods were compared to each other.

2. Statistical evaluation of data of positive fusional vergence in break pointe:

Optotype letter H Worth anaglyph test | Polarized cross with Synoptophore
a fusional point
Yes Yes Yes No
Tab. 1a: Results of data normality
Optotype letter H | Worth anaglyph test | Polarized cross with Synoptophore
a fusional point
19,19 £ 1,22 17,35 £ 1,09 15,67 £ 1,15 19,83 +1,93
Tab. 1b: Average values and misleading error [cm/m]
Comparative methods Average [cm/m] Test P - value
Optotype letter H 19,19 . i
Worth anaglyph test 17,35 Paired t-test 0,0530
Optotype letter H 19,19 . i
Polarized cross 15,67 Paired t-test
Optotype letter H 19,19 [y
Synoptophore 19.83 Mann-Whitney test
Worth anaglyph test 17,35 . i
Polarized cross 15,67 Paired t-test
Worth anaglyph test 17,35 .
Synoptophore 19.83 Mann-Whitney test 0,9625
Polarized cross 15,67 .
Synoptophore 19.83 Mann-Whitney test 0,4223

Tab. 1c: Statistical comparison of individual methods in PFV break point. Number of data
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N =26, a = 5%, tests that have been statistically significant, at the chosen confidence level,

are highlighted in red.

Porovnanie vysledkov Break pointu pozitivnej fiznej vergencie
u jednotlivych vysSetrovacich technik
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Graf 1: Box plot: Different distribution of break point values of positive fusional vergence in
individual investigation methods. Medians of individual methods are declining with

increasing dissociation rates.

3. Statistical evaluation of data of positive fusional vergence in recovery pointe:
Optotype letter H | Worth anaglyph test | Polarized cross with Synoptophore

a fusional point

No Yes Yes No

Tab. 2a: Results of data normality

Optotype letter H | Worth anaglyph test | Polarized cross with Synoptophore
a fusional point

10,46 £ 0,91 10,60 + 0,78 9,04 + 0,68 12,50 £ 1,72

Tab. 2b: Average values and misleading error [cm/m]
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Comparative methods | Average [cm/m] Test P-value
\K(/z)rr)‘tﬁtzgaeglle};[;ir tI:st 18:28 Mann-Whitney test 0,5257
Olf)ct(l):ryiz: (ie(*:tizrssi 19(3’(;146 Mann-Whitney test 0,4884
Og;ﬁggfol;ﬁfrr eH 1(2):‘51(6) Mann-Whitney test 0,3026
el B
Wogglnig?iﬁ}; et est 1 (2)228 Mann-Whitney test 0,2350
I’S(;lizi;f: pc}:lroorses 192’ ?540 Mann-Whitney test 0,5825

Tab. 2c: Statistical comparison of individual methods in PFV recovery point. Number of
data N = 26, a = 5%, tests that have been statistically significant, at the chosen confidence

level, are highlighted in red.

Porovnanie vysledkov Recovery pointu pozitivnej fiznej vergencie
u jednotlivych vysetrovacich technik
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Graf ¢. 2: Box plot: different distribution of the values of the positive fusional vergence in

recovery point in the individual investigation methods. The median of the data, when the
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optotype letter H was fixated, is not the highest value, as we were expected. This can be
caused by the abnormal layout of the data in the file.

5. Statistical evaluation of data of negative fusional vergence in break point:

Optotype letter H | Worth anaglyph test | Polarized cross with Synoptophore

a fusional point

Yes Yes No Yes

Tab. 3a: Results of data normality

Optotype letter H | Worth anaglyph test | Polarized cross with Synoptophore
a fusional point
6,96 £ 0,61 5,54 £0,29 5,42+ 0,33 5,64 + 0,29

Tab. 3b: Average values and misleading error [cm/m]

Comparative methods | Average [cm/m] Test P - value
Optotype letter H 6,96
. <
Worth anaglyph test 5,54 Paired t-test g
Optotype letter H 6,96
Polarized cross 5,42 Paired t-test 0,0002
Optotype letter H 6,96 0.0001
Synoptophore 5,64 Mann-Whitney test >
Worth anaglyph test 5,54 0.5300
Polarized cross 5,42 Paired t-test ’
Worth anaglyph test 5,54 07435
Synoptophore 5,64 Mann-Whitney test ’
Polarized cross 5,42 0.4774
Synoptophore 5,64 Mann-Whitney test ’

Tab. 3c: Statistical comparison of individual methods in NFV break point. Number of data
N =26, a = 5%, tests that have been statistically significant, at the chosen confidence level,

are highlighted in red.
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Porovnanie vysledkov Break pointu negativnej fznej vergencie
u jednotlivych vysetrovacich technik
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Graf ¢. 3: Box plot: Differential distribution of break point values of negative fusion vergence
in individual investigation methods. Dependence, the degree of dissociation on the value of

the fusional vergence is obvious, except for the synoptophore.

6. Statistical evaluation of data of negative fusional vergence in recovery point:

Optotype letter H | Worth anaglyph test | Polarized cross with Synoptophore
a fusional point
Yes Yes Yes No

Tab. 4a: Results of data normality

Optotype letter H Worth anaglyph Polarized cross Synoptophore
test with a fusional
point
4,57 +027 2,79 0,23 2,67 +022 2,60 £ 0,25

Tab. 4b: Average values and misleading error [cm/m]
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Comparative methods | Average [cm/m] Test P - value
Optotype letter H 4,57 .
Worth anaglyph test 2,79 Paired t-test
Optotype letter H 4,57
Polarized cross 2,67 Paired t-test
Optotype letter H 4,57 '
Synoptophore 2,60 Mann-Whitney test
Worth anaglyph test 2,79 0.5791
Polarized cross 2,67 Paired t-test ’
Worth anaglyph test 2,79 0.2327
Synoptophore 2,60 Mann-Whitney test ’
Polarized cross 2,67 0.5998
Synoptophore 2,60 Mann-Whitney test ’

Tab. 4c: Statistical comparison of individual methods in NFV break point. Number of data
N =26, o = 5%, tests that have been statistically significant, at the chosen confidence level,

are highlighted in red.

Porovnanie vysledkov Recovery pointu negativnej fiznej vergencie
u jednotlivych vysetrovacich technik
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Graf ¢. 4: Box plot: Differential distribution of the values of the negative fusional vergence in
recovery point in the individual investigation methods. Medians of individual technicians

achieve lower values with an increasing degree of dissociation.

Discusion

The values of fusional vergence were measured by the four different dissociation
techniques. It was found that the results of PFV in break pointe, NFV in break point and
recovery pointe decreases with increasing dissociation rates up to the use of synoptophore.
This deviation may be due to the construction of the instrument and the fact that the
examination is carried out in the instrumentation area, but all three other techniques

examinated in the real space.

Conclusion
From a statistical point of view, a significant difference was found for each observed

value, but the difference was not significant between each dissociation technique.
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MoZnosti vySetireni akomodace oka
Katedra optometrie a ortoptiky LF MU, Brno

Anotace

V ndsledujicim ¢lanku se zaméruji predevsim na teoreticky podklad problematiky mé
diplomové prace na téma , Moznosti vysetifeni akomodace oka“. Popisuji hlavné zakonitosti
a zpUsoby vySetreni akomodace oka. V zavéru textu se zminuji par slovy o své diplomové
studii, ve které se vénuji zavislosti akomodacni amplitudy na vertikalnim Uhlu pohledovém

osy.

Klicova slova

Akomodace, akomodacni Sife, blizky bod, push — up test

Uvod

V soucasné dobé, a stejné tak tomu bylo v poslednich nékolika desetiletich, se prace do
blizka stala nedilnou soucasti lidskych Zivot(. Mnoho kaZdodennich ¢innosti se neobejde bez
akomodacni schopnosti oka, ktera umoznuje ostré vidéni na rlzné vzdalenosti. Mezi tyto
aktivity radime Cteni, praci na pocitaci a v neposledni fadé také mobilni telefony, tablety a
mnoho dalSich. Na akomodacni aparat oka jsou tedy kladeny velké naroky jak v zameéstnani,
tak i ve volném case. Je tedy nutné akomodaci pozorovat a zaznamenavat jeji zmény,
abychom byli schopni zajistit co nejvétsi komfort vidéni na rizné vzdalenosti a zabyvat se
pfipadnymi inovacemi v této problematice. K tomu slouZi fada vysSetreni, ktera se zabyvaji

rdznymi parametry akomodacniho procesu.

Akomodace

Akomodace je velice dlleZity proces probihajici v lidském oku. Tento proces umozriuje okem
zobrazovat pfedméty v proménné predozadni vzdalenosti v rozsahu redlného predmétového
prostoru. Rozmezi, ve kterém je oko schopno vidét jednotlivé body ostre,
je ohranicené a nazyva se akomodacni oblast. Schopnost akomodace je u ¢lovéka zajisStovana
zvySovanim lomivosti CocCky. Presnd fyziologie samotného procesu akomodace je stale

predmétem vyzkumu. Bylo jiz popsano nékolik teorii, které jsou popsany nize. Mezi struktury
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oka podilejici se na akomodaci fadime oc¢ni ¢ocku, zavésny aparat cocky a rasnaté télisko.

[12] [14]

Mechanismus akomodace

Akomodace je umoznéna svaly fasnatého téliska, Cocky a zavésného apardtu a je
mimovolnim procesem, ktery je do jisté miry ovlivnitelny vali. Podle novych vyzkumu jsou
aktivni pochody uplatiiovany pfi pohledu do ddlky a uskutecriovany stahy meridionalnich

vlaken ciliarniho svalu (Briicke(v sval), ktery je inervovan sympatikem. [1]

Jde o vzdjemnou antagonistickou c¢innost. Parasympatikus zajistuje vidéni do blizka
a sympatikus do dalky. Pfi akomodaci lze rozliSit dva zdsadni procesy — vnéjsi a vnitfni
akomodaci. Vnéjsi — extrakapsuldrni akomodace znamena zvySeni optické mohutnosti ocni
Cocky diky zméné polomért kfivosti funkcénich ploch  ¢ockového  systému.
Vnitini - intrakapsularni akomodace predstavuje zmény v uskupeni zejména vnitfnich hmot

ekvivalentniho jadra ¢ocky. [14]

Nazory na presny mechanismus akomodace doposud nejsou zcela jednotné. Existuje tedy
nékolik teorii a mezi nejznaméjsi z nich patfi teorie — Helmholtzova, Schacharova
a Tscherningova, Colemanova a Gullstrandova. Jednou z hlavnich teorii akomodace je teorie

popsana Hermanm von Helmholtzem (1821-1894).

Helmholtz popsal anterioposteriorni rozsifovani centrdlni ¢asti ¢ocky, ke kterému dochazi
béhem akomodace (viz. obrazek ¢.1). Pfedpokladal, Ze dojde ke kontrakci cilidrniho svalu pfi
akomodaci. Ciliarni sval se kontrahuje (pohybuje se dopfedu a dovnitf) a dojde k uvolnéni
napéti zonularnich vldken mezi ekvatorem a cilidrnim svalem. Nasledkem tohoto uvolnéni
tahu a v dusledku elasticity ¢ocky dojde k pasivnimu procesu — vyklenuti pfedni plochy cocky.
Cocka tedy zmensi sv(ij primér a nar(ista jeji axidlni tloustka. Podle Helmholtze takto dochazi

ke zvyseni dioptrické sily ocni cocky pfi akomodaci. [9]

29



predni plocha ¢ocky
pfi akomodaci

P

zonula pfi akomodaci povoli

Obr. ¢ 1: Akomodace dle Helmholtze (Zdroj: Kuchynka, Pavel. O¢ni |ékafstvi. 2.)

Ve chvili, kdy akomodace pomine, nastdava proces nazyvany jako desakomodace. Dojde
k uvolnéni a relaxaci cilidrniho svalu. Cilidrni sval se vrati do své puvodni velikosti a zvysi se
opét napéti zonularnich vldken. Tato klidova tenze zonuldrnich vldken zplsobi, Ze se ¢ocka

opét oplosti do pavodniho tvaru. [9] [17]

Slozky akomodace
U akomodacniho procesu rozliSujeme z hlediska funkéniho ¢tyti slozky akomodace. Tyto

slozky potom nazyvame - akomodace tonicka, reflexni, vergenc¢ni a akomodace proximalni.

Tonicka akomodace navozuje lehce myopicky stav oka, ke kterému dochazi pti absenci
jakéhokoliv podnétu a je pritomna vzdy. Tedy pfi prazdném vizualnim poli, nebo napfiklad
pfi pohledu ve tmé. Tato slozka akomodace je navozena klidovym napétim cilidrniho svalu.
Hodnota tonické akomodace u mladych lidi se pohybuje okolo + 0,75 D, ale mlzie se

pohybovat v rozpéti hodnot 0 az 2 D.

Reflexni akomodace je automaticky proces Upravy refrakéniho stavu oka zajistujici zaostreni
a udrZeni ostrého obrazu fixovaného predmétu na sitnici. Neni ovladana vali
a stimulem je rozostfeny obraz na sitnici. Je to pravdépodobné nejvétsi a nejdulezitéjsi

slozka celého systému. V prabéhu Zivota se nijak vyrazné neméni.

Vergencni akomodace je druhou nejdulezitéjSi slozkou akomodace. Je spojena s fazi
a dava podnét ke konvergencné - akomodacnimu kvocientu (CA/C). Hodnoty u mladych lidi

se pohybuji okolo 0,5 D na 1 metrovy uhel.
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Proximalni (psychickd) akomodace je stimulovdna zifejmou nebo predpoklddanou
vzdalenosti blizkého predmétu. Predstavuje pouze malou ¢ast celého akomodacniho

procesu (4-10%). [2] [7] [17]

Akomodacni trada
Podnétem k akomodacnimu reflexu u ¢lovéka mlze byt zména pohledu z dalky do blizka.
Zména vyvola nejen akomodaci, ale i konvergenci a ziZeni obou zornic — miézu. Spolec¢né

nazyvame tyto tfi procesy jako akomodacni tridda.

Pfi pohledu na blizky pfedmét dochazi diky rozostfeni obrazu na sitnici k primarnimu stimulu
pro spusténi reflexu akomodace. Akomodaci se tedy zvysi optickd mohutnost cocky
a dojde k zaostreni blizkého pfedmétu na sitnici. K tomu, aby ¢lovék tento blizky predmét
nevidél dvojité a bylo zachovano jednoduché binokularni vidéni do blizka, je potieba
poupravit pohledové osy (z vychoziho paralelniho postaveni). Dochazi tedy ke konvergenci,

diky které je umoZnéna foveolarni projekce obrazu.

Tretim procesem triady je midza, ktera prispiva ke zvySeni zrakové ostrosti. Zuzeni zornic
vyloudi vliv perifernich ¢asti ¢ocky a pres pupilu dale prochazi pouze tenky kuzel paprska. [3]

[4] [10]

Poruchy akomodace

Jako poruchy akomodace mlzeme oznacovat jak fyziologické, tak i patologické zmény
¢i stavy. Zmény podminéné starnutim jsou fyziologické a oznacuji se jako presbyopie neboli
starecka vetchozrakost. Nastup presbyopie je tedy postupny a umérny véku. PFi presbyopii
dochazi ke snizovani plasticity a elasticity co¢ky a postupné se snizuje i akceschopnost
cilidarniho svalu. Fyziologicky tedy klesa akomodacni Sife a blizky bod se posouva smérem od

oka. [2] [14]

Akomodacni Sife se postupné snizuje jiz od détstvi (viz. Obrazek €. 2). Podle Duana dosahuje
akomodacni Sife u déti v 8 letech 14D, cozZ odpovida blizkému bodu ve vzdalenosti 7 cm. Dale
se hodnoty pohybuji ve 36 letech okolo 7D, ve 46 letech 3D, v 52 letech 1,5D a okolo 60 let

véku je akomodacni Sife rovna 1D. Po 70 roku Zivota ¢lovék neakomoduje témér vibec. [1]

[6]
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Obr. €. 2: Duanlv Graf (Zdroj: Anton, Milan. Refrakéni vady a jejich vySetrovaci metody)

Graf obsahuje krivku pro maximalni (linie C), stfedni (linie B) a minimalni (linie A) hodnoty

akomodacni Sife v dioptriich.

Na druhé strané patologické poruchy maji vétSinou nahly vznik. Mohou nastat zmény v Sifce
a reakci zornice, nebo se objevuji anomalie konvergence. Dochazi ke zméné zrakové ostrosti

do blizka nebo do dalky. Patologické stavy oznacujeme jako:

- insuficience akomodace

- exces akomodace

- spasmus akomodace

obrna akomodace [2] [10]

Charakteristiky akomodace
Ke kvantitativnimu popisu akomodace se pouzivd nékolik zakladnich pojm0. Pro pochopeni
dané problematiky je tedy nutné tyto pojmy vysvétlit. Grafické znazornéni polohy bodl se

nachazi na obrazku cislo 3.

Daleky bod (punctum remotum) — nejvzdalenéjsi bod na optické ose, ktery se ostife zobrazi
na sitnici pfi minimdalni akomodaci. Vzdalenost dalekého bodu se udava v metrech
a znatime jako ar. U emetropického oka se daleky bod vyskytuje v nekoneénu. Podle

refrakéni vady se tento bod posouva do konecné vzdalenosti. U hypermetropického oka jej
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nalezneme v konec¢né vzdalenosti za okem a u myopického oka v koneéné vzdalenosti pred

okem. [9]

Jestlize zndme polohu dalekého bodu, jsme schopni urlit axidlni refrakci oka (Ag).
Tu ziskame jako prevracenou hodnotu vzdalenosti dalekého bodu od hlavni pfedmétové
roviny oka. Tento udaj nam definuje momentalni refrakéni stav oka. Axiali refrakce se méfi

v dioptriich a vypocita se ze vzorce:
Ar=1/ag D] (8] [14]

Blizky bod (punctum proximum) — nejblizsi bod na optické ose, ktery je oko schopno jesté
zaostfit na sitnici pfi maximalni akomodaci. Vzdalenost blizkého bodu od oka se uvadi
v metrech a znadi se jako ap. Vzdalenost blizkého bodu mé zasadni vyznam pro posuzovani

momentalniho akomodacniho vykonu. Vztah pro vypocet tohoto vykonu je:
Ap = 1/ap [D] (8] [9] [14]

Akomodacni interval (oblast) — ohraniCena oblast mezi dalekym a blizkym bodem. Tento
interval urcCuje rozmezi, ve kterém je oko schopno vidét jednotlivé body ostfe. Méfi
se vmetrech a znali se Aa. Akomodacni oblast je mirou vyuZitelnosti akomodace a

zmensuje se s pribyvajicim vékem. Matematické vyjadreni pro Aa je:
Aa = ag-ap [m]
Aa = 1/Ag—-1/Ap[m] (8] [9] [14]

Akomodacni Sife (amplituda) — jedna se o maximdlni ndrlst optické mohutnosti oka,
kterého je mozné dosdhnout procesem akomodace. Akomodacni $ite (AS)je tedy uréena
rozdilem klidové (statické) a maximalni (dynamické) akomodace. Akomodacni Sife se udava
v dioptriich a lze ji vypocitat jako rozdil reciprokych hodnot predmétovych vzdalenosti

dalekého a blizkého bodu od predmétové hlavni roviny oka:

AS = 1/ ag-1/ap [D]
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Hodnota AS se s pfibyvajicim vékem snizuje (v ddsledku poklesu elasti¢nosti o&ni ¢ocky).
Nejvyssich hodnot nabyva v détstvi, potom postupné klesa a nakonec kolem 65 roku zanika.

Dochazi ke zméné polohy blizkého bodu a méni se cely akomodacéni interval. [8] [14]

-aR = - o
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Obr. ¢. 3: Akomodacni interval emetropického oka (Zdroj: Nagyovd, Emese. Srovnani
akomodacné vergencnich vlastnosti vizualniho systému pro jednotlivé refrakéni vady)
VySetieni akomodace oka

Existuje nékolik zakladnich veli¢in akomodace a tyto veli¢iny lze méfit. Mezi tyto veli¢iny
radime akomodacni Sifi, akomodacni facilitu, akomodacni odezvu a relativni akomodaci.
Podle namérenych hodnot potom muiZeme posuzovat, zda je akomodace odpovidajici Ci

nikoli. [10]
Méreni akomodacni Sife (amplitudy)

Jak uz bylo vysvétleno, akomodacni Site vyjadfuje miru akomodacni schopnosti oka. Také jiz
byl popsdn vztah pro vypocet akomodaéni $ite, ze kterého Ize vypocitat AS jako rozdil
dioptrické hodnoty dalekého a blizkého bodu. Kdyz predpokladame, Ze je oko emetropické
(pfipadné pseudoemetropické), nachazi se daleky bod tohoto oka v nekone¢nu. Potom je
akomodacni Site rovna vergenci vzdalenosti blizkého bodu. Tato skute¢nost ndam umoziuje

vypocitat hodnotu AS pouze ze znalosti polohy blizkého bodu vy$etfovaného oka. [5] [11]

Pro méreni AS Ize vyuzit nékolik metod. Délime je na objektivni a subjektivni. Mezi objektivni
metody fadime méFeni AS pomoci Hartingerova koincidenéniho refraktometru

(s pouzitim pilokarpinu nebo se zkusebnimi ¢ockami).

V praxi jsou vsak vice vyuzivany subjektivni metody. Mezi subjektivni metody radime: push —
up test, push — down test, metodu rozptylnych cocek (minus lens to blur), akomodometry a

méreni pomoci fokometru. [5] [10] [11]
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Metoda Push — up méreni akomodacni Sife

Ve vyzkumné casti vyuzivam ke svému méreni metodu Push — up. Proto zminim nékolik
informaci o této metodé vysSetfovani akomodacni amplitudy. Push — up je subjektivni
vySetfovaci metoda pro zjisténi hodnoty akomodacni Sife. VySetifeni probihd monokularné
nebo binokularné, a to s optimalni korekci na dalku. Podstatou metody je nalézt blizky bod
pacienta. Tedy hledame nejkratsi vzdalenost, ve které se pozorovany predmét zobrazi ostre
do ohniska na sitnici. Pokud mérime binokuldrné, je nutné brat v potaz vliv vergencni slozky.

Vyhodou této metody je rychlost, nenaroc¢nost na vybaveni a jednoduchost.

Optometrista potiebuje k provedeni pouze znak, ktery bude pacient fixovat, pravitko a
okluzor (pfi monokularnim vysetreni). Jako pozorovany predmét mlzZeme pouzit Cteci

tabulku, nebo naptiklad fixacni pravitko, které vidime na obrazku ¢. 4 (fixation stick -

vertikalni prouzek se znaky). [13] [15]

Obr. €. 4 Fixacni pravitko (Zdroj: vlastni archiv)

Samotné meéreni spociva v plynulém pribliZovani testové znacky smérem k oku az do
momentu, kdy pacient uddva jeji rozostreni. V této chvili jeSté pacienta nechame zkusit
zaostfit, a pokud je rozostfeni trvalé, nasli jsme polohu blizkého bodu. Reciproka vzdalenost

tohoto blizkého bodu se rovna hodnoté akomodacéni amplitudy. [13] [15]
Méreni akomodacni snadnosti (facility)

Akomodacni facilita znamend schopnost oka rychle a spravné ménit akomodaci, neboli
odpovidat na ménici se zrakové podminky. Mira snadnosti se odrazi na zrakovém komfortu a
nizsi hodnoty mohou byt pfiznakem akomodacni insuficience. Akomodacni facilita mlze byt

ovsem snizena, i kdyZz hodnoty akomodacni amplitudy jsou v normé.
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Samotné testovani facility mlze probihat za binokuldrnich nebo monokularnich podminek
pouzitim flipperu. PFi binokuldrnim méreni musime pocitat se zapojenim vergence, coz
ovlivni facilitu. Také je nutné nejprve namérit akomodacni amplitudu vysetfovaného. Podle
tabulek poté muZeme pro urcitou akomodaéni amplitudu dohledat potfebnou vzdalenost
testovaci tabulky do blizka a velikost pouzitého flipperu, jelikoz podminky pro testovani
facility se lidi napriklad u ditéte s AS 12 a u tficetiletého dospélého s AS 5 D. Po umisténi
tabulky do spravné vzdalenost pred okem vysetfovaného (dle tabulek) jsou predrazeny
plusové flippery. To zpUsobi rozostieni a ndsledné ma vysetfovany za Ukol opét zaostfit text.
Po zaostreni se flipper (viz obrazek ¢. 5) oto¢i na minusovou hodnotu a opét je Ukolem
vySetfovaného ohlasit moment, kdy se text zaostfi. Po dobu 60 sekund se tento proces

opakuje. Poté se spocita, kolikrat byl vySetfovany schopen zaostfit.

Vysledy se udavaji v cyklech za minutu (cpm). Za jeden cyklus se povaZuje jedno zaostreni se
spojnou i rozptylnou ¢ockou. Binokularné nabyvaji vysledky nizSich hodnot (okolo 8 cpm).

Monokuldrné se vysledky pohybuji okolo 11 cpm. [5] [10] [16]

+025 +D.25

03e OS2

Obr. ¢. 5: Flipper +/- 0,25 D (Zdroj: YEAO A., Paillé D., Drobe B., Koh P., Myopia and Effective

Management Solutions)
Méreni akomodacni odezvy

Pfi tomto vySetfeni ovéfujeme akomodacni odezvu, resp. odpovéd, kterd je dileZitou
soucasti celkového vysetfeni akomodace. Jednda se o méreni akomodacéni odezvy na
akomodacéni stimul. Odpovéd' ¢asto neni totoZna s vyvoldvajicim stimulem. V. momenté, kdy

hodnota akomodacni odezvy nedosahuje predem ocekavané hodnoty (odezva je vici stimulu
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mensi), hovofime o zpoZdéni akomodace — lag of accommodation. V opacném pripadé, kdy
je akomodacéni odezva vétsi nez stimul, se jedna o zvySenou akomodacni odpovéd — lead of
accommodation. Vysetfeni lze provadét pomoci Jacksonovych cylindri, dynamickou
retinoskopii (za pouZiti bichromatického testu na blizko) nebo objektivné pomoci

autorefraktometru. [5] [16]
Méfteni relativni akomodace

Pfi méreni relativni akomodace se snaZzime zjistit, o kolik miZzeme zvysit nebo snizit
akomodaci pfi konvergenci na urcitou danou vzdalenost, aniz by doslo k naruSeni ostrého
jednoduchého binokularniho vidéni. Tedy predpokladame zménu akomodace pfi neménné
konvergenci. Relativni akomodace vyjadfuje nejvétsi moznou zménu akomodace, kdy jesté

nevznikne diplopie. [10] [16]

Akomodaci navozujeme zkusebnimi ¢ockami a rozliSujeme pozitivni a negativni relativni
akomodaci. Pozitivni relativni akomodace (PRA) - maximalni narlist akomodace bez zmény
vergence. Pri méreni PRA se stimuluje akomodacni vykon oka predkladanim rozptylnych
cocek, kdy postaveni oci zlstava beze zmény. Rozptylné ¢ocky zpUsobi rozostfeni a stimuluji

akomodaci. [10] [16]

Negativni relativni akomodace (NRA) — maximalni schopnost desakomodace (uvolnovani
akomodace) pfi nezménéné vergenci. Méfi se predkladanim spojnych cocek, které uvolni
akomodaci. Pfi vySetfeni (PRA i NRA) pozoruje pacient blizky bod na testovaci tabulce
ve Cteci vzdalenosti 40 cm (2,5 D). Méreni a dalsi predkladani ¢ocek pred obé oci (v krocich
po +/- 0,25 D) provadime aZ do doby, kdy vysetfovany oznami trvalé rozostreni ¢i rozdvojeni
obrazu. Ocekavané hodnoty se pohybuji v prepresbyopickém véku kolem -3 D (PRA) a +2 D
(NRA) pro stimul o velikosti 2,5 D. [10] [16]

v 7

Vyzkumna c¢ast

Cilem vyzkumné casti mé diplomové prace je zjistit zavislost akomodacni Sife na vertikalnim
Uhlu pohledovém osy. Pfesnéji tedy mérit akomodacni Sifi ve tfech vertikdlnich pohledovych
smérech a porovnat velikosti akomodacni Sife v téchto Uhlech. Pfedmétem vyzkumu je také

zda (a jak) akomodacni Sifi v téchto pohledovych smérech ovlivni vyska ocni Stérbiny.
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Méreni probiha tedy ve vertikalnim pohledovém uhlu 30° smérem nahoru, 30° smérem dol
od pohledu ptfimo vpred (0°) a pfi samotném pohledu rovné pred sebe (0°). VysSetfované
osoby jsou bez rozdilu dospéli muzi a dospélé Zeny v nepresbopickém véku. Je nutné, aby
vizus vySetfovanych dosahoval s korekci hodnotu 1,0 nebo lepsi. Mezi dalsi pozadavky patfi
jednoduché binokularni vidéni, nenarusené ocni pohyby a absence ocni patologie omezuijici

vySetteni. K méreni akomodacni Site je vyuzito binokuldrni metody Push — up.

Mezi mé hypotézy patfi, Ze velikost akomodacni amplitudy zavisi na vertikalnim uhlu
pohledovém osy. A to tak, Ze smérem dol( akomodacni Sife roste. Druhou hypotézou je, Ze

tyto hodnoty jsou také ovlivnény vyskou ocni Stérbiny.
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Annotation

In the following article 1 focus on the theoretical basis of the topic of the diploma thesis on
"Possibilities of measurements ocular accommodation”. | describe mainly the rules and
methods of examining the accommodation of the eye. At the end of the text, I give a few
words about my diploma study, which deals with the dependency of amplitude on the vertical
angle of view.
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Introduction

Currently and also in the last few decades, work to close distance has become an integral
part of human life. Many day-to-day activities do not work without the accommodation of
the eye, which allow sharp vision at different distances. These activities include reading,
computing and, finally, mobile phones, tablets and many others. There are therefore great
demands on the accommodation of the eye at work and also in the free time. This is the
reason, why it is necessary to observe and record the changes related to accommodation.
After that we should be able to ensure maximum visibility at different distances and to deal
with possible innovations in this issue. This is done by several examinations, which deal with

the various parameters of the accommodation process.

Accommodation

Accommodation is a very important process in the human eye. This process allows objects to
be displayed by the eye at variable subject distances within the range of the actual subject.
The range in which the eye is able to see individual points sharply is bordered and is called
the accommodation area. Ability to accommodate is ensured in humans by increasing
refraction of the lens. The exact physiology of the process of accommodation itself is still the

subject of research. Several theories have been described, which are outlined below. Among
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the structures of the eye that participated in the accommodation of the lens belongs the

lens, suspensory ligaments of the lens and ciliary body. [12] [14]

Accommodation mechanism

Accommodation is allowed by the muscles of the ciliary body, the lens and the suspensory
ligaments of the lens and is an involuntary process that is to a certain extent influenced by
will. According to new research, active procession are applied to the long distance, and there
are stagnation of the meridional fibers of the ciliary muscle (Briicke's muscle), which is

innervated by nervus sympathicus. [1]

It is a mutually antagonistic activity. Nervus parasympathetic ensures close vision and nervus
sympathetic s in the distance. Two basic processes - internal and external accommodation -
can be distinguished during accommodation. External - extra-capsular accommodation
means an increase in the optical power of the eye lens due to a change in the radii of
curvature of the functional areas of the lens system. Internal - intra - capsular
accommodation represents changes in the composition of mainly internal masses of the

equivalent core of the lens. [14]

Opinions on the exact mechanism of accommodation are still not uniform. There are several
theories, and the most well-known are theories - Helmholtz, Schachar and Tscherning,
Coleman and Gullstrand. One of the main theories of accommodation is the theory

described by Herman von Helmholtz (1821-1894).

Helmholtz described anterio-posterior enlargement of the central part of the lens that
occurs during accommodation (picture n 1). He assumed contraction of the ciliary muscle
during accommodation. The ciliary muscle contrails (moving forward and inward) and
relaxes the zonal fiber tension between the equator and the ciliary muscle. As a result of this
release of the traction and due to the elasticity of the lens, a passive process occurs - the
front surface of the lens is curved. The lens decreases its diameter and increases its axial
thickness. According to Helmholtz, this increases the dioptric refraction of the eye lens

during the accommodation. [9]
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Picture n. 1: Accommodation by Helmholtz (Source: Kuchynka, Pavel. O¢ni Iékarstvi. 2)

At the moment the accommodation passes, there is a process called desaccommodation. In
this situation ciliary muscle is relaxed and released. The ciliary muscle returns to its original
size and the tension of the zonal fibers again increases. The resting tension of zonular fibers

causes the lens to be rewound to its original shape. [9]

Components of accommodation
For the accommodation process, we distinguish four functional components from the
functional point of view. These components are called - tonic, reflex, vergence, and proximal

accommodation.

Tonic accommodation induces a slightly myopic state of the eye that occurs in the absence
of any stimulus and is always present. Thus this occur in an empty visual field, or when
viewed in the dark. This component of accommodation is induced by the resting tension of
the ciliary muscle. The tonic accommodation rate for young people is around + 0.75 D, but

can range between 0 and 2 D.

Reflective accommodation is an automatic process of refractive state adjustment of the eye
that ensures focusing and maintains a sharp image of the fixed object on the retina. It is not
controlled by will and it is stimulated by the blurred image on the retina. It is probably the

largest and most important component of the entire system. It does not change much in life.

Vergency accommodation is the second most important component of accommodation. It is
associated with fusion and gives rise to a convergence - accommodation quotient (CA/C).

Values in young people range around 0,5 D per 1 meter angle.
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Proximal (psychic) accommodation is stimulated by the apparent or anticipated distance of
a nearby subject. It represents only a small part of the whole accommodation process (4-

10%). [2] [7]

Accommodation triad

Impulse to accommodation reflex in humans may be a change of view from a distance to a
close. The change will induce not only the accommodation, but also the convergence and
narrowing of both pupils - miosis. Together we call these three processes as an

accommodation triad.

Looking at a close subject, the blurred image of the retina becomes the primary stimulus to
trigger the reflex of accommodation. Because of accommodation, the optical power of the
lens is increased, and the close subject is focused on the retina. In order not to see this close
object double and to keep a simple binocular vision to near distance, it is necessary to trim
the viewing axes (from the initial parallel position). Thus, there is convergence that enables

foveolar projection of images.

The third part of triad is a miosis that helps to increase visual acuity. The narrowing of the
pupils eliminates the influence of peripheral lens parts, and only a thin cone of rays passes

through the pupil. [3] [4]

Disorders of accommodation

Disorders of accommodation can be referred to as physiological and also as pathological
changes or conditions. Aging-related changes are physiological and are referred to as
presbyopia. The onset of presbyopia is therefore gradual and proportionate to age.
Presbyopia reduces the plasticity and elasticity of the lens and gradually reduces the activity
of the ciliary muscle. Physiologically, the accommodative range decreases and the close

point moves away from the eye. [2]

Accommodation range has been gradually decreasing since childhood. According to Duan,
the accommodation range of children at 8 years of age is 14D, which corresponds to a close
point at 7 cm. Additionally, the values are at 36 years old around 7D, at 46 years 3D, at
52years of 1.5D and around 60 years of age the accommodation range is equal to 1D. After

70 years of life, human is not using accommodation range at all. [1]
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Picture n. 2: Duan’s chart (Source: Anton, Milan. Refrakéni vady a jejich vySetfovaci metody.)
The graph contains the curve for the maximum (line C), the middle (line B) and the minimum
(line A) for the accommodation range in dioptres.

On the other hand, pathological disorders usually have a sudden onset. There may be
changes in pupil width and response or convergence anomalies. There is a change in visual

acuity to near or far. We describe pathological conditions as:
- insufficient accommodation

- excess accommodation

- spasm of accommodation

- paralysis of accommodation [2] [10]

Accommodation characteristics
A number of basic concepts are used for the quantitative description of accommodation. It is

therefore necessary to explain these concepts to understand the issue.

Far point (punctum remotum) - the most distant point on the optical axis, which is sharply
displayed on the retina with minimal accommodation. The distance of the far point is given
in meters and denote as agr. At the emetropic eye, the far point occurs at infinity. Depending

on the refractive error, this point moves to the final distance. The hypermetropic eye is
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found at the final distance behind the eye and the myopic eye at the final distance in front of

the eye. [9]

If we know the position of the far point, we are able to determine the axial refraction of the
eye (Agr). Here we get an inverted distance value of a far point from the main subject plane
of the eye. This figure defines the current refractive state of the eye. The axial refraction is

measured in diopters and is calculated from the relation:
Ar=1/ar[D] (8] [14]

Near point (punctum proximum) - the closest point on the optical axis that the eye can still
focus on the retina at maximum accommodation. The distance of a close point from the eye
is given in meters and denoted as ap. The proximity point is critical to assessing the current

power of accommodation. The relation for calculating this power is:
Ap =1/ap D] [8] [9] [14]

Accommodative interval (area) - the limited area between the far and near points. This
interval determines the range in which the eye can see the points sharply. It is measured in
meters and denoted Aa. The accommodation area is a measure of the usability of

accommodation and decreases with increasing age. The mathematical expression for Aa is:
Aa = ag-ap [m]
Aa = 1/AR— 1/Ap [m] (8] [9] [14]

Accommodative amplitude - this is the maximum increase in the optical power of the eye,
which can be achieved by the accommodation process. Accommodative amplitude (AA) is
therefore determined by the difference between static and dynamic (maximum)
accommodation. Accommodative amplitude is given in diopters and can be calculated as the
difference between the reciprocal values of the subject distances of the far and close points

from the main subject plane of the eye:

AS = 1/ ag-1/ap [D]
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The value of AA decreases (as the elasticity of the ophthalmic lens decreases) with increasing
age. Higher values are acquired in childhood. Then gradually decreases and finally
disappears around 65 years. There is a change in the position of a nearby point and the

whole accommodative interval is changed. [8]
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Picture n. 3: Accommodatice amplitude (emetropic eye) (Source: Nagyova, Emese. Srovnani
akomodacné vergencnich vlastnosti vizualniho systému pro jednotlivé refrakéni vady.)

Examination of the accommodation of the eye

There are several basic quantities of accommodation and these quantities can be measured.
Among these belongs accommodative amplitude, accommodative facility, accommodative
response and relative accommodation. Depending on the measured values, we can then

judge whether the accommodation is adequate or not. [10]

Measuring accommodative amplitude (AA)

As it was explained above, the AA expresses the degree of accommodative capacity of the
eye. Also, a relationship has been described for the calculation of the accommodative
amplitude, from which the AA can be calculated as the difference between the diopter
values of the far and near points. When we assume that the eye is emetropic (or
pseudoemmetropic), the far point of that eye is at infinity. Then the amplitude is equal to
the vergence of the proximity point distance. This fact allows us to calculate the value of AA

only from knowledge of the position of the near point of the examined eye. [5]

Several methods can be used to measure AA. We divide them into objective and subjective.
Among the objective methods, we rank AA using a Hartinger coincidence refractometer

(with pilocarpine or test lenses).
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In practice, however, more subjective methods are used. Among the subjective methods we
include: push - up test, push - down test, minus lens to blur, accommodometers and

focimeters. [5] [10] [11]

Push - up measurement (accommodative amplitude)

For my research, | chose Push - up for my measurement. That is why | will mention some
information about this method for measuring accommodative amplitude. Push - up is a
subjective examination method for determining the value of the AA. Examination is done
monocularly or binocularly, with optimal correction to the distance. The purpose of the
method is to find a patient's near point. So, we are looking for the shortest distance in which
the observed object is sharply exposed to the focus of the retina. If we measure binocularly,
it is necessary to take into account the influence of the vergence component. The advantage
of this method is speed, affordability and simplicity. The Optometrist needs only a symbol to

fix, the ruler, and the eye occulator (for monocular examination). We can use a reading table

or a fixation stick, for example (picture n. 4). [13]

Picture n. 4 Fixation stick (Source: my own archive)

The measurement itself consists of the gradual approximation of the test mark to the eye
until the patient indicates its blurring. At this point, let the patient continue to focus, and if
the blurring is permanent, we find position of the near point. Reciprocal distance of near

point is equal to the accommodative amplitude. [13] [15]

Measurement of accommodative facility
The accommodative facility means the ability of the eye to change quickly and correctly the
accommodation, or to respond to changing visual conditions. The degree of ease is reflected

in visual comfort and lower values may be a symptom of accommodative insufficiency.
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The accommodation facility may, however, be reduced, even if the accommodative
amplitude values are in the standard. The facility testing itself can be done under binocular
or monocular conditions using a flipper. For binocular measurements, we must count with
the involvement of vergence, which affects the facility. It is also necessary to first measure
the accommodative amplitude of the investigated. According to the tables, for a certain
accommodative amplitude, we can trace the required distance of the test chart to the close
and the size of the flipper used, since the conditions for testing the facility differ, for
example, in a child with AA 12 and a 30-year-old adult with AA 5 D. After placing the chart at
the correct distance before the eye of the patient (according to the tables) there are added
plus flippers. This causes blurring and then the patient task is to focus the text again. After
focusing, the flipper turns to a minus power, and once again the task of the patient is to
report the moment when the text is focused. The process is repeated for 60 seconds. Then

counts how many times the patient is able to focus.

The results are given in cycles per minute (cpm). One cycle is considered to be focused once
with plus and minus lens. Binocularly, the results are lower (about 8 cpm). Monocular results

are about 11 cpm. [5] [10]

025 +D.25

03e 052

Picture n. 5: Flipper +/- 0,25 D (Source: YEAO A., Paillé D., Drobe B., Koh P., International

Review of Ophthalmic Optics)

Measurement of accommodative response
During this examination, we can check the accommodative response, which is an important
part of the overall examination of accommodation. It is a measure of the accommodative

response to the accommodative stimulus. The answer is often not identical with the inducing
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stimulus. At the moment when the value of the accommodative response does not reach the
anticipated values (the response is low to the stimulus), we are talking about the lag of
accommodation. Otherwise, when the accommodative response is greater than the
stimulus, it is an increased accommodative response - lead of accommodation. Examinations
can be performed using Jackson cylinders, dynamic retinoscopy (using a dichromatic

proximity test) or objectively using an autorefractometer. [5] [16]
Measurement of relative accommodation

When measuring relative accommodation, we try to find out how much we can increase or
decrease accommodation at convergence to a given distance without disturbing the sharp
simple binocular vision. Thus, we assume a change in accommodation under unchanging
convergence. Relative accommodation expresses the greatest possible change in

accommodation, while still not arise diplopia. [10] [16]

The accommodation is induced by test lenses and we distinguish positive and negative
relative accommodation. Positive relative accommodation (PRA) - maximum increase in
accommodation without change of vergence. When PRA is measured, the accommodative
performance of the eye is stimulated by minus lenses, whereby the position of the eyes

remains unchanged. These minus lenses cause blur and stimulate accommodation. [10] [16]

Negative relative accommodation (NRA) - maximum ability of relaxing accommodation
(release accommodation) with unchanged vergence. It is measured by using plus lenses,
which will release the accommodation. During the examination (PRA and NRA), the patient
sees a close point on the test chart at a reading distance of 40 cm (2,5 D). Measuring and
further submitting the lenses in front of both eyes (in increments of +/- 0.25 D) is performed
until the patient announces permanent blur or bifurcation of the image. Expected values
range between -3 D (PRA) and +2 D (NRA) for a 2,5 D stimulus in the pre-presbyopic age. [10]
[16]

Research part
The purpose of the research part of my diploma thesis is to determine the dependency of
the accommodative amplitude on the vertical angle of the visual axis. More precisely,

measure the accommodative amplitude in three vertical visual directions and compare the
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size of the accommodative amplitude at these angles. The subject of the research is also
whether and how accommodative amplitude in these visual directions affects the height of

the eye slit.

So the measurement is performed at a vertical visual angle of 30 ° upwards, 30 ° downwards
from a straight forward view (0 °) and straight ahead (0 °). The measured subjects are,
without exception, adult males and adult women in non-presbyopic age. It is necessary that
the visual acuity correction examined reached a value of 1.0 or better. Other requirements
include simple binocular vision, undisturbed eye movements, and absence of ocular
pathology limiting the examination. The binocular method Push - up is used to measure the

accommodative amplitude.

My hypothesis is that the size of the accommodative amplitude depends on the vertical
angle of the visual axis, so that the accommodative width is increasing in the downward
direction. The second hypothesis is that these values are also affected by the height of the

eye slit.
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Vyuziti specidlnich zrakovych pomiticek na zakladnich skolach a
v centrech pro zrakoveé postiZené

Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Sdéleni je zaméreno na specialni zrakové pomlcky, které vyuZivaji nejen zrakové postizené
déti na zakladnich Skolach, ale také dospéli ve specidlnich zrakovych centrech. V textu je
uveden popis pomlcek pro zrakové handicapované a jejich rozdéleni. Soucast ¢lanku tvori

také vysledky vyzkumu vyuzitelnosti téchto pomucek v praxi.

Klicova slova: zrakova pomducka, optickd pomucka, zrakové postizeni, slabozrakost,

nevidomost.
PtiCiny sniZeni vizu

Ke sniZzeni zrakové ostrosti mohou vést vrozené nebo ziskané choroby, které postihuji

optickd média, porusuji funkci sitnice nebo nékterého useku zrakové drahy.

a) Vrozené vady — albinismus, aniridie, kolobomy cévnatky a zrakového nervu,
nystagmus, retinopatie nedonosenych a jiné

b) Ziskané vady — zanéty, degenerace ¢i Urazy rohovky, postizeni sitnice (senilni a
myopicka makularni degenerace, diabetickd a hypertonickd retinopatie), glaukom,

choroby zrakového nervu jako atrofie a jiné. [2]
Dusledky snizeni vizu

Vyse v textu byl uveden vycet hlavnich pfi¢in mozného snizeni zrakového vykonu. V této

¢asti bude zminéno, co to vlastné snizeni zraku znamena a jak se klasifikuje.

Zrak je jeden z nejdllezitéjSich lidskych smysli, ktery je pro nasi existenci velmi dllezity.
Zrakem je prijimano az 80% informaci z okolniho prostredi, predevsim svétlo, barvy nebo
tvary. [5] Pokud dojde ke snizeni kvality vidéni natolik, Ze ¢lovék jiz neni schopen rozeznat

béZné pismo, pak se jednd o slabozrakost. Jelikoz tito lidé maji jesté zbytky zraku, mohou
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vyuzivat pomucky pro zrakové postizené, jako jsou lupy nebo specialni dalekohledy, které jim
pomohou Iépe Cist nebo se orientovat v prostoru. V pfipadé, Ze jiz hlavni funkci v ziskavani
informaci prebiraji ostatni smysly, jedna se o nevidomost. Timto zplisobem handicapovani

lidé mohou nebo nemuseji mit zachovany barvocit. [4]

Podle Svétové zdravotnické organizace (WHO) se celkové zrakové postizeni déli do 5

zakladnich skupin. [3]

1. Stredni slabozrakost
- maximum zrakové ostrosti s nejlepsi moznou korekci je mensi nez 6/18 (0,3) a
minimum rovno nebo lepsi nez 6/60 (0,1)
2. Silna slabozrakost
- maximum zrakové ostrosti s nejlepSi moznou korekci je mensi nez 6/60 (0,1) a
minimum je rovno nebo lepsi nez 3/60 (0,05)
3. Tezce slaby zrak
- maximum zrakové ostrosti s nejlepsi moznou korekci je mensi nez 3/60 (0,05) a
minimum rovno nebo lepsi nez 1/60 (0,02)
- a dale koncentrické zuzeni zorného pole obou oc¢i pod 20 stupnii nebo jediné
funk¢ni zdatné oko pod 45 stupit
4. Prakticka nevidomost
-  maximalni zrakova ostrost s nejlepsi moznou korekci je 1/60 (0,02), 1/50 az
svétlocit
- nebo omezeni zorné¢ho pole do 5 stupni kolem centralni fixace, 1 kdyz centralni
ostrost neni postizena
5. Uplna nevidomost
- ztrata zraku zahrnujici stavy od naprosté ztraty svétlocitu az po zachovani

svétlocitu s chybnym ur¢enim svételné projekce

Specialni pomucky

Pomcky pro zrakové postizené se mohou délit do nékolika skupin.

A) Rehabilita¢ni pomicky — tyto pomuicky slouzi vyhradné pro zvétseni sledovaného
objektu. Jsou proto spiSe vyuZivany slabozrakymi pacienty, ktefi maji jest¢ néjaké

zbytky zraku.

55



Lupy — existuje velké mnoiZstvi typu lup. Déli se zejména na lupy rucni, pfiloZni nebo
stojankové. Dale na lupy s osvétlenim nebo bez osvétleni. Vyhodou lupy stojankové oproti
lupé rucni je to, Ze ji majitel nemusi drZet v urcité vzdalenosti pred textem, ale ma ji v klidu
poloZenou na textu. Stejné je tomu i u pfiloznich lup, jak uz napovida sdm ndzev. Nevyhodou
u tohoto typu lupy je ale to, Zze maji velmi omezeno zorné pole a pacient se musi hodné

soustredit na Cteny text.

Kamerové lupy — jedna se o optoelektronické pomcky, které mohou byt bud nepfenosné,
ty jsou pevné umistény na pracovnim stole a nelze je tak jednoduse prenaset (pf.:
ClearView), nebo pfenosné, které jsou sice také umistény na pracovnim stole, ale jejich
velikost a véha jiz neni tak velkd, takze je moziné je prenaset z mista na misto. Nékteré typy
prenosnych kamerovych lup maji i vestavény displej a jsou tak malé, Ze je mozné prendset je

v kapse.

Vyuziti vypocetni techniky — zde se jednda predevsim o specidlni pocitacové programy. Ty na
monitoru pocitace umoziuji zvétSeni textu a zménu jeho barvy nebo hlasové odecitani
obrazovky. Prikladem takového programu je ZoomText. Vypocetni technika vSak nezahrnuje
jen softwary, ale patfi sem také specialni hardwarové zarizeni pro praci s Braillovym
pismem. Takovym pfistrojem je tfeba Braillsky radek, ktery se pfipoji k PC a umoznuje
zobrazeni textovych informaci pomoci Braillova bodového pisma. Patfi sem také tiskarna

Braillova pisma nebo specidlni zapisnik pro nevidomé.

B) Kompenzaé¢ni pomiicky — tyto pomicky souzi ke kompenzaci zrakového handicapu
tim, Ze pro jejich uziti neni preferovan zrak, ale jiny smysl napiiklad sluch nebo hmat.

Proto je mozné, aby tyto pomucky vyuzivali jak slabozraci, tak nevidomi pacienti.
je urcité Pichtitv psaci stroj. Tento psaci stroj obsahuje 6 klaves (stejné jako pocet bodl
Braillova pisma) a mezernik, ktery klavesy déli na dvé skupiny po tfech. Pro napsani znaku je
nutné stacit vSechny pozadované kladvesy soucasné. Déle sem mizeme tadit Dymoklesté —
jsou tvofeny pohyblivym kotoucem, na jehoZ obvodu jsou vyznaceny znaky Braillova pisma
spole¢né se znaky pro vidouci osoby. Cely tento systém je nasazen na rukojeti s tlacitkem. Po

otoceni znaku smérem ke znacce a zmacknutim tlacitka se znak vyrazi na dymopasku.
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Obr. 1: Pichtiv psaci stroj a dymoklesté [1]

Dalsi kompenzacéni pomlckou jsou pomicky pro usnadnéni mobility. Sem radime hlavné
orientacni hole, které slouzi k bezpe¢nému venkovnimu pohybu. Jsou bilé, dlouhé a
zakoncené vétsi koncovkou. Naopak signalizacni hil (ktera slouZi pouze k upozornéni okoli,
Ze se jedna o silné zrakové postizeného jedince) je kratsi, tenka a bez vyrazné koncovky. Na
takové hole lze pfripevnit tzv. povelovy vysila¢ (VPN), ktery majiteli umoziuje ziskat
informace o okolnim prostfedi, o zastavce, na které se nachazi, ¢islo dopravniho prostredku
nebo tfeba moznost zapnout si signalizaci na prechodu. Jednou z moznosti je také pofidit si
vodiciho psa. Tato mozZnost je vSak vyuZivana aZz dospélymi klienty, ktefi jiz zvladaji
samostatnou orientaci v terénu a jsou schopni se o psa pIné postarat. Chlize s vodicim psem
je jednodussi, rychlejsi, pes je dobry pomocnik, ale je stale nutné myslet na to, Ze

nenahrazuje orientacni hul.

Jako posledni Ize mezi kompenzacni pomlcky zaradit drobné pomiicky denni potfeby. Jedna
se hlavné o meéreni ¢asu pomoci specidlnich hodinek. Ty mohou byt bud to digitalni
s hlasovym vystupem, nebo rucickové, které maji misto Cisel znaky v Braillové pismu a
odklapéci sklicko, aby si mohl uzivatel osahat cifernik. Potom rtizné indikatory at uz hladiny,
svétla nebo barev. Cte¢ky hlasovych etiket, riizné hmatové oznacovace, rozliSovace

bankovek, pomocnd linka pro psani a spoustu dalSich. [1]

Vyzkum

s e

natolik sniZeny vizus, Ze nejsou schopni Cist nebo pozorovat své okoli bez uréité specialni
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pomulcky. Cilem vyzkumu je tedy zjistit, jaké zrakové pomlcky jsou témito lidmi nejcastéji

preferovany a vyuzivany v praxi.

Materidl a metodika vyzkumu Pro zjiSténi vSech informaci od klienta byl pouzit jednoduchy
dotaznik, ktery obsahoval 9 otazek vcetné informaci jako je jméno, vék, tfida a pohlavi.

K dotaznik(im byl pfilozen také informovany souhlas rodica.

Tabulka ¢. 1: Ukdzka dotazniku

Jméno, vék, pohlavi, tfida

Slabozrakost
Nevidomost

Amblyopie (tupozrakost)
Typ ocniho postizeni Postizeni rohovky
PostiZeni sitnice
Postizeni o¢niho nervu
Katarakta (Sedy zakal)
Glaukom (zeleny zakal)

Doba vzniku postizeni Od narozeni / Ziskani béhem Zivota
Vizus BINO dalka / blizko
Bryle ANO / NE

Typ pomlcky —
MnozZstvi pomucek -

Vyuziti —
Pomuicka do dalky Doba pouzivani —
Pomuicka na blizko Vlastni / vypujéend —

Misto ziskani — a) skola b) léka¥ c)
spec.centrum d) koupé

Zauceni s pomUckou - a) Skola b) lékar
c) spec.centrum d) sém

Pohybova a orientacni pomUcka — hul,

Jina nejcastéji pouzivand pes

pomcka Pomdicka pro zapis Braillova pisma
Zvukova pomdcka
Jind
Spokojeny

Spokojenost s pom(ickou Nespokojeny

58



Co by se dalo zlepsit

Mobilni telefon
Mas doma Tablet
Pocitac

Pro zjiSténi vizu byl pouzit optotyp s Lea symboly, kdy do dalky se jednalo o nasténny
optotyp zavéseny na Skolni tabuli ve vzdalenosti 3 m od pozorovatele. Na blizko byl pouzit
také optotypy s Lea symboly, nyni vSak na vzdalenost 40 cm. Tato vzdalenost byla odmérena

pomoci provazku umisténého na okraji tabulky.

Veskery dosavadni vyzkum byl zatim provadén na Specidlni zdkladni Skole pro zrakové
znevyhodnéné v Brné, kde byl navstiven nejprve Skolni klub a druzina a poté i Zaci
v samotnych tfidach. Celkovy screening trval do 10 minut. Skladal se z vypInéni dotazniku a

zjisténi vizu do dalky a na blizko s vlastni korekci, pokud ji dany jedinec mél k dispozici.

Vysledky

Z pribéznych vysledkl lze zatim uvést, Ze se celkové do studie zapojilo 23 Zaka ve véku od 7
do 15 let (graf ¢. 1). Nejvice Zaka (5) bylo ve véku 13 let a nejméné (1) ve véku 7 a 11 let.
Pramérny vék byl 11,3 let. Zastoupeni téchto Zak( ve tfidach znazoriuje graf €. 2. Z grafu je
patrné, Ze ve 3. a 8. tfidé bylo testovano vidy po 5 détech. V 5. tfidé byly 4 déti, ve 2. a 7.
tfidé po 3 détech a ve 4. tfidé 2 déti. Zastupcem 1. tfidy byl jen 1 Zak. V 6. a 9. tfidé nebyly

méreny zadné déti.
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Graf C. 1: Rozdéleni Zakt podle véku

Zastoupeni zaka ZS ve tfidach
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Trida

Pocet
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Graf ¢. 2: Rozdéleni Zaki podle poctu ve triddch

Z celkového poctu zakl bylo 9 nevidomych a 14 slabozrakych (graf ¢. 3). V grafu €. 4 je
uvedeno, Ze 16 objektl z celku, mélo ocni postiZeni jiz vrozené, u 7 zakl vzniklo postiZeni az

v prlibéhu Zivota.

60



Slabozrakost/Nevidomost

B Nevidomi Zaci

B Slabozraci Zaci

Graf ¢. 3: Rozdéleni na slabozraké a nevidomé Zdky

Doba vzniku postizeni

16

H Vrozené

H Ziskané

Graf C. 4: Zndzornéni doby vzniku ocniho postiZeni

Nejcastéji zjiSténou pricinou snizeného vizu je u slabozrakych postizeni o¢ni ¢ocky z dlvodu

katarakty a postiZzeni sitnice kolobomem. DalSimi dlvody jsou napftiklad postizeni rohovky,

zrakového nervu, duhovky ¢i zornice. U nevidomych se jako nejcastéjsi pricinou slepoty

projevilo postiZzeni zrakového nervu. 2/3 dotazovanych ze skupiny nevidomych na tuto

otazku vibec neodpovédélo. Ze skupiny slabozrakych se jednalo pouze o 3 zastupce.

Vsechny tyto informace jsou obsazeny v grafu ¢. 5.
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Dalsim bodem vyzkumu byl screening zrakové ostrosti. VySe v textu jiz byly popsany
dlsledky snizeného vizu a tak vime, Ze nevidomi maji zrak natolik nizky, Ze jiz neni méfitelny.
Proto byla zrakova ostrost zjistovana jen u slabozrakych. Namérené vysledky byly rozdéleny
do 4 skupin na skupiny Zaka s lepSim vizem nez 0,3 decimalné (skupina 1), Zaci se stfedni
slabozrakosti (skupina 2), silnou slabozrakosti (skupina 3) a tézkou slabozrakosti (skupina 4).

Dalsi rozdéleni bylo podle vizu do ddlky a na blizko. Tyto hodnoty jsou uvedeny v tabulce ¢. 2.

Celkovy pocet mérenych déti je 13. Vizus byl rozdélen nejenom na 4 skupiny, podle velikosti
zrakové ostrosti, ale také podle toho, na jakou vzdalenost byl zrak vysetfovan. Hodnoty vizu

na obé vzdalenosti nemusi spadat do stejné kategorie.

Do skupiny 4 spadaji 2 déti s vizem na ddlku a jedno z nich s vizem do blizka. Ve skupiné 3 se
vyskytuji pouze 3 déti se zrakovou ostrosti na blizko. Do skupiny 2 je zafazeno 8 déti s vizem
na dalku 0,175, ale pouze u 7 z nich odpovida zrakova ostrost do blizka hodnotdm skupiny 2.
Do posledni skupiny s lepSim vizem nez 0,3 spadaji 3 déti, které maji zrakovou ostrost do

dalky 0,966 a z nich 2 déti s vizem do blizka v hodnoté 0,515.
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Graf C. 5: Zastoupeni chorob zpusobujici ocni postiZzeni

Tabulka ¢. 2: Rozdéleni probandi podle zrakové ostrosti

Dalka Blizko
Celkem 13 mérenych
Poclet @ Vizus (dec) Poclet @ Vizus (dec)
Vizus lepsi nez 6/18 (0,3) 3 0,966 2 0,515
Stredni slabozrakost 6/18 —6/60 (0,3 —0,1) 8 0,175 7 0,156
Silna slabozrakost 6/60 - 3/60 (0,1 —0,05) 0 0 3 0,06
Tézka slabozrakost 3/60 — 1/60 (0,05 —0,02) 2 0,01 1 0,0025

Vyse v textu jiz byly popsany viemozné pomducky, které pro slabozraké Zaky existuji. V této
Casti bude zminéno, jak jsou pomlcky wvyuZivany v praxi. Byly zjisStovany nejcastéji

preferované pomlcky jak do dalky, tak na blizko, ale také pom(icky denni potfeby.
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Co se tykd pomicek do dalky (tab.¢. 3), tak jak nevidomi tak slabozraci zaci prekvapivé
zadnou specidlni pomUcku nepouzivali. U nevidomych se jednalo hlavné o signaliza¢ni hal,
kterou vlastnili vSichni z dotazovanych nevidomych Zaka. Tuto hul pouzivali jesté 2 Zaci ze
slabozrakych, ktefi se s ni zacinali ucit z divodu velmi Spatného zraku. Dva Z4ci k této holi
vlastnili také povelovy vysilac¢ (VPN). U slabozrakych déti se jako pom(icka do dalky nejc¢astéji
vyskytovaly bryle, které navic slouzili jako korekce jejich refrakéni vady. Jedna divka také
uvedla, Ze pro zvétSeni predmétl na vétsSi vzdalenost pouzivd zvétSeni fotoaparatu

mobilniho telefonu.

Tabulka ¢. 3: VyuZiti pomucek do dadlky

Nevidomi Slabozraci
Signaliza¢ni hl 9 2
Povelovy vysila¢ 1 1
Bryle 0 11

Pocet
1,2

0,8 .
W Rady2

0,6 m Radyl

0,4

0,2

. Pomucka

Graf ¢. 6: Vyobrazeni tabulky 2
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Nejcastéji uvadénou pomuckou na blizko u nevidomych zakud je pomUcka pro zapis Braillova
pisma — Pichtlv psaci stroj. Tento stroj vyuzivali vSichni nevidomi a 3 Zaci ze slabozrakych,
ktefi se na ném zacinali teprve ucit psat. Pro zapis Braillova pisma Zaci vyuzivali také Dymo
klesté nebo Braillsky fadek k PC. Tyto pomucky ale nebyly tak oblibené jako pomucka
predchozi. U slabozrakych zak( se jako nejpouzivanéjsi pomuicka na blizko osvédcila
neprenosna kamerova lupa, kterou vlastnilo 9 déti ze 14, z toho ale 3 déti méli tyto lupy 2
krat. Dalsi pomuckou pro zlepseni zraku na blizko jsou obycejné rucni lupy, které se déli o
druhé misto se zvétSenym pismem. Na tfetim misté vyuZitelnosti pomucek na blizko jsou
pfilozni lupy ve tvaru polokoule, kterou pouzivaji 3 slabozraci zZaci. DalSimi zjiSténymi
pomulckami, které jsou ale preferovany v malém poctu, jsou prilozni lupa fradkova,
ZoomText, lupa k notebooku nebo PC s hlasovym vystupem. Nékterym Zakam staci

k zlepSeni viditelnosti ¢teného textu pouze dobré osvétleni.

Zjistovany byly také pom(icky pro denni potiebu. Vysledky jsou uvedeny v tabulce €. 4. Ctyfi
z deviti Zakl pouzivali specidlni hodinky pro nevidomé, tfi Zaci vyuzivali indikator barev a

kalkulacku a jeden zak uvedl, Ze vyuziva pfi nalévani napoje do hrnecku hladinku. Hodnoty

Tabulka €. 4: VyuZiti pomdcek pro denni potiebu

Pocet
Hodinky 4
Indikator barev 3
Kalkulacka 3
Hladinka 1
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Use of special visual aids in primary schools and centers for the
visually impaired

Department of Optometry and Orthoptics LF MU, Brno

Introduction

This text is focused on special visual aids which are use not only visually impaired children in
elementary schools but also adults in special vision centers. You will find that a description of
these special tools and their sorting. This text also contains the previous research results.

Key words: visual aid, visual impairment, low vision, blindness,
Causes of low vision

Lower vision acuity can by caused by congenital or acquired diseases these diseases affect

the optic media, impair the function of the retina or some section of the vision pathway.

a) Congenital diseases — albinism, aniridia, choroideal coloboma and coloboma of optic
nerve, nystagmus, retinopathy of prematurity and others

b) Acquired defects - inflammation, degeneration or corneal injury, retinal disorders
(senile and myopic macular degeneration, diabetic and hypertonic retinopathy),

glaucoma, optic nerve diseases such as atrophy and others. [2]
Consequences of low vision acuity

In the previous chapter, we learned what the causes of reduced vision may be. Now we are

going to talk about what it means to reduce vision and how it divides.

Vision is one of the most important human senses that are very important to our existence.
By sight, we receive up to 80% of the information from the environment, mainly light, colors
or shapes.[5] If the vision is reduced to such a degree that a person is no able to read
ordinary scripture, then it is a low vision (purblind). Because these people still have visions,
they can use aids for the visually impaired, such as magnifying glasses or special telescopes,

to help them read or orient themselves in space.
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In the case that the main function in the accepting of information takes over the other
senses, it is blind. These person may or may not have a preserved sensation of perception of

light. [4]

According to the World Health Organization (WHO), total visual impairment is divided into 5

basic groups. [3]

1. Medium low vision
- maximum visual acuity with the best possible correction is less than 6/18 (0.3) and
the minimum is equal or better than 6/60 (0.1)
2. Strong low vision
- the maximum visual acuity with the best possible correction is less than 6/60 (0,1)
and the minimum is equal or better than 3/60 (0,05)
3. Heavily low vision
- the maximum visual acuity with best possible correction is less than 3/60 (0.05)
and the minimum is equal or better than 1/60 (0.02)
- and a concentric narrowing of the field of view of both eyes below 20 degrees or a
single functional eye under 45 degrees
4. Practical blindness
- The maximum visual acuity with the best possible correction is 1/60 (0.02), 1/50 to
lumen
- or the limitation of the field of view to 5 degrees around the central fixation, even
if the central sharpness is not affected
5. Full blindness
- Is characterized by the impossibility to recognize between light and darkness
(faulty light perception), or with light perception, inability to specify the light

projection correctly
Special tools
Instruments for the visually impaired can be divided into several groups.

A) Rehabilitation aids — these instruments are only serve to magnify observed object.
Therefore they are more likely used by low vision patients who still have some visual

remnants.
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Magnifying glasses - there are really many types of magnifying glasses. It is mainly divided
into hand magnifiers, bar magnifiers or stand magnifiers. Magnifying glasses can be with or
without illumination. The advantage of a stand magnifiers against the hand magnifiers is that
the owner does not have to keep it at a certain distance from the text but has it in a quiet
place on the text. The same is with a bar magnifiers, as the name itself suggests. The
disadvantage of such magnifiers is that the field of view is very limited, and the patient has

to focus a lot on the read text.

Camera maghnifiers - these are optoelectronic aids can either be non-portable, they are
firmly placed on the work table and can not be easily transferred (eg ClearView), or portable,
which are also placed on the work table, but their size and weight are no big so they can be
transferred from place to place. Some types of portable camera magnifiers also have a built-

in display and there are so small they can be carried in a simple pocket.

Using of computer technology - here are special computer programs that allow text
magnification and color change or voice reading of the screen. For example of such a
program can be ZoomText. However, computer technology does not only include software,
but also a special hardware device for working with Braille. Such a device is Braille line that
connects to the PC and allows you to display text information using Braille point fonts. It also

includes a Braille printer or a special notebook for the blind.

B) Compensatory aids - these aids are used to compensate the lack of visual function by
not requiring sight, but other senses such as hearing or touch. Therefore, it is possible

to be used by visualy impaired and blind patients.

Among the compensatory aids we include the tools for writing Braille, where the most
important is certainly Picht's typewriter. This typewriter contains 6 keys (as well as the
number of Braille points) and a space bar that divides the keys into two groups of three. To
write a mark, all required keys must be available at the same time. Next we can arrange the
Dymoklesté - they are formed by a movable disk, on the periphery of which are marked
Braille characters together with characters for the seeing persons. The entire system is
attached to the handle with the button. After turning the character towards the mark and

pressing the button, the character goes out on the flip-chart.
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Fig. 1 Picht's typewriter and dymoklesté [1]

Another compensatory aid is a mobility aid. Here we mainly include orientation sticks, which
serve for safe outdoor movement. They are white, long and ending with a larger end. On the
other hand, the signaling stick (which serves only to alert the surroundings that it is a
visually impaired person) is shorter, thin and without large end. Command Transmitter
(VPN) can be attached to such sticks, which allows the owner to get information about the
surrounding environment, about the stop on which he is located, the number of the means
of transport or the possibility of switching on signaling at the transition. One of the options is
also to get a guide dog. However, this option is only used by adult customers who already
have a separate orientation in the field and are able to take care of the dog fully. Walking
with a guide dog is easier, faster, the dog is a good helper, but it is still necessary to think

that it does not replace the orientation stick.

Lastly, small utility tools can be included among compensatory aids. This is mainly about
time measurement using special watches. These can either be digital with voice output or
handhelds that have character numbers in the Braille with deflect slide in place of numbers
so that the user can reach the dial. Then the surface, lights or colors indicators. Voice tags
readers, various tactile markers, banknote differentials, helpline for writing, and lots of

others. [1]
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Research

In research, | deal with visually impaired children and adults who already have a reduced visa
that they are unable to read or observe their surroundings without any special aids. The aim
of the research is to find out which visual aids these people are most often selected and

used in practice.

Material and methodology of research

To find out all the information from the client was used a simple questionnaire which
included 9 questions plus information such as name, age, class and gender. Questionnaires

were accompanied by informed consent from parents.

Table 1: Questionnaire

Name, age, sex, classroom

Low vision
Blindness
Amblyopia

Cornea disability
Retinal disability
Eye nerve disability

Cataract
Glaucoma
Type of eye handicap
The age of disability Congenital / During life
Visual acuity Binocular far / near
Glasses YES/ NO
Type of aid —
Number of aids -
Use —
Aids to the far Time of using —
Aids to the near Own / Borrowed —

Instead of getting — a) school b) eye doctor
c) special center d) buy

Learning with aid - a) school b) eye doctor
c) special center d) alone

Movement and orientation aid — stick, dog

Other aids Tools for writing Braille
Sound aids
Others

71



Satisfied
Satisfied with aid Unsatisfied

Mobile phone
Have you got? Tablets

Computer

To find out the visus was used an optotype with Lea symbols. For measuring to the distance
an optotype was hanging on a school board 3 meters from the child. For measuring to the
near was also used optotype with Lea symbols at a distance of 40 cm. This distance was

measured using a string located at the edge of the table.

All previous research has so far been carried out at a kindergarten, primary school and a
secondary school in Kamenomlynska Brno, where | first visited the school club and the team
and then the students in the classes themselves for a long break. Total screening lasted a
few minutes and consisted of filling out a questionnaire and finding a long-distance and

near-distance visa.

Results

Meanwhile was measured 23 pupils aged between 7 and 15 years (Figure 1). Most pupils (5)
were at the age of 13 and at least (1) at the age of 7 and 11. The average age was 11.3 years.
Representation of these pupils in classes is shown in Figure 2. The graph shows that most
pupils (5) attend the third and eighth grades. Otherwise, at least the pupils (1) were of the

first class. In the sixth and ninth class were measured zero children.

Age representation of pupils

6

5

4
Number 3

2

1 0

0 )

Age
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Graph 1: Distribution of pupils by age

Representation of pupils in classes

1
0,8
0,6
Number
0,2 0
0 )
1
Class

Graph 2: Distribution of pupils by number in classes

Of the total number of pupils, 9 were blind and 14 were purblind (Figure 3). Figure 4 shows
that 16 objects from the whole, the ocular disorder was already congenital, 7 of the pupils

had a disability in the course of their life.

Purblind/Blind

0; 0%

i

Graph 3: Distribution to blind and purblind pupils
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Period of disability

0;0%.

i

Graph 4: Indication of the time of eye disability

The most commonly found causes of the low vision is for purblind disability of lens due to
cataract and retinal damage by a colloboma. Other reasons include corneal, optic nerve, iris,
or pupils handicap. Blindness was seen as the most common cause of blindness in the optic
nerve. Two-thirds of the respondents from the blind group did not answer this question at
all. Of the group of weak-sighted people, there were only 3 representatives. All this

information is contained in graph 5.

Another point of the research was screening or measuring visus. The effects of a reduced
visus have already been described in the text, so we know that blind people have the visus
so low that they are no measurable. That is why the visus was measured only for the low
vision patient. The results of the pupils' measured visus were divided into 4 groups. Per
group of pupils with a better visus of 0.3 decimals ( group 1), pupils with moderate visually
impaired (group 2), strong weakness (group 3) and severe weakness (group 4). Further

divisions were to the distance and to the near. These results are reported in Table 2.

The total number of measured children is 13. The visus was divided not only into 4 groups,
according to the size of visual acuity, but also by the distance to which the eyes was

examined. Visus values for both distances dont need to fall into the same category.
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Group 4 includes 2 children with a visus into the far and one of tham with a visus to near. In

Group 3 there are only 3 children with visual acuity to near. Group 2 includes 8 children with

a visus into the far of 0.175, but only 7 of them correspond with visual acuity to near to

group 2. In the last group with a better visual acuity than 0.3 are 3 children with a visual

acuity within the range of 0.966 and 2 children with a visus to the near 0.515.

Reason of visual impairment

10
9
8
7
6
5
4 m Blind
3 m Purblind
2
1
0

e
?:&b\"
(,06\
Graph 5: Diseases causing ocular disability
Table 2: Division of probands by visual acuity
Far Near
number | @ Visus (dec) number @ Visus (dec)
Visus better than 6/18 (0,3) 3 0,966 2 0,515
Medium weakness 6/18 —6/60 (0,3 -0,1) 8 0,175 7 0,156
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Strong weakness 6/60 —3/60 (0,1 — 0,05)

0,06

Hard weakness 3/60 — 1/60 (0,05 — 0,02)

0,01

0,0025

Now we finally get to the main topic of work, and it visual aids for the blind and visually

impaired pupils of elementary schools. As already mentioned in the text, what kinds of aids

exist for these pupils. Now we will look at how these tools are used in practice. It has been

determined what are the most commonly used tools for the distance and for the near, but

also the tools of daily necessity. Regarding the tools to the distance (Tab. 3), the blind and

the purblind pupils surprisingly dont used any special aids. For the blind, it was mainly a

signaling stick by all the blind pupils interviewed, plus two other pupils from the purblind

who started to learn it because of a very bad sight. Two pupils also owned a command

transmitter (VPN). In purblind children, they were most often used a glasses, which served as

a correction of their refractive defects. One girl also said that she uses zooming to a distance

by camera cell phone magnification.

Table 3: Use of aids to the distance

Blindness Low vision
Signaling stick 9 2
Command transmitter (VPN) 1 1
Glasses 0 11
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Graph 6: Table 2 illustration

The most used aid to the near is the Braille writing tool - Picht's typewriter. This machine
was used by all the blind and 3 pupils of purblind people who were just beginning to learn to
write. For writing Braille, pupils also used Dymo pliers or Braille to PC. These tools were not
as popular as the previous aid. For poor-sighted pupils, 9 children out of 14 owned non-
transportable camera magnifier. This was found to be the most used aid, but 3 children had
these camera twice. Another aid for improving eyesight to the near is a simple hand
magnifier, which is divided in second place with enlarged font. The third place of use of the
close-up aids is a putting hemispherical magnifiers, which is used by 3 weak-sighted pupils.
However, other devices, which are preferred in a small number, are a putting magnifier,
ZoomText, a laptop magnifier, or a PC with voice output. Some pupils only need good

lighting to improve the visibility of the read text.

Next were also found aids for daily use. Four of the nine pupils used a special watch, the
three pupils used the color indicator and the calculator, and one pupil stated that he was

using the surface indicator.
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Table 4: Use of aids for daily use

Number
Watches 4
Color indicatoer 3
Calculator 3
Surface indicator 1
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Simona Chludilova

Pseudostrabismus v klinické praxi

Katedra optometrie a ortoptiky LF MU, Brno

Pseudostrabismus je stav, kdy postaveni o¢i pacienta navenek zdanlivé napodobuje Silhani,

avsak vysledky vSech standardnich ortoptickych vysetreni jsou bez patologického nalezu.

Diagnostika pseudostrabismu je v ortoptické praxi velice dllezita, jelikoz prevalence
strabismu (tedy i nasledné snizeni zrakové ostrosti a ovlivnéni vyvoje binokuldrnosti) je u
pacientl s diagndzou pseudostrabismu vyssi nez u obecné populace (dle studie Pritcharda a

Ellise je jeden z osmi pacientll ohroZen). [1, 2]
Etiologie

Nékteré jiné priciny mohou Silhdni pfipominat. Mezi né patfi epikantus, vétsi uhel gama,
neobvykla velikost pupilarni distance, nestandartni uloZeni bulbu v o€nici, oblicejové

asymetrie nebo jiné ocni vrozené, popfipadé ziskané abnormality.

a. Epikantus je kozni fasa horniho vicka ptekryvajici ¢ast vnitfniho koutku oka,
ktera vytvari dojem konvergentniho Silhani (pseudoesotropie). Epikantus se
fyziologicky vyskytuje u nemluvnat, kde plochy nosni koien nazvedava kozni
fasu. S rastem hlavy a nosu se vSak tento stav sam upravuje. Epikantus je
celozivotné fyziologicky u mongoloidni populace a také u lidi s Downovym
syndromem. Casto k provéfeni paralelniho postaveni o&i staéi prsty
povytahnout vySetfovanému kizi nosu. Kozni fasa se muze nachdzet také
Vv laterdlnim koutku oka a simulovat tak pseudoexotropii. Tento stav je vSak

velmi raritni. [1, 3, 4]

Epicarthus tarsalis Egicanthus palpabrals Epecanthus suprachians Epicarthus inversus

Obr. ¢. 1 — Klasifikace epikantu.
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b. Druhym nejcastéjsim divodem pseudostrabismu je velky zaporny nebo kladny
tthel gama. Uhel gama je hel mezi pohledovou a optickou osou oka. Pokud se
rohovkovy reflex jevi vice nasdlné¢ (kladny thel gama) mulze napodobovat
divergentni strabismus. Naopak rohovkovy reflex polohovany vice temporalné
(zaporny uhel gama) navozuje dojem konvergentniho strabismu. [1]

Za fyziologicky tihel gama bereme hodnotu do + 5°, ktera se vyskytuje vétSinou
u hypermetropie a méni se s ristem oka. Zaporny uhel gama je castéjsi u
myopie. [4]

Je-li tthel gama nad 5° vznikd dojem S$ilhani (nad +5° dojem exotropie, nad -5°
dojem esotropie). Velky kladny Uhel gama zaroven omezuje fyziologicky
rozsah divergence a velky zaporny uhel gama naopak fyziologicky snizuje
hodnoty konvergence. [4, 5]

Uhel gama je mozné méfit pomoci specialnich diapozitivii s ¢iselnou (pro
mensi déti obrazkovou) fadou na troposkopu/synoptoforu, pomoci obloukového

perimetru nebo na Madoxové ktizi. [6]

negativni pozitivni pozitivni negativni

Obr. . 2. - Je-li pfi vySetfeni uhlu gama rohovkovy reflex vice nasalné,
hovofime o kladném (pozitivnim) uhlu gama (napodobuje exo uchylku).
Naopak je-li rohovkovy reflex vice temporalné, hovorime o zdporném

(negativnim) uhlu gama (napodobuje eso uchylku).

c. Hypertelorismus (Greigliv syndrom) dava dojem divergentniho Silhani diky
oddélenym ocnicim deformovanym kofenem nosu, ktery byva nékdy i1 vyrazné
propadly. K pseudoexotropii také napomaha nerovnomérny rist licnich kosti. U
hypertelorismu je interpupilarni vzdalenost (PD) protaZzena aZ o 20 mm oproti
primé&mé hodnoté (PD > 70 mm). Pravy hypertelorismus ma vSak orbity v
normalni konfiguraci i uhlu. [7] Velmi mald interpupilarni vzdalenost muze

zase naopak imitovat pseudoesotropii. [4]
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Vék Hodnota PD (mm)
4 roky 51,5

5 let 53,3

6 let 53,8

7 let 54,6

8 let 56,5

9 let 57,2

Tab. ¢. 1 = Primérné hodnoty pupilarni distance (dle Dodena a Protonotaria)

[4]

d. Vzhled konvergentniho strabismu mize zpusobit i enoftalmus (zapadnuti oka
V ocnici). Exoftalmus, tedy posunuti vrcholu rohovky o vice nez 2 mm pied
spojnici horniho a dolniho okraje o¢nice, zase naopak napodobuje divergentni
Silhani. [1, 7]

e. Dojem pseudohypertropic mize vyvolavat vertikalni thel gama jednostranna
ptoza, asymetrické vickové Stérbiny, oblicejové asymetrie (jedna ocnice je
polozena vySe nez druhd), dislokace bulbu, retrakce tas, tyreoidni oftalmopatie
nebo abnormalni postaveni hlavy. [1, 4, 8]

f. Mezi dalsi pti¢iny zdanlivého Silhani patii heterochromie duhovek, duhovkovy
kolobom, anizokorie nebo pouze $patné sedici brylova obruba. [1]

g. Dojem exotropie miiZze vyvolat i tah na sitnici v oblasti makularni krajiny, ktery

je nasledkem retinopatie nedonosenych. ROP vyrazn¢ snizuje visus. [8, 9]

Vysetieni

Ve vétsiné pripadl davaji k ortoptickému vysetieni popud sami rodice. Ti byvaji pfesvédceni,
Ze jejich dité Silha, a proto vyhledaji oéniho Iékafe, aby jej vysetfil. Nasledné mohou byt s
ditétem odeslani k navazujicim vySetfenim v ortoptické ordinaci. V pfipadé pseudostrabismu

jsou vSak vSechna standardni ortopticka vysSetfeni v normé (viz nize ortopticky status). [5]
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Ortopticky status pfi pseudostrabismu

Anamnéza

Visus do dalka

bez korekce

s korekci

dle véku v normeé

Visus do blizka

bez korekce

dle véku v normeé

s korekci
Motilita volnd
Konvergentni souhyb symetricky
Konvergometr (cm) hodnoty v normé
bez korekce
na dalku
s korekci
Uhel gilhani ortoforie/bez zjevné Uchylky
bez korekce
na blizko
s korekci
na dalku
Zakryvaci test ortoforie
na blizko
objektivni dhel bez korekce
o bez uchylky
silhani s korekci
subjektivni uhel bez korekce
Synoptofor bez uchylky

Silhani

s korekci

SMP

vidi oba obrazky najednou

SPP

je/spoji/udrii
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FI. je/bez Gtlumu
FII. je/bez Gtlumu
Flll. je/bez Gtlumu
Stereopse prokdzana jemna
Lang prokdzana jemna
Horizontalné
MWT hodnoty v normé
Vertikalné
Dalka
BGT vidi kfiz/bez Gtlumu
Blizko
Dalka
Worth vidi 4 svétla bez Utlumu
Blizko
H-B NRK

Tab. ¢. 2 — Ortopticky status [5]

Je doporuceno, aby vsechny déti s diagndézou pseudoesotropie podstoupily vySetfeni
refrakce v cykloplegii. Rodi¢e by méli byt upozornéni na potfebu sledovani ditéte v pfipadé
nasledného rozvoje hypermetropie, kterd muze vést ke vzniku refrakéni akomodacni

esotropie. [10]

Vykytuje-li se u ditéte, s diagndzou pseudostrabismu, néktery z faktor( pfispivajici ke vzniku
strabismus jako je napfiklad refrakéni vada (i mala refrakéni vada), anizometropie, pozitivni
rodinnd anamnéza, nizkd porodni hmotnost, vyvojové opoZdéni, strabismus zaznamenany
pediatrem pacienta nebo horsi kvalita motility pfi prvnim vysetieni, je o to dllezitéjsi dité v

pozdéjsim véku dale sledovat. [11]

Pokud se ndam zda, Ze dité Silha, ale pfi zakryvacim testu se nam neobjevuje Zadny
vyrovnavaci pohyb a ostatni standardni ortoptickd vySetfeni jsou negativni, je vhodné
provést dalsi dopliujici vySetfeni. Mezi dalsi vySetfeni patfi méfeni hodnoty Uhlu gama,
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méreni blizkého bodu konvergence, méreni fuznich rezerv do ddlky i do blizka a srovnani

mezikantalni a interpupildrni vzdalenosti (PD) s vékovou normou.

Jsou-li dopliujici testy vnormé, ale nas stdle vysledky nepresvédcily, mizeme zkusit
40minutovy patch test. Po ném by se mohl, diky vyrazeni fuzni konvergence (jedna se o fuzni
reflex, ktery napomaha upravit osy vidéni tak, aby se protinaly ve fixatnim bodé), dobre
kontrolovatelny strabismus na blizkou vzdalenost projevit. Je-li vSak i po patch testu pacient
ortoforni, mizeme zvazit moznost nasadit pacientovi obrubu se skly o hodnoté + 3, 0
dioptrie, coz umozni uvolnit akomodacni konvergenci (slozka konvergence, kterd je
podminéna akomodaci). Neprojevi-li se strabismus ani u tohoto testu, miZzeme po domluvé

s rodici provést 24hodinovy patch test. [4, 12]

Dokud nam dité neposkytne verbalné subjektivni vySetfeni zrakové ostrosti a vysetieni
binokuldrnich funkci (napfiklad kvili nizkému véku), je dobré zvat dité na pravidelné

preventivni prohlidky. [12]

Pokud se Silhani u pacienta v ambulanci po vSech vySetieni nakonec neprojevi, rodice jsou
z vysledku vySetieni Casto frustrovani. Doporucujeme jim, aby se pokusili poridit fotografii
nebo video ditéte ve chvili, kdy se jim pravé zd3, Zze dité ma oko v uchylce. Nejsme-li si sami
jisti vysledky, pozadame, aby se pacient dostavil na kontrolu za 4-6 mésict nebo kdykoli kdy

nastanou problémy. [2]
Lécba

Pseudostrabismus nevyZaduje Zadnou lécbu. VétSina kosmetickych asymetrii se s vékem

zlep$i. Uhel gama se neda lé&bou nijak ovlivnit. [1]

Diferencialni diagnostika

Pro klinickou praxi je dobré si ujasnit jaké jsou rozdily mezi pseudostrabismem,
mikrostrabismem, heterotropii, heteroforii, a fixa¢ni disparitou. Uvédomeéni si odliSnosti nam

zjednodusi spravnou diagnostiku pacientova problému.
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Heterotropie neboli manifestni Silhani je stav, kdy se vyskytuje zjevné asymetrické postaveni
oCi. Pohledové osy obou oci se tedy neprotinaji vtémze fixovaném bodé. Heterotropie

rozdélujeme do dvou zakladnich velkych skupin — konkomitujici a inkomitantni strabismus.

Pfi heterotropii je velmi klicové vysSetreni zrakové ostrosti (kvali mozné amblyopii), motility
(pro rozliseni konkomitujiciho a inkomitantniho strabismu) a jednoduchého binokularniho

vidéni, jak v pristrojovém, tak skute¢ném prostoru (pro zjisténi utlumu nebo diplopie).

Mikrostrabismus je Silhdani o velmi malém uhlu (uchylka do 5°), které neni kosmeticky
napadné. Casto je spojeny s harmonickou anomalni korespondenci, réiznym stupném
amblyopie nebo excentrickou fixaci. Mikrostrabismus také v mnoha pfipadech vznikd po

operaci strabismu o velké uchylce. [6, 7]

V pfipadé heteroforie se jedna o latentni (skryté) Silhdni, které se objevuje pouze pfri
vyruseni fuze. Pacienti prichazeji k vySetreni zejména kvuli astenopickym potizim (bolest

hlavy, rozmazané vidéni, rychla Unava o¢i az nauzea). [7]

Fixacni disparita se vyskytuje fyziologicky u heterofdrii (témér vidy u dekompenzovanych
heterofdrii, kdy jiz vergencni systém neni schopen sam heteroforii vyrovnat) a pacientt
s dobrym binokuldrnim vidénim. Jedna se o poruchu bifoveolarni fixace, ktera neni presna a
pfi niz se fixani osa jednoho oka nebo fixacni osy obou o¢i odchyli o maly uhel (Uchylka
maximalné do 20°) vrozsahu Panumovych aredlll od fixatniho bodu. Perifoveolarni a
periferni fuze je vSak bez patologie. Fixacni disparitu miZeme u ortoforie uméle vyvolat
predloZenim prizmatu (baze prizmatu zevné = uméla exodisparita, baze prizmatu k nosu =
uméla esodisparita, baze prizmatu nahoru nebo doll = uméla vertikalni fixacni disparita). [1,

4,13]

Pfi vySetreni je vhodné zalit zakryvaci zkouskou, kterd ndm pomdiZe ke zhodnoceni
vzajemného postaveni oci, binokuldrni fixace, sméru a hrubé velikosti ptipadné uchylky.

Dllezité je provést jak fazi alternujici, tak fazi intermitentni. [4]

Diky intermitentni fazi dokazeme rozlisit forie od tropii. U heterotropie se pfi zakryti a
ndsledném odkryti oka s excentrickym reflexem neobjevuje zpétny vyrovndvaci pohyb. Oko je
stale ve stejné Uchylce. Avsak pFi zakryti fixujiciho oka dochdzi k vyrovndni uchylky. Uchylené

oko tedy prebird fixaci a oko za okluzi pfechdzi do uchylky. U heteroforie drii ortoforni
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postaveni pouze flze. Pod okluzi se nefixujici oko vidy posune do latentni uchylky zakryjeme-
li jakékoliv oko. Po odkryti okluze se objevi fuzni pohyb, ktery obnovuje binokularni fazi. [1,

4]

Pro objasnéni kvality fixace vyuzivdame fazi alternujici. Je-li dobry vizus je fixace dobra a
rychld. U pseudostrabismu je binokuldrni fixace rychld, bez vyrovndvaciho pohybu nebo
zjevné uchylky. Pfi mikrostrabismu muzZe byt Uchylka tak mald, Ze u zakryvaci zkousky

nemusime vyrovndvaci pohyb ani zaznamenat.

Jsou-li vysledky zakryvaciho testu u jednotlivych fazi rozdilné, je vhodné se dalSimi testy

ujistit, jestli se u pacienta nevyskytuje anomalni retinalni korespondence. [1, 4]

ol oD ol 0D

e, i,

Obr. €. 3 - Srovnani vysledkl vysetreni binokularnich funkci pomoci Bagoliniho skel - d, e, -

mikrotropie s centralnim skotomem; i, - fixacni disparita.

Fixacni disparita se projevi u testu, které maji mimo monokularnich podnétl také binokularni
fuzni podnét, ktery je pozorovan obéma ocima. Pfikladem jsou Bagoliniho svétla, u kterych
se fixacni disparita ukdZe horizontdlnim rozdvojenim fixacniho svétla okolo kfizeni svételnych
Car (viz obrazek €. 3). [4, 13] P¥i fixacni disparité se snaZime u pacienta zvétsit rozsah a posilit

§itku fuze. Casem se diky cvi¢eni dvé svétla spoji. [14]

U mikrostrabismu se objevuje centralni skotom, ktery se specificky projevuje pfi vySetieni
binokuldrniho vidéni ve skute¢ném prostoru. U Bagoliniho skel se skotom ukaze prerusenim
jedné svételné cdry ve stredu okolo fixacniho svételného bodu (viz obrazek €. 3). Pfi zakryti
oka, u néjz se centralni skotom projevuje, pferuseni ¢ary vymizi. Pfi vySetfeni jednoduchého
binokularniho vidéni na Worthovych svétlech nam pacient z ddlky uddva supresi jednoho
oka. Z blizka vsak suprese jednoho oka vymizi a pacient vidi 4 svétla bez utlumu (znaky se

zobrazi na sitnici jiz mimo centralni skotom).
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Je-li heterotropie nebo heteroforie o velkém uhlu, pfi vySetfeni Bagoliniho skly a

Worthovymi svétly se z pravidla ve vysledcich objevuji utlumy nebo diplopie.

Pfi pseudostrabismu je prfitomno dobré jednoduché binokuldrni vidéni bez uGtlumd nebo

diplopie. [1, 15]
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Pseudostrabismus in clinical practice
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Pseudostrabismus is a condition, when the eyes of a patient appear to be squinting, but the
results of all standard orthoptics tests manifest no pathological findings.

Diagnostics of pseudostrabismus is very important in orthoptics practice, because the
prevalence of strabismus (and subsequent reduction of visual acuity and impact on
development of binocularity) is higher with the patients diagnosed with pseudostrabismus,
than with the general population (according to the study of Pritchard and Ellis one in the eight
patients is affected). [1, 2]

Etiology

Several conditions can resemble squinting. Amongst them is epicanthus, large gamma angle,
unusual size of interpupillary distance, non-standard location of bulbus in orbit, facial

asymmetries or other hereditary or acquired ocular abnormalities.

a) Epicanthus is a dermal fold of upper eyelid overlapping the inner corner of the eye,
which creates the impression of esotropia. Epicanthus is physiologically present at
newborns whose flat nasal root raises dermal fold. This condition adjusts itself by the
development of the head and nose. Epicanthus is also physiologically present with the
mongoloid population and with the people suffering from Down syndrome. To
ascertain that the eyes are in parallel position, it is often sufficient to finger-pull the
patients skin on the nose. Dermal fold can be found also in the outer corner of the eye

and thus simulate exotropia. This condition, however, is very rare. [1, 3, 4]

= 2D &

Epicanthus tarsals Epicanthus palpabralis Epetanthus suprachans Eoicarghus inversus

9)

Fig. No. 1 — Classification of epicathus.
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b)

Second most often cause of pseudostrabismus is large negative or positive gamma
angle. Gamma angle is an angle between the visual and optical axis of an eye. If the
corneal reflex appears to incline towards a nose (positive gamma angle), it can
resemble divergent strabismus. If the corneal reflex is posited more towards temporal
side instead (negative gamma angle), it can give the impression of convergent
strabismus. [1]

Physiological gamma angle is up to +5° mark, which occurs with hypermetropia and
changes with the development of the eye. Negative gamma angle is more frequent
with myopia. [4]

If the gamma angle is above 5° it gives the impression of strabismus (above +5°
exotropia, below -5° esotropia). Large positive gamma angle simultaneously limits
physiological range of divergence and large negative gamma angle physiologically
decreases values of convergence. [4, 5]

The gamma angle is measured by troposcope or synoptophore equipped with special
slides with line of numbers (or with line of pictures when dealing with small children),

by arc perimeter or on Maddox cross. [6]

negative positive positive negative

Fig. No. 2 - If the corneal reflex is more to the nasal side during the examination, we
speak of the positive gamma angle (resembling the exo deviation). On the contrary, if
the corneal reflex is more to the temporal side, it is the negative gamma angle

(resembling the eso deviation).

Hypertelorism (Greig syndrome) gives the impression of divergent squinting due to
the separation of orbits deformed by nasal root, which can be sometimes noticeably
sunken. Pseudoexotropia can be also supported by uneven growth of cheekbones.
Hypertelorism stretches the interpupillary distance (IPD) off about 20 mm from the
average figure (PD > 70 mm). Although the true hypertelorism has the orbits in
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d)

9)

normal configuration and at the right angle. [7] Very short interpupillary distance can

imitate pseudoesotropia instead [4].

Age IPD value (mm)
4 years 515
5 years 53,3
6 years 538
7 years 54,6
8 years 56,5
9 years 57,2

Tab. No. 1 — Standard values of interpupillary distance (according to Doden and

Protonotarius) [4]

Enofthalmos (posterior displacement of the eyeball in the orbit) can also look like
strabismus. Exophtalmos, which is the shift of the top of the cornea of more than 2
mm ahead of the connecting line between the lower edge of the orbit, emulates

divergent strabismus, instead.

Pseudohypertropia can be resembled by vertical gamma angel, one-sided ptosis,
asymmetrical fissures between eyelids, facial asymmetry (one of the orbits is higher
than the other), dislocation of bulbus, eyelash retraction, thyroid ophthalmopathy or
abnormal head posture. [1, 4, 8]

Other causes of the pseudostrabismus are heterochromia iridies, iris coloboma,

anisocoria or just unfitting spectacle frame. [1]

Impression of the exotropia can be also produced by ectropic macula, which is the

consequence of the retinopathy of prematurity. ROP significantly reduces visus. [8, 9]
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Examination

In most cases the impulse to the orthoptics investigation comes from the parents. They are
often convinced, that their child is squinting and thus bring her to an ophthalmologist for

examination.
Afterwards she could be sent to the orthoptist for consequential examination.

In the case of pseudostrabismus all the standard orthoptic tests are normal (see the

investigation part below). [5]

Investigation of the pseudostrabismus

Case history

without correction
Visual acuity at far by age in norm

with correction

without correction
Visual acuity at near by age in norm

with correction

Ocular motility full
Convergence symmetrical
Convergometer (in centimeter) results in norm
without
at far correction

with correction orthophoria/without the manifest

Angle of deviation

without deviation
at near correction
with correction
at far
Cover test orthophoria
at near
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without
objective angle of :
correction without deviation
deviation
with correction
without
subjective angle of .
correction without deviation
deviation
with correction
Synoptophore
Simultaneous perception pictures are united
Fusion I. without supresion
Fusion II. without supresion
Fusion IlI. without supresion
Stereopsis stereopsis is proven
Lang stereotest streopsis is proven
Horizontally results in norm
Maddox wing
Vertically results in norm
at far cross in the middle of the fixation
Bagolini glasses test _ _ _
at near light/ without supresion
at far
Worth’s four light test four lights without supresion
at near
After-image test normal retinal correspondence

Tab. No. 2 — Orthoptic investigation [5]

It is recommended for all the children who are diagnosed with pseudoesotropia to undergo the
examination of cycloplegic refraction. The parents should be also noted about the need to
observe the child in case of the following development of hypermetropia which can lead to

fully accommodative esotropia. [10]
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If any of the factors contributing to the development of strabismus are present with the child
diagnosed with pseudostrabismus, such as refraction error (even a small one), anisometropia,
positive family anamnesis, low birth weight, delayed development, strabismus detected by
patients pediatrist or poor quality of ocular motility during the first examination, it is ever so

important to continue the observation of the children later in her life. [11]

If it appears to us, that the child is squinting, but during cover test no refixation movement
turns up and other standard orthoptic tests are negative, it is appropriate to make other
additional tests. These are measurement of gamma angle, measurement of near point of
convergence, measurement of fusional reserves at far and near and comparison of intercanthal

and interpupillary distance (IPD) with the age norm.

Provided that the additional tests are in norm, but the results are not yet convincing, we can
try the 40-minutes patch test. After conduction, thanks to the elimination of fusion
convergence (that is the fusion reflex which helps to fix the axes of vision so that they
intersect in fixation point), the well-controlled strabismus could manifest itself at near. Should
the patient be orthophoric even after the patch test is carried out, we can consider attaching a
trial frame on her mounted with lenses of +3, 0 diopter strength. This makes it possible to
relax accommodation convergence (component of convergence conditioned by
accommodation). If the strabismus does not manifest even during this test, we can consult the

parents to conduct the 24-hour monocular patch test. [4, 12]

Until the child is able to provide verbal subjective examination of visual acuity and
examination of binocular functions (e.g. due to the age), it is recommended that the child

attends to the regular preventive examinations. [12]

When the strabismus does not show up during the examination at the ambulance the parents
are often frustrated from the results. In this case we recommend to them to take the pictures or
film the child at the moment when it seems that the child’s eye deviates. If we are not sure

about the results, we ask the patient to return in 4 to 6 months or whenever she has problems.

[2]

Treatment

Pseudostrabismus does not require any treatment. Most cosmetic asymmetries are going to

improve by the time. Gamma angle cannot be influenced by therapy. [1]
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Differential diagnostics

In clinical practice it is necessary to understand what are the differences between
pseudostrabismus, microtropia, heterotropia, heterophoria and fixation disparity. Clarifying

the differences can simplify correct diagnosis of the patient’s problem.

Heterotropia i.e. manifest squinting is a condition, when there is obvious asymmetrical
position of the eyes. Visual axes of both eyes do not intersect in the same fixed point.
Heterotropias can be separated into two main big groups - concomitant and incomitant
strabismus.

In case of heterotropia, the key examinations are of visual acuity (due to the possibility of
amblyopia), motility (to make difference between the concomitant and incomitant strabismus)
and simple binocular vision both in the instrumental and real space (to detect suppression or

diplopia).

Microtropia is squinting by the very small angle (deviation of no more than 5°), which is not
cosmetically noticeable. It is often connected with harmonic abnormal retinal correspondence,
varying degrees of amblyopia or eccentric fixation. Microtropia may also in many cases form

after the surgery of strabismus with large deviation. [6, 7]

Heterophoria is the case of latent (hidden) squinting, which appears only when the fusion is
disrupted. Patients seek examination namely because of asthenopia (headache, blurred vision,

fatigue of the eye or even nausea). [7]

Fixation disparity is physiologically present with heterophorias (almost always with the
decompensated heterophorias, when the vergence system is not able to counterbalance the
heterophoria by itself) and patients with good binocular vision. It is a disorder of bifoveal
fixation, which is not precise and thus makes fixation axis of one eye or fixation axes of both
eyes deviate off a small angle (deviation of 20" maximum) to the extent of Panum area from
fixation points. At the same the perifoveal and peripheral fusion are without findings. In case
of orthophoria we can artificially produce fixation disparity by applying prism (BO = artificial
exodisparity, BI = artificial esodisparity, BU and BD = artificial vertical fixation disparity). [1,
4, 13]

It is suitable to begin the examination with the cover test, which will help us with the

evaluation of the mutual position of the eyes, binocular fixation, direction and rough size of
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the possible deviation. It is important to execute both the alternating and intermitent stages.

[4]

Thanks to the intermitent stage we can distinguish phorias from tropias. In case of
heterotropia after covering and uncovering the eye with the eccentric reflex, there is no
backwards compensatory movement. The deviation of the eye stays. But if the fixating eye is
covered the deviation is being compensated. Therefore, the deviated eye takes charge of
fixation and the eye behind the occluder starts to deviate. In case of heterophoria the
orthophoric position is held only during the fusion. Behind the occlusion the non-fixating eye
will always shift to latent deviation while any of the eyes is being covered. After uncovering

we can detect the fusion movement, which restores binocular fusion. [1, 4]

After clarification of fixation quality, we use the alternating stage. If the visus is right, fixation
is also correct and quick. In case of pseudostrabismus the binocular fixation is quick, without
the compensatory movement or without apparent deviation. In case of microtropia the
deviation can be so small, that we might not detect the compensatory movement during the
cover test.

When the results of cover test for the two stages are different, it is recommended to make
ourselves sure, that the patient does not suffer with abnormal retinal correspondence by

carrying out more tests. [1, 4]

Ol oD N ol oD
l.:ll\. |.l|.-'

Fig. No. 3 — Comparison of the results of binocular functions examination by the Bagolini

glasses test — d, e, - mictrotropia with central scotoma; i, - fixation disparity.

Fixation disparity will manifest during the tests which have, besides monocular stimuli, also
binocular fusion stimulus, which is observed by both eyes. Bagolini glasses are an example of
such test, when the fixation disparity will manifest by horizontal duplication of fixation light

next to the intersection of lines (see fig. no.3). [4, 13]. In case of fixation disparity, we make
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effort to increase the patients range and strengthen width of fusion. Thanks to the
exercising the lights will eventually merge together. [14]

In case of microtropia we can see a central scotoma, which specifically manifests while
examining binocular vision in real space. When Bagolini glasses are used, it will manifest by
the break of one of the line in the middle close to the light fixation point (see fig. no.3). When
the eye suffering from central scotoma is covered, the break will disappear. During the
examination of simple binocular vision using the Worth’s four light test (W4LT) at far, the
patient will report suppression of one eye. At near the suppression will disappear and the
patient sees four lights without suppression (the dots will now display on retina out of central

scotoma).

If we have heterotropia or heterophoria of large angle, examinations by Bagolini glasses or
WALT usually gives suppressions or diplopia.
In case of pseudostrabismus decent simple binocular vision is present without any

suppressions or diplopia. [1, 15]
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Moznosti cviceni konvergence a Sirky faze v ortoptické ambulanci
Katedra optometrie a ortoptiky LF MU, Brno

Centrum détské oftalmologie BINOCULAR s.r.o0., Litomysl

Anotace:

Tento pfispévek pojedndvd o moZnostech cvieni konvergence a Sirky fuze v ortoptické
ambulanci. Konvergence a Sitka fuze jsou vyznamnymi parametry binokularniho vidéni, které je
nezbytné u pacientl s uréitymi diagnézami posilovat a trénovat. Nékteré metody je mozné pouZzit i

pfi domdcim cviceni konvergence, ptip. Sirky fuze.

Klicova slova: cvi¢eni konvergence, cviceni $itky flze, ortoptika

Uvod

Konvergence a Sirka fuze predstavuji vyznamné parametry zrakového vykonu a zrakovych
funkci. A to predevsim proto, Ze pomoci konvergence je mozné pfi pohledu na blizky fixacni pfedmét
dosahnout ostrého zrakového vjemu diky tomu, Ze se osy vidéni obou oci nastavi, resp. stoci tak, aby
obraz fixovaného pfedmétu dopadl do fovey. Sitka fuze vyjadfuje rozsah horizontélnich vergenci
(konvergence a divergence) a také vysky, ve kterych udrzi vySetfovany clovék dany fixacni podnét
zfuzovany, jinymi slovy feceno kdy ho vnima jednoduse a nedochdazi u néj ke stavu prechodné

diplopie.

Konvergence

Jak jiz bylo uvedeno v Uvodu, konvergence charakterizuje stav, kdy se osy vidéni obou oci
staceji tak, aby obraz fixovaného predmétu dopadl na obou ocich do fovey. Jedna se staceni obou oci
smérem k nosu, smérem nazalnim. Opakem konvergence je divergence, kdy se naopak osy vidéni

staceji smérem ven, smérem temporalnim. Konvergence i divergence predstavuiji tzv. vergencni ocni

pohyby.

Konvergence je soucasti reflexu pohledu na blizky fixacni predmét. V nékteré literature je

tento reflex oznacovan jako tzv. tridda pti pohledu na blizko a zahrnuje vsobé soucasnou
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konvergenci, midézu (zuZeni) zornice a akomodaci. Propojeni akomodace a konvergence dale
charakterizuje tzv. vergencné — akomodacni synkinéza (zkratka VAS), kterad definuje vzdjemny vztah
téchto dvou mechanism(, kdy pfi zapojeni akomodace dojde k soucasné konvergenci a pfi zapojeni
konvergence k soucasné akomodaci. Blizkou vzdalenosti je myslena vzdalenost ptiblizné 30 az 40 cm

od oéi pozorovatele.

Konvergenci je mozné rozdélit na reflexni a volni. Volni konvergence je takovd, kterou
ovladame vlastni vali. Naproti tomu ke konvergenci reflexni dochazi bez naseho védomi, déje se

reflexné. Reflexni konvergence se sklada ze 4 slozek, jsou jimi:

e tonickd konvergence: diky impulziim z mozkovych center udrzuje klidové postaveni odi.

o akomodacni konvergence: zplisobena akomodaci a to diky VAS. Tato konvergence je oznacovana
zkratkou AC a je vyznacnou veli¢inou tzv. AC/A poméru (viz dale).

e fuzni konvergence: nastavuje osy vidéni tak, aby se protaly ve fixovaném predmétu a byly tak
umoznény co nejoptimalnéjsi podminky pro fuzi. Tato slozka doplfiuje akomodacni konvergenci.

e proximalni konvergence: se projevuje pfi vySetfovani na pfistrojich (pfedevSim na
troposkopu/synoptoforu) védomim fyzické blizkosti samotného pfistroje. Tato slozka je
psychogenné podminéna.

Konvergenci je mozné, stejné jako dalsi zrakové funkce, uréitym zplsobem kvantifikovat.
Meéritkem vykonnosti konvergence je blizky bod konvergence (anglicky near point of convergence,
zkratka NPC). NPC vyjadfuje vzdalenost v prostoru pred nasim oblicejem, na kterou jsou nase oci
schopné jesté konvergovat a diky tomu vidime dany fixovany objekt jesté jednoduse. Normalni
hodnoty NPC jsou stanoveny na 5 cm pro dité a 8 cm pro dospélého clovéka. Pokud je pfi vysetieni
zjiSténa vétsi vzddlenost NPC nez jsou normalni hodnoty, svéd¢i tento nalez o stavu nedostatecné
konvergence (insuficience konvergence). NPC neni na rozdil od blizkého bodu akomodace (latinsky
punctum proximum) az tak vyznamné zdvisly na véku, proto pro klinickou praxi postacuji vyse

uvedené normalni hodnoty pro dité a dospélého ¢lovéka.

NPC tedy predstavuje tzv. bod rozdvojeni (anglicky break point). V nékteré literatufe se
mlzZeme setkat stim, Ze se béhem hodnoceni konvergence zaznamendva tzv. bod rozmazani
(anglicky blurr point) a bod opétovného spojeni (anglicky recovery point) a to v poradi bod
rozmazani, nasledné bod rozdvojeni a nakonec bod opétovného spojeni. V nasledujicich odstavcich
se u hodnoceni konvergence zamérime predevsim na NPC, tedy na bod rozdvojeni a to z toho dlivodu
Ze vétsina tuzemskych strabologli a ortoptistek v soucasné dobé hodnoti predevsim tento parametr
konvergence. Na druhou stranu i zbylé dva body jsou pro hodnoceni konvergence zajimavé a neméné

podstatné, ale pro prehlednost prispévku je nebudeme do hodnoceni zahrnovat.
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Jednotkou konvergence je tzv. metrovy Uhel. Jeden metrovy Uhel spolu sviraji osy vidéni
obou od¢i pfi sledovani pfedmétu umisténého ve vzddlenosti 1 m. Tato jednotka je zaloZena na
vzajemném vztahu akomodace a konvergence, proto 1 metrovy Uhel odpovida akomodaci 1 D (plati
pro emetropické oko). Jinymi slovy feceno, pokud akomodujeme 2 D, soucasné konvergujeme 2

metrové uhly.

Dalsim hodnocenym parametrem je tzv. AC/A pomér, neboli pomér akomodacni
konvergence ku akomodaci. Tento pomér vyjadtuje, jak velkou akomodacni konvergenci vyvola dana
akomodace. Jeho normalni hodnota je cca 3 — 5:1. Tento pomér je abnormalné zvyseny napf. u

nerefrakéni akomodacdni esotropie a naopak abnormalné sniZzeny napf. u insuficience konvergence.

Moznosti cviceni konvergence v ortoptické ambulanci

Béhem cviceni konvergence je potieba se zaméfit nejen na vzddlenost NPC u konkrétniho
pacienta, ale také na plynulost a soumérnost konvergence jako takové. Proto je nezbytné pamatovat,
Ze i napf. u pacienta s diagndzou esotropie nebo esoforie je na misté testovat plynulost konvergence,
ne proto, abychom schopnost konvergence vyrazné posilili, ale proto, abychom se ujistili, Ze i tohoto

pacienta je schopnost stacet osy vidéni smérem k sobé dostatec¢né plynuld a soumérna.

Cviceni konvergence predstavuje nedilnou soucast komplexniho ortoptického terapeutického
pfistupu u nejriznéjsich strabologickych diagnoéz. Velky vyznam ma cviceni konvergence u pacientd
s diagnostikovanou zdakladni (bazdlni) exotropii, insuficienci konvergence, excesem divergence a i u

pacientl s heteroforiemi (napf. s insuficienci konvergence nebo excesem divergence), ...

U téchto uvedenych ,exo” tchylek je cviceni konvergence dlleZité predevsim proto, Ze je u
nich velmi snizena nebo v nékterych pfipadech i nulova schopnost konvergence a proto maji NPC
umistény ve vétsi vzdalenosti od obliceje a osy vidéni tendenci se odchylovat smérem ven, smérem
temporalnim. Proto sprdvnym a pravidelnym cvicenim konvergence je mozné dosahnout nizsiho
,odchylovani“ os vidéni smérem do divergentniho postaveni a umoznit tak pacientovi pohodInéjsi

vidéni a potazmo i lepsi podminky pro fizi, sniZit astenopické potize i ptip. diplopii.

V nésledujicich odstavcich se zaméfime na jednotlivé techniky, kterymi je mozné konvergenci
v ortoptické ambulanci s pacienty cvicit a posiliiovat. Nékteré moZnosti cvic¢eni se hodi i pro cvi¢eni
v domdcim prostiedi. Protoze i u cviceni konvergence, jako u dalSich ortopticko — pleoptickych
terapeutickych postup(, je velmi dulezita pravidelnost cviceni, nepostacuje cvieni napf. jednou za
tyden v ortoptické ambulanci. Je nezbytné rodi¢e détského pacienta nebo dospélého pacienta
spravné edukovat, jaké jsou moznosti cviceni konvergence i vdomacim prostiedi a vysvétlit i

dlleZitost pravidelného cviceni.
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Néktera niZze uvedena cvi¢eni umoznuji i nacvik divergence, resp. Sifky fuze. Proto se mohou

jednotlivé techniky cviceni konvergence a Sitky fuze vzajemné ¢astecné prekryvat (viz dale).

Push — up cviceni

Toto cviCeni predstavuje nacvik konvergence ve skute¢ném vizudlnim prostoru, tedy
v takovém, ktery kromé centralnich faznich podnétli poskytuje i ty periferni a diky tomu velmi vérné
simuluje vizualni scénu bézné vnimanou pri kazdodennim Zivoté. Jedinymi pomuckami pro toto
cviceni jsou vhodné a pro pacienta vizudlné atraktivni pfedméty — napf. barevné tuzky s motivem,
figurka umisténa na tycince (viz Obr. 1), nebo 30 — 40cm tkanicka s navléknutym barevnym koralkem,

atp. Celé cviceni probiha s nasazenou pacientovou optimalni korekci.

Obr. 1: Tuzka s motivem a figurka na tycince

Samotné cviceni probiha tak, Ze ortoptistka sedi naproti pacientovi a ze vzdalenosti cca 30 — 40
cm pomalu a plynule pfiblizuje fixacni pfedmét smérem k ofim pacienta. Soucasné sleduje, zda je
konvergence plynulda a symetrickd nebo naopak nesymetrickd, zdskubova a nebo zda dochazi
k odchylovani oka smérem ven, atd. Déale se také pacienta ptd, kdy dojde k rozdvojeni fixovaného
predmétu, zjistuje tedy subjektivni polohu NPC. Objektivni polohu NPC je moiné u nékterych
pacientl urcit podle toho, kdy ortoptistka zaznamena odchyleni oka/o¢i smérem ven, tedy kdy dojde
k naruseni pacientovi fuze. Obzvlasté mali détsti pacienti nékdy nedokazou zcela presné urcit, kdy
dojde k rozdvojeni fixovaného objektu a proto je u nich nezbytné umét NPC urcit i objektivnim

zpUsobem. Priblizovani fixacniho pfedmétu opakujeme pfiblizné 20 krat — vZdy podle soustiedénosti
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a véku pacienta. Dale je moZzné ménit i polohu, ze které objekt pfiblizujeme — napf. pfimo naproti
oc¢im, mirné zhora, mirné zdola, atp. Je také vhodné pfiblizovat fixovany objekt jakoby po obloucku,
protoZe jsme fyziologicky zvykli pfi pohledu na blizky predmét mirné sklopit o¢i smérem doll a
soucasné konvergovat a akomodovat. Pokud pacient zahlasi rozdvojeni predmétu nebo pokud
vidime, Ze se jedno pfip. obé oci odchylily smérem ven, je nezbytné fixovany predmét oddalit od
obli¢eje pacienta tak, aby doslo znovu k obnoveni faze (napf. oddalit o 5 — 10 cm). Poté mizZeme
znovu cviceni opakovat. Nékteri pacienti si dokdzi po urcité dobé, kdy konvergenci trénuji, sami
uvédomit, Ze jim oko/oci ujizdi zevné a dokazi si tak Iépe kontrolovat svoje postaveni o¢i. Pokud to ze
zaCatku cviceni pacient jeSté neumi, je moZné ho na odchyleni oka upozornit a tak ho podporovat
v tom, aby si svoje postaveni oci zacal vice uvédomovat. Ddle je Zadouci, aby se béhem push — up
cviceni postupné priblizoval NPC smérem k obliceji, tedy se normalizovala jeho hodnota a taka aby

konvergence byla co mozna nejvice soumérna a plynula.

Push — up cviceni je vhodné provadét i vdomacim prostfedi. U malych déti mize fixacni
predmét priblizovat rodi¢, u starSich détskych nebo dospélych pacientll je mozné, aby si fixovany
predmét pribliZzovali k o¢im oni sami. U starsich détskych nebo dospélych pacientl je mozné fixacni
predmét nahradit napf. textem z oblibené knizky, pficemz je vhodné pfi pfibliZovani fixovat napf.
jedno pismeno nebo kratsi slovo z daného textu. Toto cviceni je vhodné provadét 3 krat az 4 krat
denné a opakovat ho napf. 20 az 30 krat v dané sérii, vidy ale s ohledem na individualni potteby

pacienta.

Konvergometr

Cviceni na pfistroji, ktery se oznacuje jako konvergometr, je v podstaté modifikaci  push —up
cviceni stim, Ze misto fixacniho objektu je pouZivana rotujici ¢ernobild spirdla. | toto cviceni je
zastupcem cviceni ve skutecném vizudlnim prostoru a celé cvi¢eni probiha s nasazenou pacientovou

optimalni korekci.

Konvergometr se sklada z rotujici ¢ernobilé spirdly, ktera reflexné sméfuje pacienttv pohled do
svého stfedu a diky tomu usnadiiuje soustfedéni pacienta béhem cviceni. Tato rotujici spirala je
posuvna na listé, ktera ma na sobé pravitko, které usnadnuje odecet aktudlni hodnoty NPC. Pacient
ma po celou dobu cvi¢eni opfenou bradu na polstrované podpérce. Na tomto pfistroji mohou cvicit
pacienti spolu s ortoptistkou, kterd pomalu posouva rotujici spirdlu smérem k obliceji pacienta nebo

mohou cvidit i sami, pokud jiz zvladnou bezpecné urcit, kdy dojde k rozdvojeni spiraly.
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Brockova $nlra

Brockova s$nlira (viz Obr. 2) je tvofena, tak jak nazev napovidd, $ntdrou s navleCenymi koralky,
kterd ale slouzi k nacviku konvergence a divergence ve skutecném vizudlnim prostoru. VyuZzivd

techniku fyziologické diplopie. PFi cviceni ma pacient nasazenou svoji optimalni korekci.

Obr. 2: Brockova sritira

v o

V zadkladnim provedeni ma cela Snlra délku cca 3 m, ale mGzZeme se setkat i s 6 m Brockovou

o v

sndrou. Na Snlrfe jsou umistény minimalné 3 barevné koralky ve vzdalenosti 40,5 cm, 1,5 ma 2,7 m
od obliceje pacienta. Jeden konec Brockovy $ndry si pacient drZi na nose, druhy konec je vhodné
umistit napf. na kliku dvefi a to tak, aby béhem celého cviceni byla silira napnuta. Poté ortoptistka
vyzve pacienta, aby se podival na prvni kordlek (umistény nejblize u néj). Pacient by mél udat, Ze vidi
jeden korélek, a za nim rozmazané dvé 3nlry, které se spolu jakoby tvofi pismeno V (vlivem
fyziologické diplopie). Nasledné pti pohledu na prostfedni kordlek by mél za nim vnimat opét dvé
rozmazané 3nlry ve tvaru pismene V a Castecné by mél vnimat i dalSi dvé rozmazané s$ndry
v prostoru pred koralkem, které tvofi jakoby prevracené pismeno V. V podstaté by mél kolem koralku
vhimat rozmazané pismeno X. Pfi pohledu na nejvzdalené;jsi koralek by mél pacient vnimat v prostoru
mezi nim a koralkem dvé rozmazané $ndry ve tvaru pfevraceného pismene V. Po ovéfeni, Ze pacient
celé cviceni spravné chape je moZné zacit stfidat jednotlivé pohledové vzdalenosti, resp. vyzvat
pacienta, aby se podival na prvni kordlek, nasledné na posledni, pak na prostfedni, atp. Je vhodné
takto ,ndhodné” stfidat pohledové vzdalenosti, protoZe napt. pfi pohledu na prvni koralek, ktery je u

pacienta nejblize, dochazi ke cvi¢eni konvergence, naopak pfi pohledu na posledni kordlek musi
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pacient jiZ lehce divergovat. Celé cvi¢eni je mozné provadét cca 3 — 4 minuty, podle individualnich
potreb a aktualniho stavu pacienta. Béhem celého cviceni ale musi ortoptistka neustale sledovat odi,
resp. rohovkové reflexy pacienta a pfip. se i pacienta ptat, jak Snru a koralky vidi a to proto, aby se
ujistila, Ze u pacienta nedoslo napftiklad k supresi nebo diplopii, kterou pacient neumi popsat. Protoze

v takovém pfipadé nema cvi¢eni s Brockovou Sidirou vyznam.

Cviceni s Brockovou 3nilirou je mozné provadét s pacientem i doma, protoZe neni sloZité si
tuto Sndru vyrobit. Po vhodné edukaci mlZe pacient se silrou cvicit i sam, pokud si je ortoptistka
jistd, Ze cvi¢eni probiha tak jak ma a Ze pacient pfi fixaci na koralek vnima $iliry rozmazané a v takové
poloze, ve které by mél. Pfip. s pacientem muze cvicit jeho rodic, ktery ho béhem domaciho cviceni

mUze spravné instruovat a také kontrolovat, Ze cviceni probiha tak jak ma.

Stihaci cviceni

ru
|

,Stihaci cviceni” je oznaceni modifikovaného push — up cviceni, které je vhodné pouzivat u
malych pacientl. Jednd se také o cviceni ve skute¢ném vizudlnim prostoru. Celé cviceni probiha s

nasazenou pacientovou optimalni korekci.

Hodi se pro malé pacienty ztoho dlivodu, Ze kromé fixacniho objektu, ktery drzi v ruce
ortoptistka, tak i sdm pacient ma v ruce napt. tuzku nebo tycinku s kulickou na konci (viz. Obr. 3),
kterou se musi presné trefit do fixacniho objektu, kterym ortoptistka riizné pohybuje v binokularnim
zorném poli pacienta. Diky tomu, Ze se pacient musi sdm trefit do objektu, tak také v nékterych
pfipadech vice zaméri svoji vizualni pozornost a tim padem i Iépe konverguje. Soucasné je tento druh

cviceni pro malé pacienty i zabavnéjsi nez pouhé sledovani pfiblizujiciho se predmétu.

Obr. 3: Tuzka a tycinka s kulickou na konci
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Stihaci cviceni je také vhodné provadét v domacim prostiedi a to bud samostatné (napf. u
malych déti, kterym se zatim jiné cviceni konvergence pfilis nedafi) nebo v kombinaci s dalSimi druhy

cviceni.

Near far jump

Jak vyplyva z anglického ndzvu tohoto typu cviceni, podstatou je rychla skokovitd zména fixace
z blizkého predmétu na predmét umistény minimalné v5 — 6 m, pfip. i dale. | toto cvi¢eni probiha

ve skute€ném vizuadlnim prostoru a vzdy s nasazenou pacientovou optimalni korekci.

K tomuto cviceni postacuje stejny fixacni objekt jako k push — up cvi¢eni nebo ke stihacimu
cviceni. Idedlni je, aby se pacient posadil pfed okno tak, aby mohl sledovat napf. domy na proté&jsi
strané ulice, atp. Ortoptistka se posadi vedle pacienta tak, aby mu nebranila ve vyhledu z okna.
Fixacni predmét na za¢atku cviceni umisti do takové vzdalenosti, aby na néj pacient dokazal pohodIné
konvergovat a vidél ho jednoduse. Ortoptistka vyzve pacienta, aby se podival na fixa¢ni objekt. Poté
ho vyzve, aby se rychle podival z okna napf. na komin protéjsiho domu (v minimalni vzdalenosti 5 azZ
6 m) —tedy aby rychle sttidal fixacni vzdalenost z blizka do dalky. Poté ho vyzve, aby se podival zpatky
na blizky fixacni objekt, ktery ale mezi tim jiz ptibliZila o nékolik centimetr(l bliZze k obliceji pacienta.
Soucasné ho vyzve, aby na tento blizky fixacni objekt vydrzZel chvili fixovat, tedy i konvergovat. Diky
tomu dochazi k posileni konvergentniho postaveni. Takto nasledné skokovité stfida pohled do blizka
a do dalky, napf. 2 az 3 minuty (podle individudlniho stavu pacienta). Pfi kazdém pohledu do blizka
ortoptistka posune fixacni objekt o nékolik centimetr( blize k pacientovu obliceji az do chvile, kdy ji
zahlasi, Ze ho jiZz nedokaze zfuzovat a vidi ho dvojité. Diky tomuto postupu by se mél i pacientlv NPC
postupné béhem cvic¢eni normalizovat. A diky pohledu do ddlky je mozZné trénovat i divergenci, resp.
desakomodaci a potazmo tak i Sitku fuze. Ortoptistka béhem cviceni kontroluje pacientovi oci, pfi

pohledu do dalky i pfi pohledu do blizka, zda nedochazi k pohybu oka/oéi zevné, atp.

| near far jump metodu cvic¢eni konvergence je mozné provadét v domacim prostredi, vzdy ale
po spravné edukaci pacienta, aby si ortoptistka byla stoprocentné jistd, Ze ji pacient sam nebo rodice

détského pacienta umi spravné provadét.

Tti kocky
Jak jiz ndzev napovida, zakladem testu je schématicky obrazek kocek. Pvodné vznikl ve Velké

Britanii. Celé cviceni probiha ve skutec¢ném vizudlnim prostoru s optimalni korekci pacienta. Patti
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k technikdm cviceni tzv. relativni vergence - tedy cvieni konvergence, pfip. divergence, za stavu

neménné akomodace.

Pro cviceni konvergence je pouzita nepruhledna karta s vyobrazenim dvou schématickych
kocek (viz Obr. 4), jejichZ stfedy jsou od sebe vzdaleny 5 cm a kaZzda z téchto kocek ma vynechané
nékteré obrazové detaily (napf. jako na fuznich obrazcich pouzivanych pro troposkop/synoptofor).
Ortoptistka umisti tuto cvicebni kartu do vzdalenosti 30 az 40 cm od obliceje pacienta. Do prostoru
mezi kartu a pacient(iv oblicej umisti fixacni objekt (tuzku s motivem, ukazovadek, atp.). Nasledné
vyzve pacienta, aby se zaméfil na fixacni objekt. Nasledné ho ortoptistka instruuje, aby se pokusil
vhimat v prostoru za fixacnim objektem treti kocku, kterd vznikne zfuzovanim obou schématickych
kocek z cvi¢ebni karty. Jinymi slovy feceno, tato tfeti kocka obsahuje vSechny fuzni obrazové detaily,
protozZe vznika sloZzenim ze dvou schématickych kocek. Je dllezZité pacienta upozornit, aby jakmile si
vytvori viem treti kocky, nezacal fixovat na tuto treti kocku, protoZze se v nékterych pfipadech muze
stat, Ze ji prestane vidét, tedy Ze dojde k naruseni fize. A ddle je také dileZité zminit to, Ze je
v poradku, pokud je tfeti kocka vnimdna rozmazané, resp. ne zcela ostfe, protoZe ke zcela ostrému
viemu treti kocky miZe u pacienta dojit aZz po urcité dobé trénovani tohoto druhu cvic¢eni. Jakmile
pacient tedy vnima treti kocku, kterd ma vsechny obrazové detaily, mizZzeme ho vyzvat, aby se pokusil
tuto treti kocku vnimat co nejdéle v idedlnim zfuzovaném stavu. Poté mu rfekneme, aby na chuvili
zménil pohledovy smér nebo aby si zaviel oci. Nasledné cvi¢eni opakujeme napf. 10 az 15 krat podle

individualnich potreb pacienta.

Obr. 4: Karta s vyobrazenim dvou schématickych kocek

Pokud by se misto neprlhledné karty pouzil prihledny material s natisténymi schématickymi
kockami, je moZné tuto metodu pouzit i pro procviceni divergence. Rozdil je v tom, Ze pacient fixuje

objekt umistény za rovinou prahledné karty (napf. pfi pohledu z okna ven na ulici). Tim, Ze se
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v podstaté diva skrz cvi¢ebni kartu do dalky, tak dochazi k uvolnéni akomodace a konvergence. A
pouze pokud dostatecné uvolni akomodaci a konvergenci, tak opét uvidi obraz tfeti kocky se viemi

patficnymi obrazovymi detaily.

Toto cvi¢eni je mozné po vhodné edukaci pouzit i vdomacim prostfedi. Je mozné i misto
kocek pouzit schématicky obraz jiného zvifete nebo véci a uzpUsobit tak toto cviceni pacientovym

zalibam a celkové mu cviéeni zpfijemnit.

Cviceni s prizmaty v prostoru

Cviceni konvergence s prizmaty v prostoru je nejvy$sim stupném posilovani konvergence,
protoZe vedle tohoto vergencniho pohybu také posiluje funkce jednoduchého binokularniho vidéni
(zkratka JBV), predevsim tzv. senzorickou fuzi. Jedna se o cviceni ve skutecném vizualnim prostoru,
ale stou vyjimku, Ze ke cviéeni jsou pouzivany Bagoliniho bryle (viz dale), které ¢astecné disociuji

vjem pravého a levého oka. | toto cviceni umoziiuje ndcvik relativni vergence.

Nezbytnou pomuckou pro ortoptické cvi¢eni konvergence v prostoru jsou bryle s Bagoliniho
skly s vrypy pod uhlem 45° a 135°. Pres Bagoliniho bryle pacient sleduje svételny bod umistény ve
vzdalenosti cca 5 — 6 m. Skla téchto bryli rozmazavaji zrakovy viem malého svételného bodu do
svételného paprsku, ktery je kolmy na vrypy. Pokud se pacient diva pres Bagoliniho skla na svételny
bod kazdym okem zvlast, vidi vidy jen jednu ¢aru a jeden svételny bod. Pokud se ale pres né diva
obéma ocima, vidi kfizek a jeden (pfip. dva) svétlené body. Timto jednoduchym zplsobem se
prubézné ujistujeme, Ze pacient pfi cviceni nepotlacuje jedno oko, ale Ze pouziva obé o¢i soucasné

tak, jak je potrebné.

PFi samotné cviceni predklada ortoptistka pred jedno oko prizmata (pfip. prizmatické listy)
bazi temporalné (BT) o vzrGstajici sile. Umérné k sile predklddaného prizmatu dochazi k posunu
obrazu na sitnici, coZ nuti pacienta k reflexni, event. volni konvergenci, aby si udrzel jednoduchy vijem
svételného bodu. Postupné zesilovani prizmat cilené posiluje konvergenci. Vysledkem cviceni je poté

robustné;jsi konvergence a stabilné;jsi postaveni odi.

Postup cviceni je nasledujici: rozsvitime svételny fixacni bod a v ortoptické ambulanci
zhasneme, aby bylo co nejlépe vidét na svételny bod. Pacientovi nasadime Bagoliniho bryle a pokud
ma pacient vlastni brylovou korekci, nasadime Bagoliniho bryle pres dioptrické bryle. Vyzveme ho,
aby se pres Bagoliniho bryle podivalo na fixacni svételny bod a zeptdme se ho, co vidi. Pokud nam

popise, Ze vidi jeden svételny bod a pres néj kfizek, vime, Ze mGzeme pokracovat ve cviceni. Pokud
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nam ale popiSe, Ze vidi pouze jednu ¢aru a jeden svételny bod nebo kfizek a dva svételné body,

nemuZeme ve cviceni pokracovat, protoze u néj doslo k supresi nebo k diplopii.

Pokud ale popise, ze vidi kfizek a jedno svétlo, pfedlozime pred jedno oko prizma. Zacind se s
prizmatem o velikosti 1 pD, které predkladame bazi temporalné (BT). Zeptame se pacienta, co vidi.
Pokud nam popise, Ze vidi jeden svételny bod a kfiZzek, vime, Ze miUZeme pokracovat ve cviceni.
Pokud nam uda ale néco jiného (jak je popsano vyse), nemuze ve cvieni pokracovat. Ve cviceni
pokracujeme nasledujicim zplsobem: predkladame pred jedno oko postupné prizmata o vzruastajici
hodnoté bazi tempordlné, obvykle po 1, 2 nebo 5 pD krocich. Tim nutime pacienta konvergovat — ¢im
vysSi hodnotu prizmatu predloZime, tim vice se obraz na sitnici posune a tim vice musi pacient
konvergovat. Takto postupujeme az do chvile, nez nam pacient zahldsi, Ze vidi pouze jednu ¢aru a
jeden svételny bod nebo kfizek a dva svételné body a nedokaZe supresi nebo diplopii sdm prekonat.
Pacient, ktery na toto ortoptické cviceni jiz néjakou dobu dochazi, zvladne cvi¢eni napf. az do
hodnoty 25 — 30 pD BT. Poté zatheme predklddat prizmata sestupné — tedy od 25 —30 pD BT az do 1
pD BT, obvykle po 5, 2 nebo 1 pD krocich. Tento cely postup predstavuje jeden cvi¢ebni cyklus. Pokud
ma pacient béhem cviceni problém ,spojit” dvé ¢ary a dva svétlené body v ktizek s jednim svételnym
bodem uprostied, vyzveme ho, aby si zamrkal nebo aby se podival na sv{j nos a poté opét zpatky na
fixacni svételny bod. Stejné provedeme cviceni i na druhém oku - opét cely cvic¢ebni cyklus. Béhem
cviceni je nezbytné se nékolikrat zeptat, co pacient vidi, abychom si byli jisti, Ze spravné cviéi a
nevymysli si. Napf. mu béhem cviceni zakryjeme jedno oko a zeptdme se ho, co vidi. Spravné by ndm
mél popsat, Ze vidi jedno svétlo a ¢aru. Také béhem cviceni mlizeme pozorovat pohyb oka, kdyz
oddélame prizma — oko by se spravné mélo pohybovat z vnitfniho koutku smérem do paralelniho
postaveni. Celé cviceni opakujeme celkem trikrat pro kazdé oko, tedy 3 cvic¢ebni cykly pro pravé a 3

cvicebni cykly pro levé oko. Samoziejmé je mozné upravit i cvicebni vzdalenost, napf. ji snizit, atp.

Cviceni nelze provadét doma, ale pouze v ortoptické ambulanci, protoZe se jedna o pomérné

komplikované cviceni, jak svym postupem, tak i vybavenim.

Polarizovany vektograf

Cviceni s polarizovanym vektografem (viz Obr. 5) predstavuje dalsi moznost, jak cvicit
konvergenci, pfip. i divergenci. K disociaci viemu pravého a levého oka jsou pouzity polarizacni bryle.
| toto cviceni je mozné zaradit mezi cviceni ve skutecném prostoru, pfi kterém dochazi k ¢astecné
disociaci vjemu obou oci. Podobné jako pfi cviCeni s prizmaty v prostoru dochazi pfi cviceni
s polarizovanym vektografem k ndacviku relativni vergence. Pokud ma pacient brylovou korekci, tak se
polarizacni bryle nasazuji pres jeho dioptrické bryle.
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Obr. 5: Polarizovany vektograf

Polarizovany vektograf je slozen ze dvou prihlednych félii s predtisténym motivem, které se
po sobé mohou pohybovat. PouZitym motivem muzZe byt spirdly s pismeny, atp. Pravé diky
vzajemnému pohybu obou fdlii proti sobé je mozné cvicit konvergenci nebo divergenci. Po nasazeni
polarizacnich bryli by mél pacient napf. spiralu vidét prostorové, protoze v zakladni pozici félii jsou
oba obrazy od sebe mirné posunuty, coZ vytvari stereoskopicky viem. Pred cvicenim je ale dulezité se
zeptat nejen na to, zda pacient spiralu vidi prostorové, ale také na to, zda vidi specidlni testové
znacky pro pravé a levé oko soucasné. Pokud by tyto testové znacky nevidél obéma ocima soucasné,
nema cviceni na vektografu vyznam. Poté pacienta vyzveme, aby zacal fixovat urcity bod na spirale.
Nasledné zaéneme pomalu posouvat foliemi proti sobé, resp. smérem od sebe. Posunem smérem
k pacientové pravé ruce ho nutime konvergovat, smérem k pacientové levé ruce ho nutime
divergovat. Takto foliemi posunujeme az do chvile, néz nam pacient zahlasi, ze spiralu vidi dvakrat,
pfip. rozmazané nebo nestereoskopicky. Poznamename si hodnotu, ve které doslo k rozpojeni viemu
spirdly. Pro vyjadreni dané hodnoty konvergence jsou obvykle pouzity Cislice a pro vyjadfeni hodnoty
divergence jsou obvykle pouZita pismena. Tato pismena i ¢islice jsou obvykle umisténa ve spodni ¢asti
vektografu na jedné ,pfimce”, kterd tvofi stupnici, pfi¢emZ posun vektografu o jedno pismeno/cislici
obvykle odpovida hodnoté 1 pD. Po rozdvojeni se opét vracime do zakladni pozice obou félii a ptdme
se pacienta, zda vjem opét vnima stereoskopicky. Pokud ano, zacheme pomalu posouvat foliemi do
opacného sméru nez jsme posouvali pfed chvili. BEhem cviceni se snazime pacienta motivovat
k tomu, aby dokazal udrzet stereoskopicky vjem spirdly po co nejdelsi dobu, resp. pfi co nejvétsim
posunu obou félii smérem od sebe, protoze diky tomu i Iépe procvicuje konvergenci, pfip. divergenci.
Toto cviceni je vhodné provadét cca 3 — 4 minuty, podle soustfedénosti a vydrze pacienta. BEhem
opakovanych cviceni se snazime, aby pacient vnimal vektograf stereoskopicky po co mozna nejdelsi
dobu, tedy aby se zvétSoval jeho rozsah konvergence, pfip. divergence (hodnoceny odeltem ze

stupnice).
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Troposkop/synoptofor

Cviceni konvergence je mozné provadét i na troposkopu/synoptoforu. Jednd se ale o cviéeni
v pfistrojovém prostoru, ktery se velmi odliSuje od vizudlni scény béiné vnimané béhem
kazdodenniho Zivota. Dale béhem tohoto cvi¢eni dochdzi k uplné disociaci viemu pravého a levého

oka. | toto cviceni pacient provadi se svoji optimalni korekci.

Cviceni konvergence provadime béZné na obrazcich odpovidajicich svoji velikosti fuzi Il. Pokud
ale pacient na fuzi Il ¢asteéné nebo plné utlumuje, pfip. ma stfidavou supresi, je mozné cviceni
provadét i s obrazky pro fuzi I. Vychozi pozici pro cviceni konvergence je spravné nastaveny uhel
Silhani pacienta. Nasledné je mozné plynulym posunem ramen troposkopu/synoptoforu cvicit jak
konvergenci, tak i divergenci (tedy sitku fuze) az do chvile, kdy nam pacient zahlasi, Ze vidi fixovany
predmét dvakrat. Obzvlasté mali pacienti nam mnohdy nedokaZou rozdvojeni obrazu popsat, proto je
velmi dilezité béhem cviceni kontrolovat uloZeni jejich rohovkovych reflex(, a pokud zaznamename
posun reflexu nebo uvidime refixa¢ni pohyb, vime, Ze doSlo k rozpojeni flze a pacient vidi dva
obrazy. Poté se opét plynulym pohybem vracime do stanoveného Uhlu Silhani a nasledné miZeme
stejnym postupem provadét cvi¢eni i smérem do divergence. Timto postupem je mozné cviceni

provadét cca 2 az 3 minuty, podle véku, soustfedénosti a aktudlniho stavu pacienta.

Brewster — Holmestiv a vergencni stereoskop

Brewster — Holmes(v a vergencni stereoskop (viz Obr. 6 a 7) reprezentuji dalsi pfistroje, diky
kterym lze s pacienty cvicit konvergenci. | tato metoda predstavuje cviceni v pfistrojovém prostoru,
pfi kterém dochazi k uplné disociaci vjemu obou odi. | pfi tomto cviéeni ma pacient nasazenou svoji

optimalni korekci.
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Obr. 6: Brewster — Holmes(iv stereoskop Obr. 7: Vergencni stereoskop

Oba uvedené stereoskopy maji velmi podobnou konstrukci. Zakladem je liSta, kterd ma bud’
rucni drzatko nebo je umisténa na nastavitelném stojanku. Na liSté se nachazi posuvny nosic
dvojobrazkd (viz Obr. 6) a také neprlihledna prepdazka, ktera oddéluje viem pravého a levého oka.
Jako fixacni podnéty je mozné poutzit superpozicni, fuzni nebo stereoskopické dvojobrazky. Na listu
navazuji kukatka, ktera obsahuji spojné cocky o hodnoté +5,25 D, jez maji optické stfedy
decentrovany zevné, ¢imZ je navozen prizmaticky Ucinek. Pro cviceni s Brewster — Holmesovym
stereoskopem jsou pozivany dvojobrazky, které maji neménnou stfedovou vzdalenost. Naopak u
vergencniho stereoskopu je mozné pomoci Sroubll nastavovat vzdalenost fixacnich dvojobrazka.
Zakladni vychozi pozice dvojobrazkd je pfiblizné ve stfedu listy. Vlivem decentrovanych spojnych
Cocek dochazi pti pfiblizeni dvojobrazku k pacientové obliceji k soucasné akomodaci a divergenci.
Naopak pfi oddaleni dvojobrdzku musi pacient soucasné konvergovat a desakomodovat. Timto
zpUsobem dochazi pti cviceni kdisociaci VAS, takie pokud se pacient po cvieni podiva do
skute¢ného vizualniho prostoru, je moiné, Ze se kratce obnovi spravna VAS se spravnym AC/A
pomérem. Diky tomu je moZné timto cvicenim posilovat nejen konvergenci a divergenci, ale také
spravnou VAS se spravnym AC/A pomérem. Kromé toho je moiné na stereoskopech cvicit i
pacientovu Sitku fuze. Béhem cviceni je ale nezbytné stale kontrolovat postaveni oci i rohovkové
reflexy pacienta a to proto, Ze pfi pribliZovani/oddalovani dvojobrazku dojde v uréitém momentu
k diplopii nebo ksupresi jednoho oka, pfip. ke stfidavé supresi a vtu chvili je nezbytné

se s dvojobrazkem vratit o par centimetr(i zpatky. Toto pfiblizovani a oddalovani dvojobrazku

113



provadime celkové cca 3 — 4 minuty. BEhem tohoto ¢asového intervalu je samoziejmé mozné stfidat
fixacni dvojobrazky, aby cviceni bylo pro pacienty co mozna nejvice zabavné. Pomoci rlznych
dvojobrazkd je moZné cvicit pacientovu superpozici, fuzi i stereopsi. Pokud ma pacient vyraznou
divergentni Uchylku a nedokdaze zakladni fixacni dvojobrazek spojit, je mozné pouzit dvojobrazky s
vétsi stfredovou vzdalenosti (u Brewster — Holmesova stereoskopu) a postupné béhem tohoto cvic¢eni
snizovat stfedovou vzdalenost obrazkl. U vergencniho stereoskopu je moZné nastavovat a ménit
stredovou vzdalenost dvojobrazk(i podle pacientovy potieby. Mali pacienti ale béhem cviceni Casto
diplopii nebo supresi nepopisi, proto toto cviceni nemohou délat sami a musi byt pod neustdlym
dohledem ortoptistky, kterd stale kontroluje spravné uloZeni rohovkovych reflexd. Pokud ale starsi
pacienti dokazi sami dostate¢né dobfe rozpoznat supresi nebo diplopii, mohou toto cviceni po

edukaci v urcitych pripadech provadét v ortoptické ambulanci i samostatné.

Sitka fuze

Sitka fuze (zkratka SF) predstavuje rozsah fuze, ve kterém vnima pacient dany fixaéni obraz
jednoduse, jinymi slovy feceno SF piredstavuje rozsah JBV. SF je hodnocena ve sméru do konvergence
a divergence (tedy v horizontdlnim sméru) a také ve vertikdlnim sméru, vidy ve sméru od
konkrétniho Uhlu $ilhani pacienta. SF smérem do konvergence byva oznalovéana jako kladna SF,
naopak SF smérem do divergence jako negativni SF. V nékterych literarnich zdrojich se pro ni pouziva

vyraz fuzni rezerva nebo amplituda faze.

SF ovliviiuje mnoho faktord. Mohou jimi byt napfiklad vék pacienta, jeho pozornost a cvik,
akomodace na fixaéni obrazy, vliv pouZité vySetfovaci/cvicebni metody, atd. Déale pokud je SF
mérena/cvicena na tropokospu/synoptoforu, zavisi jeji velikost na pouZitém fuznim obrazku, resp. na
tom, zda je pro vy3etfeni pouZit obraz pro fuzi |, Il nebo Ill. Lada Hromdadkova ve své publikaci Silhani
uvadi, Ze by zdravy ¢lovék mél mit kladnou SF 25 — 40 pD, zdpornou SF 8 — 10 pD a vertikalni SF 3 — 4

pD. Neuvadi zde ale, zda se jednd o détského nebo dospélého pacienta.

Dostate¢na velikost SF je velmi vyznamnym faktorem JBV a to z toho divodu, 7e napf. u
heteroforickych pacientl predstavuje rozsah, ve kterém bude heteroforie kompenzovéana bez vétsich
astenopickych potizi a/nebo diplopie. Jinymi slovy feceno pokud ma pacient napfiklad esoforii 4 pD a

kladnou SF 25 — 30 pD, pravdépodobné nebude tuto tchylku nijak vyraznéji pocitovat.
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Moznosti cviceni Sitky fuze v ortoptické ambulanci

SF je velmi dllezité cvicit a idedlné rozsifovat prakticky u viech ortoptickych pacient( a to
z toho diivodu, Ze SF, jako jeden z parametrd jednoduchého binokularniho vidéni, by méla byt, po

urcité dobé ortoptického cviceni, idedlné normalizovana, resp. rozsifena/zvétsena.

V nasledujicich odstavcich budou popsany jednotlivé moznosti, kterymi lze Sitku fuze
(predevéim kladnou a zdpornou SF) u pacientll cvicit. V podstaté viechny se prekryvaji s metodami
pouzivanymi pfi cviceni konvergence (viz vySe). Proto budou popsany pouze strucné, prip. budou

uvedeny odliSnosti od pouhého cvi¢eni konvergence.

Cviceni s prizmaty v prostoru

Diky této metodé je mozZné u pacienta cvicit nejen konvergenci (jak jiz bylo popsano vyse), ale

i divergenci, potazmo tak i Sirku fuze.

Princip cviceni ale z(stava zcela stejny. Pfi cviceni konvergence se pacientovi pred oko
predkladaji prizmata bazi temporalné, pro cviceni divergence naopak bazi nazalné (zkratka BN). Po
urcité dobé cviceni Ize u pacienta dosdhnout kladné Sitky fuze az 30 pD a zaporné Sirky fuze az 12 pD.
Je ale dulezité podotknout, Ze tyto hodnoty lze obvykle ocekavat spiSe u détskych a mladych
dospélych pacientl. Pfedem také nelze fici, po jak dlouhé dobé cviceni téchto hodnot pacient
dosdahne. Pokud ma pacient béhem cviceni s prfedloZzenym prizmatem BN problém svételny bod
zfuzovat v jeden vjem, je mozné ho instruovat, aby se na chvili podival napt. na strop. ProtozZe pfi
pohledu nahoru se fyziologicky osy vidéni odchyluji smérem ven a diky tomu muZe dojit pfi pohledu
zpét na fixacni svételny bod k vytvoreni jednoduchého viemu (tedy ke viemu jednoho svétla a kfizku).

Obvykle se béhem cviceni postupuje tak, Ze se nejprve cviéi kladna SF a nasledné zaporna SF.

Polariza¢ni vektogram

Pfi cvi¢eni SF pomoci polarizovaného vektogramu se kromé cvi¢eni konvergence, cviéi i

divergence. Postup cviéeni, popsany vyse, zlstava i b&hem cviéeni SF stéle stejny.

Troposkop/synoptofor

Na troposkopu/synoptoforu je moiné v ortoptické ambulanci také cvi¢it SF a to stejnym

postupem, ktery byl jiZz popsan vyse.
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Je ale dUlezité si uvédomit, Ze vzhledem k tomu, Ze se jedna o Uplnou disociaci viemu pravého
a levého oka v pFistrojovém prostoru, maze byt velikost SF ve skuteéném vizudlnim prostoru lehce
odli$na. SF se odeéitd piimo ze stupnic umisténych na ramenou troposkopu/synoptoforu a to tak, Ze
se seCte hodnota z obou ramen. Napfiklad pokud ma pacient objektivni i subjektivni tchylku O stupnt
a rozsah kladné SF + 8 stuprii na jednom rameni, celkova kladna SF bude + 16 stupriti. Obvykle se SF

zapisuje tvaru napr. + 16 stupnl az 8 stupnda.

Brewster — Holmesliv a vergencni stereoskop

Oba tyto stereoskopy je mozné pouzit ke cviceni SF, ale opét se jednd o Uplnou disociaci

v pfistrojovém prostoru.

Pti cvi¢eni se postupuje tak, Ze se nejdfive plynule posouva nosi¢em dvojobrazk(l ze zakladni
polohy do konvergence (tedy smérem od pacienta) a nasledné plynule do divergence (smérem
k pacientovi). V obou ptipadech vidy do chvile, nez dojde u pacienta k diplopii, supresi nebo nez

ortoptistka zaregistruje odchyleni polohy rohovkovych reflexa.

SF je v podstaté mozné cvicit i pomoci Brockovy $iidiry, cvi¢eni near far jump nebo metody tfi

kocky (viz vyse).

Cviceni konvergence a Sirky fuze je duleZitou soucasti ortoptického cvi¢eni a u pacientd
s konkrétnimi diagnézami by nemélo byt opomijeno. V soucasné dobé existuje velké mnoZstvi
nejriizn&jdich metod, kterymi lze konvergenci i SF cvicit jak v ortoptické ambulanci, tak i v domacim
prostfedi. Je mozné cvicit ve skutecném, ale i v pristrojovém prostoru. Je mozné vyuzivat Uplnou

nebo ¢astecnou disociaci viemu pravého a levého oka.

Na Uplny zavér je ddleZité zminit, Ze zcela nepostacuje cviceni konvergence, pfip. SF, jednou
tydné béhem cviceni v ortoptické ambulanci. Ortoptistka musi spravné edukovat své pacienty nebo
rodice malych pacient(, jak maji, obzvlasté konvergenci, spravné cviéit kazdy den v domacim
prostfedi. Protoze bez tohoto pravidelného domaciho cvi¢eni nebude ani cviéeni v ortoptické

ambulanci dostatec¢né efektivni.
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Annotation:

This contribution discusses the possibilities of convergence and fusion amplitude exercise
in the orthoptic office. Convergence and fusion amplitude are important parameters of binocular
vision, which is necessary to strengthen and exercise with patients with certain diagnoses. Some

methods can also be used in home-training convergence, or fusion amplitude.

Key words: convergence exercise, fusion amplitude exercise, orthoptics

Introduction

Convergence and fusion amplitude are important parameters of visual output and visual
functions. This is mainly because, by the convergence, it is possible to achieve a sharp visual
perception when looking at a near fixation object by adjusting the visual axis of both eyes so that the
image of the fixation object falls into the fovea. The fusion amplitude expresses the range of
horizontal vergences (convergence and divergence), as well as the heights in which the investigated
person sustains the given fusing stimulus, in other words, when he/she perceives it simply and does

not experience a transitional diplopia.

Convergence

As noted in the introduction, convergence characterizes the state when the visual axes of

both eyes are rotated so that the image of the fixation object falls on both eyes in the fovea. It is the
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turning of both eyes towards the nose, in the nasal direction. The opposite of convergence is the
divergence when the visual axes turn outwardly, in the temporal direction. Convergence and

divergence represent vergence eye movements.

Convergence is part of the reflex of looking at a near fixation object. In some literature, this
reflex is referred to as a triad by looking at a near distance, and includes contemporary convergence,
pupil miosis (narrowing) and accommodation. The connection of accommodation and convergence is
further characterized by the vergence — accommodative synkinase (VAS), which defines the
interrelationship of these two mechanisms, so when the accommodation occurs, it also occurs the
convergence and when the convergence occurs, it also occurs the accommodation. Near distance is

thought to be approximately from 30 to 40 cm from the eyes of the observer.

Convergence can be divided into reflective and free. Free convergence is one that we control
by our own will. Conversely, reflex convergence occurs without our consciousness, and it happens in

a reflective way. Reflective convergence consists of 4 components, namely:

e tonic convergence: thanks to pulses from the brain centers, it keeps the resting eye position.

e accommodative convergence: due to accommodation and thanks to VAS. This convergence is
referred to by the abbreviation AC and is an important quantity of the so-called AC / A ratio (see
below).

e fusion convergence: adjusts the visual axes so that they intersect in a fixation object to allow the
most optimal fusion conditions. This component complements the accommodative convergence.

e proximal convergence: it is manifested during the investigation on the devices (especially on the
troposcope/synoptophore) by the physical proximity of the device itself. This component is
psychogenically conditioned.

Convergence is possible, as well as other visual functions, to quantify in a certain way. The
convergence performance scale is the near point of convergence (NPC). The NPC expresses the
distance in the space in front of our face, where our eyes are able to converge, and that is why we
see the fixation object simply. Normal NPC values are set for 5 cm for a child and 8 cm for an adult. If
there is a greater NPC than the normal values, this finding is the indicative of a state of insufficient
convergence (convergence insufficiency). The NPC is not so significantly dependent on age, unlike the
near point of accommodation (punctum proximum), so the normal values for the child and the adult

are sufficient for clinical practice.

The NPC represents the so-called break point. In some literature we can see that the blurr

point and the recovery point are measured during the convergence evaluation, namely the blurring
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point, followed by the break point and finally the recovery point. In the following paragraphs, the
convergence assessment will focus primarily on the NPC, because most of the Czech strabologists
and orthoptics currently assess this convergence parameter. On the other hand, the remaining two
points are interesting and not less important for the assessment of convergence, but we will not

include them in the review for the clarity of the contribution.

The unit of convergence is the so-called meter angle. One meter angle forms the visual axes
of the both eyes while watching an object located at a distance of 1 meter. This unit is based on the
mutual relationship of accommodation and convergence, therefore 1 meter angle corresponds to the
1D of accommodation (applies to the emetropic eye). In other words, if we accommodate 2 D, we

simultaneously converge 2 meter angles.

Another evaluated parameter is the so-called AC / A ratio, or the ratio of accommodative
convergence to accommodation. This ratio expresses how much accommodative convergence the
accommodation will bring. Its normal value is about 3 — 5:1. This ratio is abnormally increased e.g. in
non — refractive accommodative esotropia and vice versa abnormally low, for example, in

convergence insufficiency.

The possibilities of convergence exercises in the orthoptic office

During the exercise of convergence, it is necessary to focus not only on the NPC distance of a
particular patient, but also on the smoothness and symmetry of convergence as such. Therefore, it is
necessary to remember that, for example, in a patient diagnosed with esotropia or esophoria, it is
appropriate to test the smoothness of convergence, not to strengthen the convergence, but to make
sure that this patient also has the ability to turn the visual axis towards the nose sufficiently smooth

and symmetrical.

The exercise of convergence is an integral part of a complex orthoptic therapeutic approach
for a variety of strabological diagnoses. The importance of convergence exercise is in patients with
diagnosed basal exotropia, insufficiency of convergence, excess of divergence, and even

heterophoric patients (e.g. with insufficiency of convergence or excess of divergence), ...

For these "exo" deviations, convergence exercise is important because they have very low or,
in some cases, zero convergence, and therefore the NPC is located at a greater distance from the
face, and the visual axes tend to deviate outwardly, in the temporal direction. Therefore, a correct

and regular exercise of convergence can achieve a lower "deviation" of the visual axis towards the
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divergent position, allowing the patient to have a more comfortable vision and, therefore, better

conditions for fusion, reduce astenopic problems and diplopia.

In the following paragraphs, we will focus on the various techniques that can be used to
exercise and strengthen convergence with patients in the orthoptic office. Some exercise techniques
are also suitable for home exercise. Because even during the exercise of convergence, as with other
orthoptic - pleoptic therapeutic procedures, the regularity of exercise is very important, it is not
enough to exercise, for example, once a week in an orthoptic office. It is essential to properly
educate parents of a child patient or adult patient about the possibilities of convergence exercise at

the home and explain the importance of regular exercise.

Some of the exercises listed below also allow to practise the divergence, respectively the
fusion amplitude. Therefore, the various techniques of convergence exercise and fusion amplitude

exercise can overlap partially (see below).

Push — up exercise

This exercise represents the practice of convergence in the real visual space, in which, besides
the central fusion stimuli, also provides the peripheral fusion stimuli, and thus faithfully simulates the
visual scene commonly perceived in everyday life. The only aids for this exercise are suitable and
visually attractive objects for the patient - for example, colored pencils with the motive, the figurine
placed on the stick (see Figure 1), or a 30 — 40 cm string with a colored bead, etc. The entire exercise

is done with the patient's optimal correction.

Figure 1: Pencil with the motive and figurine placed on the stick
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The exercise itself is done in such a way that the orthoptist sits opposite the patient and
slowly and smoothly moves the fixation object towards the eyes of the patient from a distance of
about 30 — 40 cm. At the same time, she or he monitors whether the convergence is smooth and
symmetrical or unsymmetrical, twitching, or if the eye is moving outward, etc. The patient is also
asked when the fixation object is split into two objects, so she or he detects the subjective position of
the NPC. The objective position of the NPC may be determined, in some patients, when the
orthoptist records an outward move of the eye/exes, e.g. when the patient’s fusion is breaked.
Particularly small child patients sometimes fail to accurately determine when a fixation object is split
into two, so it is necessary to determine the objective NPC. We usually repeat the moving the
fixation object towards the patient approximately 20 times — always according to the concentration
and age of the patient. It is also possible to change the position from which we move the object — e.g.
directly opposite of the eyes, slightly up, slightly down, etc. It is also advisable to move the fixation
object on the arc, because physiologically, when we are looking at a near object, we tend to slightly
lower our eyes and converge and accommodate at the same time. If the patient reports a diplopia of
the object, or if we see that one or both eyes are moved outward, it is necessary to move the fixation
object away from the patient's face so that the fusion can renew again (for example, take from 5 to
10 cm off). Then we can repeat the exercise again. Some patients will be able to realize that their
eye/eyes are moving outward after some time of convergence exercise, so they can better control
their eyes position. If the patient does not know that at the beginning of the exercise, it is possible to
draw attention to the deviation of his/her eye and encourage him/her to become more aware of his
or her eyes position. It is also desirable that the NPC gradually moves towards the patient’s face
during the push-up exercise, so that its value is normalized and that the convergence is as

symmetrical and smooth as possible.

Push - up exercise should also be performed at the home. For small children, the fixation
object can be moved by their parent, in older children or adult patients it is possible to move the
fixation object to their eyes by themselves. For older children or adults patients, the fixation object
can be replaced, for example, by text from their favorite book, and it is advisable to fix, for example,
one letter or a shorter word in the text. This exercise should be performed from 3 to 4 times a day,
and repeat it for example from 20 to 30 times in a given series, always with a respect of the

individual needs of the patient.

122



Konvergometer

Exercise on the device, known as a convergometer, is basically a modification of the push-up
exercise, with the use of a rotating black and white spiral instead of the fixation object. Even this
exercise is a representative of the exercise in the real visual space and the whole exercise is done

with the patient's optimal correction.

The convergometer consists of a rotating black-and-white spiral that reflects the patient's view
in its center, making it easier for the patient to concentrate during the exercise. This rotating spiral is
moving on a bar that has a ruler on it that makes easier to read the current NPC value. The patient
has a leaning chin all the time on the cushioned chinrest. This device can be used for training with the
orthoptist who slowly moves the rotating spiral towards the patient's face, or patients can practice

themselves if they are able to safely determine when the spiral is split into two spirals.

Brock string

Brock string (see Figure 2) is created, as the name implies, with a string with beads, but used to
practice convergence and divergence in the real visual space. It uses the technique of physiological

diplopia. During exercise, the patient is optimally corrected with his or her correction.

Figure 2: Brock string

123



In the basic design, the whole string has a length of about 3 m, but we can also meet the 6 m
Brock string. On the string there are at least 3 colored beads at a distance of 40,5 cm, 1,5 m and 2,7
m from the patient's face. One end of Brock string holds the patient on his/her nose, the other end is
suitable for example to place on the door handle so that the string is tensioned throughout the
whole exercise. Then the orthotist asks the patient to look at the first bead (located closest to him).
The patient should say that he/she sees one bead, and behind it two blurred lines, which together
make up the letter V (due to the physiological diplopia). Subsequently, looking at the middle bead,
he/she should see again two V shaped blurred lines and partly see two more blurred lines in the
space in front of the bead, which makes up the inverted letter V. He/she should basically perceive
the blurred letter X around the bead. Looking at the farthest bead, the patient should perceive two
blurred lines in the shape of the inverted V in the space between him and the bead. After verifying
that the patient correctly understands the whole exercise, it is possible to start changing the view
distances, respectively to ask the patient to look at the first bead, then the last, then the middle, etc.
It is advisable to "alternately” change the view distances, because of when looking at the first bead
nearest to the patient, his/her convergence is practiced; on the other hand, when looking at the last
bead, the patient must diverge slightly. The whole exercise can be performed about 3 or 4 minutes,
according to individual needs and the current state of the patient. During the whole exercise,
however, the orthoptist must keep an eye on his/her eyes, respectively on the patient's corneal
reflexes and ask the patient how he/she sees the string and the beads, to makes sure that the patient
has not suffered, for example, suppression or diplopia that the patient can not describe. Because in

this case, the Brock string can not be used.

Exercise with the Brock string can be done with the patient at home because it is not difficult
to make this string. After proper education, the patient can also practice with the string by
himself/herself, if the orthoptist makes sure that the exercise is done in a proper way and the
patient, while fixing the bead, perceives the blurred strings in the correct position. Alternatively, the
patient can exercise with his/her parent who can instructs him/her during a home exercise and also

checks that the exercise is done in a correct way.

Chase exercise

"Chase exercise" is a modified push-up exercise that is suitable for small patients. It is also

the exercise in a real visual space. The whole exercise is done with the patient's optimal correction.
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It is suitable for small patients because, in addition to the fixation object, held by the
orthoptist, the patient himself/herself has a pencil or stick with the ball at the end (see Figure 3) in
his/her hand, which must be accurately applied to the fixation object which the orthoptist moves
differently in the patient’s binocular vision field. Because the patient has to hit the object by
himself/herself, he/she will also, in some cases, more focus his/her visual attention and therefore
better converge. This kind of exercise is also even more fun for young patients than just watching the

moving object.

Figure 3: Pencil and stick with the ball at the end

Chase exercise should also be done at the home, either individually (for example, in small
children who have not yet manage any other exercises of convergence) or in a combination with

other types of exercise.

Near far jump

As can be seen from the title of this type of exercise, the essence of this is a giuck jump
change of fixation from a near object to the object placed at leastin 5 — 6 m, or even further. This

exercise also takes place in the real visual space and always with the patient's optimal correction.

For this exercise, the same fixation object is used as for the push-up exercise or chase exercise.

Ideally, the patient is seated in front of the window so that he/she can watch for example houses on
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the opposite side of the street, etc. Orthoptist sits next to the patient in a way that does not block
him/her from looking out of the window. At the beginning of the exercise, the fixation object is
placed at a distance so that the patient can converge easily and see it easily. Orthoptist will ask the
patient to look at the fixation object. Then she prompts him/her to look quickly from the window, for
example, to the chimney of the opposite house (at a minimum distance of 5 to 6 m) — to quickly
change the fixing distance from near to the distance. She then asks him/her to look back at a near
fixation object, which she has already moved a few centimetres closer to the patient's face. At the
same time, she prompts him/her to stops the fixation at that near fixation object and also converge.
This enhances the convergence. Thus, in a jump-like way, he/she changes the view from near to
distant, for example for 2 — 3 minutes (depending on the individual patient's condition). With each
view at the near fixation object, the orthoptist moves the fixation object a few centimetres closer to
the patient's face until it is revealed that he/she can no longer fuse and sees it twice. This procedure
should also normalize the patient's NPC during the exercise. And by looking into the distance, it is
possible to train divergence, respectively desaccommodation and also the fusion amplitude. During
the exercise, the orthoptist checks the eyes of the patient, during looking in the distance and looking

at the near object, if eye /eyes do not move outside, etc.

Also near far jump method of convergence exercise can be done at home, but always after
proper education of the patient so that the orthoptist is 100% sure that the patient alone or the

parents of the child patient can do this method properly.

Three cats

As the name of the method suggests, the basis of the test is a schematic picture of cats.
Originally was made in Great Britain. The whole exercise takes place in the real visual space with the
patient's optimal correction. It is related to the practice which is called relative vergence exercises —

the practice of convergence, or divergence, in the case of unchanging accommodation.

For the convergence exercise, an opaque card with two schematic cats (see Figure 4) is used,
whose central parts are 5 cm apart and each of it has some image details omitted (e.g. as fusion
images used for the troposcope/synoptophore). The orthoptist places this exercise card within 30 —
40 cm of the patient's face. Then she places a fixation object (pencil with motive, index finger, etc.) in
the space between the card and the patient's face. Then she prompts the patient to focus on the
fixation object. Ortoptist then instructs him/her to try to perceive in the space behind the fixation
object the third cat that is created by fusing the two schematic cats from the exercise card. In other

words, this third cat contains all fusion image details because it is composed of two schematic cats. It
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is important to remind the patient that when he or she develops a third cat, he/she does not to start
fixing to this third cat, because in some cases he/she may stop seeing it, because the fusion will be
disturbed. And it is also important to mention that it is okay if the third cat is seen blurry,
respectively not quite sharply, because the third cat can be seen sharply after a certain period of
training this type of exercise. If the patient perceives the third cat, which has all the picture details,
we can ask him/her to try to perceive this third cat for as long as possible in an ideal fusion state.
Then we'll tell him/her to change the vision direction for a moment or close his/her eyes. Then we

can repeat the exercise for example from 10 to 15 times according to the patient's individual needs.

Figure 4: Card with two schematic cats

If the transparent material with printed schematic cats is used instead of an opaque card, this
method can also be used to practice divergence. The difference is that the patient fixes the object
located behind the plane of the transparent card (for example, when looking from a window on the
street). By looking through the exercise card to the distance, accommodation and convergence are
relaxed. Only if he/she sufficiently relaxes accommodation and convergence, he/she will again see

the image of the third cat with all the proper picture details.

This exercise can be used at the home after proper education. It is also possible to use a
schematic picture of another animal or object instead of cats and make this exercise a patient's

hobby and make it more comfortable for him/her.
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Exercise with prisms in space

The exercise of convergence with prisms in space is the highest degree of convergence
enhancement, because in addition to this vergence motion, it also strengthens the function of single
binocular vision (abbreviation SBV), especially the sensory fusion. This is an exercise in the real visual
space, but with the exception that the Bagolini glasses (see below) are used to exercise, which
partially dissociate the perception of the right and left eye. Even this exercise allows to practice

relative vergence.

Necessary aid for orthoptic exercise of convergence in space are Bagolini glasses with
scratches at the angle of 45 and 135. Through Bagolini glasses, the patient watches a light spot
located at a distance of about 5 — 6 meters. The glasses of these Bagolini glasses blur the visual
perception of a small light spot into a light ray/line that is perpendicular to the scratches. If a patient
looks through Bagolini glasses at the light spot with each eye separately, he/she sees only one line
and one light spot. But if he/she looks with both eyes, he/she sees the cross and one (or two) light
spots. In this simple way, we are constantly assuring that the patient does not suppress one eye

while exercising, but uses both eyes together as needed.

During the exercise, orthoptist puts prisms (or prismatic bar) with base temporal (BT) with
increasing force in front of one eye. Depending on the force of the prism, the image on the retina
moves, forcing the patient to reflex, eventually free convergence to maintain a single light spot
perception. Step-by-step increase of prism force will strengthen the convergence. The result of the

exercise is more robust convergence and a more stable eye position.

The exercise procedure is following: we light up the light fixation spot and turn off the lights
in the orthoptic office to the best see of the light spot. We put Bagolini glasses on the patient, and if
the patient has his/her own spectacle correction, we put Bagolini glasses on his/her dioptric glasses.
We ask him/her to look at the fixation light spot through the Bagolini glasses and ask him/her what
he/she sees. If he/she tells us he/she sees one light spot and a cross over it, we know we can
continue the exercise. But if he/she tells us he/she only sees one line and one light spot or a cross
and two light spots, we can not continue with the exercise because the patient suffer from

suppression or diplopia.

But if he/she describes that he/she sees a cross and a single light spot, we put a prism in
front of one eye. We start with a prism of 1 pD, which is placed with base temporally (BT). We ask
the patient what he/she see. If he/she describes that he/she sees one light spot and a cross, we

know we can continue the exercise. If he/she tells us something else (as described above), we can
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not continue with the exercise. We proceed the exercise in the following way: we put prisms in front
of one eye gradually, usually in 1, 2 or 5 pD steps. This forces the patient to converge - the higher the
prism force, the more the image moves on the retina and the more the patient must converge. This is
so until the patient tells us that he/she sees only one line and one light spot or cross and two light
spots and can not overcome the suppression or diplopia himself/herself. A patient who has been
doing this orthoptic training for some time can handle the exercise, for example, up to a value of 25 —
30 pD BT. Then, we start putting the prisms downwards - from 25— 30 pD BT to 1 pD BT, usually after
5, 2 or 1 pD steps. This whole process represents one exercise cycle. If a patient experiences a
problem of "connecting" two lines and two light spots into one cross with one light spot in the
middle, we ask him/her to blink or look at his/her nose and then back to the fixation light spot. We
will do the same exercise on the other eye - again the whole exercise cycle. During exercise, it is
necessary to ask several times what the patient sees to be sure he/she is properly exercise and does
not make up things. E.g. we can cover one eye during the exercise and ask him/her what he/she sees.
He/she should tell us that he/she sees one light and one line. Also, during exercise, we can observe
the movement of the eye when we remove a prism - the eye should correctly move from the inner
corner to the parallel position. We repeat the whole exercise three times for each eye, 3 exercise
cycles for the right and 3 exercise cycles for the left eye. Of course, it is possible to adjust the training

distance, e.g. to reduce it, etc.

Exercises can not be done at home, but only in the orthoptic office, because it is rather

complicated exercise, both with its procedure and equipment.

Polarized vectograph

The polarized vectograph exercise (see Figure 5) is another option for exercising convergence
and also divergence. Polarized glasses are used to dissociate the perception of the right and left eye.
This exercise can also be included in the exercise in the real visual space, in which there is a partial
dissociation of the perception of both eyes. As exercise with prisms in space, exercise with polarized
vectograph train the relative vergence. If the patient has a spectacle correction, the polarized glasses

are put over his/her dioptric glasses.
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Figure 5: Polarized vectograph

The polarized vectograph is composed of two transparent foils with pre-printed motive that
foils can move over themselves. The used motive may be spiral with letters, etc. It is thanks to the
mutual movement of the two foils against each other that it is possible to exercise convergence or
divergence. After putting polarized glasses, e.g. the spiral should be seen spatialy, because in the
base position of the foils, both images are slightly shifted, creating a stereoscopic perception. Before
exercise, however, it is important to ask not only whether patient sees spiral spatialy but also
whether he/she see special test marks for the right and left eye at the same time. If these test marks
were not seen with both eyes at the same time, exercise with the vectograph does not have the
proper meaning. Then we ask the patient to start fixing some spot on the spiral. Then we start slowly
moving the foils against each other, respectively away from each other. Moving towards the patient's
right hand, we force him/her to converge, towards the patient's left hand, we force him/her to
diverge. This way we move the folios until the patient tells us that he/she sees the spiral twice,
blurred or non-stereoscopic. We note the value at which the spiral disconnection occurred. The digits
are usually used to express the convergence value, and letters are usually used to express the
divergence value. These letters and digits are usually located at the bottom of the vectograph on a
single "line" that represents a scale, with a one-letter/digit shift usually corresponding to 1 pD. After
splitting of the spiral, we return to the base position of the two foils and ask the patient whether the
perception is stereoscopic again. If yes, we can start slowly moving the folios in the opposite
direction than we were moving a while ago. During exercise, we try to motivate the patient to
maintain the stereoscopic perception of the spiral for as long as possible, respectively with the
greatest possible displacement of the two foils away from each other, because it also improves the

convergence/divergence. It is advisable to perform this exercise for about 3 — 4 minutes, depending
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on the patient's concentration and endurance. During repetitive exercises, we try to make the
patient perceive the vectograph stereoscopically for as long as possible, thus increasing his/her range

of convergence/divergence (evaluated by reading on the scale).

Troposcope/synoptophore

Convergence exercise can also be performed on a troposcope/synoptophore. However, this
is an exercise in the device space, which is very different from the visual scene normally perceived
during everyday life. Furthermore, during this exercise, the right and left eye are completely

dissociated. Even this exercise is done by the patient with his optimal correction.

Convergence exercises are commonly performed on figures used for fusion Il. However, if the
patient has at the fusion Il partial or full suppression, or he/she has alternate suppression, it is
possible to perform the exercises with figures for fusion I. The base position for the exercise of
convergence is the correct setting of the angle of patient strabismus. Consequently, it is possible to
practice both the convergence and the divergence (so the fusion amplitude) on the
troposcope/synoptophore to the moment when the patient tells us that he/she sees the fixation
object twice. Particularly small patients often fail to describe the splitting of the image, so it is very
important to check the placement of their corneal reflexes during the exercise, and if we see a reflex
shift or a refixing movement, we know that the fusion has been broken and the patient sees two
images. Then, once again, we return to an angle of strabismus and then we can practice the same
procedure in the way towards the divergence. This exercise can be performed for about 2 — 3

minutes, depending on the age, concentration and current state of the patient.

Brewster — Holmes and vergence stereoscope

The Brewster-Holmes and vergence stereoscope (see Figures 6 and 7) represent other devices
that can be used for convergence exercises with patients. This method also represents an exercise in
the device space where the perception of both eyes is completely dissociated. Even during this

exercise, the patient has his/her optimal correction.
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Figure 6: Brewster — Holmes stereoscope Figure 7: Vergence stereoskope

Both steroscopes have a very similar design. The base is a bar that has either a handle or is
placed on an adjustable stand. There is a sliding carrier of double — figure on the bar (see Figure 6)
and an opaque divider that separates the perception of the right and left eye. As a fixation stimulus,
superposition, fusion or stereoscopic double — figures can be used. On the bar there are also
peepholes that contain convex lenses +5,25 D, which have the optical centers decentred outward,
thereby inducing a prismatic effect. For Brewster — Holmes stereoscope exercises are used double —
figures that have a constant center distance. On the other hand, with a vergence stereoscope, it is
possible to adjust the center distance of the fixation double — figures with the screws. The base
position of the double — figures is approximately in the center of the bar. Due to the decentration of
the convex lenses, during the movement of the double — figures towards the patient's face, he/she
has to accommodate and diverge at the same time. On the other hand, during the movement of the
double — figures away from the patient's face, he/she has to desaccommodate and converge at the
same time. In this way, VAS is dissociated during the exercise, so if the patient looks into the real
visual space after exercise, it is possible that the correct VAS with the correct AC/A ratio will briefly
appear. As a result, the following exercise can enhance not only convergence and divergence, but
also the right VAS with the right AC/A ratio. In addition, it is possible to practice the patient's fusion
amplitude on the stereoscopes. During exercise, it is still necessary to check the position of the eye
and the corneal reflexes of the patient because during the movement of the double — figures

towards/away from the patient at some point occurs diplopia or suppression of one eye, or alternate
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suppression and at that point it is necessary to return with a double — figures a few centimeters back.
This movement of the double — figures towards/away from the patient’s face is done about 3 — 4
minutes in total. During this time interval, it is of course possible to alternate the double — figures so
that exercise is as entertaining as possible for patients. Using a variety of the double — figures, it is
possible to exercise patient superposition, fusion and stereopsis. If the patient has a divergent
deviation and can not fuse the base double — figures, it is possible to use the double — figures with a
greater center distance (with the Brewster — Holmes stereoscope) and gradually reduce the center
distance of the the double — figures during the exercise. With the vergence stereoscope, it is possible
to adjust and change the center distance of the double — figures images according to the patient's
need. However, small patients are not able to describe diplopia or suppression during the exercise,
so they can not do this exercise alone and must be under the constant supervision of orthoptist who
still checks the correct placement of the corneal reflexes. However, if older patients are able to
recognize the suppression or diplopia sufficiently, they can do this exercise in the orthoptic office

after a proper education by themselves.

Fusion amplitude

The fusion amplitude (abbreviation FA) represents the extent of the fusion in which the
patient perceives the fixation object simply, in other words, FA represents the SBV range. The FA is
evaluated in the direction to convergence and divergence (in the horizontal direction) as well as in
the vertical direction, always in the direction around the patient’s angle of strabismus. FA towards
the convergence is often referred to as positive FA, vice versa, FA towards the divergence as a

negative FA. In some literary sources, the term fusion reserve is used.

FA is influenced by many factors. For example, the age of the patient, his/her attention and
exercise, accommodation at the fixation objects, influence of used examination/exercise method,
etc. If the FA is measured/trained on the troposcope/synoptophore, its extent depends on the used
fusion figure, or on whether the figure for fusion I, Il or Ill is used for the examination. Lada
Hromadkova in her publication Silhani states that a healthy person should have a positive FA of 25 —
40 pD, a negative FA 8 — 10 pD and a vertical FA 3 — 4 pD. But it does not say whether it is a child or

adult patient.

Sufficient extent of FA is a very important factor of SBV, because of, for example in
heterophoric patients, FA expresses the extent in which the heterophoria will be compensated
without major astenopic problems and/or diplopia. In other words, if a patient has, for example, a 4

pD esophoria and a positive FA 25 — 30 pD, he/she will probably not feel that deviation any more.
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The possibilities of fusion amplitude exercises in the orthoptic office

It is very important to practice FA and ideally extend it practically in all orthoptic patients,
because FA, as one of the parameters of single binocular vision, should, after a certain period of

orthoptic exercise, ideally be normalized or expanded/enlarged.

The following paragraphs will describe the various options that can be used to exercise the
fusion amplitude (especially positive and negative FA). Basically, all overlap with the methods used in
the convergence exercise (see above). Therefore, they will be only described briefly, or the

differences from the convergence exercises will be mentioned.

Exercise with prisms in space

This method makes it possible for the patient to practice not only convergence (as described

above), but also divergence and, therefore, the fusion amplitude.

But the exercise principle remains the same. During the exercise of convergence, the
orthoptist puts the prisms with the base temporally in front of the patient’s eye, but for the practice
of divergence, it is used prisms with the base nasally (abbreviation BN). After a certain period of
exercise, the patient can achieve a positive fusion amplitude of up to 30 pD and a negative fusion
amplitude of up to 12 pD. However, it is important to note that these values can usually be expected
in children and young adult patients. It is also not possible to say beforehand how long the patient

has to exercise to reach these values.

If the patient has a problem during the exercise with the prism BN, it is possible to instruct
him or her to look for a moment for example at the ceiling. Because looking upwards, the visual axes
physiologically moves outwardly, and this can helps when looking back to the fixation light spot to
create a simple perception (so the perception of one light spot and a cross). Usually, during the

exercise, we are practicing a positive FA and then a negative FA.

Polarized vectogram

When exercising FA using a polarized vectogram, divergence is exercised in addition to

convergence exercise. The exercise procedure described above remains the same during FA exercise.
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Troposcope/synoptophore

On a troposcope/synoptophore, it is also possible to exercise FA in the orthoptic office using

the same procedure as described above.

However, it is important to note that since this is a complete dissociation of the perception of
the right and left eye in the device space, the extent of the FA in the real visual space may be slightly
different. The FA is read directly from the scales placed on the troposcope/synoptophore arms,
adding the value from both arms. For example, if the patient has an objective and subjective angle of
strabismus O degree and a positive FA range of + 8 degrees on one arm, the total positive FA will be +

16 degrees. Typically, the FA records in the form of e.g. + 16 degrees to - 8 degrees.

Brewster — Holmes and vergence stereoscope

Both of these stereoscopes can be used for FA exercises, but again these exercises represent

a complete dissociation in the device space.

The first step is to move double — figure from the base position to convergence (away from
the patient’s face) and then gradually into divergence (towards the patient’s face). In both cases,
until the moment when the patient experiences a diplopia, suppression or when the orthoptist

registers the deviation of the corneal reflexes.

FA can be also practiced using Brock string, near far jump exercise or three cats exercise (see

above).

Conclusion

The exercise of convergence and fusion amplitude is an important part of orthoptic exercise
and should not be neglected in patients with specific diagnoses. At present, there are a large number
of different methods by which both convergence and FA can be practiced in the orthoptic office or at
the home. It is possible to exercise in the real, but also in the device space. It is possible to use

complete or partial dissociation of the perception of the right and left eye.

For the conclusion, it is important to mention that the convergence exercise (or FA exercise)

is not enough once a week at the orthoptic office. The orthoptist must properly educate the patients
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or parents of child patients, how to exercise convergence properly every day at their home. Because

without this regular home exercise, the exercise in the orthoptic office will not be effective enough.
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Abbreviations

cm - centimetr
D - dioptre
m — meter

pD — prismatic dioptre
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Uvod

Abnormalni vizualni zkuSenost v détstvi mize zplsobit monokularni supresi a navazné amblyopii,
ktera je urcujici pro dal$i funkéni schopnosti pacienta a predstavuje dulezity prvek jeho klinického
nalezu. Jednim z charakteristickych ryst amblyopie je i omezeni binokularni spoluprace. [1]

Lécba amblyopie, tedy pleoptika, je rozsahla a dilezita oftalmologicka subspecializace,
disponujici rozsahlou Skalou 1é¢ebnych postupti, které byly za poslednich sto let publikovany. Zlatym
standardem ale zistava monokuldrni pleoptika zaloZzena na okluzi. Fyziologickym podkladem
takového postupu je percepéni uceni. Percepéni uceni je zlepSovani senzorické schopnosti diky
ziskavani zkuSenosti a praxi. Pravé zkuSenosti se stava, vlivem adaptace, vice pouzivana synapse
prostupnéj$i a vlivem uceni dochazi k propojeni soucasné aktivovanych neuront. [2] Techniky
monokularni okluze mohou mit navic neptiznivé psychosocialni u¢inky pro dité i rodinu. [3]

Nedavno se vyzkum pleoptickych metod zaméfil na postupy, které piimo ovliviluji
binokularni spolupraci amblyopického a vedouciho oka. Vzniké tak skupina binokularnich 1é¢ebnych
postupt. (viz obr. 1) [1]
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Amblyopia therapies

Pure monocular -
fixing eye patched

Y
Monocular therapies
with fixing eye open
Y
Binocular therapy
using dichoptic
contrast balancing
Y

Obr. 1: Piehled ptistupt k 1é¢b¢é amblyopie. Piehled zahrnuje pfistupy ¢isté monokularni,
ptistupy s binokularnimi prvky 1 jiné ¢isté binokuldrni s dichoptickou manipulaci parametra.

[1]

Binokularni lécba amblyopie

Pacienti se strabickou nebo anizometropickou amblyopii maji snizeny monokularni vizus
amblyopického oka a zaroven sniZenou nebo chybéjici binokularni spolupraci. V soucasné dobé se
1écba zamétuje na zlepSeni vizu amblyopického oka s predpokladem, ze zlepSeny vizus povede také ke
zlepSeni binokularnich funkci. Binokularni 1écba pfistupuje k amblyopii odlisné. Namisto
monokularnich okluzi, které poruchu binokularity spiSe prohlubuji, je potfebné binokularni funkce
naopak podporovat, stimulovat. Binokularni pfistup pfedpoklada zlepSeni zrakové ostrosti v disledku
nového binokularniho stavu. Stimulace za binokularnich podminek vede k dlouhodobé stabiln€jsim
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vysledkiim diky normalizaci rovnovahy stimulacnich, ale i inhibi¢nich synapsi. Pravé vliv inhibi¢nich
synapsi hraje pfi vzniku amblyopie zasadni roli. [4]

Pokud tedy chapeme amblyopii pfedevsim jako binokularni poruchu, 1é¢ebny postup pak vyzaduje tii
kroky, a to (1) potvrzeni schopnosti kombinovat informace obou o¢i, (2) kvantifikovat intenzitu
suprese, a (3) redukovat supresi a posilovat fuzi. [4]

Virtualni realita pro binokularni Iécbu amblyopie

Systémy virtudlni reality zahrnuji pocitaové vytvoiena virtualni prostfedi, ktera mohou byt
reprezentaci readlného svéta nebo naopak abstraktniho prostiedi. Pii pouziti virtualni reality je vnimany
stereoskopicky obraz vytvafen pouzitim dvou samostatnych obrazii jedné scény pro kazdé oko zvlast,
jejichz detaily jsou pozorovany pod mirné¢ odlisnym uhlem. V podstaté¢ se jedna o disociaci
v technologickém prostoru. Principem této technologie je tedy striktné haploskopicka stimulace,
umoznujici izolovanou stimulaci pravého a levého oka. [5]

Pro binokularni 1é¢bu se s rozvojem informacnich a komunikac¢nich technologii (dale jen "ICT")
nabizi pravé technologie virtualni reality (dale jen "VR"). [5] VR spliiuje vlastnosti dilezité pro
percepcni uceni, jako je motivace pacienta k 1é€be€, stimulace vizualni pozornosti, zpétna vazba,
submaximalni zatéz "kopirujici" zlepSovani cviéenych funkei atp. [2, 5]

Zakladnim principem binokularni pleoptiky v prostfedi VR je cilené potlaceni vybranych parametrii
obrazového podnétu pro vedouci oko. Informace, které nedostiva vedouci oko, jsou v ramci
komplementarity binokuladrniho vjemu cilené ziskavany prostiednictvim oka amblyopického, ¢imz se
selektivné cvi¢i tato jeho konkrétni schopnost. [5] Vychodiskem pro 1é¢bu amblyopie v prostiedi VR
tedy neni stereoskopicky efekt, ale haploskopicka prezentace rdznych objektd, zalozena na
mechanismu selektivniho G¢inku. Amblyopickému oku jsou zpravidla predstavovany zajimavé
objekty, zatimco oku vedoucimu jsou piedstavovany méné zajimavé vjemy, jako pozadi. [5]

Virtudlni realita mtize byt vyuzivana k 1é€bé amblyopie zejména diky moznosti kontroly obrazového
obsahu: jeho prostorovému rozlozeni (tj. kompozici obrazu), kontrastu, spektralni struktute
prostorovych a Casovych frekvenci, barev atp. prezentovaného obrazu. Dale lze ovladat pozorovaci
uhel pro kompenzaci heterotropické nebo hereroforické odchylky a individudlni interpupildrni
distance. [5]

Vivid Vision
Vivid Vision je uzivatelsky piivétiva pocitacova aplikace s nastroji pro sledovani a analyzu dat. Je

urcena k identifikaci strabismu, posouzeni binokularniho vidéni, k 1é¢be suprese, amblyopie a poruch
vergence. [6]
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Obr. 2: ardware potiebny pro pouiivglgi e;plikace Vivid Visio

Aplikace ma své vyuZiti ve vicero oblastech. Jednou z nich je odtlumeni suprese. Odtlumeni je mozné
diky tomu, ze aplikace umoziiuje manipulovat s celym vizualnim prostorem pacienta. MiZeme napf.
menit velikost objektu, kontrast ¢i rozostieni pro piekonani skotomu amblyopického oka. Dalsi funkei
je, opét diky moznosti upravy pozorovaného prostieni, nacvik stereopse C€i vergence. Cviceni
vizualnich a dalSich senzorickych ukoli vede ke zlepSeni vykonu v dané oblasti. Vivid Vision tak
vyviji lep$i vizualni dovednosti. [6]

Hry k odtlumovani pouZzivaji antisupresni techniky jako dichoptickou terapii, velikost objektu,
kontrast, rozostfeni a virtudlni prizma. Dichopticka terapie zvyhodnuje amblyopické oko pfi praci
v binokularnim poli. ZvySovani velikosti anti-supresnich znacek pifed amblyopickym/strabujicim
okem napomaha piekonat supresi. Jedna se o elementy vidéné pouze amblyopickym okem (viz obr. 3
a 4). SniZeni kontrastu pred zdravym okem a zvySeni pfed okem amblyopickym také vede k potlaceni
urcitych forem suprese (suprese rozdilu rozostfeni). Zamlzeni obrazu dominantniho oka ptsobi jako
vizualni penalizace a napomaha zapojeni amblyopického/strabujiciho. [6]

Intenzitu vSech vySe jmenovanych mechanismi je mozné v aplikaci manualné nastavit dle progrese
vizualnich funkei pacienta v pribéhu 1é€by. Pravé ptizptisobovani vizualniho prostoru dle aktualniho
stavu trénované funkce je pfedpokladem tspésnosti senzorického uceni. [6]
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Obr. 3: Hra aplikace Vivid Vision pro odtlumovani levého oka. Bilé krouzky pusobi jako fuzni
podnéty obou o¢i a amblyopické oko vidi navic uprostied krouzkl dilezité anti-supresni znacky. [6]

Obr. 4: Hra aplikace Vivid Vision s antisupresnimi znackami pro odtlumovani levého oka [6]
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Introduction

Abnormal visual experience in childhood can cause monocular suppression and consequently
amblyopia, which is critical for further functional abilities of the patient and also it is an important
element of its clinical finding. One of the characteristic features of amblyopia is the reduction of
binocular cooperation. [1]

Treatment of amblyopia, called pleoptics, is an extensive and important ophthalmological
subspecialisation with a wide range of therapeutic procedures, that have been published over the
last hundred years. However, the gold standard remains a monocular pleoptics, based on an
occlusion therapy. The physiological basis of such a process is perceptual learning. Perceptual
learning means improving sensory abilities of the patient by gaining his experiences and by practice.
More commonly used synapse become more permeable due to an experience. There is also a
connection of simultaneously activated neurons by learning. [2] Monocular occlusion techniques may
also have adverse psychosocial effects for both the child and the family. [3]

Research of amblyopia therapy have been focused on procedures that directly influence the
binocular cooperation of the amblyopic and the leading eye recently. And thus, forming a group of
binocular pleoptics methods. (see Figure 1) [1]
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Fig. 1: Overview of approaches to the treatment of an amblyopia. The overview includes

purely monocular approaches, approaches with binocular elements and other pure binoculars
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with dichoptic manipulation of parameters. [1]

Binocular treatment of an amblyopia

Patients with strabic or anisometropic amblyopia have reduced amblyopic eye monocular visual
acuity and reduced or absent binocular cooperation. Currently, treatment aims to improve the visual
acuity of the amblyopic eye, with the premise that improved vision will also improve binocular
function. Binocular treatment methods treat amblyopia differently. It is necessary to stimulate
binocular function instead of using monocular occlusions that binocular disorder rather deepens. The
binocular approach assumes improved visual acuity due to a new binocular state. Stimulation under
binocular conditions leads to longer-term more stable results due to the normalization of
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normalization of both stimulatory and inhibitory synapses. The impact of inhibitory synapses plays a
crucial role in the development of amblyopia. [4]

Thus, if we understand amblyopia primarily as a binocular disorder, the healing process requires
three steps, namely (1) confirmation of the ability to combine the information of both eyes, (2)
guantify the intensity of suppression, and (3) reduce suppression and enhance fusion. [4]

Virtual reality and binocular treatment of amblyopia

Virtual reality systems include computer-generated virtual environments that can represent a real
world or an abstract environment. When using virtual reality, a perceived stereoscopic image is
created using two separate images of one scene per eye separately, the details of which are
observed at a slightly different angle. In principle, this is a dissociation in the technological space. The
principle of this technology is therefore strictly haploscopic stimulation, allowing isolated stimulation
of the right and left eye. [5]

Information and communication technologies are developing, and virtual reality technology is
available for binocular treatment. [5] The VR complies with features, which are important for
perceptual learning, such as patient motivation for therapy, visual stimulation, feedback, submaximal
workload "copying" improvement of trained functions, etc. [2, 5]

The basic principle of the binocular pleoptics in the VR environment is targeted suppression of
selected image stimulus parameters for the leading eye. Information that is not eye-catching is
deliberately shown to the amblyopic eye, thus developing this particular ability. [5] The starting point
for the treatment of amblyopia in the VR environment is not a stereoscopic effect, but a haploscopic
presentation of various objects, based on a mechanism of selective effect. To the amblyopic eye are
usually shown interesting objects, while to the dominant eye are shown less interesting object such
as a background. [5]

Virtual reality can be used to treat amblyopia, in particular through the ability to control image
content: its spatial distribution (image composition), contrast, spectral structure of spatial and
temporal frequencies, colours, of the image presented. Further, an observation angle can be used to
compensate for heterotopic or heterophoric variation and individual interpupillary distances. [5]

Vivid Vision

Vivid Vision is a user-friendly computer application with data tracking and analysis tools. It is
designed to identify strabismus, assessment of binocular vision, to treat suppression, amblyopia and
vergence disorders. [6]

145



RN = =
Fig. 2: Hardware required to use Vivid Vision application [6]

Application can be used in many areas. One of them is overcome of suppression. This is possible
because the application allows you to manipulate the entire visual area of the patient. For example,
we can change object size, contrast or blur to overcome the scotoma of an amblyopic eye. Another
feature is stereopse or vergence training, thanks to the ability to adjust the observed environment.
Practicing visual and other sensory tasks leads to improved performance in a given area. Vivid Vision
thus develops better visual skills of the patient. [6]

Anti-suppression games use anti-suppression techniques such as dichoptic therapy, object size,
contrast, blur and virtual prism. Dichoptic therapy favours the amblyopic eye while working in the
binocular field. Increasing the size of anti-suppression targets from the amblyopic/strabic eye helps
to overcome suppression. These anti-suppression targets are elements seen only by the amblyopic
eye (see Figures 3 and 4). Decreasing the contrast in front of the healthy eye and increasing the
contrast in front of the amblyopic eye also leads to the overcome of certain forms of suppression
(blur diffusion suppression). Blurring the image of the dominant eye acts as a visual penalization and
helps to engage the amblyopic / outrageous. [6]

The intensity of all of the above-mentioned mechanisms can be manually adjusted in the menu of an
application according to the progress of the patient's visual functions during treatment. It is precisely

the adaptation of the visual space according to the current state of the trained function that is a
prerequisite for the success of sensory learning. [6]
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Figure 3: Vivid Vision game used to overcome left eye suppression. White rings act as the
fusion stimuli of both eyes, and the amblyopic eye sees extraordinary anti-suppression targets
in the middle of the rings. [6]

Figure 4: Vivid Vision game with anti-suppression targets, used to overcome left eye
suppression. [6]
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Problematika anizometropie u jednotlivych refrak¢nich vad

Katedra optometrie a ortoptiky LF MU, Brno

Anotace

Tato studie se zabyva anizometropii ve vztahu k jednotlivym refrakénim vaddm a z ni
plynouci aniseikonii. Nejprve zde budou piipomenuty nejdilezitéjsi pojmy prace a to
anizometropie a aniseikonie. Nasledné je zafazena vyzkumna Cast prace, ve které se zjistuje
vyskyt velikosti anizometropie v populaci, velikost aniseikonie, vliv brylové korekce a
specialnich size lens ¢ocek na potlaceni aniseikonie a také ptfitomnost dominantniho oka u

pacientl s rozdilnou velikosti refrakéni vady.

Klic¢ova slova: anizometropie, myopie, hypermetropie, aniseikonie, Aniseikonia Inspector

Uvod

Po narozeni jsou oci vSech déti dalekozraké (2,5 — 3 D). Jak dit¢€ roste, nartsta 1 predozadni
délka oka, ktera je kompenzovana oplostovanim rohovky a cocky. Oko novorozence ma
délku asi 18 mm, ve tiech letech naroste na 23 mm a dale pokra¢uje vyvoj mnohem pomaleji.
V idedlnim ptipadé by o¢i mély zlstat emetropické. AvSak u vice nez 50 % oc¢i pretrvava
urcity stupenn hypermetropie i v dalSich letech. Jestlize oko naroste vice ve sméru predozadni
osy, stdva se myopickym. Existuje moznost, ze jedno oko se vyvine jinak, stava se tedy
kratsim nebo delsim nez druhé parové oko. Tato moznost je jednou z pfiin anizometropie.
Zkraceni o 1 mm vede ke zméné refrakce asi o 3 D, takze pokud délka oka neni
kompenzovana napft. zakiivenim rohovky, je vyskyt anizometropie pomérné Casty.

Pokud refrakce na obou ocich je shodnd, mluvime o izometropii. Jestlize je refrakce na
kazdém oku jin4, mluvime o anizometropii. Toto slovo je feckého pivodu: AN — ne, ISO —
stejna, METR — mira, OPIA — vidéni.

Obecné pravidlo tika, Ze rozdil 0,25 D v refrakci zptsobi 0,5 % rozdil ve velikosti obrazli
na sitnici. Jako horni hranice, ktera se da jesté snést, se udava 5 %. OCi se snaZi obrazy spojit
a tato snaha vyvolava astenopické potize. Pfi anizometropii dochazi k poruseni binokularniho

vidéni. Nejprve vznikd alternujici vidéni, tedy stfidavé vidéni kazdého oka zvlast, né¢kdy
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mize vzniknout i vidéni monokularni. Disledkem je to, Ze oko, které se nepouziva, slabne
a dochazi ke vzniku tupozrakosti. Anizometropie pusobi obtize také pti akomodaci, kdy je
obtizné urcit optimalni akomodaci jednoho a druhého oka.

Korigovat anizometropii neni uplné jednoduché. Problémem byva anizoforie — nestejny
klinovy ucinek pifi pohledu mimo stfedy brylovych cocek a to nuti o¢i nepohodiné
konvergovat ¢i divergovat. Dal§im projevem u korigované anizometropie je vznik nestejné
velkych sitnicovych obrazii. Aniseikonie je zptsobena rozdilnymi hodnotami korekénich skel,
jejich polohou ¢i sklonem.

Diusledky korigované anizometropie lze minimalizovat jen do urcité miry a to vybérem
spravné korekce. Muzeme vyuzit brylové cCocky, kontaktni cocky, poptipade jejich
kombinaci. Specidlné pro upravu aniseikonie byly vyvinuty iseikonické ¢ocky. Tyto Cocky
pouze zvéEtSuji obraz, aniz by zménily refrakci a to takovym zpisobem, ze méni smér
svételného paprsku.

Cilem praktické casti této prace je zjisténi vyskytu anizometropie v populaci, velikosti
aniseikonie, vliv brylové korekce a specialnich size lens ¢ocek na potlaceni aniseikonie a také

pfitomnost dominantniho oka u pacientli s rozdilnou velikosti refrakéni vady.

Stanoveni hypotéz
Hypotéza 1
Vyskyt refrakénich vad v populaci u dospélych Evropani miizeme vyjadiit Gaussovou

kiivkou, kterda je asymetrickd a jejiz vrchol sméfuje vice k hypermetropii. Kiivka také
ukazuje, Ze u myopie se muzeme setkat s vySSimi hodnotami refrakéni vady oproti
hypermetropii.

Podle Sorsbyho se u 75 % populace nachazi refrakce od 0 D do +1,75 D. Myopie od 0 D az
do -4 D vykazuje v populaci stejny pocet jedincti jako hypermetropie mezi +2 D az do +6 D.

Vyskyt v %
'y
Myopie e Hypermetropie
o
o
[
——
-3 =20 =10 an A0 i +30
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Obrazek 1: Vyskyt refrakcnich vad v populaci [13]

Avsak refrakce v pribéhu zivota neni konstantni. Za Zivot mizeme sledovat dvé faze
hypermetropizujici, které nastdvaji ve v&ku predSkolnim a stfednim. Déje se tak
pravdépodobn¢ disledkem poklesu tonu ciliarniho svalu a zménou indexu lomu cocky. Mezi
fazemi hypermetropizujicimi mizeme sledovat dvé faze myopizujici a to ve véku skolnim a
ve stari.

Jak moc je vyskyt refrakénich vad zavisly na zevnich vlivech, jako je velikost prace do
blizka, osvétleni pii praci, zplisob Zivota, je stale nezodpovézenou otazkou.

Jen ziidka najdeme v populaci jedince se stejnou velikosti refrakéni vady na pravém a
levém oku. Maly stupent anizometropie je velmi rozSifeny a vys$i stupen se vyskytuje
predev§im u myopie.

Asi 40 % anizometropie se vyskytuje spoleéné s myopickou refrakéni vadou, zatimco
hypermetropicka anizometropie je v populaci asi jen kolem 5 %.

Pti stanoveni své hypotézy vychdzim z toho, Ze vyskyt refrakénich vad je zavisly na
vnéjsich vlivech. Nas zrak se po staleti rozvijel a byl zvykly pozorovat objekty v riznych
vzdalenostech. Avsak v dnes$ni dobé, kdy pievlada prace do blizka tomu tak neni. Lidé ve
svych zaméstnanich sleduji digitalni obrazovky monitori, témét kazdy vlastni chytry telefon a
V neposledni fad¢ také roste mnozstvi studentti, jejichz zrak se hlavné zamétuje na materidly
v blizké vzdalenosti.

Prevalence myopie se proto Vv poslednich letech dramaticky zvySila. Nov¢jsi studie

naznacuje, ze pokud nedojde k presnosti akomodace pii praci do blizka, rozostfeny retinalni

obraz vede k rozvoji kratkozrakosti.

Hypotéza 1: V populaci se vyskytuje vice anizometropt s myopickou refrakéni vadou

neZ anizometropu s hypermetropickou refrakéni vadou.

Hypotéza 2

Pti formovani této hypotézy jsem vychéazela z pfedchoziho méfeni a ze skutecnosti, ze
anizometropie jde ruku v ruce s aniseikonii. Rozhodla jsem se zjistit, jaky vliv ma brylova

korekce na aniseikonii.

Hypotéza 2: Vlastni brylova korekce nezvySuje aniseikonii.
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Hypotéza 3

Zde jsem opét vychazela z pfedchoziho méfeni. Pokud pacientovi s vlastni brylovou
korekci naméfime nenulovou aniseikonii, budeme se ji snazit potlacit diky predkladani size

lens ¢ocek.

Hypotéza 3: U vice neZ poloviny pacientii potla¢ime aniseikonii na nulovou urovei za

pomoci size lens ¢ocek.

Hypotéza 4

Pti formovani casti hypotézy 4 jsem vychéazela z Taiwanské studie, kterd se zabyvala
urcenim souvislosti mezi o¢ni dominanci a velikosti myopie u pacientli s anizometropii. Byla
zde stanovena prahova Uroven anizometropie 1,75 D, za kterou bylo vZzdy dominantni oko
vice myopické nez nedominantni. Podle této studie plati, ze ¢im vySsi je mira anizometropie,
tim vice je pravdépodobné, ze dominantni oko je vice myopické nez nedominantni oko.

Pro¢ dominantni oko je vice myopické casteCné vysvétlili tak, ze pro osoby se snizenou
schopnosti akomodace, prace do blizka mutze zptlisobit rozostfeny retinalni obraz, a toto
chronické rozostieni vede k myopii. Pfedpoklada se, ze béhem nebo bezprostiedné po praci
do blizka, mize tonicky stav cilidrniho hladkého svalstva v dominantnim oku vést k mensi
akomodacni ptesnosti nebo k vétSimu zpozdéni akomodace ve srovnani s nedominantnim
okem, coz vede k vétSimu rozostfeni.

Dle mého nazoru mij vzorek pacientli nebude vykazovat tak velkou asymetrii refrak¢ni
vady mezi pravym a levym okem, aby se potvrdila vySe zminéna studie.

Pti formovani dalsi Casti hypotézy 4 jsem se inspirovala studii z Némecka o stanoveni
souvislosti mezi o¢ni dominanci a sférickou / astigmatickou anizometropii, vékem a pohlavim
u hypermetropicky subjekti.

Vysledky ukazuji, Ze pro anizometropii od 0,5 D do 1,74 D nedominantni o¢i byly vice
hypermetropické v 70 %. U sférického ekvivalentu anizometropie > 2,5 D bylo nedominantni

oko vice hypermetropické v 95,2 %.

Hypotéza 4: U myopické anizometropie bude dominantni oko méné myopické a u

hypermetropické anizometropie bude dominantni oko méné hypermetropické.
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Metodika méreni

Hypotéza 1

Cilem tohoto méteni je zjistit refrakéni stav pacientl. Jak je v praxi bézné, nejprve budu
méfit objektivni refrakci s naslednou subjektivni dokorekei.

Objektivni méfeni bude probihat za pomoci autorefraktometru. Autorefraktometr je
ptistroj, ktery méfi refrakéni stav oka za pomoci infracerveného zareni. V soucasné dobé
dosahujeme velmi piesnych vysledkii méfeni diky uvolnéni akomodaéniho usili pacienta.
Vyhodou je také rychlost a nendrocnost meteni.

Nicmén¢ vzdy je nutné provést subjektivni ovefeni udaji pro maximalni vizudlni pohodli
pacienta.

Pro zjiSténi subjektivni korekce do dalky budeme pouZivat zkuSebni obrubu, sadu
zkuSebnich skel, Jacksonliv zkifiZzeny cylindr a svételny optotyp. Postup je bézny. Nejprve
stanovime sférickou slozku korekce pomoci plusovych a minusovych skel. Dale zjistime
pfitomnost astigmatismu za pouziti Jacksonova zkiiZené¢ho cylindru ve sledu osa cylindru a

nasledné sila cylindru. Potom provedeme kontrolu binokuldrniho vyvaZeni za piedifazeni

nejprve +0,25 a poté -0,25 skel pied ob€ oc¢i soucasné.

Obrazek ¢. 2: ZkuSebni obruba [14]

Hypotéza 2

V této casti praktického méfeni hraje hlavni roli pocitacovy program Aniseikonia
Inspector. Tento program jsme nainstalovali do notebooku, proto vySetiovaci vzdalenost bude
asi 50 centimetra.

Pti testovani jsou pacientovi nabizeny dva odli$né¢ velké obdélniky v komplementarnich

barvach. Testuje se ve ¢tyrech blocich. Prvni dva bloky nabizi obdélniky vyskové odlisné pro

153



zjisténi vertikdlni slozky aniseikonie. V dalSich dvou blocich se ukazuji jinak Siroké
obdélniky k odhaleni horizontdlni slozky aniseikonie. B&hem testovani jsou pacientovi
predfazeny Cerveno — zelené bryle.

Pro zjisténi, zda brylova korekce nezvysuje aniseikonii, postupujeme tak, ze pacientovi je
nabidnuta sada testdl nejprve pfi naturalnim vizu, poté za pouziti své brylové korekce do

dalky.

Obrazek ¢.3: Aniseikonia Inspector [15]

Hypotéza 3

Me¢éieni budeme provadét v piipadeé, kdy ani s brylovou korekci nedosahneme nulové
aniseikonie.

Pti zjistovani této hypotézy budeme opét pouzivat pocitacovy program Aniseikonia
Inspector v testové vzdalenosti asi 50 centimetrii. Pro pohodli pacienta dame jeho korekci
spolu s ¢ervenym a zelenym filtrem do zkuSebni obruby. Pied pravym okem si totiz pacient
ptidrzi size — lens ¢ocku o hodnoté, kterou jsme ziskali pfi méfeni aniseikonie s brylovou
korekci pti zjiStovani hypotézy 2.

Size lens ¢ocky se n€kdy pouzivaji ke zméné velikosti obrazu sitnice bez zmény polohy.
Toto je obvykle nutné v pfipad¢ aniseikonie, kterd vede k nestejné velikosti obrazu na sitnici.
Tyto cocky jsou vhodné pro pacienty, kterym korekce aniseikonie pomoci bryli ¢ini problémy
V podobé¢ naruseného binokularniho vidéni.

Cocky, které jsou specialné navrzeny tak, aby zménily velikost sitnicového obrazu bez

zmény refrakce, se nazyvaji iseikonické nebo size — lens Cocky. Iseikonické Cocky jsou
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zalozeny na principu planparalelni desticky. Planparalelni desticka mé dvé lomivé stény, které
jsou vuci sobé rovnobézné. Rovnobézné stény zpuisobi zménu chodu svételnych paprski.
Zvétseni iseikonické Cocky zavisi na optické mohutnosti pfedni plochy ¢ocky, vrcholové

lamavosti coCky a na vzdalenosti od oka.

Obrazek ¢. 4: Iseikonické (size lens) cocky [16]

Hypotéza 4

Existuje mnoho zptsobu, jak uréit dominanci oka. Mizeme ji uréovat pii vidéni do blizka i
do dalky, pti monokularnim i pii binokularnim vidéni.

Ve svém vyzkumu budu uréovat smérovou dominanci a to pomoci kontrolniho testu Check
Test™ (Hole — in — card test). Je to jednoducha pomiicka, kterou pacient drzi v nataZené ruce
a skrz otvor se divd obéma oc¢ima na vzdaleny pfedmét (pismeno optotypu). Nejprve
zakryjeme pacientovi jedno oko a potom druhé oko a pozaddme ho, aby porovnal umisténi
pozorované¢ho piedmétu v otvoru testu. Dominantni je to oko, které vidi pozorovany piedmét
co nejblize stfedu pii zakryti oka nedominantniho.

Toto ,,vySetieni* miZeme provadét 1 bez pouZiti pomicky a to tak, Ze poZzadame pacienta,
aby pfedpazil a z prstli ruky vytvoftil otvor o priméru 2 — 3 centimetry. Poté ho vyzveme, aby
se otvorem dival na vzdaleny pfedmét. Pokud by to vySetfovanému bylo pohodIngjsi, miiZe si
sttidave zavirat o¢i sam. Jestlize v otvoru je vidét vétsi ,,uskoceni” pozorovaného predmétu,

vime, ze se jedna o oko nedominantni.
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Obrazek ¢.5: Hole — in —card test [17]

ReSerse

Trotterav vyzkum z roku 1967.

Tabulka €. 1: Procentualni vyskyt anizometropie v zavislosti na velikosti anizometropie (Trotter, 1967)

Rozdil Pocet %
Do1,0D 629 91,2
1,0-1,75D 36 52
2,0-2,75D 14 2,0
3,0 D avice 11 1,6

Konstatuje, Ze klinicky vyznamna anizometropie vyssi nez 2,0 D se vyskytuje v méné nez

4 %.

Diplomova prace — Vyskyt refrakénich vad a zpusoby jejich korekce v populaci studentu

optometrie.

Bylo méteno 100 studentl optometrie ve véku mezi 19 a 31 lety. U 31 jedinch nebyla

zaznamenana zadnd refrakéni vada. Myopie byla zjiSténa u 46 ptipadii, hypermetropie pouze
us3.
Studentka se také zamétila na pomér refrakéniho stavu pravého a levého oka. Izometropie

(stejna velikost refrakce obou oc€i) byla zjiSténa u 59 studentli, anizometropie u 41 studentd.
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Z 69 0sob s refrakéni vadou nachdzime anizometropii v 59,4 %. Z toho u myopu se vyskytla

ve 22 ptipadech, u hypermetropti ve vSech 3 ptipadech.

Taiwanska studie - uréeni souvislosti mezi o¢ni dominanci a velikosti myopie u pacienti

S anizometropii.

Zkoumalo se 55 jedincti s anizometropickou myopii. Nejprve byla méfena refrakce a
axialni délka oka. Dominance oka byla stanovena pomoci otvorového testu.

Vysledky méteni: z 33 pacientli s anizometropii < 1,75 D bylo dominantni oko vice
myopické v 17 ptipadech (51,5 %).

Byla zde stanovena prahova uroven anizometropie 1,75 D, za kterou bylo vZdy dominantni
oko vice myopické nez nedominantni. Dominantni o¢i mély také delSi axidlni délku oproti
nedominantnim o&im. Cim vy$§i je mira anizometropie, tim vice je pravdépodobné, Ze
dominantni oko je vice myopické neZ nedominantni oko.

Pro osoby se sniZzenou schopnosti akomodace, prace do blizka muze zptlisobit rozostieny
retinalni obraz, a toto chronické rozostieni vede k myopii. Pfedpoklada se, ze béhem nebo
bezprostiedné po praci do blizka, mlZe tonicky stav ciliarnitho hladkého svalstva v
dominantnim oku vést k mensi akomodacni piesnosti nebo k vét§imu zpozdéni akomodace ve
srovnani s nedominantnim okem, coz vede k vétSimu rozostieni. To miize ¢asteCné vysvétlit,
pro€ je dominantni oko vice myopické.

Zavér

V tomto prispévku jsem shrnula nejdilezitéjsi poznatky z teoretické casti své diplomové
prace. V ramci vyzkumné ¢asti prace jsem predstavila své hypotézy a popsala jsem metodiku
métfeni. Vzhledem k tomu, ze jsem teprve na zaCatku svého méieni, prozatimni vysledky
nejsou smérodatné, a proto budou konkrétnéji popsany a vysvétleny v prezentaci.

Zdroje
1. POLASEK, J. a kol. Technicky sbornik o&ni optiky. Praha: Nakladatelstvi technické
literatury ve Stiedisku internich publikaci, 1974. 188-190, 329-330 s.
2. ANTON, Milan. Refrakéni vady a jejich vySetfovaci metody. 2. pteprac. vyd. Brno:
Institut pro dal$i vzdélavani pracovnikil ve zdravotnictvi, 1993. ISBN 80-7013-148-9

3. HROMADKOVA, Lada. Silhani. Vyd. 3., nezmén. Brno: Nérodni centrum

oSetfovatelstvi a nelékatskych zdravotnickych obort, 2011. ISBN 978-80-7013-530-3

4. Ceska o¢ni optika. 2006, 47(03)

5. KUBOSOVA, Radka. Anizometropie a aniseikonie — Diagnostika, princip korekce.

Brno, 2015. Bakalarska prace. Masarykova univerzita. Lékarska fakulta.

157



6. VARILUX UNIVERSITY. Prakticka refrakce. Essilor International, 2007

7. Staffova, Eva. Vyskyt anizometropie a jeji vliv na kvalitu vidéni. Brno, 2017.

Diplomova prace. Masarykova univerzita. Lékaiska fakulta.

8. GROSVENOR, T. Primary Care Optometry. St.Louis:

ButterworthHeinemann/Elsevier, 2007. ISBN 978-0-7506-7575-8
9. Association between Ocular Dominance and Spherical/Astigmatic Anisometropia.
10. Anisometropia and amblyopia in nasolacrimal duct obstruction.
11. FRIEDMAN, N. KAISER, P. TRATTLER, W. Review of Ophthalmology.
12. CARLSON, A.S. Magnification and Low Vision Appliances. In: EyeSite Magazine.

13. BENES, P., VRUBEL, M.: Oftalmologie pro specialni pedagogy. Brno: Paido, 2018.
91 s. ISBN 978-80-7315-264-2.

Seznam obrazku
Obrazek ¢.1: Vyskyt refrakcnich vad v populaci
ANTON, Milan. Refrak¢ni vady a jejich vySetfovaci metody. 2. pfeprac. vyd. Brno:
Institut pro dalsi vzdélavani pracovnikii ve zdravotnictvi, 1993. ISBN 80-7013-148-9
Obrazek ¢.2: Zkusebni obruba
Zkusebni obruba Oculus UB4. Dostupné na adrese:

https://www.brylove-skrine.cz/Zkusebni-obruba-Oculus-UB4-d33.htm

Obrazek ¢.3: Aniseikonia Inspector
Aniseikonia Inspector. Dostupné na adrese:

http://www.opticaldiagnostics.com/products/ai/additional info.html

Obrazek ¢.4: Iseikonické (size — lens) cocky
Definition of Aniseikonia. Dostupné na adrese:

http://www.opticaldiagnostics.com/info/aniseikonia.html

Obrazek ¢.5 : Hole —in — card test
Camp-In Curriculum: Putting It Together -- Camper Survey.

Dostupné na adrese: http://www.pbs.org/wgbh/aso/resources/campcurr/survey.html

158


https://www.brylove-skrine.cz/Zkusebni-obruba-Oculus-UB4-d33.htm
http://www.opticaldiagnostics.com/products/ai/additional_info.html
http://www.opticaldiagnostics.com/info/aniseikonia.html
http://www.pbs.org/wgbh/aso/resources/campcurr/survey.html

Bc. Michaela Béhounkova, Mgr. Petr Vesely, Dis., Ph.D.

The problem of anisometropia in refractive errors
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Annotation

This study deals with anisometropy in relation to individual refractive errors and the
resulting aniseikonia. At first, we will mention the most important terms of this study -
anisometropy and aniseikonia. The research part of the work analyzes the impact of
anisometropy size on the population, the size of aniseikonia, the influence of spectacle
correction and special size lenses to suppress aniseikonia, as well as the presence of the

dominant eye on patients with different refractive error size.

Key words: anisometropia, myopia, hypermetropia, aniseikonia, Aniseikonia Inspector

Introduction

After birth, all children are far-sighted (2,5 - 3 D). As the baby grows, the anterior length
of its eyes increases, which is compensated by the adaptation of the corneal and lens. The
newborn’'s eye has a length of about 18 mm. The following next three years, the lenght grows
to 23 mm and slowly continues to develop.

Ideally, the eyes should remain emmetropic. However, more than 50% human‘s eyes
develop some kind of hypermetropia in the future. If the eye grows more in the direction of
the anterior axis, it becomes myopic. There is a possibility that one eye develops differently
and becomes shorter or longer than the other. This is one of the causes of anisometropy. A
shortening of 1 mm results in a refraction change of about 3 D, so if the length of the eye is
not compensated by, for example, corneal curvature, the incidence of anisometropy is quite
frequent.

Correcting anisometropia is not easy. The problem is called anisophoria — an uneven
wedge effect on the outside of the center of the lenses that makes the eyes uncomfortable to
convergence or divergence. Another case of corrected anisometropy is the appearance of
unequally large retinal images. Aniseikonia is caused by different values of the correction

glasses, their position or tilt.
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The consequences of corrected anisometropy can only be minimized to a certain extent by
selecting the right correction. We can use spectacle lenses, contact lenses, or a combination of
both of them. An iseconic lens has been specially developed to treat aneseiconia. These lenses
only magnify the image without changing the refraction by changing the direction of the light
beam.

The aim of the practical part of this study is to determine the occurrence of anisometropy
in the population, the size of aniseikonia, the influence of spectacle correction and special size
lenses to suppress aniseikonia, as well as the presence of the dominant eye on patients with
different sizes of refractive defects.

Determination of hypotheses
Hypothesis 1
The incidence of refractive errors in the adult population of Europeans can be expressed

by a Gaussian curve, which is asymmetric and its peak is more towards hypermetropia. The
curve also shows that in myopia we may experience higher refractive errors versus
hypermetropia.

According to Sorsby, 75% of the population has a refraction from 0 D to +1.75 D. Myopia
from O D to -4 D shows the same number of individuals in the population as hypermetropia
between +2 D and +6 D.

Vyskyt ¥ %

Myopie

0t Hypermetropie

-3 -20 =10 a0 AL il =30

Figure 1: The incidence of refractive erros in the population [17]

However, lifetime refraction is not constant. We can see two hypermetropising stages that

occur in pre-school and middle ages. This is probably due to a decrease in the tone of the
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ciliary muscle and a change in the refractive index of the lens. Among the hypermetropic
phases, we can observe two phases of myopization at school and old age.

How much is the incidence of refractive errors, such as the size of work in the vicinity,
lighting at work or the way of life, effected by external influences is still an unresolved
question.

We rarely find an individual with the same size of refractive defects on the right and left
eye. Smaller chance of anisometropy is very widespread, and a higher chance occurs
primarily in myopia.

Approximately 40% of anisometropy occurs together with myopic refraction defect, while
hypermetropic anisometropy occurs only in about 5% of the population.

When determining my hypothesis, | assume that the incidence of refractive defects depends
on external influences. Our vision has been developing for centuries and was used to
observing objects at different distances. But nowadays, when labor is predominant, it is not
used as much as it was before. People in their jobs are looking at digital screens, almost
everyone owns a smart phone, and last but not least, the number of students whose vision
focuses mainly on nearby materials is growing.

The prevalence of myopia has increased dramatically in recent years. A more recent study
suggests that if the accuracy of close-up accommodation is not reached, the blurred retinal

image leads to the development of short-sightedness.

Hypothesis 1: There are more anisometropes with myopic refractive errors in the

population than anisometropes with hypermetropic refractive errors.

Hypothesis 2
| used this hypothesis build on the previous measurement and the fact that anisometropy

goes hand in hand with aniseikonia. | decided to find out what effect would the spectacle

correction have on aniseikonia.

Hypothesis 2: Custom eyeglass correction does not increase anisekonia.

Hypothesis 3
Here, | have also gathered information based on the previous measurement. If we see a

non-zero aniseikonia in a glass eye correction, we will try to suppress it by submitting a size

lens.
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Hypothesis 3: In more than half of patients, we will suppress aniseikonia to zero by

using a size lens.

Hypothesis 4
A part of hypothesis 4 is based on a Taiwanese study that dealt with the relationship

between eye dominance and the size of myopia in patients with anisometropia. An
anizometropy threshold of 1.75 D was set to show that the dominant eye was always more
myopic than non-dominant. According to this study, the higher the degree of anisometropy,
the more likely it is that the dominant eye is more myopic than the non-dominant eye.

A dominant eye with myopic occurs especially on people with reduced ability to
accommodate to their surroundings and working close to some subjects, causing a blurred
retinal image, and this chronic blurring leads to myopia. It is assumed that during or
immediately after working close to some subjects, the tonic state of the ciliary smooth muscle
in the dominant eye may lead to a lower accommodative accuracy or to a greater delay in
accommodation compared to the non-dominant eye, resulting in a greater blur.

In my opinion, my patient sample will not show as much asymmetry of the refractive error
between the right and left eye to confirm the above mentioned study.

Another part of my hypothesis 4 was inspired by a study from Germany about the
relationship between eye dominance and spherical / astigmatic anisometropy, age and sex in
hypermetropic subjects.

The results show that for anisometropy from 0.5 D to 1.74 D, non-dominant eyes were
more hypermetropic in 70%. For a spherical equivalent of anisometropy > 2.5 D, the non-

dominant eye was more hypermetropic at 95.2 %.

Hypothesis 4: In myopic anisometropy, the dominant eye will be less myopic, and in

hypermetropic anisometropy the dominant eye will be less hypermetropic.

Measurement methodology
Hypothesis 1

The aim of this measurement is to determine the patient's refractive status. As in practice,
I will first measure objective refraction with subsequent subjective correction.

Objective measurements will be performed using an autorefractometer. Autorefractometer

is a device that measures the refractive status of the eye with infrared radiation. At present, we
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achieve very accurate measurement results by relieving the patient's accommodation efforts.
Advantage is also the speed and difficulty of measuring.

However, it is always necessary to perform a subjective verification of the data for the
maximum visual comfort of the patient.

To find a subjective correction in the distance, we will use a test rim - a set of test glasses,

a Jackson crossed cylinder, and a light optotype. The procedure is common. First, determine
the spherical correction component using plus and minus glasses. We also find the presence of
astigmatism using the Jackson crossed cylinder in the sequence of the cylinder axis and
consequently the force of the cylinder. Then, we check the binocular balance by first placing
+0.25 and then -0.25 glasses in front of both eyes at the same time.

¢ |
Figure 2: Test rim [18]

Hypothesis 2
In this part of the practical measurement, the computer program Aniseikonia Inspector

plays the main role. We installed this program on laptop, so the scanning distance will be
about 50 centimeters.

In testing, two different rectangles in complementary colors are offered to the patient. It is
tested in four blocks. The first two blocks offer height difference rectangles for detecting the
vertical component of aniseikonia. The other two blocks show differently wide rectangles to
reveal the horizontal component of aniseikonia. During testing, the red-green glasses are
placed on the patient.

To find out if the glasses correction does not increase anisekonia, we proceed by giving
the patient a set of tests with a natural vision first, then using a spectacle correction to the

distance.
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Figure 3: Aniseikonia Inspector [19]

Hypothesis 3
If we do not achieve zero anisiconics even with the glass correction, we will do the

measurement.

When determining this hypothesis, we will again use the Aniseikonia Inspector computer
program at a test distance of about 50 centimeters. For patient‘s comfort, we correlate it with
the red and green filters into the test rim. In front of the right eye, the patient retains a size -
lens of the value we obtained when measuring aniseikonia with glassy correction for
hypothesis 2.

The lens sized lenses are sometimes used to resize the image of the retina without
changing its position. This is usually necessary in the case of anisekonia, which leads to an
uneven size of the image on the retina. These lenses are suitable for patients whose correction
of aniseikonia with glasses makes problems in the form of disturbed binocular vision.

Lenses that are specially designed to change the size of the retinal image without changing
the refraction are called iseikonic or size lenses. Iseikonic lenses are based on the principle of
a planar parallel plate. The planar leaf has two fractured walls parallel to each other. Parallel
walls cause light beam to change.

The magnification of the iseconic lens depends on the optical power of the front face of

the lens, the peak breaking of the lens and the distance from the eye.
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Figure 4: Iseikonic (size lens) lenses [20]

Hypothesis 4
There are many ways to determine the dominance of the eye. We can determine it in close

and distant vision, monocular and binocular vision.

In my research, | will determine directional dominance using the Check Test™ (Hole -
in - card test) test. It is a simple device that the patient holds in his outstretched hand and
through the opening he looks at a distant object with both eyes (the letter of the optotype).
First, we cover one eye and then the second one and ask the patient to compare the location of
the observed object in the test aperture. The dominant one is the eye that sees the observed
subject as close as possible to the center of the obscene eye.

This "examination” can be done without the need of asking the patient to preload and to
form a 2 - 3 centimeter long hole from the fingers of his hand. Then we ask him to look at the
distant object through the hole. If the interviewer feels comfortable, he could close his eyes on
his own. If there is a larger "jump™ of the observed object in the opening, we know that it is a

non-dominant eye.

Figure 5: Hole - in - card test [21]
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Research
Trotter's research from 1967.

Table 1: Percentage of anisometropia in relation to the size of anisometropia (Trotter, 1967)

Difference Number %
Do1,0D 629 91,2
1,0-1,75D 36 5,2
2,0-2,75D 14 2,0
3,0 D avice 11 1,6

It states that clinically significant anisometropia greater than 2,0 D occurs in less than 4% of

our population.

Diploma thesis - Occurrence of refractive defects and ways of their correction in the

population by students of optometry.

100 optometric students between the age of 19 to 31 were measured. No refractive defect
was recorded in 31 individuals. Myopia was detected in 46 cases, hypermetropia only in 3.

The student who measured the other students also focused on the ratio of refractive states
of right and left eye. Isometropia (the same size of refraction of both eyes) was found in 59
students, anisometropy in 41 students.

Out of 69 people with refractive errors, we found anisometropy at 59,4 %, 22 cases with

myopia and 3 cases with hypermetropes.

Taiwan study - Determining the relationship between ocular dominance and myopia size in

patients with anisometropy.

55 individuals with anisometropic myopia were tested. First, refraction and axial length of
the eye were measured. The dominance of the eye was determined by the aperture test.

Measurement results: Out of 33 patients with anisometropia < 1,75 D, the dominant eye
was more myopic in 17 cases (51.5%).

An anisometropy threshold of 1,75 D was set to see if the dominant eye was always more

myopic than non-dominant. Dominant eyes also had a longer axial length than non dominant
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eyes. The higher the degree of anisometropia, the more likely it is that the dominant eye is
more myopic than the non-dominant eye.

For people with reduced ability to get used to different surroundings or working near the
computer screens can cause a blurred retinal image, and this chronic blurring leads to myopia.
It is assumed that during or immediately after working close to some subjects, the tonic state
of the ciliary smooth muscle in the dominant eye may lead to a lower accommodative
accuracy or to a greater delay in accommodation compared to the non-dominant eye, resulting
in a greater blur. This may partly explain why the dominant eye is more myopic.

Conclusion

In this part | summarize the most important findings from the theoretical part of my
diploma thesis. In the framework of the research I presented my hypotheses and described the
measurement methodology. As I'm only at the beginning of my measurement, the provisional
results are not conclusive and will therefore be more specifically described and explained in

the presentation.
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Vliv heteroforii na praci s pocitacem
Katedra optometrie a ortoptiky LF MU, Brno

Anotace

V soucasné dobé€ je pocita¢ nedilnou soucésti naSeho pracovniho i osobniho zivota. Mnoho
lidi si ale také uvédomuje vliv pouzivani pocitacli, mobiltl 1 tabletii na zrak i zdravi, ponévadz
tyto pfistroje v mnoha ptipadech zpisobuji o¢ni unavu, bolest hlavy, rozmazané a dvojité
vidéni a dalsi komplikace, které se nazyvaji syndrom pocitaCového vidéni. Avsak tyto obtize
nemusi byt zpisobeny pouze timto syndromem, ale také latentnim Silhdnim neboli heteroforii.
Ta se miize projevovat o¢ni inavou, rozmazanym vidénim nebo diplopii. Je tedy mozné, ze
ma heteroforie negativni vliv na praci s pocCitatem a zpomaluje ocni pohyby — sakady a

fixace. Tyto o¢ni pohyby je moZzné velmi dobie vyhodnotit pomoci eye-trackingové metody.

Kli¢ova slova:

Heteroforie, oéni pohyby, syndrom pocitacového vidéni, eye-tracking

Heteroforie

Heteroforie je latentni Silhani, jinymi slovy se jedna o poruchu okohybnych svalii, kterou ale
neni mozné na pohled diagnostikovat. Pfi€iny heteroforii jsou rizné, mezi ty nejcastéjsi patii
vrozené a nesoumérné anatomické rozlozeni okohybnych svali, ziskana slabost nékterého ze
svalii, porucha jejich inervace, dale také vrozené anomadlie oc¢nice velky rozestup mezi
ocnicemi nebo porucha akomodacné vergencniho systému. [3,7] Ne u vSech pacientt ale
vyvolava obtiZe. V piipadé€, Ze je heteroforie kompenzovana, nejsou patrné zadné projevy, a
tudiz neni potieba heteroforie fesit. Pokud ale pacientim zplsobuje obtiZze jako naptiklad
bolesti hlavy, oc¢ni Unavu, rozmazané a dvojité vidéni, tak se jednd o heteroforie

dekompenzovanou a je tfeba ji riznymi zptisoby fesit. [3]
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Abychom heteroforie mohli diagnostikovat, je nutné porusit binokularni fuzi. Tim se vyvola
imbalance okohybnych svalll a ndsledné je mozné pozorovat vzajemnou polohu a pohyby o¢i.
V ptipadé, Ze se po naruseni flize neobjevila zddna deviace (okohybna uchylka), Ize tento stav
nazyvat jako ortoforie. Ta se vyskytuje u piiblizné 20 — 30 % populace. Pokud se demonstruje
néjaka deviace, tak tento stav hodnotime jako heteroforie. Dale je nutné zaméfit se na smér
pohybu neboli odchylky, aby bylo mozné urcit jeji typ. Pokud je odchylka v horizontalnim
sméru, jde o esoforii (deviace zakrytého oka je nasaln€, odkrytého temporaln¢) nebo exoforii
(deviace zakrytého oka je temporalne, odkrytého nasalng). u vertikalni heteroforie se rozliSuje

hyperforie a hypoforie a lze také zminit cykloforie, které se d€li na incykloforii a excykloforii.

[7]

V soucasné dobé¢ se daji heteroforie vySetfovat mnoha metodami, a to na vzdalenost 6 m 1 na
blizkou vzdalenost (obvykle 40 cm). Pii vySetiovani téchto odchylek na vzdalenost 6 metra se
obvykle za¢ina objektivni metodou zvanou alternujici zakryvaci test (Obr. 1), kdy pacient
sleduje bod v odpovidajici vzdalenosti a pribézn¢ se mu zakryva levé i pravé oko a sleduji se
piipadné deviace. Dal§i metody, které se nasledné vyuzivaji, jsou jiz subjektivni a patii mezi
n¢ anaglyfni testy (Worthtiv test a Schobertv test), Maddoxiv kiiz, Bagoliniho skla, MKH
polariza¢ni ,kfizovy* test bez flzniho podnétu, anebo také pouziti von Graefeho prizmatu
(hodnota 6 pD bazi ve 270°), které lze pouzit pro méteni odchylek na vzdalenost 6 m i 40 cm.
Von Graefeho prizma rozdéli vizudlni vjem a pacient hodnoti vzdjemnou polohu obou obrazt
(nejCastéji optotypovy fadek). Pro vySetieni na blizkou vzdalenost je mozné opét pouzit von

Graefeho prizma v kombinaci s Howellovou tabulkou pro vySetfeni heteroforii (Obr. 2),
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kterou pacient drzi ve vzdalenosti 40 cm (je individualni). Po separaci vjemi vidi dva
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Obrazek 1: Vybaveni pro méreni heteroforii i refrakce. (zdroj: archiv autora)



testovaci fadky, z nichz horni ukazuje Sipkou na stupnici dolniho fadku. Dle této hodnoty se
pomoci prizmat dale koriguje heteroforie do té doby, nez pacient uvidi Sipku horniho fadku

uprostfed fadku spodniho. Mezi dalsi metody pro vySetfeni heteroforii do blizka patii

18  Zabovfesky :‘1, " 30 '21 ’::
19 x Na Drahach 00 %
20 x Pod Zatackou 12 W 30

BANE 13 g 3

6 14 122 10 8 6 4 2

Thoringtontiv test nebo Maddoxovo kiidlo. [2,3,7]

Jak jiz bylo zminéno, dekompenzované heteroforiec obvykle zplsobuji obtize, a z tohoto
davodu by mély byt feSeny. Prvnim krokem feseni by méla byt spravna subjektivni korekce a
idealni centrace brylovych Cocek v pouzivané korekci. Pokud tato varianta neni dostacujici a
pacientovi nepomtize, lze pfistoupit k pravidelnému zrakovému tréninku nebo navrhnout
prizmatickou brylovou korekci. V piipadé, ze Zadna z téchto variant pacientovi neulevi, je

mozné pristoupit k chirurgickému tfeseni. [7]

Obrdzek 2: Howellova karta pro méeni heteroforii. (zdroj: archiv autora)

Syndrom pocitac¢ového vidéni

Syndrom pocitacového vidéni (anj. computer vision syndrome) je souhrn rtiznych pfiznaki,
které se objevuji u uZzivateli pocitaci, mobili a tabletd po delsi praci na nich. Tyto obtize
mohou byt zptisobeny riznymi pfi¢inami a obecné se daji rozdélit podle mista komplikace na
o¢ni nebo celkové. Symptomy maji také odliSnou pusobnost, nékteré obtize pretrvavaji déle.
Z tohoto hlediska je lze rozdélit na kratkodobé a dlouhodobé. Mezi kratkodobé patii
predevs§im oc¢ni obtize jako je o¢ni inava, syndrom suchého oka (ktery se vSak mliZze obratit

Vv dlouhodobou komplikaci), rozmazané vidéni, diplopie nebo péleni o¢i a zarudnuti o¢i.

171



Bolesti zad, migrény, syndrom karpélniho tunelu, bolesti za krkem se daji potom oznacit jako
komplikace dlouhodobé. Vyse zminéné piiznaky mohou byt zpisobeny ruznymi vlivy,
napiiklad neadekvatnim sezenim u pocitace (Obr. 3), klimatizaci, nekorigovanou refrakéni
vadou a velky vliv na nase biorytmy ma i modré svétlo, které monitory vyzaiuji a dalSimi.

[1,9]

40-75cm

[ min 20° -

7275 cm

38-55cm

Obrdazek 3: Spravny zpiisob sezeni béhem prace na pocitaci. [1]

Vzhledem Kk tomu, Ze syndrom pocéitacového vidéni je globalni problém, nabizi se spousta
feSeni pro vsSechny, které tento syndrom negativné ovliviiuje. Nejprve je nutné pouzivat
spravnou subjektivni korekci, v idedlnim pitipad¢ upravenou na pocitaCovou vzdalenost.
Brylova korekce se da vylepsit specidlni antireflexni vrstvou (tzv. Blue Control), ktera omezi
pruchod modrého svétla brylovou cockou. Dale by kazdy ¢lovék mél dbat na spravné sezeni u
pocitace (Obr. 3), upravit osvétleni v mistnosti, a také dodrzovat pravidlo 20/20/20 (v Evropé
20/20/6). To znamena, Ze pii dlouhodobgj$im pouziti pocitace by se mél uzivatel kazdych 20
minut, pfiblizné€ na 20 vtetin podivat na 6 metrt. 20 vtefin obvykle staci ke kompletni relaxaci
oka, 6 metrii zabezpeci absolutni uvolnéni akomodace, ktera hraje pii pouzivani pocitace
vyznamnou roli. Nelze opomenout také nizkou frekvenci mrkani, kterd ma negativni vliv a

zpusobuje vysychani oka. [1,9]
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Eye — tracking

Eye-tracking je technologie, ktera slouZzi ke sledovani a hodnoceni o¢nich pohybi. S pomoci
této technologie se da zjistit, co upoutalo klientovu pozornost, tedy co na monitoru pozoruje,
jak dlouho to sleduje a také Ize tyto sledované body spojit a vytvofit trasu, kterou béhem eye-

trackingového méteni sledoval. [4,12]

Metoda eye-trackingu nachazi uplatnéni v mnoha oborech, mezi kterymi lze zminit
neurologii, kde vyuzivd k hodnoceni aktivity mozku béhem zpracovavani vizudlnich vjemu
nebo jako pomocny nastroj pii diagnostice jinych neurologickych onemocnéni.
Nepostradatelnou soucasti je eye-tracking 1 pi1 psychologickych vyzkumech, od hodnoceni
emoci az po diagnostiku riznych poruch, jako je naptiklad dyslexie, dysgrafie, ADHD a dalsi.
V marketingu se ¢asto vyuziva pro zdokonalovani uzivatelského prostfedi webovych stranek a
efektivni rozmisténi reklam, protoze se timto zplsobem da zjistit, jak4 mista uzivatelé
nejCastéji sleduji a kde je tedy reklama nejvice zaujme. Jeho pouziti se objevuje i
v oftalmologii jako pomocnik pii operacich rohovky nebo sitnice. DilleZitou roli hraje tato
metoda sledovani o¢nich pohybt i v kartografii, kde se s jeji pomoci daji rozvijet a zlepSovat
rizné typy map. V neposledni fad¢ je nutné zminit i piekladatelstvi, kde se da s touto pomoci

dobte hodnotit proces a nové zptisoby piekladani texti. [4,12]
Dle zptisobu méteni se da sledovani o¢nich pohybti rozd€lit do dvou zakladnich kategorii.

Prvni znich je velmi dobfe znama z optometrie — jedna se o elektrookulografii. Béhem
elektrookulografie dochazi k vytvofeni elektrického potencidlu mezi rohovkou, kterd ma
kladny ndboj a sitnici, ktera je nabita zaporn€¢. Aby bylo mozné tento potencidl snimat, je
potieba umistit na ¢elo a do zevnich koutki obou oc¢i elektrody. V rdmci optometrie i
oftalmologie je jeji zdkladni pouziti hlavné pro diagnostiku chorob pigmentového epitelu
sitnice. Mimo to se da pouzit i pro hodnoceni kvality o¢nich pohybi, a tedy i jejich rychlosti.
Od klasického eye-trackingu se vSak 1iSi tim, Ze u ni nelze rozli§it smér pacientova pohledu, je
tedy vhodnéjsi spiSe pro diagnostiku na urovni oftalmologie. Jde vSak o velmi pfesnou
metodu, kterd velmi pfesné zachyti napt. ptechody mezi jednotlivymi slovy nebo fadky

béhem kontinualniho ¢teni libovolného textu. [2,4]

Druhou metodou je tzv. videookulografie. Tato metoda je Castéji vyuzivana, protoZe dokaze
kvalitn€ zobrazit nejen o¢ni pohyby, ale i misto a délku jednotlivych fixaci na monitoru nebo

Vv prostoru. Hlavni véci, ktera je pro provedeni méfeni nutna je pfistroj zvany eye-tracker.
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Podle jeho umisténi se da rozdélit do dvou skupin. v prvnim ptipadé ma podobu bryli, 1ze ho
tedy umistit na hlavu pacienta, kterému to potom umoznuje vét§i pohybovou volnost a
samotné méteni je presnéjsi, dd se navic pouzit i v prostoru (Obr. 4). Druhym typem eye-
trackeru je pfistroj, ktery je polozen pted monitorem ve stabilni poloze, ptipadn¢ mize byt i
pripevnén pomoci magnetli na samotny monitor (Obr. 5). Ten nenabizi klientovi pohyb

V prostoru, ale dokaze velmi kvalitn¢ sledovat pohled béhem prace s pocitacem. [4,6,12]

Oba druhy pfistroji pracuji na stejném principu, ten se nazyva rohovkovy reflex. V pfistroji
jsou zabudované zdroje infraCerveného zéateni, které po zahdjeni meéfeni zacnou toto
infraervené zareni vysilat. IR zafeni nasledné¢ dopadéd na rohovku, kde se odrazi a vytvofti
rohovkovy reflex, ktery je sniman zabudovanou videokamerou. Poté pfistroj vyhodnoti
polohu tohoto bodu vaci stfedu zornice. Diky tomuto porovnavacimu pupilarnimu
mechanismu jsou pacientovi umoznény mirné pohyby hlavou, které nebudou negativné
ovliviiovat vysledky méteni. Pro oba eye-trackery je také velmi dilezitym pojmem frekvence,
neboli pocet snimktli za jednu vtefinu, ktery je ptistroj schopen udélat. Frekvence totiz znaci
kvalitu pfistroje, tedy ¢im vyssi frekvence, tim kvalitnéjSi a pfesnéjSi méteni dostaneme.
Zakladni ptistroje disponuji frekvenci 30 — 60 Hz, u kvalitnéjSich ptistroji frekvence dosahuje

hodnoty 1000 Hz i vyssi. [4,6,12]

Vyhodnoceni naméfenych hodnot se provadi v programech, které se lisi dle typu a znacky
eye-trackeru. Obecné se daji pohyby rozdélit na dvé faze — sakady a fixace. Udaje o téchto
dvou ocnich pohybech jsme schopni zjistit z tzv. raw dat (soufadnicova data, ze kterych Ize
vyhodnotit pozici pohledu v ¢ase), zjistime tedy, zda oko fixovalo néjaky bod anebo naopak
vykonavalo sakadicky pohyb. Fixace je tedy kratké zastaveni béhem sakadického pohybu,
kdy se oko zaméfi na néjaky bod v ramci zrakového pole. Sakady jsou rychlé pohyby oci,
které tvofi spojnici mezi jednotlivymi fixacemi a tim se snazi udrzet jednotny vizudlni vjem —
tedy se pokousi nastavit pohledové osy tak, aby sledovany bod dopadal do mista nejostiej$iho

vidéni, do fovey. [4,6,12]

Obrazek 4: Eye-tracker Tobii Pro Glasses 2 od firmy Tobii. [13]



Obrazek 5: Eye-tracker EyeTribe polozeny pred monitorem. (zdroj: archiv autora)

Zhodnoceni eye-trackingového méfeni nabizi tfi hlavni vystupy. Prvnim z nich je jiz vySe
zminéna fixace, jinymi slovy poloha o¢niho pohledu v urcitém casovém okamziku. Fixace
byvaji velmi kratké a dale je lze charakterizovat dobou fixace, tedy ¢asem, ktery pacient
vnima konkrétni bod na monitoru. Dilezité je vSak zminit, Ze tato doba se také odehrava od
psychiky ¢lovéka, jeho celkové pohody a také zalezi na jeho osobnich preferencich - pokud
ho konkrétni véc zaujme, jeho fixace nabude na intenzité, ackoliv 1 vV rdmci této fixace oko
vykonava pohyby. Ttetim pojmem, ktery nas v eye-trackingovém vystupu zajima je pohyb,
tady posun mezi jednotlivymi fixacemi. Pro grafické znazornéni zpracovanych dat lze pouzit
dva druhy vystupi, tzv ,,gaze plots* (Obr. 7) a ,heat maps* (Obr. 6). Gaze plots zndzornuji
mista jednotlivych fixaci s posloupnosti a sakddami mezi nimi a heat maps demonstruji

intenzitu pohledu v daném mist¢. [4,12]
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Obrazek 6. Priklad heat map. (zdroj: archiv autora)

U Census Burea

American Community Survey

LT ——

Questions on the form sad why we 6b

Guidance for Data Users ¥ | Data & Documentation ¥

»  Forpeaple Bang in group
Ging

v QUesBons on e form ang
vty we ask

erichn Community Survey
« 2010 Consus

® About the Pustto Rico
Community Sunvey

® Operations and
Administration of the ACS

Resources for

nare n. G CONNRCE WIS

2 topéc balow 1o view 3 fact sheat+iitn ACS quegtion(s), how long theqCaTTon-has.

fse. a degeription of how e federal o

VA Serdce Connected Disability

Obrazek 7: Priklad gaze plot mapy. [6]



Ackoliv je ptistroj zalozen na hodnoceni o¢nich pohybii, jeho vyuziti v optometrii neni Casté.
Objevuji se vSak vyzkumy, které pouzivaji eye-tracking pro méfeni fixacni disparity nebo
méteni heteroforii objektivni metodou. [8,10] Jsou také znamé vyzkumy, které se zabyvaly
vysetfenim strabismu a hodnocenim nystagmu. V budoucnu by vsak bylo mozné eye-tracking

vyuzit pro perimetrii, vySetfeni poruch barvocitu, pupilometrii a dalsi. [4]

Metody a cile méieni

Cilem této studie je ovéfit negativni vliv heteroforii na praci s pocitatem pomoci eye-
trackingové metody. Studie je zaméfena na pacienty ve vékovém rozmezi 15-30 let, muZze i
zeny, z refrak¢nich vad myopii 1 hypermetropii. Hlavni vyzkumné rozdé€leni je na pacienty
S heteroforii a ortoforické pacienty (tzv. kontrolni skupina, HTF<I je ortoforie). Vysledky
téchto dvou skupin jsou nasledné¢ porovndny. Meéteni probihd v Casovém rozmezi 16:00—

18:00, z divodu tnavy.

KaZzdy pacient nejprve vyplni standardizovany CVS-Q dotaznik, ktery své dotazy smétuje na
hlavni pfiznaky syndromu pocitacového vidéni. Dotaznik je nésledné zpracovan a
vyhodnocen — v piipadé, ze ma pacient CVS-Q skore>6, pravdépodobné trpi syndromem
pocitacového vidéni. [11] Déle se pokracuje onim vySetienim, kdy je ovéfena monokularni 1
binokularni zrakova ostrost bez korekce i s jeho vlastni korekei. Je také ovefena pacientova
objektivni (autorefraktometr) i subjektivni refrakce (zkuSebni obruba). Se subjektivni korekci
musi pacient dosahnout visu alespoit V>1. Jakmile je dokonceno toto méteni, ptejde se na
diagnostiku heteroforii, kterd je zahdjena alternujicim zakryvacim testem. Poté nasleduje
vySetieni pomoci von Graefeho prizmatu (6 pD ve sméru 270°) — dojde k separaci zrakovych
vjemu a pacient ur¢uje vzajemnou polohu vjemu levého i pravého oka. Metoda von Graefeho
prizmatu je pouZzita na 6 m (pozorovani Snellenova optotypu) a na 60 — 70 cm (Howellova
karta pro vySetfeni heteroforii — Obr. 2). Po zhodnoceni heteroforii se pfejde na méteni
rychlosti o¢nich pohybti, kdy pacient sleduje kratkou sekvenci bodii na monitoru a totéz déla
po 30 minutach intenzivniho ¢teni textu na pocitaci. Tyto vysledky jsou opét zpracovany a

porovnany u obou skupin.
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Influence of heterophoria on computer work

Department of Optometry and Orthoptics LF MU, Brno

Annotation

In the present day, daily use of computer has become integral to our work and personal life.
However, many people are also aware of the influence of computers, mobile phones and
tablets on their vision and health. These devices in many cases can cause eye fatigue,
headaches, blurred and double vision, and other complications called computer vision
syndrome. However, these symptoms may not only be caused by this syndrome, but also by
latent strabismus called heterophoria. This can be manifested by eye fatigue, blurred vision
and diplopia. It is possible, therefore, that heterophoria has negative influence on computer
work and slows down eye movements — saccades and fixations. These eye movements can be

very well evaluated using the eye-tracking method.
Key words:

Heterophoria, eye movements, computer vision syndrome, eye-tracking

Heterophoria

Heterophoria is a kind of latent strabismus, in other words, it is a malfunction of the ocular
muscles, but it is not possible to diagnose it on the first sight. The causes of heterophorias are
different, among the most common are the congenital and asymmetrical anatomical
distribution of the ocular muscles, the weakness of one of the muscles, the failure of their
innervation, the congenital anomaly of the orbit, a large gap between the orbits or the failure
of the accommodative vergence system. [3,7] However, not every patient suffers the
heterophoria complications. If the heterophoria is compensated, there are no manifestations
and hence no need for heterophoria to solve. However, if patients suffer problems such as
headaches, eye fatigue, blurred and double vision, the heterophorias are decompensated and it

is necessary to be treated in various ways. [3]
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To diagnose heterophorias, binocular fusion must be broken. It shows an imbalance of the
ocular muscles and consequently the relative position and movements of the eyes can be
observed. If no deviations have occurred after the disturbance of the fusion (a deviation), this
situation can be called orthophoria. Orthophoria occurs in approximately 20-30% of the
population. In the case that some deviations are demonstrated, we evaluate this as

heterophoria.

It is also necessary to focus on the direction of movement or deviation to determine its type. If
the deviation is in the horizontal direction, it is called esophoria (deviating the hidden eye is
in, exposed out) or exophoria (the deviation of the obscured eye is out, exposed in).
Hyperphoria and hypophoria is distinguished in vertical heterophorias, and cyclophorias,
which are divided into incyclophorias and excyclophorias, can also be mentioned. [2,4]

At present day, heterophorias can be examined by various methods, at the distance of about 6
m and even at the close distance (usually 40 cm). When examinating these deviations at 6
meters, it usually begins with an objective method called an alternate cover test where the
patient follows a point at the appropriate distance and continuously optometrist hides the left

and right eye and monitors possible deviations (Fig.1).
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Figure 1: Equipement needed for refraction measurement. (Source: author’s archive)
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Other methods that are subsequently used are already subjective, including anaglyphic tests
(Worth test and Schober test), in which there is a separation of perception due to the red and
green filter, which is inserted into the test rim. Other methods include the Maddox Cross,
Bagolini striated glasses, MKH polarization "cross" test without a fusion stimulus, or the use
of von Graefe prism (value of 6 pD bases at 270 °) that can be used to measure deviations
between 6 m and 40 cm. Von Graefe prism divides the visual perception, and the patient
evaluates the relative position of both images (most often the optotype line).

< e Woo3
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BANE 13 g 3:

Figure 1: Howell phoria card. (Source: author’s archive)

For near distance testing, von Graefe prism can be used in combination with the Howell
phoria card (Fig.2) which the patient holds at a distance of 40 cm (individual). While
examining the visual perception, he sees two test lines, the upper one showing the arrow on
the lower line scale. According to this value, the prism further corrects the heterophoria until
the patient sees the top line arrow in the middle of the lower line. Other methods for

examining heterophorias to be close include the Thorington test or Maddox's wing. [2,3,7]

As already mentioned, decompensated heterophorias usually cause difficulties and should
therefore be treated. The first step of the solution should be the correct subjective correction
and the ideal centration of the glass lenses in its correction. If this option is not sufficient and
does not help the patient, regular visual training can be done, or prismatic glasses can correct
heterophoria. If none of these variants does not relieve the patient, a surgical solution can be
made. [7]
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Computer vision syndrome

Computer vision syndrome is a summary of a various symptoms that occur to users of
computers, mobile phones, and tablets after longer work on them. These difficulties can be
caused by various problems and can generally be classified according to the location of the
complication on ocular or total problems. These symptoms also have a different effect, some
difficulties persist longer. From this perspective, they can be divided into short-term and long-
term. Among the short-term ones are mainly eye problems such as eye fatigue, dry eye
syndrome (which may turn into a long-term complication), blurred vision, diplopia or burning
of eyes, and also red eye. Back pain, migraine, carpal tunnel syndrome, neck pain can then be
described as long-term complications. The above symptoms can be caused by various effects,
such as inadequate computer sitting posture (Fig.3), air conditioning (it can cause dry eye
syndrome), uncorrected refractive defect, and blue light that the monitors emit and others
greatly influence our daily biorhythm. [1,9]

72-75¢m

38-55¢cm

Figure 3: Appropiate sitting posture. [1]

As computer vision syndrome is a global problem, there are plenty of solutions for those who
are negatively influenced by this syndrome. First, the ideal subjective correction, properly
adapted to the computer distance, must be used. Glass correction can be enhanced by a special
antireflective coating (called for example Blue Control) that reduces the permeability of blue
light through the glass lens. In addition, each person should take care of the proper computer
sitting posture (Fig.3), adjust the lighting in the room, and also follow the 20/20/20 rule (in

Europe 20/20/6). This means that the user should use the computer every 20 minutes, for
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about 20 seconds to look at 6 meters. 20 seconds is usually enough to reach eye relaxation, 6
meters ensures absolute relaxation of accommodation, which plays an important role when
using the computer. Computer user also cannot forget the low blink frequency that has a
negative effect and causes the eye to dry out. [1,9]

Eye-tracking

Eye-tracking is the technology used to track and evaluate eye movements. With the help of
this technology, we can see what attracted the client's attention, what on the monitor watches,
how long it watches, and eye-tracker can also link these points together and create a tracked
route. [4,12]

The eye-tracking method is used in many disciplines, including neurology, where it uses brain
activity to evaluate visual perceptions or as an aid to diagnosing other neurological diseases.
An indispensable part of eye-tracking is also in psychological research, from emotion
assessment to the diagnosis of various disorders such as dyslexia, dysgraphia, ADHD and
others. Marketing is often used to improve the user interface of the web site and make the ads
more efficient because it can be used to find out where the users are most likely to watch and
where the ad is most popular. Its use also appears in ophthalmology as a helper in corneal or
retinal surgeries. An important role is played by this eye tracking method in cartography,
where it can be used to develop and improve different types of maps. Finally, it is necessary
to mention the translation where it is possible to evaluate the process and show new ways of

translating texts. [4,12]

According to the measurement method, eye movements can be divided into two basic

categories.

The first one is well known in optometry - it is electrooculography. During
electrooculography, an electrical potential is created between the cornea, which has a positive
charge and a retina, which is charged negatively. To capture this electrical potential, it is
necessary to place the electrode on the front and the outer corners of both eyes. In the field of
optometry and ophthalmology, its basic use is mainly for the diagnosis of RPE diseases. In
addition, it can also be used to evaluate the quality of eye movements and their speed.
However, classical eye-tracking differs in that it cannot distinguish the direction of the

patient's view, so it is more suitable for diagnostics at the level of ophthalmology. However,
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this is a very accurate method that can accurately capture, for example, transitions between
words or lines during continuous reading of any text. [2,4]

The second method is videooculography. This method is more often used because it can
display not only eye movements but also the location and length of individual fixations on the
monitor or in the space. The main thing that is needed to make measurements is the eye-
tracker. Depending on its location, it can be divided into two groups. In the first case it is in
the form of glasses, so it can be placed on the head of the patient, which then allows greater
movement freedom and the measurement itself is more accurate, it can also be used in space
(Fig.4). The second type of eye-tracker is a device that is placed in front of the monitor in a
stable position, or it can also be attached by magnets to the monitor itself (Fig.5). It does not
offer the client space movement, but it can look very good at viewing while working with the
computer. [4,6,12]

Both types of devices work on the same principle, called corneal reflection. The device
incorporates infrared light sources that start transmitting infrared radiation after the
measurement starts. IR radiation then falls on the cornea, where it reflects and creates a
corneal reflection that is captured by a built-in video camera. Then the device evaluates the
position of this point relative to the center of the pupil. Thanks to this comparative pupil
mechanism, the patient is given light head movements that will not adversely affect the
measurement results. For both eye-trackers, it is also a very important concept of the
frequency, or the number of frames per second, that the device can do. Frequency means the
quality of the instrument, the higher the frequency, the better and the more accurate results we
get. The basic instruments have a frequency of 30 - 60 Hz, and for higher quality instruments
the frequency reaches 1000 Hz or higher. [4,6,12]

Measurement values are evaluated in programs that vary according to eye-tracker type and
brand. In general, moves can be divided into two phases - saccades and fixations. The data on
these two eye movements can determine from the so-called raw data (coordinate data from
which we can evaluate the position of view in time), so we determine whether the eye fixes a
point or, on the contrary, performs a saccadic motion. Thus, the fixation is a short stop during
the saccadic movement, when the eye focuses on a point within the field of vision. Saccadic
movements are fast eye movements that form the link between fixations and thus attempt to
maintain a uniform visual sensation-that is, trying to set the viewing axes so that the point of

view turns to the point of sharp vision, to the fovea. [4,6,12]
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Figure 4: The Eye-tracker Tobii Pro Glasses 2 by Tobii. [13]

Figure 5: The Eye Tribe placed behind the monitor. (Source: author’s archive)

The evaluation of eye-tracking measurement gives us three main data as outputs. The first is
the fixation mentioned above, in other words the position of the eye view at a particular time.
Fixations are very short, and can be characterized by the fixation time, that is, the time that
the patient perceives a particular point on the monitor. It is important, however, to mention
that this time also comes from personal preferences and its overall well-being - if the

particular thing interests it, its fixation will become intense, even though within this fixation
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eye moves. The third thing that interests us in eye-tracking output is movement, here is the
shift between fixations. Two types of outputs, called “gaze plots" (Fig.7) and "heat maps"
(Fig.6), can be used to graphically represent the processed data. Gaze plots represent the
locations of individual fixations with sequences and saccades between them, and heat maps

demonstrate the intensity of the view in the given location. [4,12]

Figure 6: Example of heat map. (Source: author’s archive)
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Figure 7: Example of gaze plot. [6]

Although the device is based on eye movements, its use in optometry is not common.

However, there are investigations that use eye-tracking to measure fixation disparity or

heterophoria measurements by an objective method. [8,10] Research is also known to

investigate strabismus and the evaluation of nystagmus. In the future, eye-tracking could be

used for perimetry, color vision deficiency, pupilometry, and others. [4]

Methods and measurement objectives

The aim of this study is to verify the negative influence of heterophoria on computer work

using the eye-tracking method. The study is aimed at patients aged 15-30 years, men and

women, myopia and hypermetropia. The main research breakdown is for patients with

heterophoria and orthophoric patients (so-called control group, HTF<1 is orthophoria). The
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results of these two groups are then compared. Measurements take place between 16:00 and
18:00 due to eye fatigue.

Each patient first fills in a standardized CVS-Q questionnaire that asks their questions for the
main symptoms of computer vision syndrome. The questionnaire is then processed and
evaluated - if a patient has a CVS-Q score of >6, it is likely to suffer from computer vision
syndrome. [11] Further, an eye examination continues, when both monocular and binocular
visual acuity is corrected without correction and with their own correction. Patient's objective
(autorefractometer) and subjective refraction (trial frame) are also verified. With subjective
correction, the patient must achieve a visus of at least V>1. Once this measurement is
complete, the heterophoria diagnostics is started, which starts with an alternate cover test.
Thereafter, the examination is performed using von Graefe prism (6 pD in the 270°) - the
visual perceptions are separated and the patient determines the mutual position of left and
right eye perception. The von Graefe prism method is used for 6 m (observation of the Snellen
optotype) and for 60-70 cm (Howell card for heterophoria examination - Figure 2). After
evaluating the heterophoria, the eye movement rate is measured, when the patient monitors a
short sequence of dots on the monitor and the same after 30 minutes of intensive reading on

the computer. These results are again processed and compared for both groups.
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LCD optotyp - vyhodnoceni specialnich test pro vySetieni zraku, srovnani
software jednotlivych pristroji

Katedra optometrie a ortoptiky LF MU, Brno

Anotace

V této praci je struéné popsany optotyp, jeho rozdéleni podle druhu, znaki a
konstrukéniho provedeni. Pfedev§im je prace zaméfend na porovnani LCD optotypu
s predeslymi provedenimi. Posledni ¢ast je vénovana specidlnim testim, které LCD optotyp

nabizi.

Kli¢ova slova

optotyp, test, vySetfeni, oko

OPTOTYPY

Optotypy lze popsat jako skupinou obrazcli/znaki na ur¢itém podklad€, pomoci kterych se
vySetiuje zrakova ostrost a refrakce. Mezi nejznaméjsi patii Snellenovy optotypy.
Konstruk¢éné jsou zhotoveny tak, Zze pismena (Cislice nebo jiné znaky) jsou zakresleny do
ctverce, aby se pod jistou vzdalenosti zobrazovaly na sitnici pod zornym uhlem pét uhlovych
minut, priCemz tloustka cary je rovna jedné uhlové minuté. Optotypy jsou obvykle
konstruované na dalku 5 m nebo 6 m a pismena jsou fazena sestupné od nejvétsich
K nejmenSim v 7-9 ftadach, dle provedeni. U kazdého tfadku je poznamenana hodnota
V metrech, kterd urcuje vzdalenost, ze které normalni emetropické oko fadek precte. Zrakovou
ostrost lze tedy urcit podle posledniho fadku s pismeny, ktery vySetfovany jeSté piecte.

Vyjadiuje se velkym pismenem V a vypocita se:

vzdalenost vysetiovaného od optotypu v metrech

~ ¢islo posledniho Fadku, ktery vySetfovany jesté pirecetl

Rozdéleni optotypii podle druhu:
e aritmetické,
e logaritmické,
e Snellenovy,
e LOgMAR ETDRS.
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Rozdéleni optotypii podle znakii:

Pfliigerovy haky se podobaji pismenu E a jsou uspotadané do riznych pozic.
Landoltovy kruhy jsou neuzaviené kruhy, jenz maji podobu pismenu C. Znaky jsou
opét natocené do riznych poloh.

Obrazkové optotypy jsou taktéz zakreslené do ¢tverce a mély by byt srozumitelné
dusevnim schopnostem déti. Pouzivaji se obrazky, na kterych je kolo, stil, srdce, dim,
zidle, houba a ¢tverec.

Snellenovy znaky jsou sestavené z pismen a Cislic, avSak nemaji spravné praporce.
Schoberovy znaky jsou nejvice podobné pismenim, se kterymi se setkavame

vV bézném zivoté a oproti Snellenovym znakiim, jsou uzsi a vyssi. [1]
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Obr. 1: Optotyp

Rozdéleni podle konstrukéniho provedeni:

Tisténé,

Svételné (celoplosné, fadkove),
Zrcadlové,

Projek¢ni,

LCD.

LCD optotypy

LCD optotypy jsou univerzalni digitalni vySetfovaci systémy pro ovéreni vizu. Skladaji se

ze vzajemn& propojené fidici, napajeci a zobrazovaci jednotky. Soucasti piisluSenstvi

obvykle také byva dalkovy ovladac, stereo bryle a polarizacni bryle, karti¢ky s optotypy pro

déti, zavés na sténu a stojanek. Tento digitalni optotyp zahrnuje nespocet mezindrodné

uznavanych, ale i modifikovanych a dopliikovych testii pro vySetfeni zrakové ostrosti. Diky

témto inovacim vznikaji nové moZnosti a postupy béhem diagnozy.
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Dle parametrii vySetfovaci mistnosti, pozadavku testli lze v konfiguraci LCD optotypii

nastavit 1 pfesnou vzdéalenost mezi vySetfovanym a optotypem. Nejbeznéjsi vzdalenost je 5 - 6

metru.

Oproti pedeslym konstrukénim typim provedeni je u LCD optotypu mozné:

Ukladat pacientovy osobni udaje spolu s naméfenymi hodnotami pro rizné testy do
vnitini paméti zatizeni.

Kopirovat namétené tidaje na USB disk nebo je tisknout prostiednictvim piipojeni
pies USB port nebo Wi-Fi.

Testy pribézné aktualizovat naskytne-li se vyssi verze pocitacového programu.
Vyuzivat testy ptizpisobené fecové a sluchové hendikepovanym pacientiim.
Dosahovat vyssi presnosti méfeni diky optimalizovanému kontrastu a barvam.
Vzdélavat nebo upoutat predev§im détské pacienty pomoci obrazkt, prezentaci, videi
za pouziti vestavénych reproduktord.

Zvolit pozadované znaky s volbou vzhledu patkové Snellenovy/bezpatkové Sloanovy
a aktivovat ndhodné zobrazeni znak na fadku.

Pfepinat si pohodIné jednotlivé testy dalkovym ovladacem (neplati pro projekéni
optotyp).

Pfenastavit format optotypi pro nizkou zrakovou ostrost nebo ¢teci vzdalenost.

Vyuzit izolovanych znaki podle stupné rozliSovacich schopnosti nejcastéji

pozorovanych u amblyopie. [2]

Obr. 2: LCD optotyp
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TESTY PRO VYSETREN{ ASTIGMATISMU
K¥izovy test

Test se provadi za pomoci Jacksonova zkiizeného cylindru a obrazku, na kterém je silny
ktiz, slaby ktiz nebo horizontdlni a vertikalni linie. Pficemz vysetfovany sleduje, zda dochazi
ke zméng, pokud se otaci Jacksonovym cylindrem.
K¥izovy cylindr

Na obrazku jsou vyobrazené¢ cerné tecky na bilém ohrani¢eném nebo neohrani¢eném
podkladé. Princip je obdobny jak v predeSlém testu, otacenim cylindru hleddme optimalni osu
a silu cylindru.
Astigmaticky véjir

Test se provadi pti vyfazené akomodaci metodou mlzeni - sférickou ¢ockou. Vysettovany
sleduje v¢jit a dle hodin ¢i uhlu popisuje nejvice zvyraznéné linie. VySettujici pfediazuje
zépornou plan-cylindrickou cocku, do osy kolmé zvyraznéné linie. Kdyz je dosazeno

spravného vysledku, oddéla se mlzici ¢ocka a upravi se pacientova korekce. [2]

TESTY CERVENO - ZELENE

Tyto testy se pouzivaji na zavér monokularniho/ binokuldrni vySetfeni k presnéjSimu
dokorigovani.

1) Bichromatické testy - funguji na principu chromatické aberace oka. Dané prostiedi oka
jsou zavislé na vinové délce svétla, kdy kratkovinné paprsky (zelend barva) se lamou vice nez
paprsky dlouhovInné (Cervena barva). Emetropického oko tedy ldme a rozklada bilé svétlo na
n¢kolik barevnych slozek, piicemz slozka zelena se 1ame pied sitnici a Cervena pak za sitnici.
Cerveno zeleny test

LCD optotyp promita optotypové znaky na Cerveno — zelené pozadi obrazovky a
pacientovi se klade otadzka, na kterém poli (¢ervenym / zelenym) vidi znaky jako vyrazng;si/
tmavsi/ cernéjsi. Z odpovédi lze pak vyhodnotit axialni stav refrakéni rovnovahy v oku.

Vidi — li vySetfovany znaky jako vyrazngj$i/ tmavsi/ Cernéjsi v zelené ¢asti pole, pro vyvéazeni
je potieba pred oko ptediadit +0,25 D a naopak. Hodnotu ptedklddame/ ménime az do
uplného vyrovnani, pokud nema pacient jesté jiny refrakéni problém. Cely test se vySetifuje

monokularné, a proto ma pacient jedno oko zakryté clonou. [2, 4]
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KOMBINOVANE BICHROMATICKE A POLARIZACN{
Coweniiv test

Cowenilv bichromaticky test patfi k nejvice vyuzivanym testim pro vyhodnoceni
akomodac¢ni rovnovahy. Navic se pfi tomto testu vyuziva polarizace pro jemné binokularni
dokorigovani. Test se skladd z jednoho pole ¢erveného a druhého pole zeleného. Na kazdém
poli jsou vzdy dva kruhy nad sebou. Primér a tloustka kruhti je v souladu s velikosti
Snellenovych znakdi optotypd. Test lze vyuzit k ovéfeni refrakce na blizko i na dalku.
Samotné vysSetieni probiha tak, Ze pacient sedi v pozadované vzdalenosti, ve zkuSebni obrubé
ma piedfazeny polarizaéni filtry a pies né sleduje LCD obrazovku. Poté vidi jednim okem
horni dva krouzky a druhym dolni dva krouzky. Udava, zda jsou obé poloviny stejn¢ tmavé
nebo jsou kruhy na jedné poloviné vyraznéjSi/tmavsi. Vyvazeni se provadi stejné jak

Vv piedchozim testu.

Obr. 3: Cowenuv test

Dvoubarevny balancni test dle Osterberga
V tomto testu se vyuziva negativniho polarizovaného svétla a Cerveno - zeleného testu. Ve
zkuSebni obrub¢ jsou vloZeny polarizované filtry v poloze V a vySetiovany vidi pravym okem

svisle orientované znaky a levym okem horizontalné orientované znaky. Postupujeme dale

v v

pied levé oko -0,25 D.

Haikovy test- koincidence vertikalni a horizontalni
Test md podobu dvou odlisné zbarvenych ramen orientovanych horizontalné nebo
vertikaIn€ s centralnim bodem — fuznim bodem. V zkuSebni obrubé€ jsou polariza¢ni filtry pro

vnimani kazdého ramena zvlast, pouze fixacni bod je viditelny pro ob¢ oci.
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Obr. 4: Hakovy test

Polarizovany dvojity panel
V kombinaci bichromatického testu a polariza¢nich filtrG do polohy V jsou znaky v horni

poloviné vnimany pravym okem a v dolni ¢asti levym okem. [5, 2]

2) Anaglyfni testy — se vySetiuji taktéz pomoci Cerveno - zeleného podkladu, avsak oproti
piedchozim testim stavi na aditivnim michani barev. Testy jsou navic sledovany binokuldrné
pies Cerveno — zelené filtry. Timto dochazi k separaci obrazii pro pravé a levé oko zvlast
a umoznéni vySetieni binokularnich funkci.

Schoberuv test

Vysetteni se provadi na vzdalenost 5 — 6 m. Ve zkuSebni obrubé je pred pravym okem
piedfazeny Cerveny filtr a vySetfovany timto okem vidi Cerveny kiiz na Cerném podkladu.
Pted levé oko je vlozeny zeleny filtr, diky némuz vidi soustfedné zelené kruhy na cerném
podkladé. Dohromady, v piipadé ortoforie, vidi vySetiovany zelené kruhy s ¢ervenym kiizem
uprostied.

Worthiv test

Opét se vySetiuje na vzdalenost 5 — 6 m, ale 1 na blizko na vzdalenost 40 cm. Test ma
podobu c¢tyi znacek a ¢erného podkladu. Horizontalné jsou umisténé dveé zelené znacky ve
tvaru kiize a jsou vnimdny levym okem pfes zeleny filtr. Pravym okem je vnimdna
S pfedifazenym cervenym filtrem Cervend karova znacka ve vertikdlnim sméru a hned pod ni,
Vv ptipad¢ ortoforie, bila kruhova, ktera vznikne komplementarnim smichanim cervené
a zelené barvy.

Test fixa¢ni disparity

Na zacatku se musi test pfedvolit na dalkovém ovladaci. VySetfovany ma opét prediazené
cerveno — zelené filtry a na ¢erném podklad¢ sleduje centralni bilou znacku, viditelnou obéma
o¢ima. Dale Cerveny a zeleny pruh viditelny pies filtry pro kazdé oko zvlast' v horizontalni ¢i

vertikaIni poloze. VySetiujici posouva kurzovymi Sipkami na ovladaci pruh nahoru nebo doli
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( doprava/ doleva) a méfti fixacni disparitu. V pravém dolnim rohu obrazovky je zaznamenana
hodnota prizmatické tichylky.
Mallettav test

Test slouzi k vyhodnoceni asociované heteroforie. Postup vysetieni je obdobny jak
v ptipadé predchozich testl, jen zde centralni fuzni podnét tvoii znaky O X O a pied o€i jsou

predrazeny filtry barevné i polarizacni. [2, 6]

TESTY S VYUZITIM POLARIZACE

Testy se vyuzivaji k vySetfeni binokularnich funkci a bud’ je fuze vyfazena zcela (kazdé
oko vnima jiny pfedmét) nebo se zamérn¢ pouziva fuzni podnét. Z LCD optotypu
(polarizator) vychazi linedrné¢ polarizované svétlo pod ur€itym thlem. VySetfovany sedi ve
vzdalenosti 5 — 6 m od optotypu a ve zkuSebni obrubé mé krome nejlepsi dosazené korekce
1 polarizaéni filtry (analyzatory) v ose 135° a 45°. Polarizovany znak je viditelny, pokud ma
S polarizacnim filtrem stejnou thlovou orientaci. Pfes filtry pak vidi kazdym okem jednu
polovinu testu. U nejmodernéjSich LCD pfistroji se v soucasnosti vyuziva cirkularni
polarizace.

Polarizovany dvouradkovy test

Test se vyuziva k binokularnimu akomoda¢nimu vyvazeni. Pacient sleduje ptes polarizacni
filtry dva tadky cisel/pismen a pokud ma binokularni vidéni, znaky se jevi v hornim tadku
(pravym okem) 1 v dolnim fadku (levym okem) jako stejné zietelna a kontrastni.

Kiizovy test (K — test)
V piipadé¢ ortoforie vidi pacient pies polarizacni filtry svisle rameno kiize (pravym okem)

a vodorovné rameno (levym okem) bez posunuti — vystiedéné a stejné kontrastni.

a)“
b)“ = o
© O
Obr. 5: Kiizovy test
Rucdickovy test ( R- test)
Ptes analyzatory vidi pacient pravym okem nepolarizované Sedé mezikruzi v centru a dvé

polarizované rucicky sméfujici nahoru a doli. Levym okem vidi taktéz mezikruzi a dale
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polarizovanou stupnici nahoie a dole. Sleduji se mozné odchylky, které se projevuji
posunutim.
Hakovy test

Byl jiz popsan v bichromatickém provedeni. Princip méfeni je stejny.
Trojuhelnikovy stereotest (test S)

Opét je zde nepolarizovany Cerny kulaty ter¢ viditelny obéma oc¢ima. Dale se nad a pod
teréem nachazeji dva trojuhelniky, ty by se mély sfuzovanim spojit a sméfovat jejich
vrcholem do stfedu terce. S natd¢enim analyzatort do polohy A a V by se mély trojihelnicky

jevit prostorove. [2, 3, 6]

VYSETRENI BARVOCITU
Ishiharovy pseudoizochromatické tabulky

Celkové je na vybér 38 obrazci, které jsou dale rozttidéné do skupin predpokladanych
barevnych vad. Tabulka s ¢islem jedna je vZdy instruktadzni, ostatni tabulky jsou rozdélené do
skupin 2 -5,6-9, 10 — 13, 14 — 17, 18 — 21 a 22 — 27. VysSetieni se provadi v urovni o¢i na
vzdalenost 75 ¢cm a ze skupin je vzdy vybrana jedna tabulka. Ostatni tabulky 28 — 38 jsou

komplementarnimi skupinami jiz diive pouzitych obrazci.

Obr. 6: Pseudoizochromatické tabulky

Farnsworthiiv — Munselliiv 100 — Hues test

Cilem testu je sefadit barevné odstiny od prvniho fixniho terée k poslednimu opét stalému.
Pacient sedi u stolu pted LCD optotypem a pomoci mySe uchopuje jednotlivé terce a setazuje
je ve spravném pofadi. Pfed samotnym vySetifenim je proto nutné bud’ pfipojit k LCD panelu

mys nebo pouzit bezdratovou. [2]

TESTY NA KONTRASTNI CITLIVOST
Témito testy se zjiStuje, do jaké miry je pacient schopny rozeznavat predméty a jejich
detaily. LCD optotyp umoziiuje navodit i podminky béZného Zivota, jako je sniZzené osvétleni,

Sero, fizeni motorového vozidla. Vysledkem je na konci méfeni automaticky zpracovéana
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kiivka zvonovitého tvaru, na které jsou patrné odchylky vidéni. Kontrastni citlivost se testuje
bud’ pomoci pismenovych testll, nebo sinové miizky.
Pelli - Robson kontrast sensitivity chart

Pracuje na Weberovu principu — rozdilu jasu mezi pozadim a pismenem déleny jasem
pozadi. Optotypové znaky jsou fazené po dvou trojicich na fadek. Kazda trojice ma stejny
kontrast a na optotypu je jich celkové znazornénych 16. Kontrast mezi trojicemi se snizuje
vzdy po trojicich o 0,15 log kontrastni citlivosti. Vysetfeni se provadi na vzdéalenost jednoho
metru s béznou korekci na dalku.
Testy vyuzivajici sinusovou miizku

Oproti predeslému testu lze u sinusové miizky kontrast definovat jako rozdil mezi
odpovida tmavému pruhu a svétlému miniméalnimu jas. Kontrastni citlivost je testovana v péti
prostorovych frekvencich — 1,5; 3; 6; 12; 18 c/st a kolem pacienta je rozpoznat orientaci

miizky. Ta je bud’ orientovana svisle, doprava, doleva nebo horizontaln¢, nahoru, dold. [2]

Wl 4

Obr. 7: Sinusova miizka

STEREOTESTY

Tyto testy se vyuzivaji na zaver binokularni korekce a lze jimi ovéfit prostorové vidéni.
Diky pfi¢né disparit¢ mizeme prostorové vnimat, avSak je — li ptili§ velka, nastava diplopie
kvili fizni ndmaze. Na vybér jsou dva testy:

e 3D obrazky pozorované pies cerveno — zelené bryle

e Stereogramy [2]

Obr. 8: Stereotest
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AMSLEROVA MRIiZKA

Mrizka s centrdlnim fixaénim bodem se pozoruje ze vzdélenosti 30 — 40 cm a slouzi
k vySetfeni makuly. Pacient hodnoti jeji vzhled a mozné nepravidelnosti, zdvojeni Car,
deformace nebo vypadek. Na vybér jsou 3 varianty mtizek:

e cerna miizka na bilém podklad¢,

e bild miizka na ¢erném podklade¢,

e cervena miizka na ¢erném podkladé. [2]
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Annotation

In this work is briefly described the optotype, its distribution by type, signs and design. First
of all, the work is focused on comparing the LCD optotype with previous versions. The last
part is dedicated to the special tests offered by the LCD optotype.

Keywords
optotype, test, examination, eye

OPTOTYPES

Optotypes can be described as a group of patterns / signs on a particular basis, by which
visual acuity and refraction are examined. The most well-known are Snellen's optotypes. They
are designed in such a way that the letters (digits or other signs) are inscribed in a square so
that they are displayed at a distance of at least five degree below this angle, with the line
being equal to one angular minute. Optotypes are usually constructed at a distance of 5 m or 6
m and the letters are ranked from the largest to the smallest in 7-9 rows, according to the
design. Each line is marked with a value in meters that determines the distance from which
the normal emetropic eye reads. Thus, the visual acuity can be determined by the last line
with the letters that the examinee are still reading. Represents the capital letter V and
calculates:

distance investigated from optotype in meters

~ the number of the last line that the examinee has read
Partition of optotypes by species:
* Arithmetic,
* Logarithmic,
* Snellen,

* LogMAR ETDRS.
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Optotypes by signs:

* Pfliiger's hooks resemble the letters E and are arranged in different positions.

* Landolt's circles are unfinished circles in the form of a letter C. The signs are again rotated
to different positions.

* Pictorial optotypes are also drawn to a square and should be comprehensible to children's
mental abilities. Between images include a wheel, table, heart, house, chair, sponge, and
square.

* Snellen's signs are made of letters and numbers, but they do not have the correct dimensions.
*Schober's signs are the most similar to the letters we encounter in everyday life and

compared to Snellen’'s csigns are smaller and higher. [1]
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238]lrdenleus
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Picture 1: Optotype

Distribution according to design:
* Printed,

* Backlit (full-area, line)

» Mirror,

* Projector,

* LCD.

LCD optotypes

LCD optotypes have universal digital examination systems for vision verification. They
consist of an interconnected control, power and display unit. Included accessories are also a
remote control, stereo glasses and polarized glasses, children's optotype cards, wall hanging
and stand. This digital optotype includes countless internationally-recognized but also
modified and complementary tests for visual field examination. These new innovations create

new opportunities and procedures during diagnosis.
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According to the parameters of the examination room, the required tests, the exact
distance between the investigated and the optometrist can be set in the LCD optotype

configuration. The most common distance is 5 - 6 meters.

Compared to the previous design types, with the LCD optotype is possible:
e Possibility to save patient personal data along with measured values for various tests

in the device's internal memory.

Copy measured data to a USB drive or print via USB or Wi-Fi connection.

e Tests are continuously updated if a higher version of a computer program occurs.

e Use customized tests for speech and hearing handicapped patients.

e Achieve higher measurement accuracy with optimized contrast and color.

e Educate or attract especially child patients using pictures, presentations, videos using
built-in speakers.

e Select the desired signs with the Snellen or Sloane look and activate the random signs
display on the line.

e Switch the individual tests comfortably with the remote control (not applicable to the
projection optotype).

e Change the optotype format for low visual acuity or read distance.

e In amblyopia use isolated signs according to the degree of resolution most commonly

observed. [2]

Picture 2: LCD optotype

TESTS FOR ASTIGMATISM

Cross test

The test is performed using a Jackson crossed cylinder and an image on which there is
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a strong cross, a weak cross, or a horizontal and a vertical line. The examinee monitors

whether a change occurs when it rotates with the Jackson cylinder.

Cross cylinder
The image shows black dots on a white bounded or unbounded background. The principle
is similar to the previous test, by rotating the cylinder we are looking for the optimum axis

and cylinder strength.

Astigmatized fan

The test is maked with discarded accommodation by the fogging method - a spherical lens.
The examinee monitors the fan and describes the most highlighted line by clock or angle.
Then we investigate the pre-negative plan-cylindrical lens into the axis of the perpendicular
highlighted line. When the correct result is achieved, the investigator remove a fogging lens
and correct the patient's correction. [2]

TESTS RED - GREEN
These tests are used at the conclusion of a monocular / binocular examination for more
accurate correction.

1) Bichromatic tests - it works on the principle of chromatic aberration of the eye. The eye
environment is dependent on the wavelength of the light, where shortwave rays (green color)
breaks more than long-wave (red) rays. The Emetropic eye breaks and splits the white light
into several colored components, the green component break in front of the retina, and the red

behind the retina.

Red green test

The LCD optotype translates the optotype signs into the red - green background of the
screen. The patient gets a guestion on which field (red / green) sees the signs as more
pronounced / darker / blacker. According answer can be evaluated the axial state of the
refractive equilibrium in the eye.
If the signs examined are more pronounced / darker / black in the green part of the field. For
balance must be preceded by +0.25 D and vice versa. We are change the value until
complete alignment. this is aplicable if the patient has no other refractive problem. The entire

test is examined monocularly, so the patient has one eye covered by a cover. [2, 4]
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COMBINED BICHROMATIC AND POLARIZATION TESTS

Cowen's test

The Cowen Bichromatic Test is one of the most used tests for assessing the balance of
accommodation. In addition, this test uses polarization for fine binocular refinement. The test
consists of one field of the red and the second green field. Each field has always two circles
above each other. The diameter and thickness of the circles is consistent with the size of the
Snellen signs of the optotypes. The test can be used to verification of eyesight at a close and
a distance. The examination itself takes place in a way that the patient stays at the desired
distance, has a polarized filter in the test glasses and watches the LCD screen. Then one eye
sees the upper two rings and the other two lower two rings. Indicates whether the two halves
are as dark or the circles on one half are more pronounced / darker. The balancing is done as

in the previous test.

Picture 3: Cowen's test

Two-color balance test according to Osterberg

This test uses negative polarized light and a red - green test. The polarized filters are
placed in the test rim in the V-position, and the examined eyes see vertically oriented signs
with the right eye and horizontally oriented signs with the left eye. We continue to follow
according to the contrast. E.g. If there is a more pronounced red sign in the horizontal field,

we give in front of the left eye -0.25 D.

Hook test - position vertical and horizontal
The test is in the form of two distinctly colored arms oriented horizontally or vertically
with the central point - the fusion point. In the test rim polarizing filters are used to perceive

each arm separately, only the fixation point is visible to both eyes.
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Picture 4: Hook test

Polarized double panel

When combining the bichromatic test and the polarizing filters in the position V, the
characters in the upper half are perceived by the right eye and the lower part by the left eye.
[5. 2]
2) Anaglyph tests - they are also tested using a red-green background, but they are based on
additive color mixing compared to previous tests. In addition, the tests are monitored
binocularly through red - green filters. This results in the separation of images for the right
and left eye separately and the possibility of examining binocular functions.

Schober’s test

The examination is carried out at a distance of 5 - 6 m. A red filter is placed in front of the
right eye in the test rim. Examined by this eye sees a red cross on a black background.
A green filter is placed in front of the left eye and he sees concentric green circles on a black
background. Together, in the case of orthophorics, he sees the green circles with a red cross in
the middle.

Worth's test

Again, it is examined for a distance of 5 - 6 m, but also close to a distance of 40 cm. The
test has four signs and a black background. Horizontally, there are two green cross-shaped
signs and are perceived by the left eye through a green filter. By the right eye with red filter is
seen red chequered sign in the vertical direction. In the case of orthophoria, the last sign is

a white circle. The last sign is formed by the complementary mixing of red and green color.

Fixation disparity test

At the beginning, the test must be pre-selected on the remote control. The examinee has
the red-green filters in the rim. On a black background, he watchs a central white mark visible
to both eyes. Furthermore, the red and green strips are visible through the filters for each eye
separately in the horizontal or vertical position. The Investigator moves the bar up or down
(right / left) with the cursor arrows on the controller and measures the fixation disparity.

A prismatic deviation value is recorded in the lower right corner of the LCD screen.
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Mallet's Test

The test is used to evaluate associated heterophories. The examination procedure is similar
to that of the previous tests,but here the central fusion stimulus is formed
by the O X O and before the eyes are given the color and polarization filters. [2, 6]

POLARIZATION TESTS

The test is used to test binocular functions. The fusion is eliminated altogether (every eye
perceives another subject) or the test deliberately uses a fusion stimulus. From an optotype
(polarizer), the linearly polarized light comes out at a certain angle. The examinee sits at

a distance of 5 - 6 m from the optotype, and in the test rim are best correction lenses and the
polarizing filters (analyzers) in position 135° and 45°. The polarized signs are visible if it has
the same angular orientation with the polarizing filter. Through the filters, each eye sees one
half of the test. Circular Polarization is currently being used with state-of-the-art LCD

devices.

Polarized two-line test
The test is used for binocular accommodative balancing. The patient watchs two lines of
numbers / letters through the polarizing filters, and if he has binocular vision, the both signs

appear as sharp and contrast in the upper row (right eye) and lower row (left eye).

Cross test (K - test)
In the case of orthophoria, the patient sees with the polarizing filters cross arm (by right
eye) and the horizontal shoulder (by left eye) without the displacement. This means that the

signs are centered and equally contrasting.

-
HE=.
© O
@ @
Picture 5: Cross test

Needles test (R-test)
Through analyzers, the patient sees a non-polarized gray circle in the center and two

polarized arms pointing up and down by the right eye.The left eye also sees the annulus and
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the polarized scale at the top and bottom. Deviations are manifested by changing the position

of deviated hands and scale.

Hook test
It has already been described as the bichromatic design. The principle is the same.

Triangular stereo test (S test)

There is visible to both eyes an unpolarized black round target again . There are two
triangles above and below the target, which should be merged by the eyes. The vertices of the
triangle should point to the center of the target. If we are rotating analyzers to position
A and V, the triangles should appear spatially. [2, 3, 6]

EXAMINATION OF COLOR VISION

Ishihara pseudoisochromatic plates

In total, there are 38 patterns that are further categorized into groups of predicted color
defects. Plate No. 1 is always an instructional, the other plates are divided into groups
2-56-9,10-13,14-17,18 - 21 and 22 - 27. The examination is performed at the eye level
at a distance of 75 cm. From the group of the patterns is always selected one plate.

The other plates 28-38 are complementary groups of previously used patterns.

Picture 6: Pseudoisochromatic plates
Farnsworth's - Munsell’s 100 - Hues test
The objective of the test is to sort the color shades from the first fixed target to the last
fixed to. The patient sitts at the table before the LCD display and uses the mouse to grab
the individual targets and sort them in the correct order. Before testing, you must either

connect a mouse to the LCD panel or use a wireless mouse. [2]
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TESTS TO MEASURE CONTRAST SENSITIVITY

These tests determine the extent to which the patient is able to recognize objects and their
details. The LCD optotype also allows you to capture the conditions of everyday life such as
low light, darkness, driving. As a result, the bell-shaped curve is automatically processed at
the end of the measurement, with visible visual deviations. Contrast sensitivity is tested either
by letter tests or by sinus grid.

Pelli - Robson contrast sensitivity chart

He works on Weber's principle - the difference in brightness between the background and
the letter divided by the background brightness. Optotype characters are sorted after two
triplets per line. Each triplets has the same contrast. The total number of triplets on
the optotype is 16. The contrast between triads decreases each time after triads by 0.15 log
contrast sensitivity. Examination is carried out at a distance of one meter with own correction.
Tests using a sine grid

Compared to the previous test, contrast can be defined as the difference between
the highest and lowest brightness divided by their sum - the Michelson contrast.
The maximum luminance corresponds to the dark lane and the minimal luminance indicates
light lane. Contrast sensitivity is tested in five spatial frequencies - 1.5; 3; 6; 12; 18 ¢ / st.
The patient's task is to recognize the orientation of the grid. It is either oriented vertically,

right, left, or horizontally, up, down. [2]

W

Picture 7: Sine grid

STEREOTESTS

These tests are done at the end of the binocular correction and can be used to verify spatial
orientation. We can space perceive through a transversal disparity, but if too large, diplopia
occurs due to fusion.There are two tests to choose from:
* 3D images viewed through red - green glasses

* Stereograms [2]
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Picture 8: Stereotest

Amsler's grid

The grid with a central fixation point is observed from a distance of 30-40 cm and serves
for examination of the macula. The patient evaluates its appearance and possible
irregularities, line doubling, deformation or failure. Three variants of grids are available:
* black grid on the white background,
» white grid on the black background,
* red grid on black the background. [2]
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Uvod

Rovnovaziny stav okohybnych svalli, kdy lze bez zvySeného usili dosahnout binokularniho
vidéni, je nazyvan ortoforii. V populaci se vsak vyskytuje priblizné z 20 % - 30 %. Z vyzkum je
tedy jasné patrné, Ze u vétsSiny populace se vyskytuje nékterd z forem heteroforie - skrytého
Silhani. Heterotropie, stav zjevného Silhani, zpUsobuje stalé odchyleni oka z paralelniho
postaveni pohledovych os. K diagnostice heteroforii a heterotropii existuje rada pomucek a
pristroju. Jednu z mnoha mozZnosti diagnostiky poruch okohybného aparatu predstavuje i

Lancaster test. Jeho vyuziti vyznamné prispiva k presné detekci okohybné odchylky.

Anatomie okohybnych svalu
Pohyb oka ovlada sest extraokularnich svald: ¢tyfi pfimé a dva Sikmé svaly.
Musculus rectus medialis

e vzdalenost iponu od limbu: 5,5 mm

e funkce: addukce

Musculus rectus lateralis

e vzdalenost uponu od limbu: 7,0 mm

e funkce: abdukce

Musculus rectus superior

e vzdalenost ponu od limbu: 7,5 mm

e funkce: elevace, inycyklotorze, addukce
Musculus rectus inferior
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e vzdalenost iponu od limbu: 6,75 mm

o funkce: deprese, excyklotorze, abdukce

V primarni pozici oka sviraji vertikalni pfimé svaly s optickou osou uhel okolo 23°.

Superior
reclus
‘; ¥ ::' i
| 1
I
(W}
' 16 mm
/ i \
7.5 mm \
/9 mm Y mm
o ——
= 74 55 —
— 2 —
— “mm ,..,)Tnm ——
\ S ;‘:.'
Lateral \ A / Medial
6.75 mm rectus

rectus
\ ' 15 my
[~

Inferior
RIGHT EYE reclus

Obrazek €. 1: Priblizna vzdalenost pfimych svald od limbu s ptibliznou délkou slach

Sikmé svaly
Dva Sikmé svaly ovladaji primdrné torzni pohyb a v mensi mife pohyb smérem nahoru a dol(.

Horni Sikmy sval (musculus obliquus superior) je nejdelSi a nejtenci sval vSech ocnich svalQ.

Ma pocatek v hrotu o¢nice v misté zvaném foramen opticum.

Dolni Simy sval (musculus obliquus inferior) za¢ina z nasdlni strany orbitdlni stény tésné za
spodnim orbitalnim okrajem a bo¢né k ductus nasolacrimalis. Prochazi pod spodnim pfimym
svalem a pod zevnim pfimym svalem aby se kratkou Slachou pfipojil ke skléfe. Sval je dlouhy

37 mm.

Okohybné odchylky

HETEROTROPIE - strabismus (Silhdni), asymetrické postaveni oci béhem fixace predmétu ;

patrné Silhani
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Primarni - latentni (heteroforie)

- manifestni = konkomitujici

(heterotropie) (dynamicky)
-> paralyticky

Sekundarni
HETEROFORIE - skryté Silhani ; projevuje se asymetrickym postavenim oci po zruseni
fuze
Esoforie: oko se odchyli nasalné Hyperforie: oko se odchyli smérem nahoru
Exoforie: oko se odchyli temporalné Hypoforie: oko se odchyli smérem dolu
Incykloforie: oko se staci smérem dovnitf

Excykloforie: oko se staci smérem zevné

Lancaster test: popis, funkce, vyuziti

Lancasteriv test je vyuZivdn k hodnoceni okulomotorickych pohybl. UmoZniiuje méfit
horizontalni a vertikalni deviaci a cyklodeviaci oka u détskych i dospélych pacient(i. Tento
test je velmi dllezity a vyuZivany pro uréeni typu poruchy funkce okohybnych svalu.

Provadime v mistnosti s nizkou hodnotou osvétleni

PFfi samotném vysetfeni je hlava vySetfovaného umisténa asi 1 m od vySetfovaciho platna.
Korekéni pomlcka je nastavena na vzdalenost 1 m a zaroven jsou klientovi predrazeny
cerveno-zelené bryle. Primarni pohled by mél sméfovat do centra vySetfovaciho platna.
Pacient pouziva jedno laserové ukazovatko, druhé pouziva vySetfujici a je vyzvan, aby

obrazem svého ukazovatka prekryl obraz ukazovatka vysettujiciho.
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Vlastni metodika testovani

- Visus naturalis

- Objektivni + subjektivni refrakce

- S nejlepsi korekci na dalku predsazuji ¢erveno-zelené bryle
- Schober(v test — korekce OD [pD]

- Lancaster test — vySetfeni v péti pohledovych smérech: stfed, 0°, 90°, 180°, 270° ; korekce

OD [pD]

- VySetfovany ma Cervené laserové ukazovatko (levé oko fixujici, pravé oko vySetfované) ;

vySettujici ma zelené laserové ukazovatko

- Zapis namérenych hodnot a jejich nasledné zprliimérovani

if

Obrazek €. 2: Lancaster test

Priibézné vysledky testovani
e 17 probandl
e 117en;6 muzil
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Vékovy primér: 24,6 let

Podminkou je nepresbyopicky vék

Podil refrakénich vad

Myopie Emetropie Astigmatismus

O R, N W A U O N 00 O

Graf ¢.1: Podil refrakénich vad u vysSetfovanych

Vyskyt heteroforii
12
10
8
6
4
2
0
Esophoria Exophoria

Graf ¢.2: Vyskyt heretoforii
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Srovnani hodnot pD u Schoberova testu a
Lancaster testu

1,7
1,65

1,6
1,55

1,5

1,45
Schoberiiv test [pD] Lancaster test [pD]

Graf ¢.3: Srovnani vysledkd méreni pomoci Schoberova testu a Lancaster testu [pD]
Z priméru namérenych hodnot dle matematické statistiky vychazi hodnota p = 0,7.

Neni zde statisticky vyznamny rozdil.

Hypotézy
Hypotéza I.: Jakdkoliv forma deviace bude pfitomna pfiblizné u 30% vysetfovanych.

e Zprubéznych vysledkli vyzkumu bylo potvrzeno, Ze heteroforie byla pfitomna u

100% respondentd.

Hypotéza Il.: V pfipadé odhaleni odchylky bude vyrazné procentudlné zastoupena

horizontalni deviace pred vertikalni.

e Bylo potvrzeno, Ze horizontalni deviace byla zastoupena ze 100 %.

Hypotéza lll.: Polovina vySetfovanych s pfitomnosti deviace bude jiz delsi dobu pocitovat

astenopické potize.
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e Hypotéza nebyla potvrzena. Pouze 1 vySetfovany pocitoval dlouhodobé astenopické

potize.

Hypotéza IV.: Hodnoty prizmatické korekce budou v pfipadé Schoberova testu a Lancaster

tetu odlisné.

e Hypotéza byla z pribéznych vysledkli potvrzena o matematicky rozdil 0,15 pD.

Nicméné statisticky nebyl rozdil hodnot prokéazan.

Zaveér

Pritomnost okohybné odchylky miZe mit za nasledek fadu astenopickych potizi. Tyto
priznaky nerovnovahy okohybnych sval( nelze za Zadnych okolnosti podcerovat a Ukolem

optometristy by méla byt spravnd a spolehliva diagnostika tohoto problému.

Cilem této diplomové prace je zmérit velikost heteroforie v zavislosti na pohledovém sméru
vySetfovaného s jeji naslednou korekci. Dale porovnat metodu testovani heteroforii pomoci

Lancaster testu s metodou vysetreni na Schoberové testu a urcit tak rozdily vysledk( téchto
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Lancaster test and its use in analyzing the defect of eye muscles
apparatus

Department of Optometry and Orthoptics LF MU, Brno

Introduction

Balance condition of eye muscles when without increased effort can be achieved binocular
vision, is called ortophoria. In the population, however, it is approximately 20% - 30%. Thus,
it is clear from research that most of the population has some type of heterophoria — latent
strabismus. Heterotropia, state of manifest strabismus, causes a permanent deviation of the
eye from the parallel position of the viewing axes. There are a number of tools and devices
to diagnose heterophoria and heterotropia. One of the many ways to diagnose defects of
eye muscles apparatus is the Lancaster test. Its utilization significantly contributes to

accurate detection of eye muscles deviation.

Eye muscles anatomy

The movement of the eye controls six extraocular muscles: four straight and two oblique

muscles.
Musculus rectus medialis

e distance from the limb: 5,5 mm

e function: adduction

Musculus rectus lateralis

e distance from the limb: 7,0 mm

e function: abduction

Musculus rectus superior
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distance from the limb: 7,5 mm

function: elevation, incyclotorsion, adduction
Musculus rectus inferior

distance from the limb: 6,75 mm
function: depression, excyclotorsion, abduction

In the primary position of the eye, the vertical straight muscles with the optical axis make an
angle of about 23 °.

Superior
reclus

i

Lateral Y- '//

\.1 Medial
rectus 6.75 mm rectus
\ Y 15 mm
[~
i
M l‘ ",‘
Inferior
RIGHT EYE

reclus

tendons

Figure 1: Approximate distance of straight muscles from limb with approximate length of

Oblique muscles

Two oblique muscles control primarily torsional movement and, to a lesser extent, upward
and downward movement.

opticum.

The upper obliquus muscle (musculus obliquus superior) is the longest and thinnest muscle
of all the ocular muscles. It has its origin at the tip of the orbit at the site called foramen

218



The lower obliguus muscle (musculus obliquus inferior) starts from the nasal side of the
orbital wall just below the lower orbital margin and laterally to the nasolacrimal duct. It
passes under the lower straight muscles and under the right straight muscles to join the

skeleton with a short tendon. The muscle is 37 mm long.

Eye muscles devations

HETEROTROPIA — strabismus, asymmetric eye position during fixation of the subject ; patent

strabismus
Primary - latent (heterophoria)
- manifest = concomitant
(heterotropia) (dynamic)
- paralytic
Secondary

HETEROPHORIA - hidden strabismus ; asymmetric eye position after cancel fixation of the

subject

Esophoria: the eye deviates nasally Hyperphoria: the eye deviates upwards
Exophoria: the eye deviates temporarily Hypophoria: the eye deviates downwards
Incyclophoria: the eye turns inwards

Excyclophoria: the eye turns outward

Lancaster test: characterization, function, utilization

Lancaster's test is used to evaluate oculomotor movements. It allows you to measure

horizontal and vertical deviations and eye cyclodeviations in pediatric and adult patients.
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This test is very important and used to determine the type of eye muscles disorder. Perform

in a low-light room.

During the examination, patient’s head is located about 1 meter from the screen. The
correction is set at a distance of 1 meter and patient has red-green glasses. The primary view
should point to the center of the screen. The patient uses one laser pointer, the other uses
an investigator, and is prompted to cover the image of the pointer of the examiner by the

image of his pointer.

Testing methodology

- Visus naturalis

- Objective + subjective refraction

- With the best correction at a distance, I'm delivering red-green glasses
- Schober's test - correction OD [pD]

- Lancaster test - Examination in five directions: center, 0 °, 90 °, 180 °, 270 °; correction OD

[pD]

- The patient has a red laser pointer (left eye fixing, right eye being examined); the

investigator has a green laser pointer

- Write the measured values and their subsequent averaging
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Figure 2: Lancaster test
Progressive test results:
e 17 patients

¢ 11 women; 6 men

e Age average: 24.6 years

* The condition is non-presbyopic patient

Incidence of refractive errors

Myopia Emmetropia Astigmatism

O B N W B U1 OO N 0 O

Graph 1: Incidence of patient’s refractive errors
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Incidence of heterophorias

12
10
| '

Esophoria Exophoria

()]

IN

N

Graph 2: Incidence of heterophorias

Comparison of pD values for Schober test and
Lancaster test

1,7
1,65
1,6
1,55
1,5

1,45
Schober test [pD] Lancaster test [pD]

Graph 3: Compare the measurement results using the Schober test and the Lancaster test

[pD]

From the average of the measured values according to mathematical statistics is p-value =

0,7.

There is no statistically significant difference.
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Hypotheses
Hypothesis I.: Any form of deviation will be present in approximately 30% of the patients.

e From the ongoing research results, it was confirmed that heterophoria was present in
100% of respondents.

Hypothesis Il.: If the deviation is detected, the horizontal deviation will be significantly

represented in front of the vertical.

e It was confirmed that the horizontal deviation was represented by 100%.

Hypothesis lll.: Half of those diagnosed with the presence of deviations will experience

asthenopic problems for a longer period of time.

e Hypothesis not confirmed. Only 1 patient experienced long-term asthenopic problems.

Hypothesis IV.: Prismatic diopter values for the Schober test and Lancaster test differ.

e The hypothesis was confirmed by a mathematical difference of 0,15 pD from the

ongoing results. However, the difference in values was not statistically proven.

Conclusion

The presence of eye muscle deviation may result in a number of asthenopic problems. These
symptoms of the imbalance of the eye muscles can under no circumstances be
underestimated and the task of the optometrist should be the correct and reliable diagnosis

of this problem.

The aim of this thesis is to measure the degree of the heterophoria depending on the

viewing direction patient’s eye and its subsequent correction. Next, compare the method of
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testing heterophorias using the Lancaster test with the Schober test method to determine

differences in the results of these methods.
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Bc. Tomas Dobirensky

Primyslova vyroba kontaktnich ¢ocek
CooperVision Limited
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Soucasnd denni produkce kontaktnich ¢ocek ve vyrobnim zdvodé se pocitd v milionech kusu. Je tedy
samoziejmé, Ze prlimyslova vyroba kontaktnich cocek je, podobné jako fada jinych odvétvi, vyrazné
automatizovany proces. Vedle novych automatickych vyrobnich linek ji vyrazné ovliviuji také nové
technologické postupy a materialy. Pfesto fada zakladnich prvkd vyroby se vyraznéji neméni.

Jednim z nejdilezitéjsich prvka v primyslové vyrobé kontaktnich ¢ocek je reprodukovatelnost
postupu a presna shoda findlniho vyrobku. To znamend, Ze kazdd nové vyrobena kontaktni ¢ocka je
identicka s vyrobnim vzorem.

Dalsim faktorem jsou velké objemy vyrabénych produktd. Vétsinu kontaktnich coéek dnes produkuji
automatické a poloautomatické vyrobni linky. Obvykly je zplisob, kdy jsou ve stejném momenté na
urcitém kroku vyroby ¢ocky po Sesti, osmi nebo dokonce Sestnacti kusech. V jinych momentech, jako
je napfriklad proplachovani a hydratace, se pouzivaji vétsi zasobniky s obsahem aZ 640 kust ¢ocek. To
samoziejmé klade vétsi naroky na logistiku a pfesnou evidenci v pribéhu vyroby.

Zakladem dnesnich technologii priimyslové vyroby kontaktnich ¢ocek je technika tzv. suchého nebo
mokrého odlévani do formy (cast moulding). Suchy proces znamenad, Ze v pribéhu polymerizace
neobsahuje monomer vodu. U mokrého procesu je naopak urcity obsah vody v monomeru zdmérné
pfidany a ¢ocka ihned po polymerizaci m4 jiz ¢astecné pruznou a gelovitou strukturu.

Vyroba formy na kontaktni ¢ocky: Prvnim korkem vedoucim ke vzniku vlastni kontaktni cocky je
vyroba odlévaci formy. Jako material se vyuZivaji teplem tvarné plasty, napf. polypropylen, které ve
formé granulatu vstupuji do stfikolisu. Matrice pro vyrobu forem je kovova a pouziva se opakované
v ramci vyrobniho cyklu. Oproti tomu formicka na vlastni kontaktni ¢ocku je jednorazova, tedy pro
kazdy novy kus kontaktni Cocky se vyrabi nova forma. Bézna forma na kontaktni cocky ma dvé casti.
Dutd polovina formy definuje predni plochu kontaktni ¢ocky a je odpovédna za vyslednou dioptrickou
hodnotu. Zadni plocha c¢ocky je definovana tvarem vyklenuté poloviny formy. Jeji tvar ovliviiuje
predevsim usazeni a centraci kontaktni ¢ocky na oku.

Odlévani do formy: plné automatizované plnéni formy monomerem a jeji nasledné uzavieni je
jednim z klicovych faktor( pro dodrzeni presnych parametri vysledné cocky. Dokonalé sesazeni
formy ma zasadni vliv na kvalitu okraj cocky. MnoZstvi injikovaného monomeru je vidy o néco vétsi
neZ objem vysledné cocky. Eliminuje se tak vznik bublin, nebo nedostatek materidlu ve formé. Forma
se po naplnéni monomerem uzavie presné stanovenym tlakem a zajisti proti otevieni. MoZnosti je
nékolik, ¢asto se vyuziva bodové svareni okrajl formy. Nékteré pouzivané monomery jsou citlivé na
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svétlo, predevsim jeho UV slozku, jiné na teplotu. Proto vétSina monomernich latek vyzaduje
specidlni postupy pro uchovavani a manipulaci.

Polymerizace probiha bud plsobenim tepla, kdy podle typu materidlu trva pfiblizné od 20 do 45
minut, nebo UV zafenim. Polymerizace UV zdfenim je ¢asové delsi, trva pfiblizné jednu hodinu.

Dalsim kritickym okamzZikem vyroby je otevieni formicky a uvolnéni polymerizované ¢ocky. K otevreni
formy se pouZiva specialni n0z, ktery profizne svary v jejim okraji a zaroven od sebe odtlaci obé
poloviny formy. Jedna cast formy se ndsledné odstrani. Z druhé poloviny formy je nutné nové
vzniklou kontaktni ¢ocku Setrné uvolnit. K uvolnéni ¢ocky se nejcastéji vyuziva nahrati formy, bud
specidlnim kovovym trnem, ktery ¢ocku zaroven vytlaci, nebo vytfesenim v teplé vodni lazni.

Hydratace kontaktnich €ocek: Proces hydratace kontaktnich cocek je rozdilny podle pouZitého
materialu. Hydrogelové materidly se hydratuji vyrazné jednodus$sim a méné zdlouhavym procesem.
se pouziva k hydratovani silikon hydrogelovych materiadl(. Zde je nutné kromé hydratace zarucit také
vyplaveni nepolymerizovanych ¢asti monomeru, proto prvni [dzné obsahuji etanol a teprve nasledné
se ¢ocky hydratuji v Cistém fyziologickém roztoku. Proces hydratace cocek trva od nékolika desitek
minut aZ po témér tfi hodiny.

Kontrola ¢ocek v pribéhu vyroby: VSechny procesy vyroby jsou neustadle monitorovany. Po kazdém
kroku prochazi vystupujici polotovar plnou elektronickou kontrolou a vyfazenim $patnych ¢ocek. Tato
kontrola je vidy po polymerizaci ¢ocky, uvolnéni ¢ocky z formy, po hydrataci ¢ocky a pred koneé¢nym
zabalenim do blistr(. V pribéhu vyroby jsou odebirany vzorky z kazdé Sarze na celkovou namatkovou
kontrolu.

Baleni, sterilizace a logistika: Vystupni ¢ast hydratacni linky je obvykle zakoncena procesem baleni
cocek do blistr(. Nasledné ¢ocky putuji do autoklavu ke sterilizaci. Takto pripravené ¢ocky jsou jiz
vlastné hotovym vyrobkem, presto je jesté ceka dlouhd cesta, na které dostanou slusivy obal a jsou
expedovany aZ ke koncovym uZivatellim.
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Bc. Tomas Dobirensky

Industrial production of contact lenses
CooperVision Limited

Current production of contact lenses in one manufacturing place is calculated in millions pieces
every day. So that’s why industrial production of contact lenses is, like many other sectors,
significantly automated process. In addition to new automated production lines it also affect by new
technologies and materials. But a big number of basic elements of production are not changed so
much.

One of the most important elements in manufacturing of contact lenses is reproducibility of the
process and an exact accordance of the final product. This means that each newly produced contact
lens is identical with the production model.

Another factor is the large volumes of manufactured products. Most contact lenses today are
produced on automatic and semi-automatic production lines. The usual method is where the same
moment at a certain stage of production of the lens by two, four, eight or even sixteen pieces. In
other moments, such as hydration process, to use larger reservoirs containing up to 640 pieces of
lenses. This of course also places greater demands on logistics and its records during production.
The basis of today's technology manufacturing contact lenses is a technique called dry or wet cast
molding. The dry process means that during the polymerization the monomer does not contain
water. In contrast, the wet process is water content in the monomer and the lens is immediately
after the polymerization partially flexible, gel-like structure.

Production of molds: The first step leading to the formation of a contact lens is mold production.
As a material are used heat-ductile plastics, eg. polypropylene, which in the form of granules
entering to the injection press. Matrix for mold is from metal and is used repeatedly throughout the
production cycle. In contrast, for each new piece of contact lens is produced new mold. Typical mold
for soft contact lens has two parts. Concave part determines front surface of lens and in the final is
responsible for power of lens. The convex part build back surface of lens and with them is
responsible for good fit and centration of lens on the eye.

Cast molding: fully automated filling of forms by monomer and its subsequent conclusion is one of
the key factors for achieving precise parameters of the final lens. The perfect fit of the mold has a
major impact on the quality of the edges of the lens. The amount of the injected monomer is always
slightly larger than the volume of the resultant lens. This eliminates the formation of bubbles, or lack
of material in the mold. The mold is closed by exactly specific press and is locked by spot welding.
Also manipulation and storage of monomer needs some specific conditions as some of them are
sensitive on the light, usually UV part of them, or higher temperature.

Polymerization is carried out either by the heat, which according to the type of material takes
approximately 20 to 45 minutes, or UV radiation. Polymerization by UV radiation is longer, it takes
approximately one hour.

Another critical moment is the opening of molds and release of polymerized lens. To open the mold
is used a special knife which cut the welding spots and also push the mold parts apart. One part of
mold is removed. The new lens is gently release from mold by warm metal thorn which pushed on
the bottom of mold, or is shaken out from mold in a water Dbath.
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Hydration of contact lenses: A process for hydrating contact lenses is different according to the
material used. Hydrogel materials are moisturized by simpler way and less time-consuming process.
It is used warm saline solution, which is repeatedly changed. Significantly more demanding process is
used to hydrate the silicone hydrogel materials. Here, in addition to the hydration also are ensured
leaching rest parts of monomer, so the first bath containing ethanol and subsequently the lenses are
hydrated in pure saline. The process of hydration lenses lasts from a few tens of minutes to nearly
three hours.

Check the lens during production: All manufacturing processes are constantly monitored. After
going through every step projecting semi full electronic control and discarding bad lens. This check is
after the polymerization, lens release from the mold, the hydration of the lens and before final
packaging into blisters. Subsequently, samples are taken from each batch to overall control.

Packaging, sterilization and logistics: Output of moisturizing line is usually finished like packing of
lenses to blisters. Subsequently lenses wander into an autoclave for sterilization. In this moment
lenses are actually already finished product, but it is still a long way to get a nice stickers and boxes
and be shipped to the users.
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Mgr. Dana Travnikova

3D refrakce

Katedra optometrie a ortoptiky LF MU, Brno

Anotace

3D refrakce pfindSi nové moznosti vySetfeni zraku s vyuzZitim cirkularnich
polariza¢nich filtri po celou dobu méfeni, diky cemuz mizeme vySetfovat monokularné za
binokularnich podminek. Cilem této prace je shrnout moznosti 3D refrakce a jeji vyhody a

nevyhody oproti standardni refrakci pti pouziti jinych metod vySetieni zraku.

Kli¢ova slova

3D refrakce, polariza¢ni testy, optotyp

Uvod

Ptfi stanoveni subjektivni refrakce se snazime vySetfovanému nastavit takové
podminky, které co nejvice odpovidaji standardnimu postaveni o¢i a pfirozenému vidéni.
Bézné vysetiovaci metody jsou zalozeny na primarnim stanoveni monokularni refrakce, kdy
nejdiive zakryjeme oko, které nevySetifujeme a teprve posléze ovetujeme refrakci za
binokularnich podminek. Pfi monokuldrnim stanoveni vizu se u nékterych pacientti mize pti
okluzi objevit cyklorotace oka, které za binokularniho stavu neni pfirozené plné piitomno.
Toto vede k odchylce osy korekéniho cylindru a zméné sily korigovaného astigmatismu, tuto

zménu oznacujeme jako tzv. zbytkovy astigmatismus.

Silu zbytkového astigmatismu |Ast| mizeme stanovit ze vzorce:

o

1 x
|Ast| = E.cyl.; (1)

Kde cyl je sila vlozeného korekéniho cylindru v dané ose, x° je stoeni cylindru od

poZadované osy.
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V nésledujici tabulce jsou shrnuty vlivy pootoceni osy cylindru na vznik nezddouciho

zbytkového astigmatismu (2)

Sila korekéniho cylindru [D]
Velikost odchylky 0,5 1,0 1,5 2,0 2,5 3,0
osy cylindru [°]

0,09 0,17 0,26 0,35 0,44 0,52
0,17 0,35 0,52 0,70 0,87 1,04
0,26 0,52 0,78 1,04 1,29 1,55
0,34 0,68 1,03 1,37 1,71 2,05
0,42 0,85 1,27 1,69 2,11 2,54
0,5 1,0 1,5 2,0 2,5 3,0

Tabulka 1 Vztah pootoceni osy cylindru na vznik nezadouciho zbytkového astigmatismu

Moznosti binokularniho vyvazeni p¥i pouziti LCD optotypu

LCD optotypy jsou V soucasnosti nejrozsitenéj$im modernim typem vySetfovacich
optotyptl. Jejich velkou piednosti je velka Skdla moznosti digitdlnich testii pro stanoveni
zrakové ostrosti, polarizacnich testii pfedevSim pro zjiSténi binokularni spoluprace, testli pro

stanoveni kontrastni citlivosti a mnoho dal$iho.

Pokud bychom se zaméfili pouze na vySetfeni binokularniho vyvézeni, mame
k dispozici vice moznosti, avSak nejzékladn€jSim a nejpouzivanéj$im testem je Schultzeho

polaziracni dvouradkovy test.

Tento test je postaven na negativni polarizaci. Dle postaveni pozice ptedkladanych
polarizacnich testll pfed vysetfované oko do pozice ,,A*“ ¢i ,,V* vidi dané oko pouze horni

nebo spodni fadek, jak je zobrazeno na obrazku €. 1.
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Obrazek ¢. 2: Schultzeho polarizacni dvourddkovy test (1)

Pokud jsou ob¢€ o¢i stejné vykorigovany, mél by vySetfovany vnimat oba fadky stejné
ostfe. V piipad¢, Zze je jeden z fadkl rozdilny nez druhy, postupujeme jako u standardniho
monokuldrniho stanoveni refrakce, tedy nejdiive zkontrolujeme u daného oka sférickou

sloZzku, nasledné cylindrickou a nakonec osu cylindru.

MiuZeme se setkat i s tiifadkovym polarizovanym testem, ktery je zaloZeny na stejném
principu, mezi fadky se vSak navic nachézi centrélni linie, ktera neni polarizovana, je tak vidét

obéma o¢ima a slouzi nam jako fazni podnét. (3)

Nevyhoda LCD optotypi

Pokud bychom se zaméfili Cist€ na binokularni vyvazeni, mizeme, diky
monokuldrnimu stanovovani refrakce a teprve posléze stanoveni binokuldrni spoluprace,
piehlédnout ¢i nedostatecné odhalit zbytkovy astigmatismus. Pfedevsim, pokud dvouiadkovy

test neni spravné provadén, nebo v horsich ptipadech, kdy neni provadén viibec.

Princip 3D refrakce

Zakladnim rozdilem 3D refrakce, oproti béZnému stanoveni refrakce je monokularni
méfeni refrakéniho stavu oka za binokularnich podminek. Pro méfeni je do zkuSebni obruby
pfidavan cirkularni polarizaéni filtr, ktery zpiisobi disociaci vnimani pravého a levého oka.

Diky tomu mize pacient sledovat optotyp za binokularnich podminek i pfi monokuldrnim
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stanovovani refrakce. OCi jsou v nejpfirozenéjSim postaveni a minimalizuje se vznik

nezadoucich rotaci, které by vedly ke vzniku zbytkového astigmatismu. (4)

Nevyhody 3D refrakce

I ptes znacné vyhody 3D refrakce neni tato metoda vySetfeni vhodnd pro vSechny

klienty. Mezi nejzakladnéjsi diivody, kdy neni 3D refrakce vhodna fadime:

e porucha jednoduchého binokularniho vidéni
e Vysoky rozdil korekce mezi pravym a levym okem

e PiiliSnd dominance jednoho oka

V soucasnosti se na trhu objevuje jiz vice typl zafizeni a souboru testi, které jsou urceny
pro 3D refrakci, Casto oznaCovanou i jako tzv. zazitkovou. V této praci bude podrobné

popsana jedna z nich, konkrétné¢ PASKAL 3D.

3D refrakce pomoci systému PASKAL 3D
Zakladni informace

Refrakeni systém PASKAL 3D byl poprvé piedstaven v roce 2014, nyni piedstavuje
souhrn vice nez 80ti moznosti testovani zraku, které si vySettujici mize sestavit sam dle své

zvyklosti a posloupnosti.

Program byl vyvinut pro aplikaci Apple iPad a televizor, ktery podporuje 3D

zobrazeni a obsahuje set-top-box Apple TV, bez téchto zatfizeni neni mozné systém ovladat.

Pro pohodlnost vySetfovaného je mozné vySetfeni provadét za 3D zobrazeni, kdy jako
binokuldrni stimul slouzi podkladovy obrazek jezera a balonu, na bilou plochu v poptedi jsou
poté promitany znaky pied vySetfované oko/o¢i. V ptipadé, Ze klientim nevyhovuje 3D

stimul, je mozné pozadi nahradit 2D obrazem ¢i ¢isté neutralni Sedou plochou. (4)
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Testy pro stanoveni vizu

Jako u bézného stanovovani refrakce je test se tfemi fadky zakladnich optotypovych
znaky povazovan za zdklad. Znaky mohou byt v provedeni pismen, Kay obrazki,
Landoltovych kruht ¢i Pfliigerovych hakd. Tento test navic kombinuje moznost vySetfeni

vice jevl zaroven.

e Test kontrastni citlivosti dle Baylie Lovie — vySetfeni zakladni kontrastni citlivosti
predstavuji Sedsi znaky na levé strané optotypové tabule. Tyto znaky slouzi pro
zakladni screening, zda je vySetfovany schopen piecist méné kontrastni znak a poté
navede vySetfovaného k hlubsimu vySetieni piipadné nedostate¢nosti.

e Optotypové znaky — tyto znaky se nachazeji ve stfedni Casti optotypové tabule.
Miizeme ménit jejich velikost, dle potieb pii stanoveni subjektivni refrakce.

e Stanoveni cylindrické korekce — pro toto vySetfeni slouzi dvé soustiedné kruznice

V pravé ¢asti optotypové tabule.

X ZVHD ©

E C X P L ©

Obrazek 3 Zakladni vySetfovaci tabule pro stanoveni subjektivni monokularni refrakce. (4)

Dalsi optotypovou tabuli, kterou fadime k tém zakladnim pro stanoveni vizu je test
slouZzici pro binokularni dokorigovani a akomodacni rovnovahy. Prava polovina obrazu slouzi
pro pravé oko, leva pro levé. V piipad€é binokuldrni rovnovahy by méla byt prava a leva
polovina stejnd — stejn€ kontrastni a ostra. V pfipadé nerovnosti miiZzeme provést jemné

dokorigovani sféry, osy cylindru a sily cylindrické korekce.
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Obrazek 4 Test slouZici pro stanoveni akomodaéni rovnovahy (4)

Do zakladnich testti, pro stanoveni vizu, fadime test pro jemné binokularni dorovnani,
ktery je predstaven zakladnimi optotypovymi znaky zobrazené pro obé oci. Test je doplnén

znaky se snizenym kontrastem v levé Casti.

Testy pro stanoveni vizu jsou dale doplnény o testové tabule EyeChart
S odstupniovanymi testovymi znaky vSech velikosti vizu. Dale miizeme zobrazit pouze jeden

fadek z optotypu nebo i pouze jeden znak. (4)

Testy pro stanoveni cylindrické korekce

Systétm PASKAL 3D ma velkou $kalu testii slouzicich pro vySetfeni cylindrické
korekce. Jednim ze zakladnich je astigmaticka ruzice, ktera mize byt zobrazena monokularné,

nebo 1 binokularng, oba tyto testy jsou zobrazeny na obrazku €. 5

Obrazek 6 Astigmaticka ruzice se vzdalenosti ¢ar po 30° (4)



Mezi astigmatické testy je také zarazen Brokuv test, pro vysetfeni pomoci Jacksonova

zktizeného cylindru. (4)

Cerveno-zelené testy

Tyto testy slouzi piredevSim pro jemné monokularni ¢i binokuldrni dokorigovani.
Systém PASKAL 3D opét nabizi nékolik moznosti testd, které mtize vySetfujici pouzit pro
korekci vysetfovaného. U bichromatickych testd se vzdy vySetfovaného ptame, jak vnima
znaky na Cerveném a zeleném pozadi, v pripadé rovnovahy budou znaky na cerveném i

zeleném pozadi vnimany stejné, a to jak pti monokularnim tak binokuldrnim dokorigovani.

Obrizek 7 Cerveno-zelené testy, vievo nahove zobrazen standardni tiivadkovy test, vpravo nahove pak Coweniiv
test a uprostied dole Bichromaticky balancni test (4)

Na obrazku €. 6 jsou uvedeny zakladni testy:

~rw s

o triradkovy cerveno-zeleny test — tento test slouzi k monokuldrnimu dokorigovani

e Coweniiv test — vhodny pro monokularni i binokularni dokorigovani

e Bichromaticky balan¢ni test — oznacovan také jako test dle Osterbergra, tento test
slouzi k binokuldrnimu sférickému dokorigovani, kdy pravé oko vidi jeden znak

z ¢ervené a jeden znak ze zelené Casti testu. Test mize slouZit 1 pro zédkladni odhaleni
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ptipadnych forii, kdy by se jednotlivé znaky pravého a levého oka mezi sebou

posouvali. (4)

MKH (Mess und Korrektionsmethodik nach Haase) testy a testy na odhaleni forii

Systém PASCAL 3D obsahuje vSechny zakladni testy MKH metodiky, tedy kiizovy,
ru¢ickovy, hakovy, stereotest a stereovalencni test. Pro vysetieni forii navic obsahuje kiizovy

test s fiznim podnétem a Schobertv test.
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Stereoskopické testy

Program nabizi Sirokou $kdlu screeningovych stereoskopickych testi.

e Balénovy test — patii mezi zékladni, je tvofen 4-mi balony s rozdilnou hloubkou
stereopse, vySetfovany ma za ukol wurCit poradi jednotlivych baléont od

nejvzdalenéjsiho po nejblizsi.

-
Obrazek 8 Balonovy test (4)

o
e Stereotest sodstupiiovanou paralaxou — test slouzi pro urceni stereoskopické
ostrosti (hloubky stereopse). Test obsahuje 4 kvadranty s 6-ti kruznicemi, kdy vzdy
jedna z kruznic v kazdém kvadrantu pii 3D zobrazeni jde za obraz a druha vystupuje
pfed néj. Postupné se snizuje stereoskopickd paralaxa od kvadrantu 4, kde je

nejzietelngjsi po kvadrant 1, kde je nejmensi. (4)

Obrazek 9 Stereotest s odstupriovanou paralaxou (4)



Testy jemného dokorigovani

Tyto testy jsou urceny k jemnému binokularnimu dokorigovani jako je dvouradkovy ¢i

T4

tiitadkovy srovnavaci test. (4)

Kontrastni testy

Systém PASCAL 3D nabizi test na uréeni kontrastni citlivosti dle Pelli-Robinsona se

Sloanovymi pismeny. (4)

Screeningové testy

Tyto testy slouzi k doplnéni kompletnich informaci o stavu zrakovych funkci. Systém

nabizi testy:

e Test ofni dominance — vysetiujeme predevsim senzorickou dominanci. Pied jedno
oko je ptedloZen obrazek psa v balonu, pied druhé obrazek kocky. VySetfovany ma za
ukol tici, které ze dvou zvirat vidi. Pokud se mu zvifata stfidaji, mtizeme piredpokladat
alternujici typ vidéni. Pokud vidi zaroven ob¢, nema vySetfovany vyhranénou ocni

dominanci.

Obrdzek 10 Test oc¢ni dominance (4)

e Pseudoisochromatické Ishiharovy tabulky — standardni tabulky pro vySetteni

barvocitu. (4)
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Annotation

3D refraction brings new possibilities of examining eyesight using circular polarizing filters
throughout the measurement period, which allows us to investigate monocularly under
binocular conditions. The aim of this work is to summarize the possibilities of 3D refraction
and its advantages and disadvantages compared to standard refraction using other methods of

eye examination.
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Introduction

When determining subjective refraction, we try to set the examining subject to conditions that
correspond to the standard eye status and natural vision as much as possible. The usual
investigative methods are based on the primary determination of monocular refraction by first
covering the eye that we do not investigate and only then verify the refraction under binocular
conditions. When monocular vision is established, ocular cycling can occur in some patients
during occlusion, which is not naturally present in the binocular state. This leads to the
deviation of the axis of the correction cylinder and to the change in the force of the

astigmatism, which is referred to as so-called residual astigmatism.
The strength of residual astigmatism | Ast | we can determine from the formula:

|Ast|=1/10.cylLx”°/(3°) (1)
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Where cyl is the force of the inserted correction cylinder in the given axis, x °© is the roll of the

cylinder from the desired axis.

The following table summarizes the effects of rotation of the cylinder axis to produce
undesirable residual astigmatism (2)

Correction cylinder force [D]

The size of the 0,5 1,0 1,5 2,0 2,5 3,0
cylinder axis

deviation [°]

0,09 0,17 0,26 0,35 0,44 0,52
0,17 0,35 0,52 0,70 0,87 1,04
0,26 0,52 0,78 1,04 1,29 1,55
0,34 0,68 1,03 1,37 1,71 2,05
0,42 0,85 1,27 1,69 2,11 2,54
0,5 1,0 1,5 2,0 2,5 3,0

Table 1 Relationship of the axis of the cylinder to the formation of unwanted residual astigmatism

Binocular balancing options using LCD optotypes

LCD optotypes are currently the most widespread modern type of investigative
optotypes. Their great advantage is the wide range of digital tests for visual acuity,
polarization tests especially for binocular cooperation, contrast sensitivity tests, and much

more.

If we only focus on examining binocular balancing, we have more options available, but the

most basic and most used test is Schultze's pollinator two-line test.

This test is based on negative polarization. By positioning the position of the polarization tests
in front of the eye under "A" or "V", the eye only sees the top or bottom line as shown in

Figure 1.
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POLA - TEST
\5\8 e

Figure 1: Schultze Polarization Two-Line Test (1)

If both eyes are equally refined, the investigated should perceive both lines equally
sharply. If one of the lines is different from the other, we proceed as in the standard
monocular refraction determination, so first check the spherical component of the eye, then
the cylindrical and finally the cylinder axis.

We can also encounter a three-line polarized test that is based on the same principle, but there
is also a central line that is not polarized, can be seen with both eyes and serves as a fusion

stimulus. (3)

Disadvantage of LCD optotypes

If we focus purely on binocular balancing, we can overlook or inadequately detect residual
astigmatism due to the monocular refraction determination and only then the determination of
binocular cooperation. Above all, if a two-line test is not performed correctly or in worse

cases when it is not performed at all.

3D refraction principle

The basic difference of 3D refraction, compared to the normal refraction
determination, is the monocular measurement of the refractive state of the eye under binocular

conditions. For measurement, a circular polarizing filter is added to the test rim that causes
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dissociation of right and left eye perception. This allows the patient to observe the optotype
under binocular conditions as well as monocular refraction determination. Eyes are in the
most natural position and minimize the formation of unwanted rotations that would result in

residual astigmatism. (4)

Disadvantages of 3D refraction

Despite the considerable benefits of 3D refraction, this method of examination is not
suitable for all clients. Among the most basic reasons that 3D refraction is not suitable, we

include:

e disorder of simple binocular vision
e High correction difference between right and left eye

e Excessive dominance of one eye

At present, there are more types of devices and a set of tests that are designed for 3D
refraction, often referred to as the "Experimental”. In this paper one of them will be described
in detail, namely PASCAL 3D.

3D refraction using PASCAL 3D
Basic information

The PASKAL 3D refraction system was introduced for the first time in 2014, now it's
a collection of more than 80 eye examinations, which the examiner can build up according to

their custom and succession.

The program was developed for Apple iPad and a TV that supports 3D viewing and

includes an Apple TV set-top box, without these devices the system can not be controlled.

For the convenience of the investigated, it is possible to carry out the examination
under 3D images, where the underlying image of the lake and balloon is used as a binocular

stimulus, the signs in front of the eye / eyes are projected onto the white surface in the
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foreground. If the client does not suit the 3D stimulus, the background can be replaced by a

2D image or a purely neutral gray area. (4)

Visus tests

As with normal refraction determination, a three-line test of basic optotype characters
is considered the basis. Characters can be in letters, Kay images, Landolt circles, or Pfliiger
hooks. In addition, this test combines the possibility of examining multiple phenomena at the

same time.

« Baylie Lovie Contrast Sensitivity Test - Basic Contrast Sensitivity is the gray mark
on the left side of the Optotype Board. These characters serve for basic screening,
whether the investigator can read a less contrasting character, and then instruct the
investigated person to investigate the deficiency.

« Optotype characters - these characters are in the middle of the optotype board. We
can alter their size, according to the needs of determining subjective refraction.

« Determination of cylindrical correction - two concentric circles on the right part of

the optotype board are used for this examination.

X ZVHD ©

EC X P L ©

Figure 2 Basic examination panel for subjective monocular refraction. (4)
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Another optotype board, which is one of the basic ones for determining the visa, is a
test for binocular refinement and accommodation equilibrium. The right half of the image is
for the right eye, left for the left. In the case of binocular equilibrium, the right and left half
should be the same - the same contrast and sharp. In the case of unevenness, we can fine-tune
the sphere, the cylinder axis and the force of the cylindrical correction.

Figure 3 Test to determine accommaodation balance (4)

Basic tests for the determination of visas include the fine binocular alignment test,
which is represented by the basic optometric characters displayed for both eyes. The test is
completed with lower-contrast features on the left.

Figure 4 Fine binocular alignment test (4)
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Visus tests are further supplemented with EyeChart test boards with stepped test
characters of all visa sizes. In addition, we can only display one line of the optotype or even
one character. (4)

Tests for cylindrical correction

The PASKAL 3D system has a wide range of tests to test the cylindrical correction.
One of the basics is the astigmatic rosette, which can be displayed monocularly or even
binocularly, both of which are shown in Figure 5.

moaR s YERCD -

Figure 5 Astigmatic rosette with a line spacing of 30 ° (4)

Among the astigmatic tests, Brok's test is also included, for Jackson's crossed-out
examination. (4)

Red-green tests

These tests are primarily for fine monocular or binocular refinement. The PASKAL
3D system again offers several test options that investigators can use to correct the
investigated. In the dichromatic tests, we always ask how he perceives the characters on the
red and green backgrounds, in the case of balance the characters on both red and green

backgrounds will be perceived the same, both in monocular and binocular refinement.
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Figure 6 Red-green tests, a standard three-line test at the top left, the Cowen test at the top right, and the
Bottom Bottom Biometric Balance Test (4)

Figure 6 gives basic tests:

» Three-line red-green test - this test is for monocular refinement

» Cowen's test - suitable for both monocular and binocular refinement

« Bichromatic Balance Test - also referred to as the Osterberg Test, this test is used for
binocular spherical refinement when the right eye sees one red and one green test. The
test can also serve as a base for uncovering potential forums where individual

characters of the right and left eyepieces would move between them. (4)

MKH (Mess und Korrektionsmethodik nach Haase) tests and tests for revealing forums

The PASCAL 3D system includes all the basic tests of the MKH methodology, ie,
cross, hand, hook, stereo and stereo-test. In addition, the forums include a cross-test with a

fusion stimulus and a Schober test.

Stereoscopic tests

The program offers a wide range of screening stereoscopic tests.
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» Balloon test - the basic one is made up of 4 balloons with different depths of
stereopse, the investigated task is to determine the order of the individual balloons

from the furthest to the nearest.

Figure 7 Balloon Test (4)

« Stereotest with graded parallax - the test is used to determine stereoscopic sharpness
(depth stereopse). The test contains 4 quadrants with 6 circles, each one of the circles
in each quadrant in 3D viewing is the image and the other one faces before it.
Stereoscopic parallax is gradually decreasing from quadrant 4, where it is most

pronounced after quadrant 1, where it is the smallest. (4)

Figure 8 Stepped Parallax Stereotest (4)
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Fine-proofing tests

These tests are designed for fine binocular refinement such as a two-line or three-line
comparative test. (4)

Contrast tests

The PASCAL 3D system offers a Pelli-Robinson contrast sensitivity test with Sloan
letters. (4)

Screening tests

These tests serve to complete the complete information on the state of visual functions.
The system offers tests:

« Ocular dominance test - we mainly investigate sensory dominance. One eye is
presented with a picture of the dog in the balloon, before the second picture of the cat.
The investigator has the task of telling which of the two animals he sees. If the animals
alternate, we can assume an alternate type of vision. If he sees both, he does not have a

pronounced ocular dominance.

Figure 9 Ocular dominance test (4)
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» Pseudo-isochromatic Ishihar's Tables - Standard Tables for Examination of Color.

(4)
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1. WHAT IS STRABISMUS:

Strabismus is a visual disorder in which the eyes are misaligned and point in different directions.
It is a condition in which both eyes don’t look at the same place at the same time. Nobody don’t
know exactly what and why is strabismus caused but it is known that about 3-5 % of world
population is suffering from this condition. It usually occurs in people who have poor eye muscle
control or are very farsighted. Strabismus can be caused by problems with the eye muscles, the
nerves that transmit information to the muscles, or the control center in the brain that directs eye
movements. It can also develop due to other general health conditions or eye injuries. Also some of
the risk factors for developing a strabismus are cases of the strabismus in the family, some
uncorrected refractive errors, or medical conditions such a Cerebral palsy, Down syndrome or people
who have suffered a stroke of head or some head or neck injuries.

Strabismus can occur in people of every age, but usually develops during early childhood.
Strabism us hinders the creation of clear stereo binocular image, and double vision or confusion may
occure. Confusion is a phenomenon where two different images are created in the same place, and
double vision is the appearance of two identical images in two different places. Since the light in a
sick eye don’t fall exactly to the macula, the brain receives a signal of two different images that
disables the fusion or the creation of a third dimension binocular image - stereo vision.

Anomalous retinal correspondence (ARC) is a neural adaptation to eye misalignment in which
non-corresponding retinal points are linked in the visual cortex to provide binocular fusion. If
strabismus is not corrected on time, the brain will make the suppression of the diseased eye in order
to eliminate the formation of double vision and confusion. This phenomenon is called amblyopia,
and in difficult stages it is almost incalculable and irreversible.
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2. DEFINING FACTORS OF STRABISMUS:

o Direction of the eye turn — is not always crossed eyes. Eye can do some horizontal move out

of fixation direction: esotropia (inwards), exotropia (outward), vertical move out of fixation
direction: hypertropia (up), hypotropia (down) or in rare cases eyes can do a rotation move-

cyclotropia.

Esotropia is most common type of strabismus and besides the problem with inervation it can
often be caused because of hyperopia. People who have uncorrected hyperopia are
constantly accommodating and because of AC/A relationship eyes are automatically doing

convergence.

o Frequency of the eye turn- if the eyes are always misaligned we call it (constant strabismus)

or only some of the time (intermittent strabismus). If the one eye is turned constantly it can
caused amblyopia and constant strabismus is harder to treat than a intermittent.

o Which eye is affected- an eye turn can occur on both eyes, just one eye or it can be

alternating. Alternating strabismus is less dangerous because mostly it can’t cause

amblyopia.

e Limitation of the eye turn- all reasons of why strabismus occur are still not yet known but

mostly we classify them as a comitant or incomitant (paretic). If the angle of ocular
misalignment is equal in all fields of gaze, remains the same regardless of which eye is used
for fixation, and if the eye movements are all full, the strabismus is described as comitant. All
reasons of why this type occur are still unknown but some types of this strabismus are
accommodative esotropia which can be caused because of uncorrected hyperopia or
abnormal AC/A relationship. Incomitant (paretic) strabismus is deviation when sick eye don’t
follow or (follow with limitation) healthy eye in all direction of gaze. In this case there are
two angles of deviation. Primary angle is deviation angle of sick eye when healthy eye fixes,
and secondary angle is deviation angle of healthy eye when sick eye fixes. Paretic deviation
may occur because of some nerves damages which inervice the eye, in cases of some
diseases of the central nervous system, problems with eye muscles or some head or neck
traumas. The disabled or limited side of gaze depends of which nerve is damaged, as a




consequence it have a limited or disabled muscle contraction and disturbed eye movement.

According to time of onset- strabismus can be congenital or acquired. Many infants are born
with their eyes slightly misaligned, and this is typically outgrown by six to 12 months of
age. Acquired and secondary strabismus develop later. The onset of accommodative
esotropia, an over convergence of the eyes due to the effort of accommodation, is mostly in
early childhood. Acquired non-accommodative strabismus and secondary strabismus are
developed after normal binocular vision has developed. In adults with previously normal
alignment, the onset of strabismus usually results in double vision.

MOST COMMON TYPES OF STRABISMUS:

Accommodative esotropia develops because of an abnormal relationship between the
converging muscles (medial recti) and the focusing muscles (ciliary body) attached to the lens
inside the eye. Normally, there is a linear relationship between these two groups of muscles
in that a certain amount of convergence is accompanied by a certain amount of
accommodation. This condition may begin initially as an intermittent deviation where the
eyes may be satisfactorily aligned when the child’s gaze is not fixing on an object, only to
become markedly esotropic when focusing mechanisms are used.

Acommodative esotropia can also develops in uncorrected hyperopic people who are

constantly accommodating.

If the reason of developing is uncorrected hyperopia it is easy to fix it with normal dioptric
eyeglasses, bifocal glasses or contact lenses. In some cases it require eye patching or eye
surgery.

Intermittent exotropia develops between the ages of 10 months and 4 years, and can be
difficult to detect. Parents are unable to describe accurately the abnormality that they see in
a child’s eye because ocular deviation presents initially only from a distance or when the
child is sick. Parents will notice the misalignment, ask the child to look at them, and of course
from near distances the eyes are perfectly straight. Because the eyes are only intermittently
deviated, the incidence of amblyopia in this condition is quite low, and the children tend to
develop good binocularity and stereoscopic vision .A classic symptom of intermittent
exotropia is the closing of one eye in bright sunlight. Detection of this symptom alone is an
indication for a referral to an ophthalmologist. A cover test may be performed on a distant
fixation target, perhaps taking the child to an office window to fixate on an interesting
object. Surgery for intermittent exotropia is generally performed around the age of four
years when adequate measurements of the angle of deviation can be obtained. Surgery
consists of weakening and strengthening appropriate extraocular muscles, and, generally,
glasses and exercises don’t particular value.
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Infantile esotropia is esotropia with an onset before the age of six months with a constant,
large angle of strabismus (> 30 PD), no or mild amblyopia, small to moderate hyperopia,
latent nystagmus, dissociated vertical deviation, limitation of abduction or limitation due to
cross fixation and absent or reduced binocular vision, in the absence of nervous system
disorders.

Patients with infantile esotropia are typically neurologically normal, have hyperopia less than
3.50 diopters. Equal visual acuity is normally observed, with amblyopia occurring in less than
half of patients. Nystagmus is also frequently observed and is usually latent type. On
optokinetic nystagmus testing, will have monocular smooth pursuit asymmetry when the
nasal-to-temporal versus temporal-to-nasal response is tested. The treatment of infantile
esotropia is extraocular muscle surgery.

Microstrabismus is an eye condition defined by less-than-perfect binocular vision,
characterized by a small angle deviation with suppression of the deviated eye and the
presence of binocular peripheral fusion. That is, microstrabismu implies peripheral fusion
without central fusion. Aside the manifest small-angle deviation tropia, subjects often also
have a large-angle latent deviation, phoria. Microstrabismus is estimated to affect 1% of the
general population. It is believed that this condition is a result of a primary sensorial defect,
predisposing to anomalous retinal correspondence. Secondary it can be a outcome
of surgical treatment of congenital esotropia or it can be a result of anisometropia. Angle of
deviation in this type of strabismus is mostly less than 5 prismatic diopters and it is usually
treated with eye patching, prismatic eye glasses, changing refractive prescription, vision
exercises or surgery treatment.
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Most common types of strabismus in

children

Supranuclear causes
{generally comitant])

Paralytic, muscular or orbital causes
(generally incomitant)

Infantile esotropia (before 68
mianths, prevalence 1%)

Congenital superior oblique paresis

Accommodative esotropia
(between 2-3 year, prevalence 2.5%)

Congenital cranial dysinnervation disorders
(Brown, Duane, congenital fibrosis)

Sensory esotropia (rare)

Myopathies (myasthenia, chronic progressive
ophthalmoplegia) rare

Acquired late esotropia (rare)

111, 1V, VI

Intermittent e:-:n::-trupia
[+/- 3 times less frequent and & times
less amblyogenic than esotropia)

Orbital pattern strabismus

Pattern strabismus

Orbital fractures rare

Monofixation syndrome

Craniostenosis rare

Elevation

Right Abduction - Left Adduciton

P
{

{

= Oculomotor nerve (CN IIl) s==a Trochlear nerve (CN IV) smsa Abducent nerve (CN VI)

Figure 1. Inervation of eye muscles and connection with eye movement
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4. CONCLUSION:

Some types of strabismus is not so easy to recognize, especially if children and adult clients
do not perform regular examinations. That is why it is important for us that optometrists are well
informed about this phenomenon in order to recognize this more and more common
phenomenon, to be consulted and reacted in time to correct this condition and prevent the
emergence of amblyopia.

5. LITERATURE:

e https://www.aapos.org/terms/conditions/100

e https://www.umkelloggeye.org/conditions-treatments/strabismus

e https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3729504/

e http://www.thevisiontherapycenter.com/discovering-vision-therapy/what-are-the-types-of-
strabismus

e https://www.ncbi.nlm.nih.gov/pubmed/3343641

e http://www.ijo.in/article.asp?issn=0301-
4738;year=1969;volume=17;issue=6;spage=242;epage=244;aulast=Garg

e C(Clinical ophthalmology, Kanski

e C(Classification of strabismus- Pr. Dr. Monique Cordonnier, Université Libre de Bruxelles
e Strabizam i ambliopija, B.Vukov, M. Blagojevi¢

e Klinicka optometrija, B. Cerovski
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Nikola Cibari¢

Vertical heterophoria
University of Applied Sciences Velika Gorica

1. INTRODUCTION

Orthophoria is characterised by perfect alignment of two eyes in all positions of gaze and at
all fixation distances so that the visual axes are parallel for distance and have proper
convergence for near. The problem is that orthophoria is very rare condition. Most of the
people have some amount of heterophoria. Heterophoria or latent squint is a condition in
which eyes in the primary position or in their movement are maintained on the fixation point
under stress only, with the aid of corrective fusion reflexes. When the influence of fusion is
removed, the visual axis of one eye deviates.

There are 3 types of heterophoria: vertical, horizontal and cyclophoria. Vertical heterophoria
usually has more significant impact on vision than horizontal.

2. SYMPTOMS

There is a lot of symptoms that a person with vertical heterophoria could have. We can
divide those symptoms in few categories:

-vestibular symptoms: dizziness, disorientation, nausea, motion sickness and car sickness,
unsteadiness while walking, drifts to one side while walking down a hallway.

-Head, neck and shoulder pain symptoms: headache (most common locations are forehead,
temples and back of head), pain with eye movements, a felling of pressure on top of the head,
sinus pain, severe neck and shoulder discomfort due to an accompanying head tilt.

-Anxiety: very often symptom. It can be associated with being uncomfortable while driving in
a moving vehicle. People are concerned that a dizzy episode will occur while they are
driving, and that they will not be able to pull over to the side of the road to get to safety,
before harming themselves or others. It can also be associated with being in a space with a
tall ceiling. All of the multiple stimuli and detail in a large space can overload the visual
system and trigger a dizzy episode with the resultant feeling of being overwhelmed.

-Reading difficulties associated with misalignment of the eyes: skipping lines with reading,
losing their place while reading, using their finger or a ruler as a guide to follow along on a
line of print, words running together while reading, fatigue with reading.
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-Vision and diplopia symptoms: sensitivity to bright lights from misalignment of eyes causing
an exaggerated amount of glare off all surfaces, blurred distance or near vision, overlapping
vision, double vision, shadowed vision, poor depth perception, eye strain.

3. DIAGNOSIS

Vertical heterophoria can be diagnosed with a lot of methods and tests. Here we are
going to show a few tests that are the most common.

Cover- Uncover test: It should be performed for both distance and near. One eye of the
patient is covered while fixating with other eye at a distant target. The eye is then
uncovered and any movement of the eye to take up fixation is noted. The test is
repeated with other eye. The direction of deviation, the degree of deviation and speed of
recovery is noted. If the right eye is deviated while under cover, a re-fixation movement
is observed on being uncovered. Adduction of the right eye indicates exophoria and
abduction esophoria. Upward or downward movement indicates a vertical phoria. After
the cover is removed, the speed and smoothness of recovery indicates the strength of
motor fusion. After performing cover-uncover test for both distance and near, we can
perform alternate cover test.
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Maddox rod test -the Maddox rod consists of a series of fused cylindrical red glass rods
that convert the appearance of a white spot of light into a red streak. The optical
property of rod causes the streak of light to be at an angle of 90° with the long axis of the
rods. The Maddox rod is placed in front of one eye and patient fixates with both eyes on
a spot of light. The patient is asked whether the streak produced by Maddox rod passes
through the fixation light seen by the other eye. If not, the patient has some
heterophoria. Advantage of this test is that interpretation of results is easy and also we
can do it very quickly. Disadvantage is that this test is not so precise and should not be
used as final correction.
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Polarized cross test- Polarization is set so that the right eye can see at the vertical line
and left eye can see the horizontal. We ask the client whether any of these lines is
moving or is it standing in the center. If the horizontal line is moved upward, this means
that the client has a hypophoria of the left eye (hyperforia of the right eye), and if it is
moved downward, there is hyperforia of the left eye (hypophoria of the right eye).

rrssts
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Schober- For this test we use red and green filter. One eye should see a red cross and
other eye should see two green circles. If patient i orthophoric the red cross is in the
middle. If it isn't, that means that our patient has some heterophoria. If a red filter is in
front of the right eye and a green filter is in front of the left eye, and cross is going up,
that is hypophoria of right eye (or hyperphoria of left eye). If cross is going down, that is
hyperphoria of right eye (or hypophoria of left eye)

260



4. CORRECTION

Not all vertical heterophorias need correction. If person doesn't have any smyptoms or
difficulties, the correction is unnecessary. But there is also a solution for those who need
correction. Heterophoria can be corrected with prism glasses. We put base of the prism
opposite to the direction of heterophoria. Usually the value of measured prism is divided
on both eyes equaly, except in special situations (eg. amblyopic eye, big difference in
visus of right and left eye ect.) That means that hyperphoria is corrected with prism base
down (inferior) and hypophoria is corrected with prism base up (superior).

Except with prisms, vertical heterophoria can be corrected with decentration of the lens.
It is calculated by the formula P=c*S where P stands for prismatic effect, c is decentration
ic cm and S if spherical value of lenses. We can only decentrate spherical lenses up to 5
prism dpt. Aspherical lenses can not be decentrated.

5. CONCLUSION

Vertical heterophoria is vertical misalignment between the eyes. It can have a significant
impact on vision and can cause a lot of difficulties. Many symptoms can lead as to conclusion
that a person has vertical heterophoria. The most common symptoms are dizzines,
headache, nausea, skipping lines while reading ect. It can be diagnosed with a lot of tests
and methods. Every test has advantages and disadvantages, that is why we should do few
tests before giving patient final correction. Vertical heterophoria can be corrected with
prism lenses or by decentration of the lens, but not every heterophoria needs correction.
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Zmény rohovkového endotelu u dlouhodobych nositelii kontaktnich
cocek

Katedra optometrie a ortoptiky LF MU, Brno

Tato prdce se zabyva otdzkou, zda ma dlouhodobé noseni kontaktnich ¢ocek vliv na endotel rohovky

a jaké kontaktni ¢ocky, z hlediska materidlu a let noSeni, parametry endotelu nejvice ovliviuji.

Uvod

Kontaktni cocky jsou nedilnou soucdsti aktivniho Zivota mnoha lidi. Na trhu je v soucasnosti
nepreberné mnozstvi produktl z rdznych materidld, at uz se jedna o kontaktni ¢ocky tvrdé, mékké ¢i
hybridni. Hlavni otazkou je plsobeni kontaktnich ¢ocek na parametry rohovky, pfedevsim pak na jeji
endotel. Mnohé studie ukazuji, Ze nejvyraznéjSi zmény v parametrech endotelu se wvyskytuji u
nositeld tvrdych kontaktnich coéek. Neméné duleZitou roli hraje také to, jak dlouho jiz kontaktni
Cocky jedinec nosi. Ackoliv dnes vdrtivé vétSiné prevazuji nositelé silikonhydrogelovych a
hydrogelovych kontaktnich cocek, byly také u nich zpozorovény pfipady zmén v endotelu rohovky, a

to predevsim u pacient(, ktefi jsou dlouholetymi nositeli.
Endotel rohovky

Endotel rohovky je sloZzen z jedné vrstvy polygonalnich bunék, které na sebe tésné priléhaji. Cela
vrstva endotelu ma tloustku cca 5 um. Endotel udrZuje konstantni hydrataci rohovky a tim zajistuje i
jeji transparenci. Je metabolicky nejaktivnéjsi vrstvou rohovky. Normalni pocet bunék endotelu je pfi
narozeni 4000-5000 na mm? a béhem Zivota klesa. Jejich pocet klesa také pfi rGznych onemocnénich,
po nitroocnich operacich ¢ po transplantaci rohovky. Mezi dvacatym a padesatym rokem véku je
hustota bunék endotelu u vétsiny populace relativné stabilni. Zdravy endotel ma primérny pocet
bunék 2600-3000 na mm?. Reparace endotelu probiha zvétSovanim a migraci stavajicich bunék. Skrz
endotel proudi do rohovky latky z komorové vody, které ji vyZivuji a z rohovky zpét do komorové
vody odpadni produkty. Za minimalni pocet bunék, ktery je nutny pro zachovani rohovkové
fyziologie, byva povazovano 400-700 bunék na mm?2. Pokud pocet bunék klesne pod tuto hodnotu,

dojde k poruse hydratace a k edému rohovky. Endotelové buriky maji fyziologicky relativné uniformni
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tvar i velikost. Stupen uniformity bunkové velikosti Ize méfit. Ziskava se tzv. koeficient variace
bunkové velikosti (oznaceni CV). Koeficient variace ma za normadlniho stavu rohovky hodnotu
priblizné 22 az 31 %. Zvysené CV poukazuje na nestabilni a stresovanou vrstvu endotelovych bunék.
Tento stav se nazyva polymegetismus. Jako pleomorfismus se oznacuje stav, kdy je zvySeny pocet
bunék, které maji vice nebo méné nez 6 stran. Tyto stavy poukazuji na poskozenou endotelovou
vrstvu a jsou také znakem nékterych onemocnéni. Cetnost hexagonalniho tvaru bunék, tzv.
hexagonalita, se u zdravého endotelu pohybuje mezi 70 az 80 %. Riziko vzniku polymegetismu ci
pleomorfismu se zvySuje s vékem, noSenim kontaktnich ¢ocek, onemocnénimi nebo chirurgickymi

zakroky.
Slzny film, jeho struktura a funkce

Slzny film je tenka, bezbarva, transparentni vrstva pokryvajici rohovku i spojivku. Jeho tloustka je 4,5

az 8,7 um a kolisa mezi jednotlivymi mrknutimi. Je tvofen tfemi vrstvami, které spolu Uzce souvisi.

Vnitfni a zaroven nejtendi je vrstva mucinova produkovand poharkovymi burikami spojivky. Nad ni se
pak nachdzi vrstva vodnd, kterd zaujima nejvétsi ¢ast slzného filmu a ma za ukol omyvat oko. Je
produktem Krauseho Zlaz, Wolfringovych Zlaz a slzné Zlazy jako celku. Zevni vrstva je vrstva lipidova
s tloustkou 0,1 um, kterd zabrariuje odpafovani slz a zajistuje stabilitu slzného filmu. Je produkovéna

Meibomskymi Zlazami na okraji vicek.

lipidova - —*
vrtsva

vodna vrstva

mucinova
vrtsva

epitel rohovky

Obr. 1: vrstvy slzného filmu
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Funkce slzného filmu:

-vytvari opticky hladké rozhrani na rohovce
-omyva povrch oka a odplavuje metabolity rohovky, cizi téliska, mrtvé burky
-chrani pred infekci

-lubrikuje povrch oka, ¢imz umoznuje plynuly a bezbolestny pohyb vi¢ek a udrzuje vhodné prostredi

pro rohovkovy epitel

-zasobuje epitel kyslikem, rozpusténym ve vodné sloZce

Slzny film s kontaktni ¢ockou

Slzny film je jednim z dllezZitych faktor(, které ovliviiuji pohodli kontaktni ¢ocky. Sama cocka vsak
vlastnosti slzného filmu také ovliviiuje. Po aplikaci kontaktni cocky se prekornealni slzny film rozdéli

na dvé vrstvy.

Na povrchu kontaktni ¢ocky vznika slzny film prelentikuldrni. Mezi kontaktni ¢ockou a rohovkou pak

slzny film postlentikuldrni.

Prelentikuldrni slzny film plni funkci ochrany kontaktni ¢ocky pred vysousenim a uklddanim depozit.

Je mnohem tenci neZ slzny film bez kontaktni ¢ocky. Vlivem kontaktni ¢oc¢ky dochazi k radikalnimu

ztenceni lipidové vrstvy a tim je ovlivnéna i stabilita slzného filmu.

Postlentikularni_slzny film slouZi jako polstar, na kterém leZi kontaktni cocka. Velmi dulezitd je

cirkulace slz pod kontaktni ¢o¢kou. Nedostatecna cirkulace slz mlzZe zplsobit nahromadéni necistot
mezi kontaktni ¢ockou a rohovkou. Pfi aplikované kontaktni ¢oéce vytvafi postlentikularni slzny film

slznou €ocku, ktera ovliviiuje vyslednou hodnotu korekce.

Kontaktni ¢ocky a jejich déleni dle materidlu

Kontaktni ¢ocky prodélaly velky vyvoj a materidly pouzivané pro jejich vyrobu se vyrazné ménily.
Nové materidly umoznuji velmi dobrou latkovou vyménu rohovky, zajistuji tak fyziologické funkce
rohovky a snizuji riziko vzniku komplikaci. Z hlediska materidlu se kontaktni ¢ocky déli na tvrdé,

mékké a hybridni.
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Tvrdé kontaktni cocky

Tvrdé kontaktni cocky muUZzeme obecné rozdélit na tvrdé pro plyny nepropustné a tvrdé
plynopropustné. Mezi kontaktni ¢ocky tvrdé pro plyny nepropustné patfi napriklad kontaktni ¢ocky
vyrobené ze skla ¢i z PMMA. Mezi pynopropustné pak kontaktni ¢ocky, které jsou vyrobeny z RGP

materiald.

Sklo bylo prvnim materidlem pouzitym na vyrobu kontaktnich cocek, ktery se vsak nedokazal

pfizpUsobit tvaru oka. PGvodni sklenéné ¢ocky dnes jiz zcela ustoupily.

Problémem kontaktnich ¢oCek vyrobenych z PMMA byla prakticky Uplnd nepropustnost materialu
pro kyslik. Jeho pfivod a latkovd vyména byla zajisténa cirkulaci slz pod kontaktni ¢ockou. Tyto
problémy byly feseny kornealni konstrukci ¢ocky. Pfi delSim noseni dochazelo k problémdm jako byl
edém rohovky Ci poSkozeni epitelu. Od 70. let 20. stoleti byly kontaktni ¢ocky zPMMA postupné
vytlacovany a dnes jiz jejich vyroba skoncila. Tyto ¢ocky vSak velmi pfispély ke studiu vlastnosti a

metabolickych potieb rohovky.

Dalsi podskupinou jsou kontaktni ¢ocky vyrobené z RGP materidld. Jejich vyhoda spociva v tom, Ze
dokonale propousti kyslik, avsak nepropoustéji vodu, a tudiz vazne odvod zplodin od rohovky. Tento
problém je opét fesen kornedlni konstrukci ¢ocky. Cocky se vyrabi s pouZitim kopolymerd a dalsich

primési.

Mékké kontaktni cocky

Mé&kké kontaktni €ocky lze rozdélit v $ir§im slova smyslu na hydrofobni a hydrofilni. Cast&j$i déleni je
pak na cocky hydrogelové a silikonhydrogelové. Velkym pokrokem byl vynalez materidlu HEMA, ktery
ma vysokou biokompatibilitu, nizkou toxicitu a je schopny vazat vodu diky ¢emuZz se stava
hydrofilnim. Z tohoto materidlu vznikly prvni hydrogelové kontaktni ¢ocky. Propustnost hydrogell
pro kyslik je omezena obsahem vody, ktery dokaZou zvysit kopolymery. Diky svym hydrofilnim
vlastnostem kontaktni ¢ocka podporuje latkovou vyménu rohovky. HEMA se stal standardem pro
dalsi hydrogely. VétSina ¢ocek dnes stale obsahuje HEMA spolu s jednou Ci vice pfisadami. V drtivé
vétsSiné zacinaji prevazovat také cocky silikonhydrogelové, které maji vzajemné propojenou
hydrofobni a hydrofilni strukturu, vznikly tedy kombinaci silikond s hydrogely. Silikonhydrogelové

kontaktni cocky maji nizsi obsah vody, avsak vysoké hodnoty propustnosti pro kyslik.
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Hybridni kontaktni cocky

Hybridni kontaktni ¢o¢ky maiji tvrdou plynopropustnou optickou ¢ast a mékkou hydrofilni periferii.

Coz znamen3, Ze poskytuji kvalitu vidéni jako RGP ¢ocky a komfort jako mékké kontaktni ¢ocky.
Fyziologické komplikace a zmény parametri rohovky indukované kontaktnimi éo¢kami

Kontaktni ¢ocka na oku plisobi jako cizi téleso. Materidl kontaktni coc¢ky by nemél narusovat fyziologii
oka, cirkulaci slz, zasobovani rohovky kyslikem a také odvod zplodin metabolizmu rohovky. Tato
kritéria vSak Zzadnd kontaktni ¢ocka v soucasné dobé nesplfiuje, aviak volbou spravné kontaktni ¢ocky

a spravnou aplikaci mohou byt negativni jevy minimalizovany.

Kontaktni ¢ocky maji vyrazny vliv na rohovku a cely pfedni segment oka. Tlakem na rohovku a
zménou pfisunu kysliku k rohovce mohou vzniknout zmény na povrchu rohovky, ve stromatu, v
endotelu i v jejim zakfiveni. Vyznamnéjsi je vliv na citlivost rohovky, kterou kontaktni ¢o¢ky mohou
snizovat. Se sniZenim citlivosti se sniZuje frekvence mrkani a tim padem vazne i obména slzného
filmu. Dalsi komplikaci zptUsobenou kontaktnimi co¢kami (predevsim hydrogelovymi) mize byt také
syndrom suchého oka. Problém souvisi s poruchou lipidové vrstvy slzného filmu. Dochazi k vyssimu

odparovani vodné vrstvy slzného filmu a ke vzniku obtiZi jako je paleni a fezani oci.

Kontaktni ¢ocka také omezuje pfistup kysliku k rohovce a situaci, kdy se za¢ina tento nedostatek

kysliku projevovat, nazyvame hypoxie. Hypoxie se projevuje mnozstvim zmén na rohovce.

Nejprve se projevi na rohovkovém epitelu, kde se objevuje tzv. Sattlerliv zavoj. Ten se projevuje
rozmazanym vidénim. Pti déletrvajici hypoxii dochdzi i k edému stromatu, k vyskytu strii ve stromatu
a k jeho ztencovani. Na trvajici nedostatek kysliku reaguji i cévy a zacinaji se tvorit neovaskularizace.
Dlouhodobd hypoxie vede k chronickému edému epitelu. Ve spodnich vrstvach epitelu se také
objevuji mikrocysty, které se postupné posouvaji k povrchu epitelu, kde zplsobuji defekt.
Dlouhodobd hypoxie ma rovnéz neptiznivy vliv na rohovkovy endotel. Dochazi k jeho vycerpdni a
k odumirani endotelovych bunék. Jelikoz buriky nemaji schopnost regenerace, volny prostor po
odumfelych endotelovych bunkach zaujimaji okolni buriky, vznikd polymorfismus a polymegetismus

endotelu.

Dlouhodoba hypoxie, chronicky edém epitelu, stromatu, vznikajici polymegetismus a polymorfismus
vedou k porucham prihlednosti rohovky a vétsim vaskularizacim. Tento stav se nazyva syndrom

vycerpani rohovky.
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VloZenim kontaktni ¢ocky do oka se endotelové bunky mechanickou silou oplosti a navzajem se od
sebe vzdali. U mékkych kontaktnich Cocek jsou odezvy endotelovych bunék vétsi nez u pevnych

cocek, které maji mensi prlimér a pokryvaji mensi ¢ast rohovky.
Endotelialni mikroskop

Endotelidlni mikroskop slouZzi k podrobnému analyzovani vrstvy endotelovych bunék rohovky a
k detekci jejich zmén. Zachycuje obraz endotelu nekontaktni metodou vyuZivajici princip zrcadlového
odrazu. Vysetteni pomoci endotelidlniho mikroskopu se fadi mezi neinvazivni metody a je dllezité
zejména pfi diagnostice endotelovych onemocnénich. Byva téZ soucdsti predoperacniho vysetfeni
pred nitroocnimi operacemi. Moderni spekuldrni mikroskopy maji vysoké rozliseni a vétsi zorné pole,
navic i kvalitnéjsi optiku, kterd umi potlacit odlesk. Soucasti je zabudovany kamerovy systém s
moznosti uloZeni pofizeného snimku. Z uloZenych snimkd, které mikroskop poftidi, dokaze
zabudovany pocitaCovy software kvantifikovat a vyhodnotit morfologickou analyzu endotelovych
bunék. Parametry, jez software vyhodnocuje, jsou napf. velikost a tvar endotelovych bunék, hustota

a procentudlni vyskyt bunék Sestihranného tvaru v analyzované oblasti (hexagonalita).

.
11

Obr. 2: Endotelialni mikroskop Nidek CEM-530 Obr. 3: Zaznam vysledk(l méfeni z endotelidlniho
mikroskopu Nidek CEM-530

7 v

Prakticka cast

Praktickd Cast je zaméfena na mérfeni a porovnani parametrd endotelu rohovky u dlouhodobych
nositeld mékkych, tvrdych, hybridnich kontaktnich ¢ocek z hlediska let noseni a kontrolnich subjektd.

Kontrolnimi subjekty jsou jedinci, ktefi kontaktni cocky nenosi.
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Zakladni hypotézou je predpoklad, Ze se u vSech dlouhodobych nositeld kontaktnich cocek

dohromady budou hodnoty parametrl endotelu rohovky liSit oproti hodnotam u kontrolnich

subjektll. Mérenymi parametry jsou hustota bunék endotelu, koeficient variace a hexagonalita.

Druha zakladni hypotéza predpokladd, ze se namérené parametry endotelu rohovky budou nejvice

liSit u nositell tvrdych kontaktnich ¢ocek.

Subjekty jsou rozdéleni do Sesti skupin. Prvni skupinu tvofi kontrolni subjekty, druhou vSichni nositelé

kontaktnich ¢ocek, tfeti nositelé mékkych kontaktnich ¢ocek nosici ¢ocky méné nebo rovno pét let,

Ctvrtou skupinou jsou nositelé mékkych kontaktnich ¢ocek nosici kontaktni ¢ocky vice jak pét let,

patou nositelé tvrdych kontaktnich ¢ocek a Sestou nositelé hybridnich kontaktnich ¢ocek.

Endotel rohovky je méfen vidy v centrdini ¢asti endotelidlnim mikroskopem Nidek CEM-530.

Dosavadni vysledky vyzkumu

Vysledky Kontrolni | VSichni
subjekty nositelé

k¢
Pocet oci 97 97
(ztohoPal) (51-46) (46-51)
Primeérny vék 28,43 33,22
(nejmladsi, nejstarsi) (15-65) (15-65)
Primérna délka noseni @ - 8,48
k& (roky)

(2-30)
(min, max)

Prdmérny pocet bunék
endotelu na mm?; CD
2942,75 2863,16

Primérna hodnota CV 29,24 29,45

Primérna hodnota HEX | 71,29 65,64

Nositelé
meékkych
ké <5 let
20
(10-10)
25,3
(18-46)
3,9

(2-5)

2950,3

28,45

66,25

Nositelé
meékkych
ké>5 let
31
(15-16)
26,44
(20-45)
9,38

(6-24)

2949,39

27,48

66,32

Nositelé
hybridnich k¢

29
(13-16)
36,67
(15-60)
6,17

(2-20)

2797,52

29,97

65,14

Nositelé
tvrdych
kc

17
(8-9)
45,8
(28-65)
15,8

(7-30)

2715,41

33,35

64,53

Tabulka €. 2: Pocty odi, primérny vék, primérna délka noseni kontaktnich ¢ocek, primérna hustota bunék

endotelu, hodnota CV a HEX u jednotlivych skupin

Z tabulky ¢. 1 je patrné, Ze se pramérny pocet bunék endotelu na mm? u skupiny vsech nositel

kontaktnich ¢ocek, oproti kontrolnim subjektiim, lisi. Nejvyssi hodnoty priimérného poctu bunék na



mm? vak nevykazuje skupina kontrolnich subjekt(, nybrz skupina nositeld mékkych kontaktnich
cocek nosici kontaktni ¢ocky méné nebo rovno 5 let. Naopak nejnizsi hodnoty priamérného poctu

bunék na mm? vykazuje skupina nositeld tvrdych kontaktnich ¢oéek.

U skupiny vSech nositeld kontaktnich ¢ocek se také nepatrné odlisuje priimérna hodnota koeficientu

variace a hexagonalita. Vyrazné vyssi hodnoty koeficientu variace jsou u nositell tvrdych kontaktnich

evyvys

Prvni zakladni hypotéza a to ta, Ze se u vsech dlouhodobych nositelt kontaktnich ¢ocek budou
hodnoty parametr( endotelu rohovky lisit oproti hodnotam kontrolnich subjektd, se zatim potvrzuje.
Primérny pocet bunék endotelu na mm? je u skupiny vsech nositeld kontaktnich Coéek niZzsi,
koeficient variace vyssi a hexagonalita nizsi nez u kontrolni skupiny. Jednotlivé skupiny nositell

kontaktnich ¢ocek vSak vykazuji oproti kontrolni skupiné hodnoty odlisné.

Druha zdkladni hypotéza predpokladajici, Ze se namérené parametry endotelu rohovky budou nejvice

lisit u nositeld tvrdych kontaktnich ¢ocek, se zatim potvrzuje plné.

Procentuadlni zastoupeni oci s rozdilnym poctem bunék na mm?
80%
70%
60%

50%

40%
30%
20%
10% I
0% - | — . - -
Kontrolni subjekty Vsichni nositelé k¢ Nositelé mékkych Nositelé mékkych Nositelé Nositelé tvrdych
ké<5let ké> 5 let hybridnich k¢ ké

W<2500 ®<3000 m<3500 m>3500

Graf &. 1: Procentudlni zastoupeni oéi s rozdilnym poctem bunék na mm?

Z grafu €. 1 je patrné, Ze je u vSech skupin nejcastéji zastoupen pocet bunék endotelu na mm?

v rozmezi hodnot 2500 aZ 3000. Nejvyssi procentualni zastoupeni v téchto rozmezich hodnot maiji
nositelé tvrdych kontaktnich cocek. Naopak u nositelll hybridnich kontaktnich cocek je oproti
ostatnim skupinam, navic pomérné vice zastoupen pocet bunék endotelu na mm? v hodnotach pod

2500.
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Zaveér

V soucasnosti jsou kontaktni ¢ocky rozsifenou korekéni pomuckou, kterda ma spoustu vyhod oproti
brylim. BohuZel i kontaktni co¢ky mohou zpUsobit urcité komplikace, mit vliv na rlizné parametry a

jejich zmény v jednotlivych vrstvach rohovky.

Tato prace ma ovéfit, zda ma dlouhodobé noseni kontaktnich ¢ocek vliv na parametry rohovkového
endotelu a porovnat, ktery material kontaktnich cocek zpUsobuje vrohovkovém endotelu

nejvyraznéjsi zmény.
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Effects of long-term contact lens wear on the corneal endothelium

Department of Optometry and Orthoptics LF MU, Brno

This work deals with the question whether the long-term wearing of contact lenses affects the
corneal endothelium and what contact lenses, in terms of material and years of wearing, have the

most influence on endothelium parameters.
Introduction

Contact lenses are an integral part of the active life of many people. There are currently plenty of
products from various materials on the market, whether they are hard, soft or hybrid contact lenses.
The main question is the influence of contact lenses on the parameters of the cornea, especially on
its endothelium. Many studies have shown that the most striking changes in endothelial parameters
occur in carriers of hard contact lenses. Equally important is how long the contact lenses wear the
individual. Although the silicon hydrogel and hydrogel contact lenses predominantly prevail today,
there have also been reports of changes in the corneal endothelium, especially in patients who have

long been carriers.
Corneal endothelium

The corneal endothelium is composed of a single layer of polygonal cells that fit tightly against each
other. The whole endothelium layer has a thickness of about 5 um. The endothelium maintains
constant corneal hydration to ensure its transparency. It is the most metabolically active corneal
layer. The normal number of endothelial cells at birth is 4000-5000 per mm? and decreases during
life. Their number also decreases in various diseases, after intraocular surgery or after corneal
transplantation. Between the age of twenty and fifty, the density of endothelial cells in majority of
the population is relatively stable. A healthy endothelium has an average cell count of 2600-3000 per
mm?Z. Endothelial repair proceeds by enlarging and migrating existing cells. Through the endothelium,
substances from the ventricle flow into the cornea to nourish and return the waste products back to
the chamber. The minimum number of cells required to maintain corneal physiology is considered
400-700 cells per mm?. If the number of cells falls below this value, a hydration and corneal edema

disorder occurs. Endothelial cells have a physiologically relatively uniform shape and size. The degree
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of cell size uniformity can be measured. A so-called cell-size variation coefficient (CV) is obtained. The
coefficient of variation is about 22 to 31% in the normal corneal state. Increased CV points to an
unstable and stressed layer of endothelial cells. This condition is called polymegetism. Pleomorphism
refers to a condition where there is an increased number of cells that have more, or less than 6
pages. These conditions point to a damaged endothelial layer and are also a sign of some diseases.
Frequency of hexagonal shape of cells, called hexagonality, ranges between 70 and 80% in a healthy
endothelium. The risk of polymegetism or pleomorphism increases with age, wearing contact lenses,

diseases or surgical procedures.
Tear film, its structure and function

Tear film is a thin, colorless, transparent layer covering the cornea and conjunctiva. Its thickness is
4.5 to 8.7 um and varies between individual blinks. It is made up of three layers that are closely

related.

Inner and thinner is the mucin layer produced by conjunctival cup cells. Above it there is an aquatic
layer that occupies the largest part of the tear film and has the task of washing the eye. It is the
product of Krause's glands, Wolfring's glands and lacrimal glands as whole. The outer layer is a 0.1
pum thick lipid layer that prevents the evaporation of tears and ensures the stability of the tear film. It

is produced by Meibom glands on the edges of the eyelids.

lipid layer —*

aquatic 8
layer \ 3

mucin layer

corneal i
epithelium

Picture 11: layers of tear film
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The function of the tear film:

-creates an optically smooth interface on the cornea

-observes the surface of the eye and flushes the metabolites of the cornea, foreign bodies, dead cells

-protects against infection

-lubricates the surface of the eye, allowing smooth and painless movement of the eyelids and

maintains a suitable environment for corneal epithelium

-provides the epithelium with oxygen dissolved in the aqueous component

Tear film with contact lens

Tear film is one of the important factors that affect the comfort of a contact lens. The lens itself also
influences the properties of the tear film. After the contact lens is applied, the pre-corneal tear film is

divided into two layers.

On the surface of the contact lens, the tear film is prelenticular. Between the contact lens and the

cornea, the tear film is post-lenticular.

Prelenticular tear film fulfills the function of contact lens protection prior to drying and depositing

deposits. It is much thinner than a tear film without a contact lens. Due to the contact lens, a radical

thinning of the lipid layer results in the stability of the tear film.

The postlenticular tear film serves as a pillow on which the contact lens lies. Very important is the

circulation of tears under the contact lens. Insufficient circulation of tears can cause the
accumulation of dirt between the contact lens and the cornea. When the contact lens is applied, the

postlenticular tear film creates a tear lens that affects the resulting correction value.

Contact lenses and their division according to material

Contact lenses have undergone a lot of development and the materials used for their production
have changed significantly. The new materials enable very good corneal metabolism, thus ensuring
the physiological functions of the cornea and reducing the risk of complications. In terms of material,

contact lenses are divided into hard, soft and hybrid.
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Hard Contact Lenses

Hard contact lenses can generally be divided into hard for gas impermeable and hard gas-permeable.
Hard contact lenses for gas impermeable include, for example, contact lenses made of glass or

PMMA. Among the porous permeable contact lenses, which are made of RGP materials.

Glass was the first material used to make contact lenses, but it was unable to adapt to the shape of

the eye. The original glass lenses have now subsided.

The problem of contact lenses made of PMMA was virtually total impermeability of the oxygen
material. Its feed and metabolism were ensured by circulating tears under the contact lens. These
problems were addressed by the corneal design of the lens. Longer wearing problems involved
corneal edema or epithelial damage. Since the 70s of the 20th century, PMMA contact lenses have
been gradually pushed out and now their production has ended. However, these lenses have greatly

contributed to the study of the properties and metabolic needs of the cornea.

Another subgroup are contact lenses made from RGP materials. Their advantage lies in the fact that
they completely release oxygen, but do not leak water and hence lead to corneal exhaust. This
problem is again resolved by the corneal design of the lens. The lenses are made using copolymers

and other admixtures.

Soft contact lenses

Soft contact lenses can be broadly categorized as hydrophobic and hydrophilic. Frequent division is
then on hydrogel and silicone hydrogel lenses. Great progress has been made with the invention of
HEMA, which has high biocompatibility, low toxicity and is capable of binding water making it
hydrophilic. This material produced the first hydrogel contact lenses. The hydrogel permeability for
oxygen is limited by the water content that can increase the copolymers. Thanks to its hydrophilic
properties, the contact lens supports corneal metabolism. HEMA has become the standard for other
hydrogels. Most lenses today still contain HEMA along with one or more ingredients. For the most
part, silicone hydrogel lenses, which have a mutually interconnected hydrophobic and hydrophilic
structure, have become predominantly formed by the combination of silicones and hydrogels. Silicon

hydrogel contact lenses have a lower water content, but high oxygen permeability.
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Hybrid contact lenses

Hybrid contact lenses have a hard gas-permeable optical part and a soft hydrophilic periphery. Which

means they provide vision quality as RGP lenses and comfort as soft contact lenses.

Physiological complications and changes in corneal parameters induced by contact lenses

The contact lens on the eye acts as a foreign object. Contact lens material should not interfere with
eye physiology, tear circulation, corneal oxygen supply, and corneal metabolism exhaust. These
criteria, however, no contact lens currently meets, but by choosing the right contact lens and the

right application, negative phenomena can be minimized.

Contact lenses have a significant effect on the cornea and the entire front segment of the eye.
Pressure on the cornea and changes in oxygen to the cornea can cause changes in the corneal
surface, in the stroma, in the endothelium and in its curvature. More important is the effect on the
corneal sensitivity that contact lenses may reduce. By reducing sensitivity, the blink frequency is
reduced, and the tear film is also changed. Other complications caused by contact lenses (especially
hydrogel) may be dry eye syndrome. The problem is related to the lipid layer of the tear film. There
is a higher evaporation of the aqueous layer of tear film and problems such as burning and cutting

eyes.

The contact lens also restricts the access of oxygen to the cornea, and the situation when this oxygen
deficiency begins to manifest is called hypoxia. Hypoxia is manifested by number of changes on the

cornea.

First, it appears on the corneal epithelium, where Sattler's veil appears. It shows a blurred vision.
During prolonged hypoxia, stroma edema, shingles in the stroma and its thinning occur. Ongoing
oxygen deficiency also responds to blood vessels and neovascularization begins to form. Long-term
hypoxia leads to chronic epithelial edema. In the lower layers of the epithelium, microcysts also
appear which gradually move towards the surface of the epithelium where they cause defect. Long-
term hypoxia also has an adverse effect on the corneal endothelium. It is exhausted and endothelial
cell death. Since the cells are not regenerating, free space after dead endothelial cells occupy the

surrounding cells, resulting in polymorphism and endothelial polymegethism.
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Long-term hypoxia, chronic edema of the epithelium, stroma, polymegethism and polymorphism
result in corneal opacities and increased vascularization. This condition is called corneal exhaustion

syndrome.

By inserting the contact lens into the eye, the endothelial cells are pulled apart by mechanical force
and leave one another apart. In soft contact lenses, endothelial cell responses are greater than those

of fixed lenses that have a smaller diameter and cover a smaller part of the cornea.

Endothelial microscope

The endothelial microscope serves for detailed analysis of the corneal endothelial cell layer and for
the detection of changes in the cornea. It captures the image of the endothelium by a non-contact
method using the mirror-reflection principle. Endothelial microscopic examination is a non-invasive
method and is particularly important in the diagnosis of endothelial diseases. It is also part of a
preoperative examination before intraoperative surgery. Modern speculative microscopes have a
high resolution and a larger field of view, as well as superior optics that can suppress glare. Includes a
built-in camera system with the option to save the captured image. The built-in computer software
can quantify and evaluate endothelial cell morphology from stored images that the microscope
makes. Parameters that the software evaluates are, for example, the size and shape of endothelial

cells, the density and percentage of hexagonal shape cells in the analyzed area (hexagonality).

o
11

Picture 2: Endothelial microscope Nidek CEM-530 Picture 3: Record of measurement results from

endothelial microscope Nidek CEM-530
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Practical part

The practical part is focused on the measurement and comparison of corneal endothelium
parameters in long-term wearers of soft, hard, hybrid contact lenses in terms of years of
wearing and control subjects. Control subjects are individuals who do not wear contact

lenses.

The underlying hypothesis is that for all long-term contact lens wearers, the corneal
endothelium parameters will differ from those of the control subjects. Measured parameters

are endothelial cell density, variance coefficient and hexagonality.

The second basic hypothesis assumes that the measured parameters of the corneal

endothelium will be most different among those with hard contact lenses.

Subjects are divided into six groups. The first group consists of control subjects, the other
wearing contact lenses, the third wearers of soft lenses wearing lenses for less than or five
years, the fourth group wearing soft contact lenses wearing contact lenses for more than
five years, the fifth wearers of hard contact lenses and the six wearers of hybrid contact

lenses.

Endothelial cornea is always measured in the central part of the endometrial microscope

Nidek CEM-530.

Current research result

Results Control All Wearers Wearers Wearers Wearers

subjects wearers | soft < 5 soft>5let | hybrid hard

let
Number of eyes 97 97 20 31 29 17
(R-L) (51-46) (46-51) (10-10) (15-16) (13-16) (8-9)
Average age 28,43 33,22 25,3 26,44 36,67 45,8
(youngest, oldest) (15-65) (15-65) (18-46) (20-45) (15-60) (28-65)
Average wear length | - 8,48 3,9 9,38 6,17 15,8
(years)
(2-30) (2-5) (6-24) (2-20) (7-30)

(min, max)
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Average number of
endothelial cells per

mm?2 CD 2942,75 2863,16 | 2950,3 2949,39 2797,52 2715,41
Average value CV 29,24 29,45 28,45 27,48 29,97 33,35
Average value HEX 71,29 65,64 66,25 66,32 65,14 64,53

Table 1: Eye count, mean age, mean contact lens wear, mean endothelial cell density, CV and HEX values for
individual groups

Table 1 shows that the average number of endothelial cells per mm? in the group of all contact lens
wearers differs from control subjects. However, the group of control subjects does not have the
highest values of the average number of cells per mm?, but the group of soft contact lenses wearing
contact lenses is less than or equal to 5 years. On the other hand, the lowest average number of cells

per mm?is shown by the group of hard contact lens wearers.

For the group of all contact lens wearers, the average value of the coefficient of variation and
hexagonality also differs slightly. Significantly higher values of the coefficient of variation are for the

holders of hard contact lenses, on the contrary the hexagonality is lower in this group.

The first basic hypothesis, namely that for all long-term contact lens wearers, the values of the
corneal endothelium parameters will differ from those of the control subjects, so far. The average
number of endothelial cells per mm? is lower in the group of all contact lens wearers, the coefficient
of variation higher and the hexagonality lower than in the control group. However, the individual

groups of contact lens wearers have different values over the control group.

The second basic hypothesis, which assumes that measured corneal endothelial parameters will be

the most different for hard contact lens wearers, has been fully confirmed.
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Percentage of eyes with different cell counts per mm?
80%
70%
60%
50%
40%
30%

20%

10% II
0% - | — . - -

Control subjects All wearers Wearerssoft<5 Wearerssoft>5 Wearers hybrid Wearers hard
years years

H <2500 <3000 ®m<3500 m=>3500

Graph 1: The percentage of eyes with different number of cells per mm?

From the graph 1 is seen that it is most often in all groups represented by number of cells per mm?
endothelial values between 2500 and 3000. The highest percentage of values in these ranges, the
holders of hard contact lenses. Conversely, for hybrid contact lens wearers, compared to other

groups, the number of endothelial cells per mm? is more, or less represented below 2500.
Conclusion

Currently, contact lenses are an expanded correction aid that has many advantages over eyeglasses.
Unfortunately, contact lenses can cause some complications, affect various parameters and their

changes in the individual layers of the cornea.

This work should verify whether long-term wearing of contact lenses influences the corneal
endothelium parameters and compare which contact lens material causes the most marked changes

in the corneal endothelium.
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Pristroje a testy pro vysSetireni barvocitu

Katedra optometrie a ortoptiky LF MU, Brno

Anotace

Tento prispévek pojednava o barvocitu — jeho rozdéleni a vySetfovani. Poruchy barvocitu jsou
zde rozdéleny podle poctu typd funkénich receptor. V nésledujici ¢asti jsou vypsany
konkrétni ptistroje a testy pro vySetfovani barvocitu a jeho poruch.

Kli¢ova slova: barvocit, poruchy barvocitu, monochromazie, protanopie, deuteranopie,

pseudoisochromatické tabulky, FM 100, anomaloskop

Schopnost rozliSovat konkrétni barvy a spravné je vnimat nazyvadme barvocit. Nejlepsi
barevnou rozliSovaci schopnost mame ve foveole, kde se nachézi tfi typy Cipkd s riznymi
fotopigmenty, které jsou rizné citlivé. Testy na vySetiovani barvocitu se nejcastéji rozdéluji

do Ctyt kategorii, jedna se o testy rozlisovaci, serazovaci, michaci a pojmenovavaci.

Barvocit

Ptesnéji je barvocit schopnost rozliSit vinovou délku svétla, které se od daného predmétu
odrazi, ptipadné jim projde nebo je dokonce pfedmétem vyzareno. UrCovani barvy je dilezité
V kazdodennim zivoté, zvlasté pak v technickych oborech, dopravé ¢i jinych zaméstnanich.

Barvocit je zavisly na neporusené ¢innosti oka, zrakové drahy a ptislusSnych mozkovych
center. Pravé CcCipkové bunky jsou zodpovédné za barevné vidéni a jejich funkce
je ovlivitovana osvétlenim. Pfi velmi intenzivnim osvétleni piestavame vnimat barvy,
problémy zacinaji od kratkovlnného konce spektra, to je fialova a modra barva, az postupné
k barvé Cervené. Naopak pii snizovani osvétleni piestavame vnimat barvy od téch
dlouhovinnych az do piekro¢eni prahové hodnoty ¢ipkl, kdy zcela nejsme schopni barvy
rozeznat.

Lidské oko je citlivé na vinové délky svétla od 380 do 760 nanometrt. Paprsky s kratsi
vlnovou délkou nez 380 nm jsou zpravidla pohlcovany cockou. Pii testech citlivosti oka
na riazné slozky svételného spektra za riiznych svételnych podminek, to jsou fotopické —
adaptace na svétlo, nebo skotopické — adaptace na tmu; ziskdvame dvé odlisné kiivky

citlivosti. Kfivka citlivosti ¢ipkli za fotopickych podminek ma maximum pii 555 nm,
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coz je zelenozluta barva. Kfivka ziskand pfi adaptaci na tmu ma maximum pii krat§ich
vlnovych délkach svétla — 507 nm, to odpovidd modrozelené barvé. Tato skutenost
se oznacuje jako Purkynuv jev. TyCinky nejsou citlivé na cCervenou barvu, rozmezi
650 az 750 nanometri, proto ¢ervenymi brylemi projde jen ta Cast spektra, na kterou reaguji

pouze ¢ipkové bunky. Tycinky ziistavaji adaptovany na tmu.

Déleni poruch podle poctu typi funkénich receptora

Déleni barvosleposti podle poctu typt funkcénich fotoreceptori je na monochromazie,
dichromazie a anomalni trichromazie. Monochromazii rozumime totalni ztratu barvocitu,
chybi totiz dva nebo tfi barevné pigmenty v Cipkovych bunikach. Délime ji na #ycinkovou,
kdy postizeny neni schopny rozeznat barvy, shledavame u né&j fotofobii, nystagmus
zpusobujici problémy se stdlou fixaci na pfedmét, a ma slabou zrakovou ostrost. V sitnici
se nenachazi zadny funk¢ni typ CcCipkovych bunék. Tycfinkovd monochromazie
je bud’ zptisobena nepiitomnosti fotopigmentu v ¢ipku, nebo velmi vzacné jde o poskozeni
V prubchu zrakové drahy.

Cipkové monochromazie je pomérné vzacni a pacient méa relativné normalni vidéni,
zhorSené za Sera a tmy. V sitnici jedince se nachazi jediny typ Cipkové buiky, nejcastéji
jde o ¢ipky citlivé na kratkovinné svétlo — modra barva.

Dichromazie znamend absenci nebo dysfunkci jednoho typu barevnych receptora,
postizeny dokaze vnimat svét barevné, dokonce je schopen vétSinu spektralnich barev slozit
ze dvou stavajicich fotopigmentti. Podle chybé&jiciho nebo nefunkéniho typu cipku
sem fadime protanopsii (absence receptoru pro Cervenou barvu, ta se jevi jako Cerna
nebo $eda), deuteranopii (absence receptorti pro zelenou barvu, opét se jevi jako Seda
nebo Cernd), tritanopii (absence modrych receptoru, Spatné rozliSovani bilé a Zluté nebo
Cervené a fialové) a tetranopii (velmi vzacna odchylka ve vnimani modrozlutych barev).

Pokud se jedna pouze o snizenou schopnost rozpozndvani barev jednim fotoreceptorem,
hovotime o anomalni trichromazii. To znamend, Ze v sitnici jsou obsazeny vSechny tii typy
fungujicich ¢ipkovych bunck, avSak vniméni jedné barvy je nedostatecné. Anomadlni
trichromazii opét mizeme rozdélit na tfi skupiny, pravé podle barvy, kterd je abnormalné
vnimana. Protanomalie je spojena se sniZzenou schopnosti vnimani cervené barvy,
deuteranomalie oznacuje snizenu schopnost vnimat zelenou barvu a posledni tritanomalii

rozumime sniZzenou schopnost vnimat barvu modrou.
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Vysetieni

Je znacn€ prinosné vysetiovat barvocit nékolika metodami, ptipadné za riznych svételnych
podminek, abychom ziskali co nejpiesnéjsi vysledky. Protoze se v soucasné dob¢ u nékterych
povolani klade velky duraz na perfektni barvocit — piloti, fidi¢i, designéfi, restauratofi,
elektroinstalatéti. Dikladné vysSetfeni barvocitu neni soucéasti bézné preventivni I€kaiské
prohlidky, je nutné o n¢j zazadat a to hlavné v ptipadech, kdy mame subjektivni pocit
Spatného rozliSovani barev, nebo pokud vysetieni vyzaduje samotny zaméstnavatel.

K méfeni barvocitu pfistupujeme po predchozim peclivém vySetieni celého zrakového
organu. Vzdy zacindme anamnézou, dale vyhodnocujeme ptesny refrakéni stav oka,
vySetifujeme motorickou slozku (heterotropie, heteroforie, motilita oka), nasleduji testy
na jednoduché binokularni vidéni.

Pacienti s mirnou poruchou barvocitu, jsou z bézného Zivota zvykli rozpoznavat barevné
odstiny podle rozdili sytosti a svétlosti, proto se pii vySetfovani zdsadné neptdme na nazvy

barev, abychom vadu barvocitu odhalili.

RozliSovaci testy

Knejjednodussim a  nejdostupnéj§im  rozliSovacim  testim  patfi  takzvané
pseudoisochromatické tabulky (PIC tests), které jsou zalozeny na principu splyvani
zaménnych barev. Je jich nepfeberné mnozstvi a jsou pojmenovavany predevsim podle jejich
autort  — Ishihara, Stilling, Rabkin, Velhagen a dalsi. Prvnim publikovanym
pseudoisochromatickym testem byl test Ishihara jiz vroce 1906. Stillingovy tabulky
se pouzivaji dokonce od roku 1873.

Rozlisovaci testy se skladaji z velkého poctu malych rizné barevnych a rizné velkych
bodii, které maji stejny odstin, ale rozdilny jas a odrazivost. Ton skvrn tvoficich prvek
je odlisny od toénu bodd v pozadi tabulky, vétsinou se jedna o zaménnou barvu. Sledovany
prvek mize byt pismeno, &islice, obrazek nebo symbol. Clovék se spravnym barvocitem
rozli§i ve shluku bodl barevné odliSny objekt, protoZe rozezna odliSny ton bodi. Jedinec
S naruSenym barvocitem, ktery je zvykly se v bézném zivoté orientovat podle jasu, symbol
v tabulce neuvidi. Protoze odli$ny jas maji jak body tvofici objekt, tak body pozadi. Jedna
se o0 princip pseudoisochromazie (obr. 1).

Tabulky slouzi k diagnostice, zda je ptipadna porucha barvocitu u klienta viibec ptitomna,
nikoliv ke kvantitativnimu posouzeni odchylky. VySetiovaci vzdalenosti je jeden metr,

aby na obrazek dopadal dostatek difizniho svétla. K testovani je také dilezité zajistit vhodné
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osvétleni, pacient by nem¢l byt pfili§ unaven a jeho zrakova ostrost by méla byt nejméné

6 / 18. Vysetfeni se muze provadét i s korekci na blizko.

obr. 1: pseudoisochromaticka tabulka (Pavlikova 2016)

Pro vySetieni barvocitu déti do Sesti let véku je vhodné pouzit Color Vision Testing Made
Easy (CVTME). Jedna se o devét testovacich karet, na kterych jsou zobrazeny obrazce
sefazeny od jednodusSich po slozitéjsi (od geometrickych tvari az po jednoduché obrazky,
naptiklad pes nebo auto), nejednd se o Cislice nebo pismena. Abychom o ditéti mohli
prohlasit, Ze ma neporuSeny barvocit, musi rozeznat minimalné osm karet.

Do rozliSovacich testi mizeme jeSté zafadit Holmgreenovy bavinky (obr. 2), coz jsou
riznobarevné bavlnky o riznych odstinech a sytostech, nesmi zde chybét pfedevsim odstiny
olivove, Sedé, Sed¢ rizove, svétle fialové a modré barvy. Vysetfovanému na dobie osvétlené
plose piedlozime zeleny, purpurovy a syté Cerveny vzorek a jeho tkolem je z krabice
vytahnout vSechny ostatni pfadénka stejnych barevnych ténli. Coz pacient s porusenym
barvocitem nesvede, protoze se fidi jasem barev. Vyhoda tohoto testu spociva pravé v tom,
ze respektuje skutecnost, ze mnozi lidé sice spravné rozeznaji barvy, ale nesvedou je oznacit

spravnym nazvem.

obr. 2: Holmgreenovy bavinky (Pavlikova 2016)

Serazovaci testy

Vétsina sefazovacich testli vychazi z Munsellova systému barev (obr. 3), ktery je zndzornén

nize na obrazku. Munselliv barevny systém fadi barvy podle stejnych percepcnich trovni.
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Barvy testu Farnsworth-Munsell 100 Hue Test (FM 100) se tak shoduji v sytosti (chroma)
a jasu (value), odlisuji se pak v odstinu (hue), tento test se pouziva jiz od 40. let 20. stoleti.
RozliSujeme zde pét odstini — ¢erveny (Red), zluty (Yellow), zeleny (Green), modry (Blue)
a purpurovy (Purple). Pfechody mezi témito tony tvofi jesté dalSich pét barev — oranzova
(Yellow-Red), =zelenozluta (Green-Yellow), modrozelena (Blue-Green), fialovomodra
(Purple-Blue) a ¢ervenofialova (Red-Purple). Kazdy z téchto deseti odstinti se déli na dalsich
deset pododstini (1 RP — 10 RP), takze v Munsellové systému barev nalezneme celych

sto riznych odstint.

Value Munsell Color System
= Hue

10

Chroma
l Yellow-Red

Red-Purple

Yellow

Blue

Purple-Blue

Blue-Green

obr. 3: Munsellitv systéem barev (Pavlikova 2016)

Farnsworth-Munsell 100 Hue Test (obr. 4) sice vychdzi z Munsellova systému,
ale obsahuje pouze 85 barevnych terci, protoze doktor Dean Farnsworth zjistil, ze ¢lovéku
deéla potize rozliSit nékteré odstiny, proto je z testu odstranil. Od roku 1957 se tedy pouziva
téchto 85 barevnych barevnych terci, které jsou déle rozdéleny do ¢ty skupin. VSechny
ter¢iky jsou zespodu ocislovany, aby vySetfujici rychle porovnal spravnost spektralni
posloupnosti. V prvnim boxu jsou terée v oranzovych a Cervenych odstinech (85 — 21),
ve druhém jsou zluté a zelené barvy (22 — 42), ve tietim modré a fialové (43 — 63)
a ve &tvrtém pak fialové a Eervené (64 — 84). Ukolem vysetiovaného je sefadit v kazdém boxu
zvlast' terce podle jejich odstinu jak jdou za sebou s tim, Ze prvni a posledni ter¢ jsou pevné
pfipevnéné a ostatni terce jsou volné pohyblivé.

Podle rozdilli kone¢ného subjektivniho uspofddani ter¢li zaznamenaného do kruhového
schématu a objektivni posloupnosti odstinli pak miZeme zjistit pacientovo takzvané celkové
chybové skore (Total Error Score, TES). Tato kiivka je zavisla na véku, do dvaceti let nejprve
klesd a po dvacatém roce pozvolna opét nariistd. Hodnoceni je nasledné: TES 0 — 16 —

vyborné; TES 20 — 100 — primérné; TES vice jak 100 — $patné. Farnsworth-Munsell 100 Hue
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Test se pouziva predevsim pfti diagnostice ziskanych poruch barvocitu. Nevyhodou testu
mize byt fakt, ze se zde Spatn¢ urcuje rozdil mezi normalnim barvocitem a anomalni

trichromézii.

obr. 4: Farnsworth-Munsell 100 Hue Test (Pavlikova 2016)

Zkracenou modifikaci testu FM 100 je Farnsworth-Munsell Dichotomous D-15 (obr. 5)
nebo Panel D-15 test, opét se pouziva pro diagnostiku ziskanych poruch barvocitu. V tomto
testu je pouhych 16 barevnych terct. Klient opét sefazuje terce vSech barev od modré
pies zelenou a zlutou az po fialovou. Stav barvocitu hodnotime taktéz podle celkového
chybného skore. Vyhodou oproti FM 100 je ¢asova nenaro¢nost, vSak nevyhoda ve Spatném

rozliSeni normalniho barvocitu a anomalni trichromazii zastava.

obr. 5: Farnsworth-Munsell Dichotomous D-15 (Paviikovad 2016)

Dalsim sefazovacim testem je také Lanthony Desaturated D-15 Test (obr. 6), znovu
je podobny FM 100 nebo D-15, obsahuje 16 barevnych ter¢ikd. Rozdil je v tom, Ze tyto barvy
jsou desaturované, nejsou piimo spektralni, ale maji v sobé ur€ity pomér bilé barvy. Jsou tedy
méné syté, a tak jejich vzajemné rozliSeni je t&€z8i. Kvuli vEét§i narocnosti je doporuovano
i vys$§i osvétleni a to od 600 do 800 luxd. V praxi vétSinou navazuje na D-15 Test a 1épe
tak diagnostikuje zjisténé poruchy barvocitu z testu D-15. Pouziva se piedevsim k urcovani
ziskanych poruch barvocitu. MozZznou metodou vyhodnoceni je kruhovy diagram,
kde je v kruhu dané pofadi tercd a vySettujici ¢arou spojuje subjektivni potfadi terct pacienta

(obr. 7). Pravé tak se daji rozlisit vrozené poruchy barvocitu od téch ziskanych.
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obr. 7: vyhodnoceni poruch barvocitu pomoci kruhového diagramu u Lanthony D-15 testu;
prvni sloupec zleva znazornuje normalni barvocit, prostredni sloupec vrozeny defekt
a diagram vpravo zobrazuje ziskanou poruchu barvocitu (Paviikova 2016)

Dalsi test pivodné navrzeny pro diagndzu ziskanych defekti barvocitu je Lanthony New
Colour Test. Pouziva se vSak i pro vrozené poruchy barvocitu nebo zjisténi zpozdéného
vyvoje v rozliseni v modro-zluté oblasti a to u déti do Sesti let. Test ma ¢tyfi irovné obtiznosti
podle sytosti barev. Prvnim tkolem vySetfovaného je rozdélit ter¢e na barevné a Sedé.
Nasledné ty Sedé rozdéli podle jejich reflektivity a barevné podle odstinu. Posledni ¢ésti

je pak porovnavani, zda zbylé ter¢iky jsou tmavsi nez ty Sedé.

Michaci testy

Typickym a nejrozsifenéj$im michacim testem je anomaloskop (obr. 8). Prvni zafizeni bylo
vyrobeno jiz vroce 1907 némeckym fyziologem Willibaldem Nagelem, proto se mizeme

Vv literatufe setkat s pojmenovanim Nageluv anomaloskop. Tento pfistroj je zaloZen
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na principu Rayleigova vztahu, to znamend cervena + zelena = Zlutd. VySetfovanému
je promitano zluté pole ajeho ukolem je pomoci oto¢nych Sroubd aditivné
misit monochromatické Cervené svétlo o vinové délce 670,8 nm a monochromatické zelené
svétlo s vinovou délkou 546 nm tak, aby subjektivné namichal stejny odstin zluté. Pii zjisténi
poruchy je pak vykazan jiny pomér smichani barev. Jedinci s poruchou vnimani barev
v ¢ervené oblasti (protanopie / protanomalie) ptidavaji vice Cervené, pacienti s problémy
se zelenou barvou (deuteranopie / deuteranomalie) zase doplni vice zelené¢ho svétla. Jelikoz
se jedna 0 spektralni pfistroj, davd nam pfesn¢j§Si vysledky poruch barvocitu
a to jak kvalitativni, tak kvantitativni. Pravé pomoci Rayleigova vztahu mizeme piesné uréit
a rozeznat vrozené poruchy barvocitu.

Vysledek vySetieni vychazi z kvocientu anomalie (AQ), pokud jsou hodnoty AQ mensi
nez 0,7, pacient ma protanomalii. Rozmezi neporusen¢ho barvocitu je od 0,7 do 1,4.

Deuteranomalii pak odpovida kvocient vétsi nez 1,4.

obr. 8: anomaloskop (Paviikova 2016)

The City University Test (CUT; obr. 9) také fadime do michacich testt, i kdyz se jedna
spiSe o upravu sefezovaciho testu D-15, ze kterého se pouzije pouze pét barev, které tvoti
kiiz. Jedna barva se umisti do stfedu pomysiného kiize, nejlépe na cCerny papir, k tomuto
odstinu se polozi sousedni spektralni barva. Do zbylych ramen kiize se pak umisti dalsi
téi barvy z D-15 testu, pravé takové, které lezi na liniich zdamény. VySetfovany ma za tkol

urcit polohu terce, ktery se mu jevi jako nejvic podobny stfedovému odstinu.

obr. 9: CUT (Paviikova 2016)
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Pojmenovavaci testy

Kategorie pojmenovavacich testi se nejvice hodi k vySetfovani barvocitu u fidict, strojvadct
nebo pilotl, protoze nejlépe simuluji realné situace v zivoté. Farnsworth Lantern Test
(FaLant) byl vyvinut pravé pro americké ndmoinictvo, a proto jsou v ném pouzity barvy
diilezité pro namoiniky — Cervend, zelena a bild. VySetfovany barvy musi spravné rozeznat
a pojmenovat. Obtiznost FaLant testu je vétSi nez u klasického D-15, proto je vhodny
k podrobngjsi klasifikaci odchylek objevenych na D-15 testu.

Do pojmenovavacich testi mizeme jesté zaradit takzvana signdlni svétla (obr. 10) nékdy
uvadéna jako piistroj ke zkouSeni barvocitu. Autorem tohoto zafizeni je Jaroslav Netusil,
kterému byl na jeho konstrukci udélen i ¢eskoslovensky patent. Aparat je urcen predevsim
ke zkousce schopnosti rozeznavat barevna signalizaéni svétla pro navéstidla, coz je nezbytné
pro tidi¢e, zaméstnance zeleznice, vojenské sluzby, apod. Slouzi k ovéfeni zplisobilosti fizeni
motorovych vozidel.

Ptistroj je ve tvaru skiiiiky, obsahuje tii zarovky s Cervenym, zelenym a zlutym filtrem
a ¢tvrtou zarovku s clonou, ktera je zdrojem bilého svétla. Pravé pomoci zarovky s clonou
vysetfujici mize libovolné ménit sytost barevného svétla a tim zvySovat obtiznost testu.
Kazda zarovka se da zvIast’ zapnout a vypnout tlacitky na zadni stran¢ konstrukce. Barevnymi

svétly se osvétluje vnitini prostor skiiniky, ktery klient pozoruje okénkem v predni sténé.

Kde je také umisténo oto¢né ovladani clony pro bilé svétlo se stupnici udavajici, jak moc

je clona oteviena.

obr. 10: signalni svétla (Pavlikova 2016)
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Devices and tests for colour vision testing
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Annotation

This paper deals with color vision — its division and examination. There are color defects
divided by number of functional receptors types. In the following section, specific devices and
tests for detecting color fault are listed.

Key words: color vision, color defects, monochromasia, protanopia, deuteranopia,

pseudoisochromatic tables, FM 100, anomaloscope

The ability to distinguish specific colors and to perceive them correctly is called color vision.
We have the best color distinction in foveola, where there are three types of cones
with different photopigments that are differently sensitive. Tests for color vision are most

often divided into four categories; these are distinctive, sorting, blending and naming tests.

Color vision

More precisely, color-defying is the ability to distinguish the wavelength of the light that
reflects on the subject, whether it passes through it or is radiated. Color determination
is important in everyday life, especially in technical fields or transport.

Color is dependent on the intact operation of the eye, the visual pathway
and the corresponding brain centers. It is just suppository cells that are responsible for color
vision and their function is influenced by illumination. In very intense lighting, we cease
to perceive colors, problems starting from the shortwave end of the spectrum, such as purple
and blue color, gradually to red color. On the other hand, when we reduce light, we cease
to perceive colors from those long-wavelengths up to the threshold of a suppository, when
we are totally unable to recognize the colors.

The human eye is sensitive to wavelengths of light from 380 to 760 nanometers. Beams
with a shorter wavelength greater than 380 nm are typically absorbed by the lens. We get

two different sensitivity curves in eye sensitivity tests on different components of the light
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spectrum under different lighting conditions. The sensitivity curve of cones under photopic
conditions has a maximum at 555 nm, which is a greenish-yellow color. The curve obtained in
darkness adaptation has a maximum at shorter wavelengths of light - 507 nm,
which corresponds to blue-green color. This is called Purkyne's phenomenon. Rods are not
sensitive to red color (ranging from 650 to 750 nanometers) so only the part of the spectrum
responding to cones cells responds with red glasses. The rods remain adapted to the dark.

Division of color defects by number of functional receptor types

The division of color blindness according to the number of types of functional photoreceptors
is based on monochromasia, dichromasia and anomalous trichromasia. Monochromasia
means total loss of color, lacking two or three colored pigments in supine cells. We divide
it into arod monochromasia, where the disabled are unable to recognize the colors.
It is associated with a photophobia, a nystagmus causing permanent fixation problems
and reduced visual acuity. There is no functional type of cone cells in the retina.
Rod monochromasia is either due to the absence of photopigmentation in the cone cells,
or very rarely, damage during the visual pathway.

Cone monochromasia is relatively rare and the patient has a relatively normal vision,
aggravated by darkness. There is only one type of cone cell in the retina, most commonly
the cones sensitive to shortwave light - blue.

Dichromasia means the absence or dysfunction of one type of color receptor, the affected
person is able to perceive the world in color, even capable of composing most of the spectral
colors from two existing photopigments. According to the missing or non-functional type
of the cone, we include protanopia (lack of receptors for the red color, which appears
to be black or gray), deuteranopia (lack of receptors for green color, again appearing gray
or black), tritanopia (lack of blue receptors, wrong differentiation white and yellow
or red and purple) and tetranopia (very rare deviation in the blue-yellow color perception).

Anomalous trichromasia is reduced color recognition of the only one photoreceptor.
This means that all three types of functioning cone cells are contained in the retina,
but the perception of one color is inadequate. Anomalous trichromasia can be divided into
three groups, depending on the color that is abnormally perceived. Protanomalia is associated
with a reduced ability to perceive red, deuteranomalia means a reduced ability to perceive

the green color, and the last tritanomalia means a reduced ability to perceive the blue color.

Examination
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It is very beneficial to examine coloring with several methods, or at least under different
lighting conditions, to get the most accurate results. Nowadays, there is great emphasis
on perfect coloring in some professions — such as pilots, drivers, designers, restorers
or electricians. Thorough examination of coloring is not part of a regular medical check-up,
it is necessary to apply for it, especially in cases where we have a subjective feeling
of deficient color differentiation or if the examination is required by the employer itself.

First, we examine the visual acuity properly and after that, we test color vision. Always,
whole examination starts with a medical history, exact evaluation of the refractive state
of the eye, we test also the movement component of vision apparatus (heterotropia,
heterophoria, eye motility) followed by simple binocular vision tests.

Patients with a small color defect are usually accustomed to recognizing color shades from
differences in saturation and brightness, so we do not ask for color names to examine

the color defect.

Distinctive tests

The pseudoisochromatic tables (PICs tests) are the simplest and the most accessible tests
based on blending of interchangeable colors. They are numerous and are named after their
authors - Ishihara, Stilling, Rabkin, Velhagen and others. The first published
pseudoisochromatic table was the Ishihara test already in 1906. Stilling tables were used
even since 1873.

Distinctive tests consist of a large number of small, differently colored and differently
sized dots, which have the same shade but different brightness and reflectivity. The tone
of the spots that make up the element is different from the tone of the dots in the background
of the table. A person with the right color vision distinguished a cluster of points by a color-
distinct object, because it recognizes a different tone of points. A person with a disturbed
color vision, who is accustomed to orienting in brightness in everyday life, will not see
the symbol in the table. Because the different brightness has both the points forming
the object and the background points. This is the principle of pseudoisochromasia (pic. 1).

The tables are used to diagnose whether any color defect at the client is present at all,
not a quantitative assessment of the difference. The examination distance is one meter to give
enough diffuse light to the picture. For testing, it is also important to provide appropriate
illumination, the patient should not be too tired and his visual acuity should be at least 6/18.

Examination can be performed with a near-correction.
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pic. 1: pseudoisochromatic table (Pav/ikova 2016)

Color Vision Testing Made Easy (CVTME) should be used to test the color vision
of children under the age of six. These are nine test cards that show objects ranging from
simpler to more complex (from geometric shapes to simple images, such as dogs or cars), they
are not digits or letters. Children have to recognize at least eight cards, if their color vision is
intact.

Another distinctive test is Holmgreen‘s Cottons (pic. 2), which are multicolored cotton
bunches of various shades and saturation, not to mention the shades of olive, gray, gray pink,
light purple and blue. On a well-lit area, we present a green, purple and deep red bunches
in front of patient. The person has to pull out all the other shades of the same colored tones
from the box. Patients with deficiency of color vision are controlled by color brightness
and they do not do this. The advantage of this test lies in the fact that it respects the fact that

many people correctly recognize the colors but do not call them the correct name.
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pic. 2: Holmgreen’s Cottons (Paviikova 2016)

Sorting tests

Most sorting tests are based on the Munsell’s color system (pic. 3), which is shown below.
Munsell's color system assigns colors to the same perceptual levels. The colors
of the Farnsworth-Munsell 100 Hue Test (FM 100) match in saturation (chroma)

and luminance (value), differ in hue. This test has been used since the 1940s. There are five
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shades - Red, Yellow, Green, Blue, and Purple. Transitions between these tones are made
up of five other colors - Yellow-Red, Green-Yellow, Blue-Green, Purple-Blue and Red-
Purple. Each of these ten shades is divided into ten other sub-frames (1 RP-10 RP),
so in the Munsell‘s color system we find a hundred different shades.

Value Munsell Color System

— Hue

Chroma l

Red-Purple

Blue

Purple-Blue

Blue-Green

pic. 3: Munsell’s color systéem (Pavlikova 2016)

The Farnsworth-Munsell 100 Hue Test (pic. 4) is based on the Munsell‘s system,
but it contains only 85 color targets because Dr. Dean Farnsworth found that it is difficult
for a person to distinguish some shades, so he removed them from the test. Since 1957, these
85 olored targets have been used, which are further divided into four groups. All of the targets
are numbered from the bottom so that the examiner quickly compares the correctness
of the spectral sequence. In the first box the targets are in orange and red shades (85-21),
in the second are yellow and green colors (22-42), in the third are blue and purple (43-63)
and in the fourth are purple and red (64-84). The task of the patient is to arrange in each box
special targets according to their shade as they go. The first and the last targets are fixed
and the other targets are freely movable.

We can see the patient's so-called Total Error Score (TES) depending on the differences
in the final subjective target arrangement recorded in the circle diagram and the objective
sequence of shades. This curve is age-dependent, initially declining within twenty years,
and slowly rising again after the twentieth year. The rating is as follows: TES 0 - 16 -
excellent; TES 20 - 100 - average; TES more than 100 - bad. The Farnsworth-Munsell 100
Hue Test is used primarily to diagnose acquired color defects. The disadvantage of the test
may be the fact that the difference between normal color vision and anomalous trichromasia

is poorly determined here.
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pic. 4: Farnsworth-Munsell 100 Hue Test (Pavlikova 2016)

The abridged modification of the FM 100 test is Farnsworth-Munsell Dichotomous D-15
(pic. 5) or Panel D-15 test, again used to diagnose acquired color defects. There are only
16 color targets in this test. The client registers the targets of all colors from blue to green
and yellow to purple. We also evaluate the color vision by the Total Error Score.
The advantage over FM 100 is shorter testing time. But the disadvantage is wrong resolution
of normal color vision and anomalous trichromasia as in the Farnsworth-Munsell
100 Hue Test.

pic. 5: Farnsworth-Munsell Dichotomous D-15 (Paviikovad 2016)

Another sorting test is Lanthony Desaturated D-15 Test (pic. 6). Again similar to the FM
100 or D-15, it contains 16 colored dots. The difference is that these colors are desaturated,
they are not spectral, but they have a certain white ratio include. Therefore, they are less
saturated, so their mutual distinction is more difficult. Higher lighting is recommended
due to greater difficulty, it is from 600 to 800 Ix. In practice, it usually follows the D-15 Test
and thus better detects color defects from D-15. It is used primarily to determine the acquired
color defects. A possible method of evaluation is a circle diagram. There is the circle
of the target order and the examiner writes down the subjective order of the patient's targets

(pic. 7). This is the way to distinguish congenital malformations from those acquired.
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pic. 7: circular diagrams of the Lanthony D-15 test and evaluation of color defects; the first
column on the left shows the normal color vision, the middle column is the inherent defect,
and the diagram on the right shows the acquired color defec

The Lanthony New Color Test is another test originally designed to diagnose the resulting
color defects. However, it is also used for congenital malformations or the detection
of delayed development in the blue-yellow area in children up to six years of age. The test
has four levels of difficulty depending on the color saturation. The first task is to divide
the targets into color and gray. Then, the grays divide according to their reflectivity and colors
according to the shade. The last part is to compare whether the remaining dots are darker

than the gray ones.

Blending tests

The anomaloscope (pic. 8) is typical and the most common blending test. The first device was

made in 1907 by German physiologist Willibald Nagel, so we can refer to the Nagel’s
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anomaloscope in the literature. This device is based on the Rayleigh relation,
that s red + green = yellow. The yellow field is projected to patient and his task is to blend
monochromatic red light (with a wavelength of 670.8 nm) and monochromatic green light
(with a wavelength of 546 nm) to the same shade of yellow. When a fault is detected,
a different color mixing ratio is reported. Individuals with red-eye reduction (protanopia /
protanomalia) add more red, green-colored patients (deuteranopia / deuteranomalia) will add
more green light. Since it is a spectral device, it gives us more accurate results of color
defects, both qualitative and quantitative. It is through Rayleig's relation that we can precisely
identify and recognize congenital malformations.

The result of the examination is based on an anomaly quotient (AQ) if the AQ is less
than 0.7, the patient has protonomalia. The intact coloring ranges from 0.7 to 1.4.
Deuteranomalia corresponds to quotient greater than 1.4.

pic. 8: anomaloscope (Pavlikova 2016)

The City University Test (CUT; pic. 9) is also included in the blending tests, although
it is rather a modification of the D-15 test. CUT test uses only five colors that make
up the cross. One color is placed in the center of the imaginary cross, preferably on black
paper. The adjacent spectral color is placed on one arm of the cross. The remaining three arms
are supplemented with dots of the D-15, just the ones on the lines of confusion. The task

of the patient is to mark a cross arm that appears to be the most similar to a central target.

pic. 9: CUT (Pavlikova 2016)
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Naming tests

The naming test category is best suited to examination the coloring of drivers, engine-drivers
or pilots. Because this tests the best simulate real life situations. The Farnsworth Lantern
Test (FaLant) was developed specifically for the US Navy and therefore uses colors important
for sailors - red, green and white. The patient has to properly recognize and name these colors.
The difficulty of the FaLant test is greater than that of the classic D-15. So that it is suitable
for a more detailed classification of the deviations found on the D-15 test.

In the naming tests we can still include so-called Signal Lights (pic. 10), sometimes
referred to as a color-testing device. The author of this equipment is Jaroslav Netusil,
who was also granted a Czechoslovak patent for its construction. The device is primarily
designed to test the ability to recognize colored signaling lights for drivers, railway
employees, military services, etc. It is used to verify driving skills.

The device is in the shape of a cabinet, it contains three bulbs with a red, green and yellow
filter and a fourth bulb with a curtain that is a source of white light. The examiner can change
the saturation of colored light due to that bulb with a curtain. And thus increase difficulty
of this test. Each bulb can be individually switched on and off by the buttons on the back
of the box. The color lights illuminate the interior of the cabinet, which the client observes
through the window in the front wall. On the back of the device, there is also the rotating

control of the white light curtain with a scale indicating how much the aperture is open.

pic. 10: Signal Lights (Pavlikova 2016)
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VySeti‘eni binokularnich funkci v praxi optometristy
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Uvod

Binokularni vidéni je koordinovana senzomotorickd c¢innost obou oc¢i, kterd umoZiuje
vytvoreni jednoduchého obrazu. Neni to vrozena zalezitost, k dokonceni jeho vyvoje dochazi

ve véku 6 let.

K tspésnému vytvoreni binokularniho obrazu zapotiebi tii dulezité faktory:

e Senzoricka slozka — pfevadi ziskané obrazové informace do korovych center, kde

dochazi ke splynuti obrazu a uvédomovani si sledované¢ho piredmétu. Existuji jisté

pfedpoklady k fungovani senzorické slozky, t€mi jsou:

Normalni vidéni obou o¢i

Ptiblizné stejné velké sitnicové obrazy
Centralni fixace obou o¢i

Normalni retindIni korespondence
Schopnost fuze

Normalni funkce zrakovych center

e Motoricka slozka — ma za ukol nastavit ocni bulby do takového postaveni, aby obraz

dopadal do fovei, udrzet jejich tam a upravit osy vidéni na cil. Podminky pro tspésné

funkce motorické ¢asti:

Pti pohledu do dalky, o¢i musi byt v paralelnim postaveni
Volnd pohyblivost o¢i ve vSech pohledovych smérech
Normalni funkce motorickych drah a center

Pomér mezi akomodaci a konvergenci musi byt v poradku

e Opticka slozka — moderuje tok svételnych paprskil tak, aby se na sitnici vytvofil ostry

obraz. Jeji souc¢asti jsou optickd média: rohovka, komorova voda, o¢ni ¢ocka a sklivec.

Dulezitym aspektem je transparentnost vSech optickych médii, kterd umoZiuje

spravnou lomivost paprsku.

303



Rozlisuji se tfi stupné binokularniho vidéni:
1) Superpozice — schopnost piekryt obéma ocima nestejné obrazy, simultanni vidéni
2) Fuze — jde o schopnost centralni, jejim ukolem je spojit stejné obrazky pravého a
levého oka v jeden vjem. Podle rozsahu sitnic, mizeme fuzi délit na:
— Fuaze 1. — paramakularni, periférni — obrazy spojime vétSim rozsahem nez je
makula

— Fuze I1. — makularni — obrazy jsou spojeny rozsahem makuly
— Fuze I1I. — foveolarni — obrazky spojujeme foveou

Dal$im dilezitym elementem je Sitka fuze. Normalni kladna Sitka fize je +30°, normalni
zéporna $itka je -8°, a normalni vertikalni Sitka fuze je 3°. Tedy ¢im je Sitka vEtsi, tim je fuze
silnéjsi.

3) Stereopse — schopnost vytvofeni hloubkového vjemu spojenim obrazt, jejichz

jednotlivé ¢asti dopadaji na lehce disparatni mista sitnice.

Poruchy jednoduchého binokuliarniho vidéni

Pokud dojde k poruse jednoduchého binokularniho vidéni (JBV), organismus na to reaguje
S riznymi adaptacnimi procesy jako: supresi, amblyopii, excentrickou fixaci a anomalni
retinalni korespondenci (ARK).

Suprese (utlum) — Zabranuje vstupu informaci z uchyleného oka do ptisluSnych zrakovych
center a zabrani tim i jejich uvédoméni. U zdravého oka zrakova kira vnima to, na co je
zamétena pozornost, a v§e ostatni v okoli utlumi.

Amblyopie (tupozrakost) — Lze ji definovat, jako snizeni zrakové ostrosti pii normalnim
fyziologickém nalezu na oku. Rozd¢luje se na:

e Kongenitalni (vrozena) — je pfitomna jiz od narozeni, terapii se lepsi jen malokdy.
Sem fadime amblyopii pfi nystagmu a albinismu.

e Amblyopia ex anopsia — vznika nasledkem nepouzivani oka, kdyz je vstup zrakovych
podnétl do oka je omezen, napt.: pfi zkaleni optickych médii, krvaceni do sklivce,
déletrvajicim obvazu jednoho oka.

e Anizometropicka — je typickd pfi anizometropii a zpisobend rozdilem dioptrii mezi
o¢ima.

e Ametropicka — vyskytuje se u vys$sich refrak¢nich vad, predevsim u hypermetropie.

e Meridionalni — projevuje se u velkych vrozenych astigmatickych o¢i.

e Relativni — vznikd v pfipad€ malé organické vady.

e Amblyopie pfi strabismu — miiZe se vyskytovat pii utlumu fovey uchyleného oka.
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Jednotlivé typy amblyopii se mohou navzajem kombinovat, projevovat se jedno nebo i
oboustranng.

Dle stupné snizeni zrakové ostrosti se tupozrakost rozd€luje na:

e Té&zkou — vizus je 6/60 nebo horsi
e Stiedni — vizus je 6/60 — 6/18
e Lehkou — vizus je 6/18 — 6/8.

Excentricka fixace — je to porucha, pfi které fovea ztraci svou dominanci a jeji tkol piebira
jiné misto na sitnici, které se nachazi v rizné vzdalenosti od fovey. Jednd se o anomalii
monokuldrni.

ARK — je to binokularni, centralné nervova porucha. Vznika tim, Ze fovea dominantniho oka
a misto sitnice odchyleného oka zacinaji spolupracovat a ziskavaji spole¢nou lokalizaci
V prostoru- vytvarenim nového sitnicového vztahu.

Poruchy okohybného systému oka

Pokud dojde k poruSe rovnovahy okohybnych svali po zruseni fize, vznika heteroforie
(HTF). Jednd se o binokularni rovnovaznou poruchu, kterd se také nazyva skryté Silhani.
Idealn¢ by svaly mély byt v rovnovaze, pti které lze dosahnout JBV. Tento stav je oznaCovan
jako ortoforie. V tomto pfipadé jsou o¢ni bulby pii pohledu do dalky v paralelnim postaveni, a
do blizka se otaci spravné do konvergence. Tento stav se tykd pouze malé Casti populace, v
¢islech 20 — 30 %.

Razné typy heteroforii se vyskytuji u vétSiny lidi. Objevuji se pfi zruSeni fuze, v ptipadée
zakryti jednoho oka, pfi fixaci riizn¢ vzdalenych predméti. Etiologie vzniku HTF je velice
riznorodd, mize byt vrozena, ziskand po nemoci slabosti svalu, podkorigovana, zpiisobena
nespravnou brylovou korekci, aniseikonii, poruchou akomodace, konvergenci neboli inervaci
svalu. Pokud se latentni Silhani objevuje bez vyraznych komplikaci, jde o kompenzovanou
heteroforii. Projevuji-li astenopické potize, metamorfopsie obrazu nebo diplopie, mluvime o
dekompenzované heteroforii.

Rozdéleni HTF podle sméru tchylky:
e Vertikalni — hyperforie (nahoru), hypoforie (dolt)
e Horizontalni — esoforie (dovnitt), exoforie (vn¢)
e Predozadni délka bulbu - incykloforie (horni ¢ast vertikdlniho merididnu oka je
stocena dovnitt), excykloforie (horizontalni ¢ést vertikalniho merididnu oka je staena

ven)
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Etiologické rozlozeni:
e Statické — projevuje se pii anomalii o¢nic, bulbli nebo okohybnych svali
e Akomodacni — vznikd poruchou mezi akomodaci a konvergenci a pii nekorigované
refrakéni vade

e Neurogenni — vyskytuje se pfi poruse inervace svali

Dalsi rozdé€leni:
e Arteficialni HTF — objevuje se v piipadé Spatné brylové korekce
e Anizoforie — velikost uchylky neni stejna v kazdych pohledovych smérech

e lzoforie — velikost Gchylky je stejna ve vSech smérech

Déle se rozliSuje heteroforie do dalky, ktera je fizena klidovym svalovym tonem, a heteroforie
do blizka, u kterého se uplatiiuje tonicka konvergence, akomodace a fuze.

Vysetiovaci metody heteroforie do dalky

Pro detekci heteroforie mame mnoho objektivnich i1 subjektivnich vySetfovacich metod.
Nekteré dulezité techniky vySetteni jsou nize uvedeny nize, ale pouze stru¢né, jelikoz prace se
spiSe zamétuje na vySetfeni heteroforii do blizka.

Cover test — zakryvaci zkouska

Jedna se o jedno z objektivnich vySetieni HTF, které se pouziva jak do dalky, tak i do blizka.
Jsou znamy dva zpusoby: jednim z nich je Unilateralni zakryvaci zkouska, u které se pomalu
zakryje a odkryje vzdy jedno oko a pozoruje se pohyb nezakrytého oka. Zjisti se tim zjevné
Silhani. Druhym zpisobem vySetfeni je Alternujici cover test, ktery spociva v rychlém
sttidavém zakryti jednoho a druhého oka. Timto zpisobem se detekuje skryté Silhani.

Maddoxuv kfiz

Maddoxtv kiiz se skladd ze dvou kiiZicich se ramen, kde v misté kiizeni sviti svétlo.
Vysetfuje se pomoci Maddoxova cylindru, ktery se vloZi nejprve horizontdlnimi ryhami pred
pravé oko. Vznika tak vertikalni vjem, kterym hodnotime horizontalni HTF. Cylindr se pak
oto¢i ryhami horizontalné, pacient tedy vidi vertikalni ¢aru, kterou detekujme vertikalni forie.
Velikost odchylky se odecte ptimo v prizmatickych dioptriich ze stupnice.
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Worthuv test

Jde o test ¢erného podkladu, na kterém se nachazi dva zelené kiize, dole mezi nimi je bily
kruh a nad nimi je ¢erveny kruh. Méfeni se provadi pomoci Cervenych a zelenych filtrt.
Heteroforie se hodnoti na zékladé posunuti testovych znacek. Bilym znakem se da urcit i
dominance oka- podle barvy, v jaké se jevi klientovi po piediazenti filtra.

Schoberuv test

Je to metoda, ktera funguje na stejném principu jako predchozi. VySetfovacimi znaky jsou
nyni dva zelené kruhy a uprostfed umistény cerveny kiiz. Ptes filtry pacient udadva posunuti
ktize.

KF¥izovy test
Jedna se o techniku vyuzivajici polarizace, proto ji fadime mezi pola testy. Zde je dulezité
pfediazeni polarizacnich filtrGi pfed ob€ oci- S orientaci 135° a 45°. Tim vnimd jedno oko

pouze vertikalni, a druhé pouze horizontalni ramena ktize. Podle odezvy Klienta, jak vidi test-
muzeme urcit heteroforie.

Vysetieni HTF do blizka — vlastni méreni

Na zacatku méfeni se vyplituje se souhlasem klienta formulaf, kterym se ziskavaji zakladni
data pacienta, anamnéza a kam se zapisuji vysledky naturalniho vizu, vizu s vlastni korekci a
s optimalni korekci. Zahrnuje se sem 1 typ a velikost heteroforie. Poté zacina vySetieni
heteroforie do blizka nasledujicimi dvéma technikami:

e Thoringtonuv test a Maddoxiiv cylindr

Meéieni se déla 40 cm od oc¢i klienta. Maddoxtv cylindr se vlozi S vodorovné vytvoienymi
ryhami pied pravé oko tak, aby klientovi vznikl svisly svételny vjem ze svétla sviticiho ze
stiedu tabulky. Kdyz se svisla ¢ara posouva na pravém rameni — na ¢islicich ukazuje eso
uchylku. V ptipadé posunuti ¢ary na druhém rameni, teda na pismenkach - jedna se o exo
uchylku.

e Howellova tabule a von Graafeho prizma (6-8 pD)

Tabulka se umisti do vzdalenosti 40 cm od pacienta. Pied pravé oko je pifedifazeny 6-8 pD
bazi dolii, aby doSlo k rozdvojeni obrazu. Takto vidi pravé oko horni fadek a levé oko
dolni. Pokud jsou oba sloupce nad sebou, znamena to ortoforii. Kdyz je horni Sipka
posunuta vpravo, na zluté strang testu, znac¢i nam esoforii. V pfipadé posunuti horni Sipky
vlevo na modré rameno tabulky, ukazuje ptitomnost exoforii.
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Prabézné vysledky
- Pocet naméfenych osob: 3
- 2 Zeny; 1 muz
- Primérny vék: 28

- Meéfeni max.: do 35 let

Zastoupeni heteroforii

m Exoforie
33,33%

m Esoforie

Graf ¢. 1. Zastoupeni heteroforii mezi naméfenymi probandy

Hypotézy

1. Heteroforie nezpusobuji u korigovanych ametropt tolik obtizi, jako u ametropt
nekorigovanych.

2. Vic nez 50% vySetfovanych s heteroforiemi budou pocitovat pfitomnost
astenopickych potizi.

3. Predpokladam, ze v ptipadé obou metod nedosahuji rozdily naméfenych hodnot
Vv pD vétsi hodnoty nez 2 pD. Pfedpokladdm také, Ze méné presné vysledky lze
dosdhnout pomoci Maddoxova cylindru, protoze v tomto ptipadé nelze vyloucit

akomodaci.

Zavér
Pocet naméfenych hodnot je pfili§ maly, abychom mohli porovnavat vysledky jednotlivych

typt vySetfovacich metod a potvrzovat hypotézy. Nicméné méteni bude déle probihat a budou
ziskavany dalsi vysledky pro zjiSténi presnosti vybranych metod.
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Examination of binocular functions in practice of optometrists
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Introduction

Binocular vision is a coordinated sensomotor activity of both eyes, which allows the creation
of a simple image. It is not an innate ability; its development ends at 6 years of age.
There are three important factors needed in order to create a binocular image successfully:

Sensor component - Converts the acquired image information into the cortical
centers where the image information is merged to form an image and subsequently and
the viewed subject is recognized. There are several prerequisites for the functioning of
the sensory component, namely the following:

o Ability of both eyes to see normally

e Approximately equally large retinal images
o Central fixation of both eyes

e Normal retinal correspondence

e Merger capability

e Normal functions of visual center

Motor component — its function is to set the eye bulbs into a position in which the
image falls on the fovea, to keep it there and to adjust the viewing axes to the target.
Conditions for the successful operation of the motor part:

« During watching in the distance, both eyes must be in a parallel position

o Free eye movement in all viewing directions

e Normal operation of motor pathways and centers

e The ratio between accommodation and convergence must be in norm.

Optical component - moderates the light beam flux in order to create a sharp image
on the retina. Its components are the optical media: cornea,aqueous humour, eye lens,
and vitreous humour. An important aspect of all optical media is their transparency,
which allows proper beam refraction.

There are three levels of binocular vision:

1.

2.

Superposition — the ability to overlap different images seen with each eye,
simultaneous vision
Fusion - it is the central ability. Its task is to combine the same images of the right and
left eye in one perception. Depending on the size of the retina, we can divide the
fusion into:

e Fusion I. - paramacular, peripheral — in this case both images are larger than

the macula
e Fusion Il. - macular - images are linked by the extent of the macula
e Fusion Ill. - foveolar - we associate pictures with fovea

Another important element is the width of the fusion. The normal positive fusion



width is + 30 °, the normal negative width is -8 °, and the normal vertical fusion width
is 3 °. The truth is, the bigger the width, the thicker the fusion.

3. Stereopsis — it is the ability to create a depth perception by combining images parts of
which fall on slightly disparate parts of the retina.

Disorders of simple binocular vision

If a simple binocular vision (SBV) fails, the body reacts with various adaptation processes
such as suppression, amblyopia, eccentric fixation, and anomalous retinal correspondence
(ARC).

Suppression (attenuation) - Prevents information from the retracted eye from entering the
eye centers and prevents the subject from becoming aware of them. In a healthy eye, the
visual cortex perceives what the focus is on and everything else dampens around it.

Amblyopia — it can be defined as a reduction of visual sharpness under normal physiological
findings on the eye. It can be:

o Congenital - it is an innate state; therapy makes it rarely better. Amblyopia in
nystagmus and albinism both belong here.

« Amblyopia ex anopsia - arises from not using the eye, i.e. when ocular
stimulus in the eye is prevented, e.g.: by opaque optical media, vitreous
hemorrhage, prolonged bandage on one eye.

e Anisometropic — is typical in cas of anisometropia; it occurs when unequal
focus between the two eyes causes chronic blur on one retina

e Ametropic — occurs in higher refractive defects, especially in hypermetropia.

e Meridional - occurs in large congenital astigmatic eyes.

« Relative - occurs in the case of a small organic defect.

e Amblyopia in strabismus - may occur when the fovea of the retracted eye is
attenuated.

Individual types of amblyopia can be combined with one another, manifest themselves on one
or both sides.

Depending on the degree of visual acuity, the opacity is divided into:

e Heavy - the visus is 6/60 or worse
e Medium - visus is 6/60 - 6/18
e Light - visus is 6/18 - 6/8.

Eccentric fixation - this is a disorder where the fovea loses its dominance, and its task is
taken on by another location on the retina, at a certain distance from the fovea. It is a
monocular anomaly.

ARC - It is a binocular, central nervous disorder. It occurs when the fovea of the dominant
eye and a place of the retracted eye’s retina begin to cooperate and gain a common
localization in space, creating a new retinal relationship.

Disorders of the eye moving system of eye



If there is a disturbance of the equilibrium of the eye moving muscles after the fusion is
abolished, heterophoresis (HTF) arises. It is a binocular equilibrium disorder, which is called
hidden slinging. The ideal state is when the muscles are in balance, thus SBV is achieved.
This state is referred to as orthophoria. In this case, the eye bulbs are in a parallel position
when looking into the distance, and thur to the correct convergence when looking at close
object. This condition concerns only a small part of the population, in figures of 20-30%.

Different types of heterophorisms occur in most people. They appear when the fusion is
canceled, when fixating objects in varying distances with one of the eyes covered.The
etiology of HTF is very heterogeneous, can be congenital, after illness, gaining muscle
weakness, undercorrection, incorrect spectacle correction, aniseiconics, failure of
accommodation, convergence, or muscle innervations. In case a latent squint occur without
significant complications, we are talking about compensated heterophorias. If there are
astenopic problems, image metamorphosis or diplopia, we are talking about decompensated
heterophorias.

HTF Breakdown by deviation direction:

e Vertical - hyperforia (up), hypophoria (down)

e Horizontal - esophoria (inward), exophoria (outward)

e The foreground length of the bulb - incyclophoria (the upper part of the vertical
meridian of the eye is turned inward), excyclophoria (the horizontal part of the vertical
meridian of the eye is drawn from the outside)

Etiological distribution:

e Static - occurs in the anomaly of the eyebrows, bulbs, or bumps

e Accommodative - arises from a disorder between accommodation and convergence
and uncorrected refractive error

e Neurogenic - occurs when muscle innervation fails

Other divisions:

o Artificial HTF - appears in the case of poor spectacle correction
e Anisophoria - deviation size is not the same in every viewing direction
e lzoforia - deviation size is the same in all directions

Furthermore, there is distance heterophoria, which is controlled by resting muscle tone, and
near heterophoria, where tonic convergence, accommodation and fusion are applied.

Examining methods of distance heterophoria

We have a lot of objective and subjective investigative methods for detecting heterophoria. A
few dominant examination techniques are mentioned below, albeit briefly as the work focuses
rather on examining near heterophora.

Cover test

It's one of the HTF's objective examinations, which is used both in distance and near
heterophoria. Two forms are known, one of which is a Unilateral Cover Test during which
one eye is slowly covered and uncovered while the other one’s movement is observed. This
reveals obvious slinging. Another form of examination is the Alternating Cover Test, which



consists of fast alternating cover of one eye and the other. In this way, hidden slinging is
detected.

Maddox's cross

Maddox's cross consists of two crossing arms, and at the crossing point of the arms, there is a
lamp shining. It is investigated using the Maddox cylinder, which is first inserted with
horizontal grooves in front of the right eye. This creates a vertical perception that we evaluate
the horizontal HTF. The cylinder then rotates horizontally, so the patient sees the vertical line
to detect the vertical force. The magnitude of the variance is read directly in prismatic
diopters from the scale.

Worth's test

This is a black background test with two green crosses, a white circle between them, and a red
circle above them. Measurements are done using red and green filters. Heterophorias are
evaluated on the basis of the displacement of the test marks. The white character can also
determine the dominance of the eye, depending on what color appears to the client after the
filters are presented.

Schober's test

It is @ method that works on the same principle as the previous one. The examination features
are two green circles and a red cross in the middle. Through the filters, the patient indicates a
cross shift.

Cross test

It is a polarization technique, so it belongs among polarization tests. For this, it is important to
preassemble the polarizing filters in front of both eyes, with the orientation of 135 © and 45 °.
This makes one perceive eye only the vertical, and the other only the horizontal arms of the
cross. Depending on the client's response on how they see the test, we can identify
heterophorias.

Near HTPh examinations - owns measurements

At the beginning of the measurement, the client is asked for their written consent which
obtains the patient's basic data, history, and the results of the natural vision, the self-corrected
visus and the optimal correction are recorded. This includes the type and size of the
heterophory. Then the heterophoric examination begins with two techniques that are as
follows:

e Thorington test and Maddox cylinder
Measurement is done 40 cm from the eyes of the client. The Maddox cylinder is inserted with
horizontally folded grooves in front of the right eye so that the client has a vertical light
sensation from the light illuminated from the center of the table. When the vertical line moves
on the right arm - on a digit, the ace shows a deviation. In the case of a line shift on the other
arm, that is to say on the letters - this means an exo deviation.

e Howell's board and von Graaf's prism (6-8 pD)



The table is placed at a distance of 40 cm from the patient. In front of the right eye, the 6-8 pD
base is downward in order to split the image. This way the right eye sees the top line, and the
left eye is lower. If both columns are above each other, that means orthophoria. When the
upper arrow is moved to the right, on the yellow side of the test, it indicates the esophoria. In
the case of moving the upper arrow to the left on the blue tab of the table, it shows the
presence of the exophoria

Interim results

Number of measured persons: 3

2 women; 1 man

Average age: 28

Measurement max: up to 35 years

Representation heterophorias

® Exophorias
33,33%

® Esophorias

Graph nr. 1. Representation of heterophrias between measured probands

Hypotheses

1. Heterophorias do not cause as many issues in fixed ametroprophiacs as with
unmodified ametropes.

2. More than 50% of those investigated with heterophories will feel the presence of
astenopic problems.

3. | assume that for both methods, the differences in measured values in pD do not
exceed the value of 2 pD. | also assume that less accurate results can be achieved with
the Maddox cylinder, because in this case the accommodation cannot be excluded.

Conclusion

The number of measured values is still low so we can compare the results of each type of
investigation method and confirm the hypothesis. However, the measurements will continue
to run and additional results will be obtained to determine the accuracy of the selected
methods.
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Vztah zmény pohledové vzdalenosti k vizualnimu systému u
nonpresbyopického pacienta
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Anotace:

Tento text nejprve vysvétluje termin akomodacni facilita jako schopnost ménit Uroven
akomodace dle pozadovaného stimulu a popisuje moznosti jejiho vySetfovani. Nejjednodussi
metodou je zména fixace mezi dvéma rdzné vzdalenymi stimuly. Standardni metodou je
zména urovné akomodace pomoci akomodacniho flipru. Testovani akomodacni facility
metodou odstupriovani dle akomodacni amplitudy bere v potaz fyziologicky pokles
akomodacni amplitudy s pfibyvajicim vékem. Namérené hodnoty mohou ukazovat na

akomodacni popfipadé vergencni problém ve zrakovém aparatu.

Klicova slova: monokularni a binokularni akomodacni facilita, flipr, Active lens

Uvod

Denné i pfi téch nejjednodussich cinnostech ménime pohledovou vzdalenost ze
potfebuje zkontrolovat palubni desku. Je tedy nesmirné dulezité, aby byl vizualni systém

dostatecné pruzny a dokazal presné a rychle zaostfovat podle konkrétniho pozadavku.

Schopnost lidského oka vidét ostfe razné vzdalené predméty oznacujeme
akomodace. Tento proces neni vrozeny, ale vyviji se v prvnich mésicich Zivota. Kromé
akomodacni amplitudy, uddavajici maximdlni zaostfovaci schopnost oka, je dulezita

akomodacni facilita, ktera prindsi informace o sviznosti a presnosti reakce na zdkladé nového



akomodacéniho pozadavku. Snizeni této schopnosti mlze pfi delsi praci do blizka prinaset
typické symptomy (astenopie, diskomfort, rozostfené vidéni). Reenim je v prvni Fadé
zrakova terapie, slouzici k nacviku akomodace a vSech jejich slozek. Je to vSak feSeni ¢asové

narocné, proto lidé ¢asto voli kompenzaci pomoci optickych skel.

Vsoucasné dobé se do povédomi dostavaji takzvané ,active lens”, prinasejici
atraktivni fesSeni pro ty, ktefi na konci dne trpi ofni Unavou zpUsobenou trvalym vypétim
jejich oci. Téchto lidi zejména z dlivodu aktivniho Zivotniho stylu pIného digitalnich zafizeni,
ktera vyZaduji neustalé zaostfovani a uvolfiovani odi, stale pribyva. Vizualni systém se tedy
po celodenni ndmaze unavuje a neni divu, Ze ke konci dne uz akomdoacni systém ztraci

na presnosti i rychlosti.

Vizudlni systém

Vizudlni systém clovéka zajistuje prijem informaci z vnéjsiho prostfedi prenasenych
svételnym podnétem, jejich transformaci v nervovy vzruch vedeny zrakovou drdhou
do specializovanych korovych okrsk(, kde jsou zpracovany ve zrakovy vjem. Nositelem
informaci o vnéjsSim prostredi je tedy svétlo, které se jevi jako prostfedek umozZnujici pfijeti

zminéné informace.

Zrakovy systém clovéka je soustava s komplikovanou anatomickou strukturou. Obecné
se sklada ze tfi ¢asti: periferni (o€ni bulby tvofené svétlolomnym a svétloCivym aparatem),
spojovaci (zrakova draha) a centralni (korové a podkorové ¢asti mozku. Bezchybna funkce
svétlolomného aparatu zajisti dopad svételnych paprskl na sitnici, kde jsou svétloCivymi
bunkami fotoreceptorl zachyceny. Tento podnét zplsobi depolarizaci bunééné membrany

a elektricky vzruch je ddle veden zrakovym nervem do korovych center.
Adekvatnim podnétem pro zrakovy aparat jsou elektromagnetické viny v rozsahu

viditelného spektra, které dle zdkon( fyzikdlni optiky prochazeji ocnimi optickymi médii.
Zrakovy vjem vznika po dopadu svételnych paprskd na sitnici, kam je soustfedil svétlolomny
aparat. Zafiva energie svétla nesouci informace z okoli se chemickou reakci v sitnicovych

bunkach preménuje na elektricky potencial, ktery je neurony veden do mozkové kary.



Akomodacni facilita

Termin akomodacni facilita popisuje schopnost vizudlniho systém rychle a pruzné
ménit Uroven akomodace na rizné podnéty. Vyznam ma predevsim pfi zméné fixace z blizka
do ddlky a zpét. Zatimco ostatni veli¢éiny (PRA, NRA ¢&i akomodacni amplituda) udavaji
maximalni hodnoty akomodace za rliznych podminek, akomodacni facilita pfinasi informaci o
zméné urovné akomodace dle nového poZadavku. Snizené hodnoty akomodacni facility

mohou korelovat s astenopickymi potizemi pfi dlouhodobéjsi praci do blizka.

Méreni akomodacni facility

Cilem tohoto testovani je zhodnotit vytrvalost a dynamiku akomodacni reakce.
Testovani akomodacni facility je zaloZzeno na principu nabizeni dvou rGznych zrakovych
podnétl, pricemZ se hodnoti snadnost a rychlost, s jakou se zrakovy systém na stimul
adaptuje. Klinicky se akomodacni facilita méri pomoci stimulace a nasledné inhibice

akomodace (napfiklad predkladanim skel rizné dioptrické hodnoty).

Namérend hodnota akomodacni facility je vyjadrena v cyklech za minutu (cpm).
V pripadé, Ze v pribéhu jedné minuty pocitame zaostreni pti kazdé zméné stimulu, musime

vyslednou hodnotu podélit dvéma, abychom dostali pocet cykla.

Typicky je akomodacni facilita testovana nejdfive monokuldarné a nasledné
binokuldrné. PFi binokuldrnim vySetfeni je hodnocena interakce mezi akomodacnim

i vergencnim systémem, tudiz vySettfeni uvaZuje také konvergenci.

Metody méreni akomodacni facility

Nejjednodussi metodou hodnoceni akomodacni facility je zména fixace mezi dvéma
akomodaénimi stimuly. Blizky stimul se nachazi ve vzdalenosti 40 cm, ¢imZ je akomodace
stimulovana. Vzdaleny stimul leZi ve vzdalenosti 6 m a akomodaci uvoliuje. VySetfovany je
pozadan, aby po dobu jedné minuty prenasel fixaci z jednoho stimulu na druhy, pfiéemz

ohlasi stav, kdy stimul vidi ostre.



Cast&ji uzivanou metodou je testovani s pouZitim optickych skel, kdy rozptylna ¢ocka
akomodaci stimuluje a spojnad naopak uvolfiuje. Mohou se pouzit ¢oc¢ky o rlizné optické
mohutnosti, empirickd testovani vSak probihaji s hodnotou * 2,0 D. Idealnim feSenim je
pouziti flipru, coz je pfedsadka tvorena dvojici spojnych a rozptylnych ¢ocek. Akomodacni
stimul je umistén ve vzddlenosti 40 cm, Uroven pozadované akomodace se méni pretocenim
flipru. VysSetieni zac¢ina predlozenim spojnych ¢ocek a opét se po dobu jedné minuty méri

pocet zaostreni.

Obr. 1.: Akomodacni flipr + 2,0 D (archiv autora)

Yothers a kolektiv poukazuji na to, Ze standardni méreni akomodacni facility je u
dospélého clovéka ovlivnéno fyziologickym poklesem akomodacni amplitudy. Dalsi uvahy
spocivaly vtom, jaky je akomodacni poZzadavek s pouzitim + 2,0 D flipru pro konkrétniho

jedince s konkrétni akomodacéni amplitudou.

Jako priklad mlze byt uveden mlady jedinec s akomodacni amplitudou 12 D. Stimul
ve vzdalenosti 40 cm vytvafi poZadavek 16% celkové AA (2,5/12), po predlozeni flipru
pozadavek vzrlstd na 33% celkové AA (4/12). Pfi uvaZovani dospélého jedince
s akomodacni amplitudou 5 D se hodnoty vyrazné zmeéni. Stimul ve vzdalenosti 40 cm
znamena pozZadavek 50% celkové AA (2,5/5) a po predloZeni flipru poZadavek vzrlsta az na
80% celkové AA (4/5). Navrhli proto odstupriovat test na zakladé AA tak, aby vzdalenost

stimulu zapojovala 45% AA a predfazeny flipr 30% AA.



Amplituda Vzdilenost od nosu (cm)  Vzdalenost testu (cm) Sila flipru (D)

22.25 45 10.0 *3.25
20.00 5.0 11.0 =3.00
18.25 5.5 12.0 =2.75
16.75 6.0 13.5 =250
15.50 6.5 145 +2.25
14.25 70 155 +2.25
13.25 75 16.5 =200
12.50 8.0 18.0 *=2.00
11.75 8.5 19.0 *1.75
11.00 9.0 20,0 +1.75
10.50 9.5 21.0 +1.50
10.00 10.0 220 *1.50
9.50 10.5 23.5 *=1.50
9.00 11.0 245 *=1.50
8.75 115 25.5 *1.25
8.25 12.0 26.5 *1.25
8.00 125 280 *1.25
7.75 13.0 29.0 *1.25
7.50 135 30.0 =1.00
725 14.0 31.0 =1.00
700 145 320 =1.00
6.75 15.0 335 +=1.00
6.50 155 34.0 *1.00
6.25 16.0 355 =1.00
6.00 16.5 370 +=1.00
5.75 17.5 385 =1.00
5.50 18.0 0.5 =0.75
5.25 19.0 425 =0.75
5.00 200 M5 =0.75
V75 21.0 17.0 *=0.75
£50 220 405 *0.75

Obr. 2.: Hodnoty doporucené pro testovani akomodacni facility metodou odstupriovani dle

akomodacni amplitudy

(SCHEIMAN, Mitchel a Bruce WICK. Clinical Management od Binocular Vision: Heterophoric,
Accommodative, and Eye movement Disorders, 3. vyddni. Philadelphia: Lippincott Williams

&Wilkins, a Wolters Kluwer, 2008. ISBN 978-0-7817-7784-1.)

Postup méreni a fixacni stimul

Vysetieni akomodacni facility se provadi s optimalni korekci do ddlky za denniho
osvétleni, kdy pro dobrou cinnost c¢teci karty mUZeme pouZit i pridavné osvétleni.
Vysetfovanému vysvétlime, Ze cilem je po dobu 1 minuty méfit zaostfovaci schopnost oka.
Instruujeme ho, aby se snazil pfi kazdém prehozeni flipru zaostfit fixacni stimul co nejrychleji
a toto zaostfeni oznamil. Nejprve je dobré provést kratkou ukazku, aby vySetfovany postup

méreni snaze pochopil.



Nejprve se méfi binokuldrni akomodacni facilita (BAF) a poté i monokularni
akomodacni facilita (MAF) pro kazdé oko, pficemZ nevysSetfované oko byva zakryto.
Vysetfeni se vidy zacind stimulem uvolfujicim akomodaci. Vysetfujici sleduje pocet
Uspésnych zaostreni a také dobu k tomu potrebnou tak, aby mohl vyhodnotit, zda plsobi

vétsi problémy zaostfeni pres spojna ¢i rozptylna skla.

Fixacni stimul by mél obsahovat jemné detaily vysokého kontrastu. Mze byt pouzita
standardni cteci tabulka, kde sledovany text odpovida fasku o jeden vétsi, nez nejmensi,
ktery vySetfovany dokaze rozlisit (obvykle radek vizu 0,8). Alternativou praktickou zejména
pro vysetfovani déti, které mohou mit problém s pfesnym uréenim zaostfeni, jsou tzv.
accommodative rock cards. VySetrovany zde musi precist slovo ¢i pismeno, které se s kazdym
otocenim flipru zaostfi v po sobé jdoucich polickach. Tim se ujistime, Ze vySetfovany stimul

opravdu zaostfil.
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Obr.3.: Accommodative rock cards a vektogram Bernell ¢.9

(https://www.bernell.com/category/Vectograms-Vectographs,

https://www.acbo.org.au/shop/tests-equipment/product/845-accommodative-rock-cards)

Dalsim vyuZitelnym stimulem je tzv. vektogram Bernell ¢.9, kontrolujici supresi. Jedna

se o polarizovany test s nékolika fadky, kdy jeden fadek je viditelny jen pravym okem, jiny



pouze levym a zbytek vidi obé oci. Tento fixacni stimul je vhodné pouzit, pokud predesla

vySetfeni prinasi podezreni na supresi, ktera by mohla negativné ovlivnit vysledky.

Interpretace hodnot akomodachni facility

Mérenim akomodacni facility hodnotime kvalitu akomodaci a jeji uc¢ast na pohodiném
binokularnim vidéni. Nejprve se vysetfuje BAF. Pokud vykazuje fyziologické hodnoty, znaci to
normdlni akomodacné — vergenéni funkci. Pokud je tato hodnota snizena, prejde se
k monokuldrnimu testovani. V pfipadé, Ze jsou vysledky binokuldrniho méreni nizké, ale
monokularni vysledky v normé, binokularni dysfunkce nesouvisi s akomodacni snadnosti.

Obé snizené hodnoty znaci akomodacni problém.

DulezZité je zhodnotit selhava — |i akomodacni facilita pfi predrazeni spojnych Ci
rozptylnych skel. Snizena BAF pfi prediazeni spojné ¢ocky znaci slabsi konvergenci, pokud se
BAF sniZuje pfi predfazeni rozptylné Cocky, ocekava se slaba divergence. Pfi interpretaci

vysledkl MAF mohou nastat nasledujici situace:

Cocky Interpretace

+ —

OK OK Neni problém v akomodacni facilité.

X X Akomodacni nesnadnost.

X OK Hyperakomodace (exces ¢i spazmus akomdoace).

OK X Problém ve stimulaci akomodace (akomodacni insuficience ¢i ochablost).




Vyzkumna cast:

Cilem diplomové prace je urcit zatizeni vizualniho systému (akomodace) na rizné
pohledové vzdalenosti a prokazat pfinos ¢ocek s relaxacnim (plusovym) pfidavkem do blizka.
Ucelem relaxacnich (Active lens) ¢ocek je uvolnit zvy$enou ndmahu akomodaéniho systému

pri dlouhodobéjsi praci do blizka, kterd muze pfindset unavu oi.

Zatizeni akomodacéniho systému hodnotim prostfednictvim vySetfeni monokularni
akomodacni facility (pouze pro pravé oko) s pouzitim + 1,0 D a + 2,0 D flipru. Fixacnim
stimulem je standardni ¢teci tabulka, radek odpovidajici vizu 0,8. Méren je pocet cykld i cas
potiebny k zaostreni pred spojné a rozptylné sklo. Nasledné do zkusebni obruby pfidavam

sklo +0,5 D imitujici funkci relaxac¢ni ¢ocky a opét promérim obé hodnoty

Hypotézy:

e Pocet cykli bude s pouzitim + 2,0 D flipru nizsi a naopak doba potiebna k zaostteni
pies rozptylné sklo vyssi, coz odpovida vétSimu zatizeni akomodace.

e U myopti bude akomodacni facilita oproti emetroplim snizena.

e Po pridani +0,5 D imitujici relaxacni ucinek Active lens se hodnoty zlepsi (pocet

cykli 1 Cas potiebny k zaostieni).
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Annotation:

This text first describes the term accommodative facility as the ability to change the level of
accommodation according to the desired stimulus and describes the possibilities of its
measurement. The easiest way to test the accommodative facility is to change fixation
between two accommodative stimuli. The standard method is to change the level of
accommodation by using the accommodating flipper. Testing an accommodative facility by
amplitude scale method takes into account the physiological decrease of the accommodative
amplitude with increasing age. Measured values may indicate an accommodative or vergence

problem in the visual apparatus.

Key words: monocular and binocular accommodative facility, flipper, Active lens

Introduction

By sight, as the most important sense we perceive most of the objects from our
surroundings. Daily, even in the simplest activities, we change the visual distance from
further subjects to closer and back. A typical example is the driver who needs to check the
dashboard. Therefore it is extremely important for the visual system to be flexible enough to

accurately and quickly focus on a particular requirement.

Accommodation is the ability of the human eye to see differently distance subjects
clearly. This process isn’t innate, it develops in the first few months of life. Except the
accommodative amplitude, this indicates the maximum focusing ability of the eye. An

accommodative facility is important. It provides information about the flexibility and



accuracy of the response based on the new accommodative requirement. Reducing this
ability can cause typical symptoms (astenopia, discomfort, blurred vision) when working
longer in proximity. The first solution is a visual therapy, used to practice all components of
accommodation. However, it is a time consuming solution, so people often use an optical

glasses for compensation.

Currently the so called ,active lenses“comes in, bringing an attractive solution for
those, who suffer from eye strain. Because of the active lifestyle full of digital device,
number of these people increases. Working with digital device requires constant focusing,
which cause eye stress. The visual system is after all day workout tired. Therefore it’s no
wonder that at the end of the day, the accommodative system is loosing an accuracy and

speed.

Visual system

The human visual system ensures reception of information from the surroundings
transmitted by the light. Then it’s transformation to the neural stimulus led by the visual
path into specialized sphere in the brain. There they are processed to visual perception. So
the light is a bearer of information about external environment, it appears to be a factor of

receiving the information.

The human visual system has a complicated anatomic structure. Generally, it consist
of free parts: a peripheral (bulbus consist of focusing and light — sensitive layers), a
connective (visual pathway) and a central (cortical a subcortical parts of the brain). The
flawless function of a focusing apparatus ensures the impact of the light rays on the retina.
There the photoreceptor luminescent cells are captured. This stimulus causes depolarization
of the cell membrane and the electrical stimulation is led by the visual nerve to the cortical

centers.

An adequate stimulus for the visual system is electromagnetic waves in the range of
visible spectrum, which, according to the physical optics principals, passes through the
optical media. Visual perception arise, when light rays achieve the retina, where is the centre

of a light — sensitive apparatus. The energy of light carrying information from the



environment is by the chemical reactions in the retinal cells, transformed into the electrical

potential.

Accommodative facility

The term accommodative facility describes the ability of the visual system to quickly
and flexibly change the accommodation for various stimuli. It is important for change the
fixation from near to far and back. While the other components (accommodative amplitude,
PRA, NRA) indicate maximal accommodation under different conditions, the accommodative
facility provides information of changing the accommodative level according to the new
requirement. Reduced score of accommodative facility correlates with astenopic problems

when longer proximal working.

Measurement of the accommodative facility

The purpose of this test is to evaluate the persistence and dynamics of the
accommodative reaction. Testing of the accommodative facility is based on the offering two
different visual stimuli. The speed and ease with which the visual system adapts to the
stimulus is tested. Clinically, the accommodative facility is measures by stimulation and
subsequent inhibition of accommodation (for example by the presentation the lens of

different dioptric power).

Results of the accommodative facility are expressed in cycles per minute (cpm). If we
count focus of each stimulus change in one minute, we need to divide the result by two to

get the number of cycles.

Typically, the accommodative facility is first tested monocularly and then binocularly.
The binocular examination evaluates the interaction between accommodative and vergence

system, so it also considers convergence.



Methods of measuring the accommodative facility:

The easiest way to test the accommodative facility is to change fixation between two
accommodative stimuli. The proximal stimulus in at a distance of 40 cm, thereby
accommodation is stimulated. The distant stimulus is located at a distance of 6 m and
releases the accommodation. The patient is asked to transfer fixation from one stimulus to

another for one minute. He reports when the stimulus is seeing clearly.

The commonly used method is testing by optical glass, when the minus lens
stimulates the accommodation and plus lens release it. Many powers of optic lenses may be
used, but empirical testing is done with + 2,0 D lenses. Ideal solution is to use a flipper,
which is a pair of plus and minus lenses. The accommodative stimulus is located at a distance
of 40 cm, the level of the desired accommodation changes by reversing the flipper. The

examination starts with plus lenses and focusing is measured for one minute.

Pic. 1.: Accommodative flipper + 2,0 D (own archive)

Yothers and colleagues point out that the standard measurement of the
accommodative facility is influences by the physiological decline of the accommodative
amplitude by an adult. Next considerations consisted in how is an accommodative
requirement with using a = 2,0 D flipper for a particular individual with a particular

accommodative amplitude.



As an example, a young person with accommodative amplitude 12 D may be
mentioned. The stimulus at a distance of 40 cm creates a requirement of 16% of the total AA
(2,5/12) after addition the flipper, the requirement increases up to 33% of the total AA
(4/12). When considering an adult with amplitude of 5 D, the values will change significantly.
Stimulus at a distance of 40 cm creates requirement of 50% of the total AA (2,5/5). When
using the flipper the requirement increases up to 80% of the total AA (4/5). Therefore
Yothers created an amplitude scale test, where the stimulus distance involved 45% of AA

and flipper 30% of AA.

Amplitude Moze distance (cm) Test distance (cm) Power of flipper (D)
2235 1.5 1.0 *3.25
20, 5.0 110 =3.00
18.25 5.5 120 =275
16.75 6.0 13.5 =250
15.50 6.5 14.5 *=225
14.25 70 15.5 =125
13.25 75 16.5 =2.00
12.50 B0 18.0 =200
11.75 8.5 19.0 =1.75
11040 9.0 200 +1.75
1050 b5 2140 +1.50
1000 10.0 220 +=1.50
9.50 105 235 *=1.50
9,00 11.0 24.5 =1.50
375 11.5 255 +=1.25
8.25 12.0 26.5 =125
H2.00 12.5 280 =125
75 13.0 290 *1.25
750 135 0.0 =1.00
725 14.0 310 = 1.0
700 14.5 3240 =1.00
6.75 15.0 335 +=1.00
6.50 15.5 340 =1.00
6.25 L6.0 355 =1.00
6.} 165 70 +=1.00
] 175 8.5 =14
5.50 18.0 0.5 =0.75
3.25 19.0 425 =75
SNy 200 4.5 =075
475 21.0 470 =75
450 2.0 5 *(L7h

Pic. 2.: Recommended values for testing an accommodative facility by amplitude

scale method.

(SCHEIMAN, Mitchel a Bruce WICK. Clinical Management od Binocular Vision: Heterophoric,
Accommodative, and Eye movement Disorders, 3. vyddni. Philadelphia: Lippincott Williams

&Wilkins, a Wolters Kluwer, 2008. ISBN 978-0-7817-7784-1.)



Measurement process and fixation stimulus

The examination of the accommodative facility is done with optimal distance
correction, in daylight, where additional lighting can be used for better legibility of the
reading card. The patient is instructed that the goal is to measure the focusing ability of the
eye for one minute. The patient is instructed to try to focus the stimulus as quickly as
possible and announce this to the optometrist. Before the measuring is started, it’s
recommended making a short demonstration for the patient, so that the measure process is

well understood.

First the binocular accommodative facility (BAF) is measured, followed by the
monocular accommodative facility (MAF) for each eye, where the other eye is covered.
Examination always begins with releasing stimulus. The examiner monitors the number of
successful focuses and also the time it takes. It's good to evaluate whether there is more

problematic focusing with plus or minus lens.

The fixation stimulus should include details of high contrast. A standard reading table
can be used, where the reading text corresponds to a line greater than the smallest one the
patient can distinguish (usually a visus line of 0,8). Alternatives are accommodative rock
cards, which are useful for testing children who may have a problem with accurate focus
determination. Here patient must read the word or letter that focuses in box with each

flipper rotation. This will make sure the stimulus had really been focused.
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Pic. 3.: Accommodative rock cards and Bernell vectogram No.9



(https://www.bernell.com/category/Vectograms-Vectographs,

https://www.acbo.org.au/shop/tests-equipment/product/845-accommodative-rock-cards)

Another useful stimulus is so called Bernell No. 9, with control of suppression. This is
a polarized test that has one line seen by the right eye, one by the left eye and one by both.
This fixation stimulus should be used if previous measurement reveals suppression that

could affect results.

Interpretation of the accommodative facility values

By measuring the accommodative facility, we evaluate the quality of accommodation
and its participation in comfortable binocular vision. BAF is measured as the first. If the
measure shows physiological values, it means a normal accommodative — vergence function.
If the value is reduced, monocular testing follows. If the binocular results are low, but the
monocular are physiologic, binocular dysfunction is unrelated to accommodative system. In

case both values are low, the accommodative problem is indicated.

It’s important to evaluate, if the accommodative facility fails with plus or minus lens.
Decreased BAF with plus lens means lower convergence and decreased BAF with minus lens
means a lower divergence. When interpreting MAF s results, the following situations may

occur:

Lenses Interpretation

OK OK No problem with accommodative facility.
X X Accommodative Infacility.
X OK Hyperaccommodation (Exces or Spasm of Accommodation).

OK X Problem with an accommodative stimulation (Accommodative Insufficiency).




Research part

The purpose of the diploma thesis is to determine the strain of the visual system
(accommodation) at different visual distance and to prove the benefit of the ,active lenses”.
The purpose of active lenses is to release the accommodative strain caused by longer

proximal working, which may cause eye fatigue.

| evaluate the accommodative strain by examining the monocular accommodative facility (for
right eye only) with using = 1.0 D and + 2.0 D flippers. The fixation stimulus is the standard
reading table, the line correspond to the visus of 0,8. The number of cycles and the time
required to focus on the plus and minus lenses are measured. Then | add + 0,5 D lens which

imitate the function of the relaxation lens and measure both values once again.

Hypotheses:

e The number of cycles will be less when use + 2,0 D flipper and the time required to
focus is higher which correspond to a higher accommaodative strain.

e In myopes, the accommodative facility will be reduced compared to emetropes.

e After adding + 0,5 D imitating the effect of the Active lens, the values will be

improved (the number of cycles and the time required to focus).
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Komparace hodnot predni plochy rohovky u nositelti kontaktnich
cocek
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Anotace:

V diplomové praci je popsana anatomii rohovky, Gullstrandiiv model oka a obeznamuje i o
piistrojich, kterymi lze zakiiveni rohovky méfit a nasledné porovnavat jejich vysledky.
Prakticka ¢ast se zabyvd zménami zakiiveni rohovky pfi noSeni kontaktnich ¢ocek z riznych
materialti. Cilem je urcit, jestli a do jaké miry materialy ¢o¢ek méni zakiiveni rohovky.

Kli¢ova slova: Rohovka, rohovkovy topograf, Autokeratorefraktometr

Anatomie a fyziologie rohovky

Struktura rohovky je popisovana jako prihledna, bezcévnata tkan. V anatomii je brana
jako pokracovani skléry smérem k ptfedni Casti bulbu, toto misto oznacujeme jako limbus
corneae. Rohovka tvoti 2/3 celkové optické mohutnosti oka, takze z optického hlediska
predstavuje velice dilezitou stavbu, ale je pouze jednou ze Ctyf optickych médii. Mezi tato
prostiedi se déle fadi nitroo¢ni tekutina (humor aquosus), ¢ocka (lens) a sklivec (corpus
vitreum).

Na nasledujicim obrazku je viditelné, ze se rohovka sklada z péti nad sebou lezicich
vrstev, a to z epitelu, pod nim lezici Bowmanovy membrany, na kterou navazuje stroma

obalené Descementovou membranou z druhé strany a posledni vrstvou je endotel. [9]

Mezi dilezité parametry rohovky patii jeji tvar, poloméry kiivosti, optickd mohutnost a
astigmatismus.

Epitel

Bowmanova membrana

Stroma

[URT— f Descementova membrana
Endotel

Obrazek 1. Zobrazeni vrstev rohovky [zdroj 14]



Gullstrandiv model oka

Svédsky oftlamolog Alvar Gullstrand popsal zékladni rozméry rohovky pomoci
zjednoduseného Gullstrandova modelu oka pocatkem 19. stoleti. Diky jeho velice podobnému
optickému popisu se dodnes pouziva nejcastéji.

Jeho ptedpokladem bylo to, Ze vSechny soucésti optické soustavy oka jsou kulové.
V jeho popisuje je zahrnuto Sest lomivych ploch — pfedni a zadni povrch rohovky, piedni a
zadni povrch cocky a predni a zadni povrch jadra Cocky. Z tabulky lze vycist parametry
jednotlivych struktur, jako jsou indexy lomu, poloméry kiivosti, optické mohutnosti, ale také
polohy uzlovych nebo hlavnich bodt, at’ uz pti akomodaci nebo pii stavu klidu oka. [1; 4]

1 - pfedni plocha rahovky

2 - zadni plocha rohovky

3 - pfedni plocha Cocky

4 - piedni plocha jadra Cocky
5 - zadni plocha jadra colry
G - zadni plocha codky

A
o

o

12 34 88

e

Obrdazek 2. Gullstranditv model oka, ldmavé plochy [zdroj 2]

Vzdalenost od Polomér | Index lomu Opticka
vrcholu rohovky kiivosti mohutnost
[mm] [mm] D]
Predni plocha rohovky 0 +7.7 - +48.831
Rohovka - 1,376 -5.882
Zadni plocha rohovky +0.5 +6,8 - +43.053
Komorovi voda - 1336
Piedni plocha cocky +3.6 + 10,00 = +5.0
Periferie cocky - 1.386
Predni plocha jadra +4. 146 +7911 =
cocky
Jadro cocky - 1.406 +5,985
Zadni plocha jadra + 6,665 - 5.760 =
cocky
Zadni plocha cocky +72 -6.0 - +8.33
Sklivec = = 1,336 =
Sitnice +24.00 -
Piedmétové ohnisko -15.707 = = =
Obrazoveé ohnisko +24.387 -
Piedmétovy hlavni bod +1.348 - - -
Obrazovy hlavni bod +1.602 -
Piedmérovy uzlovy bod +7.078 - - -
Obrazovy uzlovy bed +7.332 -
Tabulka 1: Parametry Gullstrandova schématického oka, hodnoty odpovidaji

neakomodovanému stavu oka. [zdroj 3]



Vertikalni merididn poloméru kfivosti je mensi nez horizontalni meridian. Hodnota
poloméru kiivosti pfedni plochy rohovky je +7,7 mm, tedy vétsi nez polomér kiivosti zadni
plochy rohovky, ktery nabyva hodnot +6,8 mm. [3; 12]

Tvarové pfipomina rohovka horizontalné ulozenou elipsu, jejiz primérna hodnota linie
vedouci od nazalniho k temporalnimu okraji limbu se pohybuje mezi 11,5 — 12 mm. Ve svém
vertikalnim priméru, od horniho k dolnimu okraji limbu, nabyvéa hodnoty 11 mm. V ptipadé,
ze je horizontdlni primér mensi nez 10 mm, jednd se o abnormalitu oznacovanou jako
mikrocornea, pokud je tento primér vétsi nez 13 mm nazyvame tento stav jako megalocornea.
Je dulezité si uvédomit, ze smérem do periferie se rohovka oplostuje. [4; 12]

Tvar rohovky miZeme oznaCit také jako excentricita rohovky e, kterd vychazi
z tvarové konstanty K. Pro ur€eni tvaru jednotlivych kulovych ploch, si musime vyjadiit
vztahy, kdy polozime vrchol kiivky meridianu plochy rohovky do pocatku, které jsou
znazornény v tabulce 2. [5]

Hyperbola b
¥ =2px+ (5)x
Parabola y:=2px
Elipsa 2 s b
¥ =2~ ()
Kruznice y* = 2px — x°
Obecné y? =2px+/—-Kx*
- b* b*
y =12 (?) +/ (X
Legenda X — soufadmice ve smém osy rotace
¥ — pofadnice kolma k ose x
p = Iy — polomeér kitvosti ve vrchohn
a— délka hlavni velke poloosy
b — délka vedlejsi malé poloosy

Tabulka 2 Vztahy pro vypocet meridianu plochy rohovky poloZeného do pocdtku [zdroj 5]

Pro tvarovou konstantu poté mizeme urcit nasledujici pravidla:
- K< 0 hyperbola

- K =0 parabola
- 0 <K <1 protahla elipsa
- K =1 kruznice
- K> 1 siroka elipsa
Diky znalosti tvarové konstanty K mulZeme nésledné stanovit hodnotu excentricity &, jeji

hodnota se stanovuje vzorcem:
e=a2-b2=r02K2(1-K)

Dle velikosti excentricity ¢ miizeme charakterizovat rtizné tvary jednotlivych fezii v danych

meridianech:
- ¢ = 0 kruznice

-0<eg<1elipsa



- ¢ = 1 parabola

- £>1 hyperbola

Primérné hodnoty excentricity se udavaji mezi 0,35 — 0,55, které odpovidaji rota¢nimu
elipsoidu, jehoz vyskyt je u 70 % rohovek. Strméjsich rohovek je asi 20 %, plossi rohovky se
vyskytuji pouze v 10 %. [5]

Tloustka rohovky je v centralni ¢asti 555 um, do periferie se rohovka ztlustuje az na
hodnotu 1000 pm. [5]

AUTOKERATOREFRAKTOMETR

Béhem jednoho méfeni na tomto piistroji jsme schopni ziskat hned n€kolik parametrt. Jedna
se o0 refrakéni stav oka, nitroo¢ni tlak a keratometrii. Bezkontaktni, velice rychld, presna a
bezbolestna metoda méfeni. Mezi dal$i vyhody méfeni fadime opakovatelnost, moZnost
uloZeni dat a sledovani progrese namétenych hodnot. Keratometrie zahrnuje méteni hodnot
nejplossitho a nejstrméjSiho merididnu rohovky. Obrdzek 3 zndzorfiuje obecny vzhled
autokeratorefraktometru.

Obrazek 3. Autokeratorefraktometr [zdroj 15]

Technické parametry

Moderni autorefraktokeratometry pracuji s infracervenou oblasti zafeni kolem 880 nm,
piicemz nedochazi k oslnéni vySetfovaného oka. Opticky systém pftistroje je dilezity pro
maximalni uvolnéni akomodace. Testova znacka, kterd je promitnuta pfed vySetfované oko,
pomoci zakladnich obrazcli pfedstavuje daleky obraz (napt. dim na horizontu, balén na
obloze). Pii méfeni dochazi ke stiidavému zaostfovani a rozostfovani podle zamlzovaciho
principu. Tzv. pfistrojovd myopie miize vzniknout v piipad¢ netiplného poruseni akomodace a
muze ovlivnit vysledné méteni, az o £ 0,5 D. Pfistroj provede n¢kolik méfeni kviilli mozné
odchylce a vysledna hodnota je zprimérovana z dil¢ich méfeni. [7;9]

Keratometrické tdaje ziskdme pii odrazu od pfedni plochy rohovky, kdy je testova znacka
promitnuta polarizovanym svétlem s vinovou délkou 830 nm. Porovnavame mezi sebou
parsek prichozi a referen¢ni paprsek. Centrace probihd automaticky. Za pomoci tohoto
principu lze zméfit hodnotu minimalniho a maximalniho fezu centra rohovky. [8]

Postup méreni
V prvnim kroku vyzveme vySetfovaného k opfeni brady a cela na ptistrojovou opérku. Oc¢i
musi byt v pozadované vysce, kterou zjistime na bohu opérného systému, vnéjsi koutky



zaroven s kontrolnimi znackami. VySetfovany by mél béhem méfeni byt v klidu a nemél by
mrkat, protoze jinak by doslo ke zkresleni vysledkd. VySetfovany pozoruje testovou znacku,
kterd se béhem méteni zdmérné zaostiuje. VySettujici si na displeji pfistroje zobrazi zornici
pomoci ovladaciho zafizeni. Automatické pristroje poté zahdji méfeni a naméfend data
zpriméruje. U manudlnich ptistroji je nutné provést stiskem tlacitka jednotliva méfeni. Totéz
probihd 1 pti pfesunu na druhé oko. Vysledky lze vytisknout nebo ulozit do paméti pristroje,
dle jeho softwaru.

ROHOVKOVY TOPOGRAF
Princip analyzy probiha na principu Placidovych diski, které jsou odrazeny na povrchu
rohovky, tudiz métime jeji odchylky. Rohovka ma asféricky tvar, proto je dalezité mit, co
nejvice udaju jejiho povrchu. Pro snadnéjsi vysvétleni a odecet dat jsou vysledné hodnoty
zaznamenany do Siroké Skaly barevnych map.
Lze naméfit i status slzného filmu, coz probiha taktéz bezkontaktné, bez bolesti a v realném
Case. [6]

Na obrazku €. 4 je zobrazen vzhled rohovkového topografu.

Obrazek 4. Rohovkovy topograf [zdroj 13]

Princip pristroje

Ptistroj se skldda z hlavice promitajici na povrch rohovky soustiedné bile a ¢erné kruznice.
Odraz je snimam CCD kamerou a pfevadén v digitalni podobé do pocitace k vyhodnoceni
V podobé barevnych topografickych map.

Na povrch je promitano 12 — 24 kruznic v rozsahu rohovky 7 — 9 mm, z nichz muzeme ziskat
2 600 — 22000 bodl, pro které je topograf schopen stanovit pfesnou hodnotu optické
mohutnosti. V realném ¢ase potom muizeme sledovat progresi poloméri kiivosti rohovky.
[10]

Zobrazeni dat:
a) Keratometrické udaje — fadime zde data zobrazované rohovkovym topografem, jako
je optickd mohutnost rohovky a velikosti polomérii kiivosti.
e Fotografie - nam zobrazuji prib&h odrazu Placidovych diskti na pfedni plose rohovky.
U prerusenych kruznic usuzujeme na nejriznéjsi ditvody, kvili kterym nemohla byt
dand ¢ast rohovky zmétena. NejcastéjSimi vadami zobrazeni je nepiesné nastaveni
topografu, mrknuti vySetfované osoby v dobé méfeni nebo v daném misté nelze



rohovku zméfit. Obrazek 5 ukazuje odraz Placidovych diski a ¢ast rohovky, na které
kde nebylo mozni tyto udaje naméftit (leva spodni cast). Celkova kvalita vysetieni se
oznacuje AA a mizeme ji najit pod Cernobilym obrazkem oka v pravém spodnim
rohu. Vyznamna jsou takové hodnoty, u kterych probéhlo méfeni s piesnosti vice jak
65 %. [6]

Mapa priibéhu rohovky — pfehlednd mapa, na které jsou vSechny namétené hodnoty
porovnany s referencni plochou a nasledné vykresleny pomoci barev od tmave Sedé az
po modrou. Hodnoty poloméra kiivosti a barevna $kala jsou znazornény v pravé ¢asti.
Cervené, oranzové (teplé) odstiny zobrazuji vétsi poloméry kiivosti, naopak modré
(chladné) mensi poloméry kiivosti ve srovnani s referencni plochou, coz mizeme
pozorovat na obrazku 5. [6]

Keratometrické hodnoty — hodnoty velikosti horizontalniho a vertikalniho meridianu
véetné piiblizné osy miizeme najit ve spodni poloving.[6]

___Keratometerdaten : Hauptschnitte rechtwinklig (d3mm)
Rh: 7.82mm | 2035 1g 235 10°
Rv: 7.68mmn a

Ast: 0.8dpt

Ach: 235"

Exz.: 021 | 113.5°

AHH: 120 a 2

Obrazek 5 Keratometrické iidaje z rohovkového topografu [zdroj 16]

b) Hodnoty z méieni slzného filmu — pomoci topografu lze métit také stav a vlastnosti

slzného filmu. Tento parametr je dilezity k vyhodnoceni syndromu suchého oka. Tato
funkce je umoZznéna pouze u rohovkovych topografii, které maji pottebny software
pocitace a ur€itou stavbu piistroje. [6]

Diky softwarovému rozsifeni Ize méfit tyto udaje slzného filmu:

Méreni vySky slzného menisku — vypocet vysky slzného menisku je specificky pro
kazdy ptistroj podle vlastnich vyhodnocovacich tabulek. Méfeni probiha pii veétSim
zvétSeni, ze kterého se pomoci tabulek vypocita kvantita slz. Na obrazovém zdznamu
Ize vyhodnotit vysku slzného menisku. [6]

Neinvazivni BUT — ¢esky nazev ¢as do roztrZeni pochazi z anglického Break up time
(BUT). M¢time cas od pocatku méfeni aZ po prvni viditelné znadmky poruSeni
celistvosti slzného filmu. Cely proces je sniman a zaznamendvan kamerou a po

skoneni méfeni se vyhodnoti Cas, ktery byl potiebny k deformaci promitanych
Placidovych diski. [6]



C) Méreni SiFky optické casti rohovky — vySetfeni White to White — diky
softwarovym roz$ifenim mizeme méftit také Sitku optické ¢asti rohovky, tzn. od limbu

Kk limbu. [6]

d) Reakce zornice na osvit — méfeni probihda na principu svételné stimulace 5 az 6
svételnych zableskd, které nasleduji rychle po sobé. Reakce rohovky jsou
zaznamenany rohovkovym topografem. Vysledkem je nejvétsi a nejmensi pramér

zornice. Posouzeni zornicovych reakci slouzi ke zhodnoceni stavu zornic u riznych
chorob. [6]

Postup méreni

NeZ zacneme métit, musi se vySetfovany fadné usadit za ptistroj, vySkoveé upravime sedacku a
opérku brady a poucime vySetfované¢ho, ze béhem meéfeni nesmi mrkat. Nasledné si
vySetfovany opie bradu a Celo a diva se rovné pied sebe, doprostied soustfednych kruznic.
Dalsim krokem je centrace pfistroje tak, aby bylo moZzné piesn¢ zmétit parametry rohovky. Po
nalezeni idealni pozice, pfistroj za¢ne automaticky métit. TotéZ provedeme i na oku druhém.
Vysledné data je mozné ulozit do databéze.
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The diploma thesis describes the anatomy of the cornea, Gullstrand's eye model, and
describes the devices that can measure corneal curvature and then compare their results. The
practical part deals with changes in corneal curvature when wearing contact lenses from
different materials. The aim is to determine if and to what extent lens materials change the
curvature of the cornea.
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Anatomy and Corneal Physiology

The structure of the cornea is described as a transparent, non-cerebellar tissue. In the anatomy,
it is taken as a continuation of the sclera towards the front of the bulb, which is referred to as
limbus corneae. The cornet makes up 2/3 of the total optical power of the eye, making it an
important building from the optical point of view, but it is only one of four optical media.
These environments include humor aquosus, lens lens and corpus vitreum.

The following figure shows that the cornea consists of five layers lying above one another,
from the epithelium underlying the Bowman membrane, followed by the stroma covered by
the Descement membrane from the other side and the last layer is the endothelium.

Epitel

Bowmanova membrana
Stroma

"""""" {7 Descementova membrana

Endotel

Figure 1. Viewing the layers of the cornea



Important corneal parameters include its shape, radius of curvature, optical power and
astigmatism.

Gullstrand's eye model

Swedish optologist Alvar Gullstrand described the basic dimensions of the cornea using the
simplified Gullstrand eye model at the beginning of the 19th century. Thanks to its very
similar optical description, it is still used most often today.

His assumption was that all the components of the optical system of the eye were spherical. It
describes six fractures - the anterior and posterior surfaces of the cornea, the front and the
back surface of the lens, and the front and back surfaces of the lens core. From the table you
can read the parameters of individual structures, such as refractive indices, curvature radii,
optical strength, but also the position of the nodal or main points, whether in accommodation
or in the state of the eye.

1 - pfedni plocha rohavky

2 - zadni plocha rahovky s
3 - pfedni plocha Cocky

4 - piedni plocha jadra ocky

5 - zadni plocha jadra &oéry

G - zadni plocha codky

13 34 88

Figure 2. Gullstrand's eye model, fractured area

Vzdalenost od Polomér | Index lomu Opticka
vrcholu rohovky kiivosti mohutnost
[mm] [mm] D]

Piedni plocha rohovky 0 +7.7 - +43.831
Rohovka - - 1,376 -5.882
Zadni plocha rohovky +0.5 +6.8 - +43,053
Komorovi voda - - 1,336
Predni plocha cocky +3.6 +10,00 - +5,0
Periferie cocky - - 1.386
Predni plocha jadra +4.146 +7.911 -
cocky
Jadro cocky - - 1.406 +5.985
Zadni plocha jadra + 6.665 -5.760 -
cocky
Zadni plocha ¢ocky +72 -6.0 - +833
Sklivec = = 1,336 =
Sitnice +24.00 - -
Piredmétoveé ohnisko -15.707 - - -
Obrazove ohnisko +24.387 - -
Piedmétovy hlavni bod +1.348 - - -
Obrazovy hlavni bod +1.602 - -
Predmétovy uzlovy bod +7.078 - - -

Obrazovy uzlovy bod +7.332 - -



Table 1: Parameters of the Gullstrand schematic eye, the values correspond to the unconfused
state of the eye.

The vertical meridian curvature radius is less than the horizontal meridian. The curvature
radius of the anterior corneal surface is +7.7 mm, i.e. greater than the radius of curvature of
the corneal back surface, which is +6.8 mm.

The cornea resembles a horizontally placed ellipse whose average line value from the nasal to
the temporal edge of the limb is between 11.5-12 mm. In its vertical diameter, from the upper
to the lower edge of the limb, it gains 11 mm. If the horizontal diameter is less than 10 mm, it
is an abnormality known as microcornea, if this diameter is greater than 13 mm, we call it the
magalocornea. It is important to note that the cornea fills in the periphery.

The shape of the cornea can also be referred to as the eccentricity of the cornea, which is
based on the shape constant K. To determine the shape of the individual spherical surfaces,
we must express the relationships when we place the peak of the meridian curve of the
corneal surface at the beginning. (Table 2)

Hyperbola b
¥ =2px+ (A"
a
Parabola y: =2px
Elipsa . b= b* .
¥ =2)x— ()
Kruznice yE = 2px —x?
Obecné ¥ =2px +/—-Kx*
- b* B
y =2 (F) /= p)x
Legenda X —soufadnice ve sméru osy rotace
v — pofadnice kolma k ose x
p =1y — polomér kftvosti ve vrcholu
a — délka hlavni velké poloosy
b — délka vedlejsi malé poloosy

Table 2 Relationships for Meridian Calculation of the Corneal Surface Placed at the Origin

For the shape constant then we can specify the following rules:
- K <0 hyperbola

- K =0 parabola

- 0 <K <1 elongated ellipse

- K=1circle

- K> 1 broad ellipse



Thanks to the knowledge of the shape constant K we can subsequently determine the
eccentricity value € whose value is determined by the formula:

e = a2-b2 = r02K2 (1-K)

Depending on the size of eccentricity € we can characterize the different shapes of individual
cuts in given meridians:

- ¢=0circle

- 0 <e <1 ellipse
- ¢ = 1 parabola
- &> 1 hyperbola

Average eccentricity values are between 0.35 and 0.55, which correspond to the rotational
ellipsoid, which is found in 70% of the corneas. Steeper corneas are about 20%, flatter
corneas occur in only 10%.

The corneal thickness is 555 um in the central part, with the cornea thickening to the
periphery to 1000 pm.

AUTOKERATOREFRAKTOMETR

During one measurement on this unit, we are able to get several parameters at a time. This is
the refractive state of the eye, intraocular pressure and keratometry. Non-contact, very fast,
accurate and painless measurement method. Other merits include repeatability, data storage
and monitoring of measured values. Keratometry involves measurement of the highest and
steepest meridian values of the cornea. Figure 3 shows the general appearance of an
autocatreorefractometer.

Figure 3. Autokeratorefractometer



Technical parameters

Modern autorefractokeratometers work with an infrared radiation region around 880 nm,
without glare of the examined eye. The optical system of the device is important for
maximum relaxation of accommodation. The test mark, which is projected before the eye
under investigation, using the basic patterns represents a far-reaching image (eg house on the
horizon, balloon in the sky). In the metering process, the focusing and blurring is blurred
according to the misting principle. The so-called instrumental myopia may arise in case of
incomplete disturbance of accommodation and may affect the resultant measurement by up to
+ 0.5 D. The device performs several measurements due to possible deviation and the
resulting value is averaged from partial measurements.

Keratometric data is obtained from reflection from the anterior surface of the cornea, where
the test mark is projected by polarized light with a wavelength of 830 nm. We compare
incoming parcel and reference beam between each other. Centration takes place
automatically. Using this principle, the value of the minimum and maximum cuts of the
cornea center can be measured.

Measurement procedure

In the first step, we invite the investigator to restrain the chin and forehead to the instrument
support. The eyes must be at the desired height, which we find on the god of the support
system, the outer corners with the control marks. The investigator should be calm during the
measurement and should not wink, otherwise the results would be distorted. The investigator
observes the test mark that deliberately focuses during the measurement. The investigator will
display the pupil on the display with the control device. Automatic devices then initiate
measurement and averaged measured data. For manual devices, you need to press the
individual measurements button. The same goes for the second eye. The results can be printed
or stored in the device memory according to its software.

CORNEAL TOPOGRAPH

The principle of analysis is based on the Placid disc principle, which is reflected on the
surface of the cornea, so we measure its variations. The cornea has an aspherical shape, so it
is important to have as much data as possible on its surface. For easier explanation and data
readout, the resulting values are recorded in a wide range of color maps.

The status of the tear film can also be measured, which is also contactless, painless and real-
time. Figure 4 shows the appearance of a corneal topographer.



Figure 4. Corneal topograph

Device principle

The device consists of a head projected onto the surface of the concentric white and black
circles. The reflection is captured by a CCD camera and transferred in digital form to a
computer for evaluation in the form of color topographic maps.

The surface is projected to 12 - 24 circles in the cornea range of 7 - 9 mm, from which we can
obtain 2 600 - 22 000 points, for which the topographer is able to determine the exact value of
the optical power. In real time, we can then monitor the progression of radii of curvature of
the cornea.

Data View:

a) Keratometric data - here is the data displayed by a corneal topographer, such as the
corneal opacity and the radius of curvature.

* Photos - show us the course of reflection of Placid discs on the front of the cornea. We
consider the broken circles for a variety of reasons for which a given part of the cornea could
not be measured. The most common display defects are inaccurate topographer settings, blink
of the person under investigation at the time of measurement, or the cornea can not be
measured at the given site. Figure 5 shows the reflection of Placid disks and the part of the
cornea where it was not possible to measure this data (left bottom). The overall quality of the
examination is AA and can be found under the black and white eye image in the lower right
corner. Significant are those values that have been measured more than 65% accurate.

« Corneal Map - a clear map where all the measured values are compared to the reference
surface and then drawn using dark gray to blue. The values of the radii of curvature and the
color scale are shown on the right. Red, orange (warm) shades show larger radii of curvature,



while blue (cold) smaller radii of curvature compared to the reference surface, as shown in
Figure 5.

» Keratometric values - the values of the horizontal and vertical meridian sizes including the
approximate axis can be found in the lower half.

......
/

.......

Keratometerdaten : Hauptschnitte rechtwinkdig [d*3mm)

Rh: 7.82mm| 2035 1g 235 | 9t
Roviboml = N, N
Ast: -0.80p : g e
Ach: 235" TN/ . 3

Exz.: 021 | 135 5 293.5" )
AHH: 121 4 2 2 4 | AATZ%

Figure 5 Keratometric data from a corneal topograph

b) Tear film measurements - using the topograph, the tear film status and properties can also
be measured. This parameter is important for evaluating dry eye syndrome. This feature is
only available to corneal topographers who have the required computer software and a
particular device construction.

With software extension, you can measure the following tear film data:

» Measurement of the height of tear meniscus - the calculation of the height of the tear
meniscus is specific for each device according to its own evaluation tables. Measurement
takes place at a larger magnification, from which the tear quantity is calculated using the
tables. In the image record, you can evaluate the height of the tear meniscus.

* Non-invasive BUT - the Czech name break time comes from the English Break Up Time
(BUT). We measure the time from the beginning of the measurement to the first visible signs
of breaking the integrity of the tear film. The whole process is captured and recorded by the
camera, and after the measurement is completed, the time it takes to deform the projected
Placid discs is evaluated.



c) Measurement of the width of the optical part of the cornea - White to White
examination - thanks to the softvar enlargement we can also measure the width of the optical
part of the cornea, from language to language.

d) Response of the pupil to the light - measurement takes place on the principle of light
stimulation of 5 to 6 light flashes, which follow quickly in succession. Corneal reactions are
recorded by a corneal topograph. The result is the largest and smallest pupil diameter.
Assessment of pupil responses serves to evaluate pupil status in various diseases.

Measurement procedure

Before we begin measuring, we must examine the device properly, adjust the seat and chin
support height and instruct the investigated person not to blink during the measurement.
Subsequently, the investigated man rests his chin and forehead and looks straight ahead in the
center of concentric circles. The next step is to center the device so that it can accurately
measure the corneal parameters. Once the ideal position is found, the device automatically
starts measuring. We will do the same thing on the other's eye. The resulting data can be
stored in the database.
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Slzny film a o¢ni povrch v populaci pacienti s kataraktou

Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Slzny film, jeho kvantita a kvalita se v pribéhu zivota méni. Po operaci Sedého zékalu si
pacienti mohou zaclit stéZovat na pocity suchych oci, které do t¢ doby nikdy nepocitovali
a prisuzovat tyto potize pravé operaci katarakty. Pacient vSak mohl ptiznaky syndromu trpét
I pfed operaci, jen si je tfeba neptipoustél. Proto je dulezité pied operaci i po operaci katarakty
kvalitu a kvantitu slzného filmu vySetfit a nasledné obé tyto hodnoty porovnat. Na vznik
syndromu suchého oka totiz v nékterych piipadech mize mit vliv 1 operace katarakty, otazkou
je vsak, jak velky tento vliv bude a u jakého mnoZstvi pacienti se syndrom suchého oka

po operaci katarakty projevi.

Povrch oka — rohovka a slzny film

Rohovka je transparentni tkan, tvofici pfedni Cast pevného obalu oka. Je mechanickou
bariérou mezi nitrem oka a zevnim prostiedim, spole¢né se spojivkou, sklérou a slznym

filmem.

Slzy maji za kol zvlhCovat povrch oka. Jejich piisobeni na povrchu oka umoziuje kvalitni
zobrazeni predmétii na sitnici, napomahaji kvalitnimu optickému zobrazeni. Slzy zajistu;ji
vyplaveni metabolitii, starych epitelidlnich bun€k a necistot, z ¢asti vyzivuji rohovku a maji
antibakteridlni u€inek. Hlavni tvorba slz je zajistovana slznou zldzou, z mensi Casti jsou za
tvorbu slz zodpovédné 1 ptidatné Zl1azy spojivky a vicek. Slzy jsou z oka odvadény odvodnymi
slznymi cestami, které jsou tvofeny slznymi body, slznymi kandlky, slznym vakem a
spole¢nym slzovodem usticim do nosu. Tvorba a odvodni systém slz jsou za standardnich

podminek v rovnovaze.

Slzny film pokryvd povrch rohovky a jeho funkci je jak mechanickd, tak imunologicka
ochrana povrchového epitelu rohovky. Tloustka slzného filmu je 7 mikrometrii a skladé se

ze tii vrstev, olejové, vodni a mucinové. Ty v sebe plynule pfechazeji.

Olejova vrstva je silnd 0,5 mikrometru. Je tvofena lipidy, které jsou secernovany

Meibomskymi zlazkami a mé za ukol zabranit odpatovani vodné slozky slzného filmu.



Vodni vrstva ma tloustku kolem 6 mikrometrti a je tvofena sekreci piidatnych slznych zlaz

ulozenych ve spojivce. Na reflexnim slzeni se podili vickova a o¢nicova ¢ast slzné zlazy.

Mucinova vrstva je produkovana poharkovymi buiikami, které se nachazi ve spojivce. Snizuje
povrchové napéti rohovky a umoznuje ptilnuti vodné slozky slzného filmu na hydrofobni

povrch epitelu rohovky.

Rohovka je tvofena péti vrstvami. Nejzevnéjs$i vrstvou je epitel rohovky, dale je to
Bowmanova membrana, stroma, Descemetova membrana a rohovkovy endotel. Pro
problematiku slzného filmu je nejzajimavéjsi vrstvou epitel rohovky. Epitel rohovky
je uspofadan do Ctyi az Sesti vrstev a predstavuje 10 % rohovkové tloustky. Ma rychlou
schopnost regenerace. Rohovkovy epitel se obnovuje primérné¢ kazdych 7 dni. Za tuto

schopnost jsou odpovédné limbalni burky.

Povrch epitelu tvoii mikroklky, které umoznuji pfilnuti mucinové vnitini vrstvy slzného

filmu. NeporuSeny povrch epitelu brani vniknuti infekce do rohovky.

Lipidova vrstva
\ ) X ,
Vodni vrstva . ’, \
! \ J «.‘ / ! ‘\\
YW Y. N \ vl
)N 3 ! ¥\ \/ =  J
Mucinova vrstva I~/ N /\ ! | . / - ' ’ ; / /

Epitel rohovky

Obrdzek 12: Vrstvy slzného filmu

Rohovka je vyzivovana vyzivnymi metabolity (aminokyseliny a gluk6za) a zasobovana
kyslikem tfemi cestami: difuzi z kapilar limbu, difuzi a aktivnim transportem z komorové

tekutiny (hlavné gluko6za) a difuzi z prekornedlniho slzného filmu (hlavné kyslik).



Patologie slzného filmu a syndrom suchého oka

Syndrom suchého oka fadime k nejcastéjSim ocnim onemocnénim. Charakterizuje ho
nestabilni slzny film a jeho zvySena osmolalita. Klasifikace syndromu suchého oka je velmi

v

slozitd a na jeho vzniku se podili velké mnozstvi lokéalnich a celkovych pticin.

Z lokalnich pfi¢in je to avitamindza A, kterd vede k Serosleposti a naruseni povrchu rohovky.
Dalsi pfi¢inou mtize byt poskozeni trigeminalniho nervu v dasledku operaci nebo refrakénich
zakrokl na rohovce. Problémy mohou vzniknout rovnéz aplikaci lokéaIni anestezie rohovky ¢i
jejim predavkovanim, velmi Castou pticinou vzniku syndromu suchého oka je také noSeni

kontaktnich ¢ocek.

Syndrom suchého oka se objevuje pii dystrofii rohovky, v disledku poruchy postaveni vicek
nebo napt. u obrny licniho nervu pti lagoftalmu (neuplné dovieni o¢ni Stérbiny). V takovém

piipad€ neni porusena tvorba slz, ale je naruSen pohyb slz na povrchu oka.

Vyrazné mohou ovliviiovat metabolizmus slz a jejich produkci 1 néktera celkova onemocnéni.
Pti¢inou mohou byt hormonalni zmény estrogenli, androgenli nebo pfitomnost prolaktinu
béhem téhotenstvi. Velmi Casto se syndrom suchého oka vyskytuje u zen po menopauze.

Poruchy slzné Zlazy mohou zpiisobit i nékterd autoimunitni onemocnéni.

Syndrom suchého oka mohou pocitovat osoby v klimatizovanych nebo zakoutenych
mistnostech. Pti¢inou byva dlouhodob¢ sledovani pocitacovych monitora, kdy pti soustiedéni
pacient mén¢ Casto mrkd, ¢imz se zvySuje odpafovani slz. V1iv pfi vzniku obtizi ptiznaénych
pro syndrom suchého oka maji néktera IéCiva s hyposekrecnim ufinkem na slznou zlazu.

Nejvice byva poskozena vodna slozka slzného filmu.

Formy syndromu suchého oka je mozné rozdélit podle toho, kterd ze slozek slzného filmu
(mucinové, vodné a lipidov€é) je poSkozena, dile mize byt zplisoben onemocnénimi

vzniklymi kvili poruSe funkce vicek. Zvlastni formou syndromu suchého oka je epitelopatie.

K zdznamu rozmanitych symptoma syndromu suchého oka byl vytvofen specidlni dotaznik,
ktery slouzi k vyjadfeni tzv. Ocular Surface Disease Index (OSDI), coz miizeme pielozit jako
index onemocnéni povrchu oka. V dotazniku se ptdme na anamnestické udaje pacienta.
Je znamo velké mnozstvi variant tohoto dotazniku, podle obtiznosti pouziti pro pacienta.
Dotaznik OSDI se zaobira ¢astymi ptiznaky suchého oka jako je pocit ciziho téliska ¢i pisku
Vv ocich, citlivé oci ¢i zhorSené vidéni. Pomoci dotazniku rovnéz zjiStujeme, zda se problémy
U pacienta vyskytuji pfi provadéni urcitych aktivit, jako je ¢teni, sledovani televize, v noci pfi

fizeni motorovych vozidel, v klimatizovaném prostfedi nebo v mistnostech s nizkou vlhkosti.



Ocular Surface Disease Index® (OSDI®)?

Ask your patients the following 12 questions, and circle the number in the box that best represents each
answer. Then, fill in boxes A, B, C, D, and E according to the instructions beside each.

; All Most Half Some None
Have you experienced any of the of the of the of the of the of the
following during the last week? time time time time time
1. Eyes that are sensitive to light? . . 4 3 2 1 0
2. Eyes that feel gritty? . .. ........ 4 3 2 1 0
3. Painful or sore eyes? .......... 4 3 2 1 0
4. Blurred vision? ............... 4 3 2 1 0
5 Poorwision? ................. 4 3 2 1 0
Subtotal score for answers 1to 5
Have problems with your eyes All Most Half Some Neone
limited you in performing any of of the of the of the of the of the
the following during the last week?  time time time time time N/A
6. Reading?.................... 4 3 2 1 0 NA
7. Driving atnight? . ............. 4 3 2 1 0 N/A
8. Working with a computer or 4 3 2 1 0
bank machine (ATM)?.......... N/A
9. Watching TV? ................ 4 3 2 1 0 NA
Subtotal score for answers 6 to 9
Have your eyes felt uncomfortable All Most Half Some None
in any of the following situations of the of the of the of the of the
during the last week? time time time time time N/A
10. Windy conditions?............. 4 3 2 1 0 N/A
11. Places or areas with low
humidity (very dry)? .......... 4 3 2 1 0 N/A
12. Areas that are air conditioned?. . . 4 3 2 1 0 N/A

Subtotal score for answers 10 to 12

Obradzek 13: OSDI test
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Obrdzek 14: Vyhodnoceni OSDI testu

VySsetieni kvality a kvantity slzného filmu

Slzny film mtZeme vySetfit pomoci Stérbinové lampy. VySetfenim na Stérbinové lampé
hodnotime okraje vicek a Meibomské Zlazy, a to jejich pocet a Usti do spojivky. Métime
vysku slzného menisku na okraji dolniho vicka. Normalni vyska slzného menisku je 0,2 mm.

Déle hodnotime stav spojivky a rohovky.
Slzny film miZeme hodnotit také pomoci diagnostickych testt.

Pro kvantitativni posouzeni slzné¢ho filmu nejcastéji provadime Schirmertv test | a Il.
Schirmeriv test I méfi totalni sekreci slz a do oka se pred vySetfenim neaplikuje anestezie.
K vySetfeni se pouZzivaji prouzky filtraéniho papiru 5 x 35 milimetrQ, které se vkladaji zevné
za okraj vi¢ka. Hodnoty u zdravého oka jsou nad 15 milimetri za 5 minut, hodnoty 10-15
milimetrt piedstavuji pocateni deficit kvantity slzného filmu a hodnoty 5-10 milimetrd
pokrocily deficit tvorby slz. Pokud pacient naslzi méné nez 5 milimetrti, znaci to tézky deficit
tvorby slz. Schirmertv test slouzi také ke zjisténi bazalni sekrece slz pti eliminaci reflexniho
slzeni. Test se provede stejnym zplsobem, jak bylo uvedeno vySe, ale provadi se aplikace
lokalniho anestetika, a navic je tento test praktikovan v zatemnéné mistnosti. Schirmertv

test II urCuje reflexni sekreci slz — bez aplikace anestetika. Pribéh testu je stejny jako u

Schirmerova testu I, ale po zavedeni prouzkt podrazdime povrch spojivky vatovou §tétickou.
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Obrdzek 15: Schirmeruv test

Stabilitu slzného filmu méfime pomoci break-up time testu (BUT). Do oka kapneme
fluorescein. Po obarveni fluoresceinem pozaddme pacienta, aby nemrkal. Na $térbinové lampé
s modrym kobaltovym filtrem sledujeme ,roztrzeni“ stejnomérného tenkého filmu
fluoresceinu na povrchu rohovky. Normalni hodnoty BUT jsou nad 15 sekund, hodnoty 5-10
sekund znaci mirny pokles stability slzného filmu a hodnoty pod 5 sekund vyrazné snizeni

stability slzného filmu. Vysetieni se provadi bez piedchozi aplikace anestezie.

Dopliujicimi  metodami vySetfeni slzného filmu jsou barvici metody, jako barveni
0,1% fluoresceinem (prinik barviva povrchovymi defekty epitelu) ¢i 1% bengalskou Cerveni

(barvi poskozené burniky epitelu spojivky a rohovky).

Klinické projevy syndromu suchého oka

Subjektivni projevy syndromu suchého oka vnimaji pacienti riizné. Casto je udavan pocit
sucha, pocit ciziho téliska v oku, paleni oka. V pokrocilém stddiu miize pacient pocit'ovat
bolestivost a citlivost na svétlo, dale se miZe vyskytovat zarudnuti o¢i nebo svédéni. U
nékterych pacientll se miiZze béhem dne ménit kvalita vidéni. Subjektivni projevy lze vyjadfit

stupeinl — stfedné tézky, 5. stupeil — t&zky.

Pfi prvnim stupni onemocnéni jiz u pacienta doslo k poklesu tvorby slz, ptiznaky vSak pacient

témét nikdy nepocituje. Symptomy, jako je pocit suchosti, inava, a obCasné rozmazané



vidéni, se objevuji pouze v nekterych ptipadech, a to naptiklad pokud se pacient pohybuje
Vv prostorach s klimatizaci. Pfi mirném stupni se u pacienta projevuji ptiznaky suchosti casto.
Tento stupent postizeni syndromem suchého oka je Casto zaménovan s infekénim nebo
alergickym zanétem spojivek. U tretiho, zavaznéjsiho, stupné se kromé vyse uvedenych
symptomul u pacienta projevuji nevratné zmény, jako jsou keratopatie nebo vznik skvrn na
o¢nim povrchu. Pfi stiedné tézkém stupni se objevuji trvalé znaky syndromu suchého oka,
mize se objevit leukom, neovaskularizace rohovky, ¢i jiné trvalé poskozeni rohovky. U

tézkého stupné poskozeni rohovky zplisobuje vice ¢i méné zdvaznou a trvalou ztratu zraku.

Objektivnimi projevy mohou byt porucha lipidové slozky, porucha vodné slozky, porucha

mucinove slozky, porucha postaveni a funkce vicek a epitelopatie.

Porucha mucinové vrstvy se mize objevovat pii nedostatku vitaminu A. Vitamin A kontroluje
diferenciaci epitelovych bun¢k pti jeho deficitu dochazi ke zvySené produkci keratinizujicich
bunck. Snizend produkce hlenu pak vede k nestabilité¢ slzného filmu, coZ se projevi pfi

vysetteni kvality slzné¢ho filmu pomoci BUT testu.

Porucha vodné vrstvy vede ke snizené omyvaci schopnosti slzného filmu. Projevuje se
zvysenou pritomnosti nerozpusténych mucinovych vlaken v dolnim fornixu, u tézSich forem

je pritomna Keratitida.

Porucha lipidové vrstvy se projevuje jako chronicka blefaritida, jsou pfitomny viditelné krusty
mezi fasami, jsou ucpané¢ vyvody Meibomskych Zlaz, okraje vicek mohou byt zarudlé

a ztlustélé.

Porucha postaveni a funkce vicek se muze vyskytovat napiiklad u expozi¢ni keratitidy
v disledku poruchy n. facialis. Poruchy mrkani a zvySena expozice rohovky po obrné
n. facialis maji za nasledek osychani epitelovych bunék, nedostate¢nou hydrataci rohovky

S poruSenim bazalni membrany a vzniku defektu rohovky — keratitis ¢ lagoftalmo.

Epitelopatie je jednou z vzacnégjsich pficin syndromu suchého oka. Vyskytuje se u dystrofii
rohovky, dale u nerovnosti povrchu rohovky, v pfitomnosti rohovkovych jizev, pii elevacich
nebo erozich rohovky nebo jako nasledek anestezie rohovky, kdy mize dojit k poruse
inervace rohovky postizenim n. trigeminus. Nej€astéjsi pfi¢inou poruchy inervace rohovky
byva infekce herpetickymi viry (herpes simplex a zoster), ozafeni v oblasti oka nebo
chirurgicky zakrok (napf. operace katarakty). NaruSeni inervace rohovky vede k poruse
funkce rohovkového epitelu. Projevuje se nejcastéji jako teckovitd epitelopatie, kterou

muzeme identifikovat pomoci fluoresceinového barveni.



Obrdzek 16: Teckovitd epitelopatie

Zmény slzného filmu souvisejici s vekem

VétSina télesnych tkani s vékem degeneruje. Tvorba slz se zaCind snizovat kolem 30. roku
veéku. Tvorba slz vSak stale pievySuje bazalni pozadavky a lidé kolem tficitky nevykazuji
symptomy. Kritické¢ urovn¢ dosahne tvorba slz kolem 45. roku véku, kdy uz lidé zac¢inaji za
urcitych okolnosti zaznamenavat symptomy suchého oka. Valna vétsina lidi ale uz pociti jisty
stupet syndromu suché¢ho oka kolem 60. roku véku (napt. pfi noSeni kontaktnich Cocek,
Vv klimatizovanych prostorech nebo v noci). Tato suchost je soucésti tzv. multiexokrinni

xerozy, coz dale zahrnuje suchd usta, suché hrdlo, suchy nos apod.

Dalsi pfi¢inou syndromu suchého oka mohou byt anatomické zmény. Slzné body jsou
umistény zhruba 6 milimetrd od vnitiniho koutku na okraji horniho a dolniho vicka. Jejich
velikost je pfiblizné 0,25 milimetrt, v mlad$im v€ku maji spiSe ovalny tvar a jsou natoceny
smérem k bulbu. S nartstajicim vékem slzné body piechazeji ve stérbinovity tvar a dochazi k
jejich vyto€eni smérem od bulbu, coz mize ptispivat k horsi funci slznych cest, a tedy ke

vzniku syndromu suchého oka.



Hormonalni zmény a slzny film

Vylucovani nékterych zlaz souvisi s tvorbou androgenil, estrogeni a prolaktinu. Problém
suchych o¢i se muze objevit béhem kojeni, pfi odnéti pohlavnich zldz, béhem starnuti,
piiuzivani antikoncepce na bazi estrogenu a béhem klimakteria a v obdobi po menopauze.
Po menopauze (mezi 48 az 52 lety) se uréity stupen suchosti projevuje u vSech Zen — suchost

o¢i, rtl, nosu atp.

Zaveér

Slzny film je ovliviiovan obrovskym mnozstvim faktord, jednim z nich je starnuti a také
hormonalni zmény u Zen. Pokud chceme zjistovat, zda méla operace katarakty vliv ve smyslu
vzniku syndromu suchého oka, je nutné pacienta tedy vySettit i pied opera¢nim zakrokem.
Ve své diplomové praci budu méfit kvantitu slzného filmu pomoci Schirmerova testu I bez
anestetika. B€hem n¢j s pacientem vyplnim dotaznik OSDI. Dale u pacienta budu méfit
kvalitu slzného filmu pomoci fluoresceinového BUT testu. Pomoci fluoresceinu také
zkontroluji povrch epitelu rohovky — zda se nevyskytuje teckovita epitelopatie. Méteni budu
provadét bezprostiedné pred operaci Sedého zakalu a poté tyden po operaci. Z vysledka
piredoperacniho métfeni posoudim, kolik pacientt jiz trpélo néjakou poruchou slzného filmu a
také zjistim, zda jsou syndromem suchého oka postizeny spiSe zeny nebo muzi. Z vysledki
pooperac¢niho méfeni urc¢im, jakd je incidence vzniku syndromu suchého oka v disledku

operacniho zasahu do oka.
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Introduction

Tear film, its quantity and quality change over the course of life. After a cataract surgery,
patients may start complaining of dry eye feelings they have never felt and assign these
problems to cataract surgery. However, the patient may have symptoms of the syndrome even
before surgery, but it is not necessary to admit it. Therefore, it is important to investigate the
quality and quantity of tear film prior to surgery after cataract surgery, and then compare both
of these values. Some cases of cataract surgery may also affect the onset of dry eye syndrome,
but the question is how large this effect will be and how many patients with dry eye syndrome
after cataract surgery will be affected.

Eye surface - cornea and tear film

The cornea is a transparent tissue that forms the front part of the firm eye layer. It is a
mechanical barrier between the inside of the eye and the external environment, together with

conjunctiva, sclera and tear film.

Tears are intended to wet the surface of the eye. It’s impact on the surface of the eye allows
for high-quality objects projection on the retina and help with high-quality optical imaging.
Tears ensure the washing away of metabolites, old epithelial cells and impurities, in part
nourish the cornea and have an antibacterial effect. The main tear production is provided by
the tear gland, and in smaller part the additional glands of the conjunctiva and the eyelids are
responsible for tear formation. Tears are drawn from the eye through drainage tear paths,
which are made up of lacrimal puncta, lacrimal canals, lacrimal sac, tears and nasolacrimal

ductus which leads to nose. Creation and drain system are in balance in standard conditions.

Tear film covers the surface of the cornea and its function is both mechanical and

immunological protection of the corneal epithelium of the cornea. The thickness of the tear



film is 7 microns and consists of three layers — oil, water and mucin. They go smoothly over
each other.

The oil layer is 0.5 micron thick. It is made of of lipids that are secreted by Meibom glands
and is designed to prevent evaporation of the aqueous component of the tear film.

The water layer has a thickness of about 6 microns and is formed by the secretion of
additional tear glands stored in the conjunctiva. Reflex tearing is caused by the cap and eyelid

part of the tear gland.

The mucin layer is produced by cup cells located in the conjunctiva. It reduces the corneal
surface tension and allows the aqueous component of the tear film to adhere to the
hydrophobic surface of the corneal epithelium.

The cornea consists of five layers. The outermost layer is the corneal epithelium, the Bowman
membrane, the stroma, the Descemet membrane and the corneal endothelium. For the tear
film issue, the most interesting layer is the epithelium of the cornea. The epithelium of the
cornea is arranged in about four to six layers and represents 10% of the corneal thickness. It
has a rapid regeneration capability. Corneal epithelium is renewed on average every 7 days.

Limb cells are responsible for this ability.

The surface of the epithelium forms micelles that allow adhesion of the mucin inner layer of
the tear film. The intact surface of the epithelium prevents the infection from entering the

cornea.
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Picture 1: Layers of the tear film

The cornea is nourished by nutritious metabolites (amino acids and glucose) and supplied by
oxygen in three ways: diffusion from limb capillaries, diffusion and active transport from

ventricular fluid (mainly glucose) and diffusion from precorneal tear film (mainly oxygen).

Pathology of tear film and dry eye syndrome

Dry eye syndrome is one of the most common ocular disorders. It is characterized by an
unstable tear film and its increased osmolality. Classification of dry eye syndrome is very

complex and a large number of local and general causes are involved in its formation.

Local causes are avitaminosis A, which leads to blindness and disturbance of the surface of
the cornea. Another cause may be trigeminal nerve damage due to corneal surgery or
refractive surgery. Problems may also arise from the application of local anesthesia or
overdose of the cornea, and the use of contact lenses is a very common cause of dry eye

syndrome.

Dry eye syndrome occurs in corneal dystrophy due to a disorder of the eyelid or, for example,
in the paralysis of the facial nerve in the lagophthalm (incomplete opening of the eye socket).
In this case, the tear formation is not impaired, but the tear movement is disturbed on the

surface of the eye.



It can significantly affect the metabolism of tears and their production as well as some general
diseases. The cause may be hormonal changes of estrogen, androgen or the presence of
prolactin during pregnancy. Very often dry eye syndrome occurs in postmenopausal women.

Troubled glands can also cause some autoimmune diseases.

Dry eye syndrome may be felt by people in air-conditioned or smoky rooms. The reason is
long-term watching computer monitors, when the patient tends to blink at concentration,
which increases the evaporation of tears. The effects on the symptoms of dry eye syndrome
have some drugs with a hypo-creep effect on the lacrimal gland. The water component of the

tear film is most often damaged.

Dry eye syndrome forms can be divided according to which of the components of the tear
film (mucin, water and lipid) is damaged, it can also be caused by diseases caused by a faulty
function of the eyelids. A special form of dry eye syndrome is epitheliopathy.

To record the multiple symptoms of dry eye syndrome, a special questionnaire was created to
describe the Ocular Surface Disease Index (OSDI). In the questionnaire we ask the patient’s
anamnestic data. A large number of variants of this questionnaire are known, depending on
the difficulty and complexity of the questionnaire. The OSDI questionnaire deals with
frequent dry eye symptoms such as the feeling of a foreign body or sand in the eyes, sensitive
eyes or impaired vision. Using the questionnaire we also find out if patient’s problems occur
when performing certain activities such as reading, watching television, driving at night, in an

air-conditioned environment, or in rooms with low humidity.



Ocular Surface Disease Index® (OSDI®)*

Ask your patients the following 12 questions, and circle the number in the box that best represents each
answer. Then, fill in boxes A, B, C, D, and E according to the instructions beside each.

. All Most Half Some MNone
Have you experienced any of the of the of the of the of the of the
following during the last week? time time time time time
1. Eyes that are sensitive to light? . . 4 3 2 1 0
2. Eyes that feel gritty? . .......... 4 3 2 1 0
3. Painful or sore eyes? .......... 4 3 2 1 0
4. Blurred vision? ............... 4 3 2 1 0
5. Poorvision? ................. 4 3 2 1 0
Subtotal score for answers 110 5
Have problems with your eyes All Most Half Some None
limited you in performing any of of the of the of the of the of the
the following during the last week? time time time time time N/A
6. Reading?.................... 4 3 2 1 0 /A
7. Driving at night? .............. 4 3 2 1 0 N/A
8. Working with a computer or 4 3 2 1 0
bank machine (ATM)?.......... N/A
9. Watching TV? ................ 4 3 2 1 0 N/A
Subtotal score for answers 6 to 9
Have your eyes felt uncomfortable All Most Half Some None
in any of the following situations of the of the of the of the of the
during the last week? time time time time time N/A
10. Windy conditions?............. 4 3 2 1 0 N/A
11, Places or areas with low
humidity (very dy)? ........... B 3 ; L 0 NA
12. Areas that are air conditioned?. . . 4 3 2 1 0 N/A

Subtotal score for answers 10 to 12

Picture 2: OSDI
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Picture 3: Results of OSDI

Examination of the quality and quantity of tear film

The tear film can be examined using a slit lamp. By examining the slit lamp, we evaluate the
edges of the eyelids and the Meibom glands, their number and the mouth of the conjunctiva.
We measure the height of the lazy meniscus on the edge of the lower eyelid. The normal
height of the tear meniscus is 0.2 mm. We further evaluate the conjunctival and corneal

condition.
Tear film can also be evaluated using diagnostic tests.

For the quantitative assessment of tear film, we mostly perform Schirmer's tests I. and II.
Schirmer's test I. measures total tear secretion and anesthesia is not applied to the eye prior to
examination. For screening, 5 x 35 mm filter paper strips are used to insert the outside of the
lid. The values in the healthy eye are above 15 millimeters in 5 minutes, and the 10-15
millimeter values represent the initial deficiency of the tear film quantity and the 5-10
millimeters of advanced tear deficiency. If the patient tears less than 5 millimeters, it means a
heavy tear production deficit. Schirmer's test is also used to detect basal secretion of tears
while eliminating reflex tearing. The test is carried out in the same manner as described
above, but local anesthetic administration is performed and, in addition, this test is practiced

in a darkened room. Schirmer's test Il. determines the reflex tear secretion - without



application of anesthetics. The course of the test is the same as for Schirmer's test I, but after

insertion of the strips we irritate the conjunctiva surface with a cotton bud.

EyeRounds.orqg

Picture 4: Schirmer's test

The tear film stability is measured by the break-up time test (BUT). Fluorescein is being
dripped into an eye. After fluorescein staining, we ask the patient not to blink. On a slit lamp
with a blue cobalt filter we observe a "burst™ of uniform thin fluorescein film on the surface of
the cornea. Normal BUT values are over 15 seconds; values of 5-10 seconds indicate a slight
decrease in stability of tear film and below 5 seconds a significant decrease in tear film

stability. The examination is performed without prior application of anesthesia.

Additional methods of tear film screening are coloring methods, such as 0.1% fluorescein
staining (dye penetration by surface epithelial defects) or 1% Bengal red (colored damaged

epithelium of the conjunctiva and cornea).

Clinical manifestations of dry eye syndrome

Subjective manifestations of dry eye syndrome are perceived by patients differently. Often,
feeling dry, feeling strange in the eye, burning the eye. At an advanced stage, the patient may
experience pain and sensitivity to light, red eye or itching may occur. Some patients may
experience vision change during the day. Subjective manifestations can be expressed by five
degrees: 1st degree - subclinical, 2nd degree - mild, 3rd degree - more serious, 4th grade -

moderate, 5th grade - heavy.



In the first stage of the disease, the patient have a decrease in tear formation, but the
symptoms are almost never felt. Symptoms such as dryness, fatigue, and occasional blurred
vision occur only in some cases, for example when the patient is moving in air-conditioned
rooms. At a moderate degree level, the patient often experiences dry symptoms. This degree
of dry eye syndrome is often confused with infectious or allergic conjunctivitis. In the third,
more serious, degree, in addition to the above symptoms, the patient exhibits irreversible
changes such as keratopathy or the appearance of stains on the ocular surface. At moderate
levels, persistent signs of dry eye syndrome appear, may appear with leukemia, corneal
neovascularization, or other permanent corneal damage. In severe corneal damage, it causes

more or less severe and permanent loss of vision.

Objective manifestations include lipid component failure, water component failure, mucin

component failure, eyelid position and function disorder, and epitheliopathy.

Mucin layer defects may occur in the absence of vitamin A. Vitamin A controls the
differentiation of epithelial cells, resulting in increased production of keratinizing cells.
Decreased mucus production then leads to instability of tear film, which results in a tear film

quality test using the BUT test.

The water layer defect leads to a decreased washing ability of the tear film. It manifests itself
with increased presence of undissolved mucin fibers in the lower fornix, keratitis is present in

heavier forms.

The lipid disorder manifests itself as chronic blepharitis, visible crucifixes between the lashes,

clogged Meibom glands, the edges of the eyelids may be red and thickened.

A defect in the position and function of the eyelids may occur, for example, in exposure
keratitis due to n. facialis disorder. Blurring disorders and increased corneal exposure to polio
n. facialis result in epithelial cell wrinkling, insufficient corneal hydration with basal

membrane disruption and corneal defect - keratitis ¢ lafftalmo.

Epitheopathy is one of the rare causes of dry eye syndrome. It occurs in corneal dystrophy,
corneal surface irregularities, in the presence of corneal scars, corneal elevations or erosions,
or as a result of corneal anesthesia, where a corneal innervation of a neoplasm trigeminus can
occur. The most common cause of a corneal innervation disorder is infection by herpes
simplex (herpes simplex and zoster), eye irradiation or surgery (e.g. cataract surgery).
Disturbance of corneal innervation leads to a corneal epithelium disorder. It is most often seen

as point-like epitheliopathy, which can be identified by fluorescein staining.



Picture 5: Point-like epitheliopathy

Changes in age-related tear film

Most body tissues age with degeneration. Creating tears begins to decrease around age 30.
Creating tears still exceeds basal requirements, and people around the age of thirty do not
show symptoms. Critical levels reach tear formation around the age of 45, when people begin
to experience symptoms of dry eye under certain circumstances. A large majority of people
will already experience a certain degree of dry eye syndrome around the age of 60 (for
example, wearing contact lenses, air-conditioned rooms or at night). This dryness is part of

so-called multiexocrine xerosis, which also includes dry mouth, dry throat, dry nose,

Another cause of dry eye syndrome may be anatomical changes. The tear points are located
about 6 millimeters from the inner corner at the edges of the upper and lower eyelids. Their
size is approximately 0.25 millimeters, at a younger age they are rather oval in shape and are
turned towards the bulb. With increasing age, tear points change into a slanting shape, and
they are turned away from the bulb, which can contribute to the worse function of lacrimal

pathways and thus to dry eye syndrome.



Hormonal changes and tear film

Elimination of some glands is related to the formation of androgens, estrogens and prolactin.
Dry eye problems may occur during breastfeeding, withdrawal of the glands, during aging,
estrogen contraceptive use, and during menopause and post-menopause. After menopause
(between 48 and 52 years), a certain degree of dryness occurs in all women - dry eyes, lips,

nose, etc.

Conclusion

Tear film is influenced by a myriad of factors, one of which is aging and also hormonal
changes in women. If we want to investigate whether cataract surgery has an effect in terms of
dry eye syndrome, it is necessary to investigate the patient’s condition before surgery. In my
diploma thesis | will measure the quantity of tear film using Schirmer's test | without an
anesthetic. During the interview, | fill out the OSDI questionnaire. In addition, I will measure
the quality of tear film by the fluorescein BUT test. Using fluorescein, they also check the
surface of the corneal epithelium - whether there is no dotted epithelium. I will perform the
measurements instantly before the cataract surgery and then a week after surgery. From the
results of the preoperative measurement, |1 will assess how many patients have already
suffered from a lesion of a tear film and also find out if affected patients are more likely
women or men. From the results of the postoperative measurement, | will determine the

incidence of dry eye syndrome due to the operation of the eye.
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Uvod

Je obecné znamo a prokédzano, ze u studentli obecné je nejéastéjsi refrakéni vadou myopie,
toto tvrzeni se pokusim prokdzat i ve své praci. Zamétim se na studenty optometrie a zmapuji
vyskyt refrakénich vad v jejich populaci, nejCastéjSi zptuisoby korekce, a zda studenti

optometrie pti vyberu své korekce uplatiiuji poznatky a védomosti ze svého studia.

Refrakcni pojmy

Refrakce oka

Jako refrakce oka se oznacuje pomér mezi optickou mohutnosti lomivych prosttedi oka a jeho
délkou. Svételny paprsek prochazi predni plochou rohovky, tkéni rohovky, zadni plochou
rohovky, komorovou vodou, pfedni plochou c¢ocky, nitroCockovymi strukturami, zadni

plochou Cocky a sklivcem.

Kazda vyjmenovana struktura ma specificky index lomu. Vlastni rohovkové tkan ma index
lomu roven 1,376. Index lomu komorové tekutiny je 1,336. Vnéjsi vrstvy Cocky maji index
piiblizné¢ 1,396. Indexu lomu sklivce je 1,336, jeho hodnota je srovnatelna s indexem lomu

komorové tekutiny.

Daleky bod R
Daleky bod (punctum remotum) je bod na optické ose zobrazujici se na sitnici oka pfi

minimalni akomodaci. Jeho vzdalenost od pfedmétové hlavni roviny oka oznac¢ujeme jako aR.

Tato vzdalenost se méfi v metrech, u emetropického oka jde o nekonecné velkou vzdalenost.



Blizky bod P

Blizky bod (punctum proximum) je bod na optické ose zobrazujici se na sitnici pfi maximalni
akomodaci. Jeho vzdalenost od predmétové hlavni roviny oka se oznacuje aP a méii se také v
metrech. Blizky bod hraje roli pti posuzovani momentalniho akomoda¢niho vykonu. Blizky a

daleké bod ohranicuji akomodacni interval.

Akomodacni Sire
Akomodacni Sife ndm udava nejvetsi mozny narust refrakéni sily dosazitelny akomodaci. Jde

o rozdil klidové a maximalni akomodace. Akomodacni §ifi se udava v dioptriich a plati pro ni

- & 1 1 v s vy 01 v v v . . , ,
rovnice: AS = e Akomodacni Sife se v prubchu Zivota snizuje vlivem postupné ztraty

v v

elasti¢nosti o¢ni Cocky. Méni se poloha blizkého bodu a tim 1 cely akomodacni interval.

Akomodacni interval
Jako akomodacni interval se oznacuje oblast mezi dalekym a blizkym bodem a vyjadiuje miru

vyuzitelnosti akomodace. Méfi se v metrech. Popisuje se nasledujici rovnici: Aa = aR - aP
resp. Aa = 1/ AR - 1/ AP. Z této rovnice plyne, Zze nejvétsi akomodacéni interval vykazuje
pravé emetropické oko. Myopické oko vykazuje zdsadni zmenseni akomodacniho prostoru a
praktického rozmezi zobrazovani pfed okem. Hypermetropické oko ma sice teoreticky
akomodacni interval vétsi nez emetrop, avsak toto zvétSeni a skutecny ptinos pro oko jsou jen
zdanlivy. Blizky bod se od oka vzdalil, a tak se ve skutecnosti zmenSil jeho prakticky

akomodacni interval, odpovidajici redlné oblasti pfed okem.

Vyvoj refrakce
Refrakce neni konstantni a neménnou hodnotou, v priibéhu Zivota miize dochazet k jejim

zménam. Podléhd pomalym, ¢asto malym fyziologickym i patologickym zménam. Kazdé oko
je zpocatku hypermetropické vzhledem k jeho malému vzristu. Béhem prvnich let Zivota je
rozhodujicim prvkem, urcujicim refrakci, nariistajici délka oka. Udéava se, Ze rist oka probiha
ve dvou fazich. Béhem prvnich ttech let, i tzv. infantilni rychlé fazi, roste pfedozadni délka
oka novorozence ze 17-18 mm na 23 mm. Pfipadny rist oka o 5 mm by navozoval
kratkozrakost asi - 15 D, to je vSak kompenzovano zménami lomivosti ¢ocky a rohovky v
prabéhu jejich rastu. Dalsi, tzv. juvenilni pomaly rist oka probiha ve véku od 3 do 13 az 14

let, a to zhruba o 0,1 mm za rok. Béhem této faze dojde k nartistu oko asi o 1 mm, coz



odpovidd myopizaci cca 3 D. Tento proces vede k nasledné emetropizaci ptuvodné

hypermetropického oka.

Podobné rychle roste i rohovka. Béhem prvniho roku zivota nartsta jeji prumér & z 9,5 mm na
11-12 mm. Spolu s nartGstanim priméru dohazi i ke ztenCovani a rohovky a jeji lomivost se

snizuje z piiblizné +51,1 D na +45,0 D.

Pfi narozeni je o¢ni ¢ocka témét kulovitd a roste po cely zivot. V pritbéhu prvniho roku se jeji
velikost témét zdvojnasobi, béhem nasledujicich let dochazi k progresivnimu oplostovani

pfedni 1 zadni plochy ¢ocky a lomivost klesa z ptiblizn€ +33 D na +18 D u dospélého ¢lovéka.

Zmény refrakce
Pti dlouhodobém sledovani 1ze u kazdého oka pozorovat urCity refrakéni posun. V prabéhu

zivota lze zaznamenat dvé faze hypermetropizujici (piedSkolni vék a dospélost) a dvé faze

myopizujici (Skolni vek a stafi) a relativné stabilni obdobim mezi 20. a 50. rokem.
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Vék [roky]

Graf &1 Zavislost axidlni refrakce Ag na véku

Zménu lze pozorovat i u astigmatismu. S piibyvajicim vékem se obvykle méni
astigmatismus podle pravidla na astigmatismus proti pravidlu. Pro tyto zmény je typicky

pomaly, tézko postifehnutelny prabeh.

Krychlym a znacnym refrakénim zméndm muize dochazet také vlivem celkovych

zmén zdravotniho stavu, podavani farmak, o¢nich onemocnéni a Graza.



Refrakc¢ni vady

Vyskyt refrakcnich vad v populaci
Vyskyt refrakénich vad u dospélé populace v Evropé lze vyjadrit kiivkou, jejiz vrchol je

posunut smérem k hypermetropii.
Vyskyt v %
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Graf €2 Vyskyt refrakénich vad v populaci

Refrakéni vady, kromé tézké myopie a hypermetropie, jsou ristové varianty, jejichz
frekvence sleduje prabeh tzv. binominalni kiivky s vrcholem kolem +0,5 D. Lze vidét, ze do
refrak¢ni skupiny od 0 D do +1,75 D spada témét 75 % populace. Podobny pocet lidi ma
refrak¢ni vadu na stran¢ hypermetropie v rozsahu od +2 D do +6 D a na myopické stran¢ od -

4 D. U refrak¢nich vad nad - 4 D a nad + 6 D jiz neni tak napadna srovnatelnost.

Uvadi se, ze na vyskytu refrakénich mohou mit vliv i1 rasové rozdily. U vychodnich asijskych
narodu se vyskytuje nesrovnatelné vyssi pocet piipadii myopie nez u Evropské populace. Dale
se uvadi, ze refrakcni vady mohou ovlivnény zptisobem zivota, stravou, osvétlenim pii praci

¢i pracovni vzdalenosti.

Vyssi refrakéni vady jsou Casto provazeny menSimi obtizemi nez vady malé. V piipadé
vétSich vad je vidéni podstatné sniZzené, zamlzené a nepiesné. Oko neni schopno tuto vadu
korigovat, a tak se o to ani nesnazi. U malych vad jsme schopni do urcité miry sami tuto vadu
vykorigovat. Tato vnucend cinnost vSak vede ke svalovému a nervovému vycerpani,

provéazené fadou astenopickych potizi.

Myopie (kratkozrakost)
Myopie je sféricka refrak¢ni vada, u niz paprsky rovnobéZzné dopadajici na rohovku oka v

akomodacnim klidu, tvofi ohnisko pfed sitnici. Na sitnici pak dopadd kuzel divergentnich

paprski, které vytvareji rozostfeny sitnicovy obraz vzdaleného objektu. Ostie se zobrazuji jen



predméty umisténé v dalekém bod¢, ktery se posunul do kone¢né vzdalenosti pied rohovku.
Stejn¢ tak blizky bod se posunul do krat$i vzdalenosti pted oko. Divergentni paprsky
vychazejici z dalekého bodu se po prichodu optickym systémem sbihaji pfimo na sitnici. Bod

umistény dale nez je daleky bod lze zobrazit ostie po prediazeni rozptylné ¢ocky.

Prichod paprskii myopickym okem (bez korekce, s korekci)
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Hlavnim klinickym pfiznakem je rozostfené vidéni do dalky. Typické je mhoufeni o¢i pti
pohledu do dalky, kdy se pacient s myopii snazi navodit stenopeické vidéni. Jednim z
piiznakl nizsi a stiedni myopie je také schopnost vyuziti naturalniho vidéni do blizka i v
presbyopickém véku. Astenopické obtiZze u rozvinuté myopie nebyvaji Casté. Mohou byt vSak

piiznakem nové vzniklé vady.

V soucasnosti je myopie velmi rozsifenou refrak¢éni vadou. V Evropé a USA je udavan vyskyt
kratkozrakosti 20 - 40 %, v asijskych zemich je toto procento jesté¢ vyssi a pohybuje se v
rozmezi 50 - 80%. Podle hodnoty refrakce délime myopii na lehkou (od 0 - 3 D), stfedni (od -
3,25 az - 6 D), vysokou (od - 6,25 az - 10 D) a tézkou (nad - 10 D).

Brylova korekce kratkozrakosti spo¢iva v ptedsazeni odpovidajici rozptylné ¢ocky tak, aby
jeji obrazové ohnisko splynulo s dalekym bodem myopického oka, pfi¢emz striktni

podminkou je pouziti takové ¢ocky, se kterou oko jesté neakomoduje, tj. neni prekorigované.

Hypermetropie (dalekozrakost)
Hypermetropie je sférickd refrakéni vada, u niz paprsky, které rovnobéZné dopadaji na

rohovku oka v akomoda¢nim klidu, tvofi ohnisko za sitnici. Na sitnici pak vznika neostry


http://www.ocnioptika.com/images/myopie.jpg

obraz pozorovaného predmétu. Hypermetropické oko neni schopno vidét do dalky ani do

blizka bez dodate¢né konvergencni sily.

Daleky bod lezi u hypermetropie v kone¢né vzdalenosti za okem. Plati, ze ¢im vyssi hodnoty
dalekozrakost nabyva, tim vice je tento daleky bod vzdalen z nekonecna a posunut do
konecné, bliz§i vzdalenosti k oku.. Blizky bod, promitany a zobrazeny na sitnici pfi
maximalni akomodaci, mize byt pted okem, v nekone¢nu, i za okem podle stupné vlastni
vady a akomodacni $ite v daném véku. Cely akomodaéni interval je piesunut dale od oka a
pozorovani predméta v blizsi vzdalenosti pak predstavuje pro hypermetropa vétsi akomodacéni
usili. Hypermetropie je nejcastéjSi refrakéni vadou a piiblizné polovinu vSech refrakénich

stavll tvoii lehka hypermetropie meziO D a 1 D.

Prichod paprski okem s hypermetropii (bez korekce, korekci)
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Podle hodnoty refrakce lze hypermetropii rozdélit na nizkou (do +3 D), stiedni (+3,25 az +5
D) a vysokou (vice nez +6 D). Celkovou skuteénou miru hypermetropie ale oznacujeme jako
totdlni hypermetropii. Cast totalni hypermetropie je korigovana fyziologickym tonem
cilidrniho svalu, ktery je mozno vytadit z funkce atropinovymi preparaty. Tato slozka totalni
hypermetropie se oznacuje jako latentni hypermetropie. Zbyvajici ¢ast pak tvoii manifestni
hypermetropie, ktera se dale dé€li na fakultativni hypermetropii, kterd muize byt zcasti
piekondna kontrakci cilidrniho svalu - akomodaci a na absolutni hypermetropii, kterou oko

samo neni schopno vykorigovat.

Niz8§i hypermetropie u mladSich jedinci vétSinou nema klinické ptiznaky. S poklesem
akomodacni schopnosti se pak ale projevuji 1 nizsi vady. Dalekozraky musi akomodovat, aby

vidél ostfe do dalky a zvlasté potom pfi praci na blizko. Nadmérné zatizeni akomodace a s tim
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spojend souhra mezi akomodaci a konvergenci vede ke vzniku astenopickych obtizi (pocit
"nepohodIného" vidéni, slzeni, ptekrveni spojivek aj.), hlavné pfi delSim cteni, a frontdIni
bolesti hlavy, zhorSujici se vecer. Usilovnd akomodace mize vést az k ciliarnimu spasmu, coz

se projevi ndhlym zamlzenym vidénim.

Korekce dalekozrakého oka je zajiStovana predsazenim odpovidajici spojné cocky tak, aby

jeji obrazové ohnisko splynulo s dalekym bodem oka.

Astigmatismus
Astigmatismus je asféricka refrakéni vada, pii které svazek rovnobéznych paprskli nevytvoii

po pruchodu optickymi prosttedimi ohnisko v jedné, ale ve dvou rdznych rovinach.
Vzdalenost téchto dvou ohnisek se nazyva fokdlni interval a jeho délka je métitkem stupné

astigmatismu.

Jako prvni upozornil na astigmatismus Isaac Newton v roce 1727. Podrobnéji tuto vadu
popsal v roce 1801 Thomas Young, ktery sam touto vadou trp€l. V roce 1827 astronom Airy
jako prvni korigoval astigmatismus cylindrickou cockou. Podrobnéji popsal klinické ptiznaky

a vyznam této refrak¢ni vady Donders v roce 1864.

Nejvice astigmatismt nalézame u déti v prvnim roce zivota. Do 5 az 8 let se pocet vyskytu
astigmatismu sniZzuje a nadale zastava relativné stabilni. Pokud astigmatismus nevznikne v
prvnim roce zivota, je malo pravdépodobné, ze by vznikl pozdéji. Udava se, ze 44,4 %
obyvatelstva ma astigmatismus do 1 D a u 34,6 % Spatné vidicich s astigmatismem je cylindr

vys§inez 1 D.

Astigmatismus muze byt vrozeny, zpusoben vadou zakiiveni, nespravnou centraci nebo
indexem lomu optickych prostfedi oka. Ziskané zmény zakiiveni rohovky byvaji nasledkem

urazu, operaci (keratoplastika, operace katarakty atd.) a onemocnéni rohovky.



Priichod paprski astigmatickym okem
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Rozdéleni astigmatismu
Nepravidelny astigmatismus ma v kazdém meridianu 1 v kazdém misté plochy jinou optickou

mohutnost, nelze urc¢it hlavni fez s maximalnim a minimalnim uc¢inkem. Je typicky zejména
pro pourazové stavy piednich partii oka, onemocnéni rohovky, keratokonus atd. Plocha
rohovky je nepravidelné¢ zborcend bez symetrie. Tento astigmatismus nelze korigovat

brylovou ¢ockou.

Pravidelny astigmatismus ma dva na sebe kolmé meridiany s maximalné odliSnou lomivosti.

Dale se d€li na:

1. Astigmatismus jednoduchy (simplex), ktery ma jeden merididn emetropicky a druhy
myopicky nebo hypermetropicky. Jinymi slovy jedna z obou vytvoienych ohniskovych linii

lezi na sitnici, zatimco druhd pied, nebo za ni.

2. Astigmatismus sloZzeny (compositus) ma oba merididny myopické nebo

hypermetropické. Tzn., ze obé ohniskové linie se vytvaieji bud’ pied sitnici, nebo za ni.

3. Astigmatismus smiSeny (mixtus) méa jeden merididan myopicky a druhy

hypermetropicky. Tzn., zZe jedna ohniskova linie vznika pted sitnici a druhd za sitnici.

4. Astigmatismus ryze smiSeny je astigmatismus, ktery se vyznacuje jednou
ohniskovou rovinou hypermetropickou a druhou myopickou, pfi€emz jsou ob¢ roviny stejné

daleko od sitnice. KrouZek nejmensiho rozptylu se tedy nachazi na sitnici.

5. Astigmatismus Sikmy (obliquus) mé dva merididny s maximalné odli§nou lomivosti,
které sviraji pravy tthel. Oba meridiany vSak lezi Sikmo, pod 45 a 135 stupni. Nelze tedy ur¢it,

ktery meridian je horizontalni a ktery vertikalni.
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6. Astigmatismus pfimy, podle pravidla (rectus), kdy lomivost rohovky vykazuje ve
vertikdlnim sméru vyss$i optickou mohutnost, nez ve sméru horizontdlnim. Jde vétSinou o

astigmatismus rohovkovy.

7. Astigmatismu nepfimy, proti pravidlu (inversus), kdy lomivost rohovky vykazuje ve
vertikdlnim sméru nizsi optickou mohutnost, nez ve sméru horizontdlnim. Byva vétSinou

cockovy a je o néco mensi nez rohovkovy.

Vyzkumna cast

Vyzkumna ¢ast diplomové prace je zaméfena na mapovani vyskytu refrakénich vad v
populaci studentd optometrie. U studentti bude méfen naturalni vizus, ptipadné vizus s vlastni
korekci u téch, ktefi ji pouzivaji. Timto bude ovefena spravnost ¢i nespravnost korekce u
osob, které maji nékterou z refrakénich vad a nosi bryle ¢i kontaktni ¢oCky a soucasné budou
diagnostikovany refrakéni vady u studenti, ktefi korekci nenosi, ale potfebovali by ji. Dale
bude pomoci dotazniku zjiStovano, jaky druh korekce studenti uptednostiuji, jak casto
korekci pouzivaji, zda zvazuji ptipadné podstoupeni chirurgického zékroku, vyskyt

refrak¢nich vad v roding, progrese korekce

Hypotézy:

1. Nejcastéjsi refrakeéni vadou u studentti bude myopie.

2. Studenti nejcastéji voli brylovou korekei.

3. Studenti optometrie znaji moznosti korekce a voli proto kvalitni korekci oproti levnéjsi

varianté.
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Introduction

It is generally known and proved that in general the most common refractive defect by
students is myopia, | will try to prove this in my thesis. I will focus on the students of
optometry and will find out the incidence of refractive defects in their population, the most
common ways of correction, and whether optometry students apply the knowledge of their

studies when choosing their correction.

Refraction concepts

Refraction of the eye

Refraction of the eye refers to the ratio between the optical power of the eye's fracture
environment and its length. The light beam passes through the anterior cornea, corneal tissues,
corneal back, ventricular water, lens front surfaces, intraocular structures, the back surface of

the lens and vitreous.

Each named structure has a specific refractive index. Own corneal tissue has a refractive
index equal to 1,376. The ventricular fluid refractive index is 1.336. The outer layers of the
lens have a refractive index of 1.386, and a denser core of 1.406. The average lens refractive
index is approximately 1.396. The refractive index of the vitreous is 1.336, its value is

comparable to the ventricular fluid refractive index.

Far point R
Point point (punctum remotum) is a point on the optical axis depicted on the retina of the eye
with minimal accommodation. Its distance from the subject main plane of the eye is called aR.

This distance is measured in meters, the emetropic eye is an infinitely large distance.



Near Point P

The proximal point is a point on the optical axis displayed on the retina at maximum
accommodation. Its distance from the subject main plane of the eye is aP and is also measured
in meters. The midpoint plays a role in assessing the current accommodative performance.

The proximate and far points limit the accommodating interval.

Accommodating width
Accommodating width gives us the greatest possible increase in refractive power attainable

by accommodation. This is the difference between rest and maximum accommodation. The
home width is given in diopters and equals: AS = 1 / aR-1 / aP. Accommodating width
decreases over the course of life due to the gradual loss of eyepiece of the ophthalmic lens.
The location of the nearby point changes and thus the entire accommodation interval.

Accommodating interval
Accommodating interval refers to the area between the far and near points and expresses the

degree of usability of the accommodation. Measured in meters. It is described by the
following equation: Aa = aR - aP resp. Aa=1/ AR - 1/ AP. It follows from this equation that
the largest accommodating interval is the emetropic eye. The myopic eye has a significant
reduction in accommodation space and a practical range of imaging in front of the eye. The
hypermetropic eye has a theoretically greater interval than the emetrop, but this magnification
and real eye benefit are only apparent. The proximal point has moved away from the eye, and
in fact its practical interval has been reduced, corresponding to the real area in front of the

eye.

Development of refraction
Refraction is not a constant and invariable value, it can change during life. It is subject to

slow, often minor physiological and pathological changes. Each eye is initially hypermetropic
due to its small increase. During the first years of life, the decisive element, determining
refraction, is the increasing length of the eye. It is reported that eye growth occurs in two

phases. During the first three years, so-called infantile fast phases, the anterior posterior



length of the newborn's eye grows from 17-18 mm to 23 mm. Possible eye growth of 5 mm
would result in a myopia of about -15 D, but this is compensated by changes in lens and
corneal fracture during their growth. Another, so-called juvenile slow eye growth, ranges
from 3 to 13 to 14 years, by about 0.1 mm per year. During this phase, the eye grows by about
1 mm, corresponding to myopication of about 3 D. This process leads to the subsequent

emetropization of the originally hypermetropic eye.

Similarly, the cornea grows fast. During the first year of life, its diameter rises from 9.5 mm
to 11-12 mm. Together with the increase in diameter, it also leads to thinning and cornea, and
its fracture decreases from approximately +51.1 D to +45.0 D.

At birth, the lens is almost spherical and grows throughout life. In the course of the first year,
its size is almost doubled, the progressive fisting of the front and the rear surface of the lens
progresses over the following years, and the decay rate drops from approximately +33 D to
+18 D in the adult human.

Changes in refraction
With long-term observation, a certain refractive shift can be observed for each eye. Two

stages of hypermetropia (pre-school age and adulthood) and two phases of myopiasis (school
age and age) and a relatively stable period between the 20th and 50th years can be recorded

during life.
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Graph no. 1: Dependence of axial refractiononage



Change can also be observed with astigmatism. With increasing age, astigmatism usually
changes according to the rule of astigmatism against the rule. These changes are typical of a

slow, difficult-to-follow course.

Rapid and significant refractive changes can also occur due to overall changes in health status,
pharmacokinetics, eye diseases and injuries.

Refractive defects

Occurrence of refractive defects in the population
The incidence of refractive defects in the adult population in Europe can be expressed by a

curve whose peak is shifted towards hypermetropia.
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Graph no. 2: Occurrence of refractive defects in the population

Refraction defects, apart from severe myopia and hypermetropia, are growth variants whose
frequency follows the course of the so-called binominal curve with a peak of +0.5 D. It can be
seen that in the refractive group from 0 D to +1.75 D falls almost 75% population. A similar
number of people have a refractive error on the side of the hypermetropia ranging from +2 D
to +6 D and myopic side from - 4 D. For refractive errors above - 4 D and above + 6 D there

is no such striking comparability.

It is reported that racial differences may also affect the incidence of refraction. In Eastern
Asian nations, there is an incomparably higher number of myopia cases than in the European
population. It is also reported that refractive defects can be affected by lifestyle, diet, work

lighting, or working distance.



Higher refractive defects are often accompanied by minor difficulties than small defects. In
case of major defects, the vision is substantially reduced, blurred and inaccurate. The eye is
not able to correct this defect, so it does not even try. For small defects, we are able to correct
this defect to some extent. This forced activity, however, leads to muscle and nerve
exhaustion, accompanied by a number of astenopic problems.

Myopia
Myopia is a spherical refractive defect, in which the rays parallel to the cornea of the eye in

accommodative rest form an outbreak of the retina. A cone of divergent beams, which create a
blurred retinal image of a distant object, then strikes the retina. Only objects located at a long
point that shifted to the final distance in front of the cornea are sharply displayed. Similarly,
the close point moved to a shorter distance before the eye. Divergent beams emerging from
the far point pass through the optical system and converge directly onto the retina. The point
placed further than the far point can be seen sharply after the lens has been preassembled.

Rays passage of myopic eye (with correction, without correction)

The main clinical symptom is blurred vision. Typical eye blinking is when looking into the
distance when a patient with myopia tries to induce stenopathic vision. One of the symptoms
of lower and middle myopia is also the ability to use natural vision in close and presbyopic
age. Astenopic problems in developed myopia are uncommon. However, they may be a

symptom of a new defect.

At present, myopia is a very widespread refractive defect. In Europe and the USA, the
incidence of short-sightedness is 20-40%, in Asian countries this percentage is even higher
and ranges from 50-80%. According to the refraction value, we divide myopia into light (from
0-3 D), medium (from - 3.25 to - 6 D), high (from - 6.25 to - 10 D) and heavy (above - 10 D).



Spectacular correction of myopia lies in the presence of a corresponding lens so that its image
focuses on the far point of the myopic eye, the strict condition being the use of a lens with
which the eye still does not modify, if it is not re-corrected.

Hypermetropia
Hypermetropia is a spherical refractive defect, in which the rays, which parallel to the cornea

of the eye in accommodative rest, form a focal point behind the retina. A blurry image of the
observed object is created on the retina. Hypermetropic eye is unable to see in the distance or

near without additional convergence force.

Rays passage of hypermetropic eye (with correction, without correction)

The far point lies in hypermetropia at the final distance behind the eye. It is true that the
higher the values of the farsightedness, the more this far point is infinite and shifted to the
final, closer distance to the eye. The proximal point, projected and displayed on the retina at
maximum accommodation, can be in front of the eye, at infinity by the eye according to the
degree of their own defect and the accommodative width of the given age. The entire sleeping
interval is moved further from the eye, and observation of objects at a closer distance then
represents greater accommodative effort for hypermetropia. Hypermetropia is the most
common refractive defect, and approximately half of all refractory conditions make light

hypermetropia between 0D and 1D.

According to the refraction value, hypermetropia can be divided into low (+3 D), medium
(+3.25 to +5 D) and high (over +6 D). However, we describe total overall hypermetropia as
total hypermetropia. Part of total hypermetropia is corrected by the physiological tone of the

ciliary muscle, which can be eliminated from the function of atropine preparations. This



component of total hypermetropia is referred to as latent hypermetropia. The remaining part is
manifested by hypermetropia, which is further divided into facultative hypermetropia, which
can be partly overcome by contraction of the ciliary muscle - accommodation and absolute
hypermetropia which the eye itself is unable to repair.

Lower hypermetropia in younger subjects usually has no clinical signs. However, with
decreasing accommodation capacity, lower defects also appear. The far-sighted must
accommodate to see it sharply in the distance, and especially when working closely. The
excessive burden of accommodation and the associated interplay between accommodation
and convergence leads to astenopic problems (feeling of "inconvenient™ vision, tearing,
congestion, etc.), especially during longer reading, and frontal headaches, a worsening
evening. Strenuous accommodation can lead to ciliary spasm, resulting in sudden blurred

vision.

Correction of the farsightened eye is ensured by fitting the matching lens so that its image
focuses farther with the far point of the eye.

Astigmatism
Astigmatism is an aspherical refractive defect in which a beam of parallel beams does not

produce a focal point in one but in two different planes after passage through optical
environments. The distance of these two focal points is called the focal interval and its length

is a measure of the degree of astigmatism.

He was the first to point out the astigmatism of Isaac Newton in 1727. He described this
defect in more detail in 1801, Thomas Young, who himself suffered from this defect. In 1827,
Airy astronomer first corrected cylindrical lens astigmatism. In more detail, he described the

clinical signs and the importance of this refractive defect in 1864.

Most astigmatism is found in children in the first year of life. Within 5 to 8 years, the number
of astigmatism decreases and remains relatively stable. If astigmatism does not occur in the
first year of life, it is unlikely to occur later. It is reported that 44.4% of the population has

astigmatism up to 1 D and 34.6% of the poor with astigmatism is a cylinder higher than 1 D.

Astigmatism may be congenital due to a curvature defect, incorrect centering, or refractive
index of the eye's optical environment. The acquired changes in corneal curvature are the

result of injuries, operations (keratoplasty, cataract surgery, etc.) and corneal disease.



The division of astigmatism
Irregular astigmatism has different optical potency in each meridian and at each site, no major

cut can be determined with maximum and minimum effect. It is typical for post-traumatic eye
conditions, corneal diseases, keratoconus, etc. The corneal surface is irregularly collapsed
without symmetry. This astigmatism can not be corrected by a glass lens.

Regular astigmatism has two perpendicular meridians with maximally different fracture. It is
further divided into:

1. Simplex astigmatism, which has one emetropic meridian and the other is myopic or
hypermetropic. In other words, one of the two focal lines formed lies on the retina, while the
other before or after it.

2. Composite astigmatism (compositus) has both meridians myopic or hypermetropic.
That is, both focal lines are formed either before or behind the retina.

3. Astigmatism mixed (mixtus) has one myopic meridian and the other hypermetropic.

That is, one focal line is formed before the retina and the other behind the retina.

4. Astigmatism is a mixture of astigmatism, characterized by one focal plane,
hypermetropic and second myopic, with both planes as far away from the retina. The smallest

scattering ring is thus located on the retina.

5. Astigmatism (obliquus) has two meridians with maximally different fracture, which
make a right angle. However, both meridians lie obliquely, below 45 and 135 degrees. It is

not possible to determine which meridian is horizontal and vertical.

6. Astigmatism direct, according to the rule (rectus), where the corneal fracture
exhibits higher optical power in the vertical direction than in the horizontal direction. It is

mostly about corneal astigmatism.

7. Indirect, inverse astigmatism, where the corneal fracture exhibits a lower optical
power in the vertical direction than in the horizontal direction. It is mostly lenticular and is

slightly smaller than corneal.



Rays passage of the astigmaticeye

Research part
The research part of the diploma thesis is focused on the mapping of occurrence of

refractive defects in the population of students of optometry. Students will be enrolled in a
natural visa or a self-corrected visa for those who use it. This will verify correctness or
incorrect correction for people who have some refractive defects and wear glasses or contact
lenses and will also diagnose refractive defects in students who do not wear correction but
need it. In addition, the questionnaire will determine what kind of correction the students
prefer, how often the correction is used, whether they consider the possibility of surgical

intervention, the occurrence of refractive defects in the family, the progression of correction.

Hypotheses:
1. The most common refractive defect in students is myopia.

2. Students most often choose glasses correction.

3. Students of optometry know the possibilities of correction and therefore choose a good

correction compared to a cheaper one.
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Anotacia

Medzi dystrofie radime choroby, ktoré vedu k predCasnym zmenam buniek a ich
apoptoze. Dystrofie makuly patria do skupiny chorioretinalnych dystrofii, ktoré postihuja
pigmentovy epitel sietnice, fotoreceptory a choriokapilaris. K najznamejs$im dystrofiam

makuly radime Stargartdovu chorobu a Bestovu viteliformnt dystrofiu makuly.

KPucové slova

Dystrofia makuly, diferencidlna diagnostika, Stargartdova choroba, Bestova

viteliformna dystrofia makuly

Stargardtova choroba

NajcastejSou dystrofiou makuly je Stargardtova dystrofia. Vyskytuje sa zhruba
u jedného ¢loveka na 8 000 az 10 000 T'udi. Jej dedi¢nost’ je autozomalne recesivna. Bolo
objavené velké mnozstvo génovych sekvencii, ktoré spdsobuju toto ochorenie, o spdsobuje
jej obrovsku variabilitu v priznakoch a prejavoch — rdzne nalezy na o¢nom pozadi alebo pri
vySetrovani pomocou elektrofyziologickych vySetrovacich metod. Tiez je vel'mi individudlna

progresia a progndza tohto ochorenia.

K hlavnym priznakom radime obojstranni stratu centrdlneho videnia, Casto byva
spojena s farboslepost'ou a typickym nalezom je atrofia makuly, ktord ma vzhlad ,tepaného

bronzu“.

Vicsinou tato choroba zadina v detstve a pacient postupom ¢asu vnima stratu
centralneho videnia. Zozaciatku pri oftalmoskopii nenachddzame Ziadne zmeny, maximalne

malé abnormality — stratu reflexu z fovey, pripadne malé poskodenie RPE. Na potvrdenie



poskodenia RPE je vhodné spravit’ autofuoresceniu fundu (FAF). V pociato¢nych Stadiach
vidime malé skvrny na funde a atrofiu makuly (v tvare ,,by¢ieho oka‘), ktoré su spdsobené
nadmernym mnozstvom lipofuscinu. Pri ERG vySetrovani zistujeme, Ze ako choroba
progreduje, odpoved sietnice sa znizuje. Typickym priznakom Stargardtovej choroby je
tmava choroidea, ktort vySetrujeme pomocou fluorescencnej angiografie (FAG). Avsak

problémom je, Ze tento priznak sa nachadza u75 % pacientov, uzvySnych 25 % ho

nenachadzame.

Obr. 2: Fundus snimka a autofluorescencia fundu u Stargardtovej choroby (Dostupné z
http.//www.scottpautlermd.com/stargardt-disease/)

Obr. 1: Stargardtova choroba - "bycie oko" (Dostupné z
http://imagebank.asrs.orq/file/24111/stargardt-disease)



http://www.scottpautlermd.com/stargardt-disease/
http://imagebank.asrs.org/file/24111/stargardt-disease

Pri OCT vysSetreni sledujeme hrabku centralnej krajiny. Niekol’kymi vyskumami bolo

dokazané, Ze jej zmenSovanie suvisi so znizovanim zrakovej ostrosti.

Progndza tejto choroby je vécSinou zld, v koneénych Stadiach sa zrakova ostrost
pohybuje na Grovni okolo 4/40. AvSak ked’ sa Stargardtova choroba za¢ne prejavovat’ vo
vy$Som veku, je viac pravdepodobné, Ze sa nedostane do tak vaznych stupnov ako

u pacientov, u ktorych zacala v skorSom veku. Taktiez sa nezhorSuje pacientov vizus

a nenachddzame ziadne abnormality pri ERG vySetreni.

Obr. 3: Stargardtova choroba, atrofia makuly v tvare srdiecka (Dostupné z: https://retinalyze.com/romantic-hole-

syndrome-retina/)

Kvoli diferencidlnej diagnostike je velmi dolezité odobrat’ podrobnii anamnézu,
genetické vySetrenie a Z onych vySetreni autofluorescenciu fundu, fluorescencnu angiografiu,

ERG a OCT vysetrenie.

U dystrofii ¢apikov nachadzame okrem typickych priznakov Stargardtovej choroby

znizeny farbocit.

Podobny nalez na funde sa mdze vyskytnit aj u ceroidalnej lipofuscindze — je to
dedi¢né ochorenie, ktoré je typické spomalenym psychomotorickym vyvojom, oéné priznaky

st len jednym z mnoho prejavov.


https://retinalyze.com/romantic-hole-syndrome-retina/
https://retinalyze.com/romantic-hole-syndrome-retina/

Dal§imi ochoreniami, ktoré je podobné Stargardtovej chorobe su pattern dystrofie. Je
to viacero ochoreni sietnice, ktoré sa vicsinou prejavuju medzi 40. — 50. rokom Zivota.
Vicsina pacientov neudava ziadne problémy, odhalime ju az pri vySetreni fundu. Retikularna

pattern dystrofia ma podobny nalez na o¢nom pozadi ako u Stargardtovej choroby.

Obr. 4 a 5: Fundus snimka Stargardtovej choroby (Dostupné z: http://webeye.ophth.uiowa.edu/eyeforum/atlas/

pages/Stargardt-disease-13.htm) a retikularnej pattern dystrofie (Dostupné z: http://imagebank.asrs.org/file/
24111/stargardt-disease)

Jedinou liecbou v dne$nej dobe je podporna liecba vitaminom A, ktora spomaluje
postup tohto ochorenia. Uplna liecba nie je zatial znama, avSak st v procese vyskumy

zaoberajuce sa génovou terapiou a transplantaciou kmetiovych buniek.

Co sa tyka génovej terapie, je Vprocese vyskum moznosti modifikovat apoptozu
fotoreceptorov. Taktiez sa riesi moznost transplantacie tyCiniek a ¢apikov — ¢i uz zrelé
retindlne bunky (momentalne st vSak velké problémy s imunitnou reakciou), alebo
transplantacia kmenovych buniek, ktoré zatial' vyzeraju ako lepSia varianta, ale testy zatial’

prebehli len na potkanoch a nie je dorieSena eticka otazka tohto zakroku.

Okrem génovej terapie a transplantacie buniek su vo vyskume aj nové farmakologické
preparaty — fibroblastovy rastovy faktor, cilidrny neurotroficky rastovy faktor

a antiparkinsonitikd (maji antiapoptopické tc€inky).

Bestova viteliformna dystrofia makuly

Bestova choroba je pomerne vzicne hereditarne ochorenie, ktoré ma autozomalne

dominantnu dedi¢nost’. Najcastejsie sa prejavuje do 10. roku zivota vznikom oranzovozltého


http://webeye.ophth.uiowa.edu/eyeforum/atlas/pages/Stargardt-disease-13.htm
http://webeye.ophth.uiowa.edu/eyeforum/atlas/pages/Stargardt-disease-13.htm
http://imagebank.asrs.org/file/24111/stargardt-disease
http://imagebank.asrs.org/file/24111/stargardt-disease

loziska v zltej Skvrne. Vyskytuje sa prevazne na oboch strandch, avSak moéze vzniknit' aj

jednostranne.

Kuréeniu diagnézy vyuzivame oftalmoskopiu, elektrookulografiu (EOG),
fluorescencnu angiografiu, OCT vySetrenie. EOG je velmi dobrym ukazovatelom tohto
ochorenia, pretoZze nadobtuda patologickych hodnét uz v prvom S§tadiu ochorenia, kedy este
ostatné vySetrovacie metddy nemusia ukazovat’ na abnormality. Fluorescenénd angiografia
ukazuje v mieste loziska hyperfluorescenciu a OCT vySetrenie zas zvySenil odrazivost

V mieste zhrubnutia pigmentového epitelu sietnice.
Tuto chorobu rozdel'ujeme do piatich zakladnych Stadii:

- Prvé stadium, previteliformné Stadium je typické tym, Ze na ocnom pozadi
pacienta nenachadzame ziaden patologicky nélez a pacient nepocituje ziadne
problémy. Jedinym upozornenim na toto ochorenie je znizena odpoved na EOG
vySetreni.

- Druhé stadium, viteliformné je typické nalezom zltooranzového loziska na ocnom
pozadi, ktoré ma velkost cca 1 — 3 pD. Vznikd nahromadenim lipofuscinu
V pigmentovom epiteli sietnice. Toto loZisko je inak nazyvané aj ,,vajcovy Zzitok*.
Zrakova ostrost’ v tejto fazi eSte nezvykne byt znizend. Pri FAG vySetreni vznika
hyperfluorescencia na mieste, kde vznikla atrofia RPE.

- Vtretej fazi sa lozisko lipofuscinu ¢iasto¢ne vstrebe a nahromadi sa v spodnej
Casti, vznikne pseudohypopyon, ktory sa rozptyli. Toto Stadium pripomina
,miesané vajicka®.

- Stvrté §tadium je typické pre 2. — 4. dekadu Zivota, kedy sa Zltooranzové lozisko
vyprazdiuje do subretindlneho priestoru. V tomto Stadiu uz nastupuja subjektivne
priznaky, medzi ktoré typicky patri zniZovanie centralnej zrakovej ostrosti.

- Vpiatom S§tadiu je typicky vznik discifomnej jazvy, atrofickej makulopatie

a subretindlneho tkaniva s neovaskularizaciou.

Progndza je vicsinou zla a pacienti v poslednych stadiach véacsinou dosahuji hodnot

zrakovej ostrosti zhruba do 4/40.



Obr.6 a 7: 11-rocny chlapec, II. Stadium Bestovej dystrofie, typicky ndlez "vajcového Zltka" (Dostupné z:
http.//retinagallery.com/displayimage.php?album=112&pid=1027#top display media), pravé oko neliecené, lavé po
fotodynamickej terapii a lieche Avastinom (Dostupné z: http.//retinagallery.com/

displayimage.php ?album=112&pid=1030#top display media)

Obr.8: Bestova dystrofia, 171. stadium, pseudohypopyon (Dostupné z: http://imagebank.asrs.org/file/18311/best-
disease)

Pri podozreni na Bestovu vitelformnu dystrofiu a potom Vv néaslednej diferencialnej
diagnostike je ddlezité odobrat’ od pacienta podrobni anamnézu s dérazom na vyskyt tohto

ochorenia v rodine, aby sme vedeli, ¢i je mozna dedi¢nost, alebo nie.

Toto ochorenie sa najviac podoba na pattern dystrofiu a nonneovaskularnu formu

vekom podmienenej makularnej degeneracie.

Ak vahame, ¢i dany ndlez mozno povaZovat za pattern dystrofiu, alebo Bestovu
viteliformntl dystrofiu, vel'mi ndm pomdze, ked’ vieme, kedy sa toto ochorenie zacalo

prejavovat’. Pattern dystrofia sa zac¢ina zvidcsa prejavovat medzi 40. — 50. rokom zivota, ale


http://retinagallery.com/displayimage.php?album=112&pid=1027#top_display_media
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Bestova viteliformna dystrofia uz v detstve, tj. v prvej dekade Zivota. Pochybnosti mozu
vzniknuat’ pri Studovani FAG snimky, kde ndm u oboch chordb vznika nadmerna fluorescencia
v mieste makuly. Vel'mi vyhodné je v tomto pripade spravit EOG vySetrenie, kde pacient
S pattern dystrofiou nevykazuje ziadne abnormality, zatial Co pacient s Bestovou

viteliformnou dystrofiou nema fyziologickt odpoved'.

Pri suchej forme vekom podmienenej makularnej degeneracie v kone¢nom Stadiu
vznikéa geograficka atrofia, ktora moze byt podobna ako Zltooranzové lozisko v makule pri

Bestovej dystrofii (Stddium ,,mieSanych vaji¢ok*).

Obr. 9 alo: Bestova dystrofia (Stadium ,,miesanych vajicok ) (Dostupné zZ:
http://disorders.eyes.arizona.edu/disorders/macular-dystrophy-vitelliform-2) a vekom podmienend makuldrna
degeneracia — geograficka atrofia (KUCHYNKA, Pavel. Ocni lékarstvi.)

Rovnako ako na Stargardtovu chorobu, ani na Bestovu vitelifomnt dystrofiu
nepozname ziadnu komplexni liecbu. Momentdlne st v procese vyskumy ohladom

genetického podkladu tohto ochorenia, aby sa mohli zah4jit’ vyskumy na génovu terapiu.

V dneSnej dobe vieme zatial' lie¢it' len priznaky tohto ochorenia, konkrétne
sekundérnu choroidalnu neovaskularizaciu pomocou laserovej alebo fotodynamickej terapie,
popripade anti-VEGF preparatmi, ktoré sa vyuZzivaji najmi pri lieCbe vekom podmienenej

makularnej degeneracie. (2, 50)

Fotodynamicka terapia vyuziva diddovy laser (A = 689 nm) a verteporfin (fotoaktivna
latka). Najprv pacientovi aplikujeme intravendzne verteporfin, ktory sa dobre viaZze na
lipoproteiny. Toto je dolezité hlavne preto, lebo v choroiddlnej neovaskularzicii sa vo vicSom
mnozstve nachddzaja lipoproteinové receptory, CiZze verteporfin ostane v neovaskularizicii.

Niekol’ko minut po aplikécii verteporfinu mézeme zacat’ samotnli fotodynamicku terapiu tak,


http://disorders.eyes.arizona.edu/disorders/macular-dystrophy-vitelliform-2

7e vysleme laserové svetlo k fundu. Laser stouto vlnovou dirkou prejde cez sietnicu
aretindlny pigmentovy epitel bez toho, aby ich narusil a prejde az do subretindlneho
priestoru, kde sa vytvorila neovaskularizacia. Pri interakcii verteporfinu s laserom dochadza
k uvolneniu radikalov, ktoré poskodia endotel neovaskularnych ciev a zapriCinia zanik ich

buniek. Tym zanikne cela neovaskularizacia.

Pred aplikaciou je dolezité poznat’ velkost’ choroidalnej neovaskularizacie a vypocitat’
presné mnozstvo verteporfinu, ktoré nasledne aplikujeme pacientovi. Taktiez to zalezi aj od

hmotnosti pacienta.

Druhou moznost'ou, ako lieCit’ choroidalnu neovaskularizaciu je pouzitie anti-VEGF
preparatov. Povodne boli vyvinuté na liecbu réznych druhov rakoviny, aZ neskor sa objavil
ich pozitivny vplyv aj na lieCbu neovaskularizacie pri réznych o¢nych ochoreniach. Aplikuja
sa priamo do sklovca intravitredlnou injekciou v oblasti pars plana. M6zZeme aplikovat’ len
vel'mi malé mnoZstvo preparatu, pretoZe inak by sa mohol zvysit' vnutroo¢ny tlak. Na naSom

trhu mame 4 preparaty, jeden z nich tzv. ,,off-label®.

Prvym z nich je Macugen (pegaptanib). Jeho aplikacia je kazdych 6 tyzdiov, pacient
dostane celkovo 9 davok a ak si to stav vyzaduje, pokracujeme v lieCbe aj neskor. Vel'kou
vyhodou tohto prepapratu je, ze ho moézeme pouzit aj uludi s kardiovaskularnymi

ochoreniami.

Druhym preparatom je Avastin (bevacizumab). Jeho povodnym ucelom bolo lieit
karcinom pluc a hrubého ¢reva. Mnoho studii tiez potvrdilo jeho pozitivne ucinky aj na
choroidalne neovaskularizacie, ale stale je ,,off-label”. Je to hlavne preto, lebo esSte nie je
presne stanovené, v ktorych pripadoch méze byt pouzity, pocet davok, ktory by ustalil nalez
a taktiez nie je Uplne potvrdend jeho bezpecnost. Na schvélenie je potrebné pokracovat’ este

vo vyskumoch.

Dal§im preparatom, ktory mdZzeme vyuzit' na lie¢bu choroidalnej neovaskularizacie je
Lucentis (ranibizumab). Pacient zvac¢sa dostdva kazdé Styri tyZzdne jednu davku pocas troch

mesiacov. Ak by doslo ¢asom k zhorSeniu, aplikacia sa opakuje.

Najnovsim preparatom je Eylea (aflibercept). Vyhodou tohto preparatu je, Ze ho staci
aplikovat len raz za dva mesiace, ¢o je menej narocné pre pacienta a vysledky su

porovnatelné s aplikaciou ranibizumabu, ktory je nutné aplikovat’ dvakrat tak Casto.
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Annotation

Among dystrophies we include diseases that lead to premature cell changes and
apoptosis. Macular dystrophy belongs to a group of chorioretinal dystrophies that affect
retinal pigment epithelium, photoreceptors and choriocapilaris. We recognize Stargartd's

disease and Best's macular dystrophy among the most famous macular dystrophies.
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Stargardt’s disease

The most common macular dystrophy is Stargardt's dystrophy. It occurs in about one
person per 8,000 to 10,000 people. Inheritance is autosomal recessive. A large number of
gene sequences have been discovered that cause this disease, causing its immense variability
in symptoms and symptoms - various findings on the eye background or investigations using
electrophysiological investigation methods. Also, there is a very individual progression and
prognosis of this disease.

The main symptoms are the two-sided loss of central vision, often associated with
colorblindness and the typical finding is the atrophy of the macula, which has the appearance
of "wrought bronze".

In most cases, this disease begins in childhood and the patient experiences the loss of
central vision over time. In the ophthalmoscopy, there are no changes, maximum small
abnormalities - loss of foveal reflex, or small RPE damage. In order to confirm the RPE
damage, it is advisable to do the autofuorescence of the fundus (FAF). In early stages, we see

small spots on fundus and atrophy of the “bull's eye”, which are caused by excessive amounts



of lipofuscin. In an ERG investigation, we find that as the disease progresses, the retinal

response decreases. The typical symptom of Stargardt's disease is dark choroid, which is

investigated by fluorescence angiography (FAG). However, the problem and the remaining
25% is not found.

Fig. 1: Fundus Image and Autofluorescence of Fundus in Stargardt's Disease (Available from




http://www.scottpautlermd.com/stargardt-disease/)

Fig. 2: Stargardt's Disease - "Bull's Eye" (Available from http://imagebank.asrs.org/file/24111/stargardt-disease)

In the OCT, we monitor the thickness of the central landscape. Several studies have
shown that its reduction is associated with  reduced visual acuity.
The prognosis of this disease is mostly poor, in the final stages the visual acuity is
about 4/40. However, when Stargardt's disease begins to manifest at an older age, he is more
likely to not get as serious as if it has started at an earlier age. It also does not aggravate

patients' vision and there are no abnormalities in ERG screening.

Fig. 3: Stargardt's disease, heart-shaped macular atrophy (Available from: https://retinalyze.com/romantic-
hole-syndrome-retina/)

Because of differential diagnosis, it is very important to take a detailed history, genetic
examination, and eye examinations of fundus autofluorescence, fluorescence angiography,
ERG and OCT examination.

In addition to the typical symptoms of Stargardt's disease, the dystrophy of the cones
is also damaged color vision.

A similar finding on funde can also occur with ceroid lipofuscinosis - a hereditary
disease that is typical by psychomotoric development, eye symptoms are just one of many

manifestations.

Other diseases that are similar to Stargardt's disease are the pattern dystrophies. It is a
number of diseases of the retina, which usually manifest themselves between the 40th and the

50th year of life. Most patients do not have any problems, but we do not detect it until the
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fundus has been examined. The reticular pattern dystrophy has a similar fundus image to

Stargardt's disease.

Fig. 4 and 5: Fundus Image of Stargardt's Disease (Available from:
http://webeye.ophth.uiowa.edu/eyeforum/atlas/ pages / Stargardt-disease-13.htm) and a reticular pattern
dystrophy (Available from: http://imagebank.asrs.org/file/ 24111 / Stargardt disease-)

The only treatment currently available is supportive treatment with vitamin A, which
slows the progression of this disease. Complete treatment is not yet known, but studies on
gene therapy and stem cell transplantation are in progress.

In terms of gene therapy, the research has the potential to modify apoptosis of
photoreceptors. Also, the possibility of transplantation of rods and cones - whether mature
retinal cells (currently major immune-related problems) or stem cell transplants that look like
a better option, but tests have only been performed on rats and the ethical question is not
solved of this procedure.

In addition to gene therapy and cell transplantation, new pharmacological preparations
- fibroblast growth factor, ciliary neurotrophic growth factor and antiparkinsonian drugs

(having antiapoptotic effects) are also investigated.

Best's viteliform dystrophy

Best's disease is a relatively rare hereditary disease that has autosomal dominant
inheritance. It most often occurs in the first decade of life by the formation of an orange-
yellow deposit in a macula lutea. It occurs predominantly on both sides, but can also occur
unilaterally.

We use ophthalmoscopy, electroacculography (EOG), fluorescence angiography, OCT

examination to determine the diagnosis. EOG is a very good indicator of this disease, because



it acquires pathological values already in the first stage of the disease when other methods of
investigation may not show abnormalities. Fluorescence angiography shows, at the site of the
hyperfluorescence deposit and the OCT examination, an increased reflection at the site of
thickening of the retinal pigment epithelium.

We divide this disease into five basic stages:

- The first stage, the previteliform stage, is typical of the fact that there is no
pathological finding on the patient's fundus and the patient does not feel any problems. The
only warning for this disease is the reduced response to EOG examination.

- The second stage, the viteliform, is typical of the yellow-orange deposit on
the eye background, which is about 1 - 3 pD. It is formed by the accumulation of lipofuscin in
the pigment epithelium of the retina. This bearing is otherwise referred to as "egg yolk". The
visual acuity at this stage is not reduced. In the FAG, hyperfluorescence occurs at the site
where RPE atrophy originated.

- In the third phase, the lipofuscin deposit is partly injected and accumulates in
the lower part, creating a pseudohypopyone that is dispersed. This stage resembles "mixed
eggs".

- The fourth stage is typical for the 2nd - 4th decade of life, when the yellow-
orange deposit is emptied into the subretinal space. At this stage, subjective symptoms are
already occurring, typically including the reduction of central visual acuity.

- At the fifth stage, the appearance of a dissect scar, atrophic maculopathy and

subretinal tissue with neovascularization is typical.

The prognosis is mostly poor, and patients in most recent stages usually achieve visual

acuity values roughly up to 4/40.

Fig. 6 and 7: 1l-year-old boy, II. Stage of Best's disease), right eye untreated (Available from:
http://retinagallery.com/displayimage.php?album=112&pid=1027#top display media), left after photodynamic




therapy and treatment with Avastin (Available from: http://retinagallery.com/
displayimage.php? album = 112 & pid = 1030 # top_display_media)

Fig.8: Best dystrophy, Ill. stage, pseudohypopyone (Available from:_http://imagebank.asrs.org/file/18311/best-
disease)

In the case of a suspicion of Best’s dystrophy and then in a subsequent differential
diagnosis, it is important to get from the patient a detailed history with an emphasis on the
occurrence of this disease in the family, in order to know whether heredity is possible or not.
This disease is most similar to pattern dystrophy and non-neovascular form of age-related
macular degeneration.

If we are concerned that a given finding can be considered as a pattern dystrophy, or a
Best’s disease, it will greatly help us when we know when the disease began to manifest
itself. The pattern dystrophy is most likely to manifest itself between the 40th and 50th years
of life, but Best's dystrophy is already in childhood, in the first decade of life. Doubts can
arise when we are studying FAG images, where in both fluorescence occurs at place of the
macula. It is very good in this case do an EOG examination where the patient with the pattern
dystrophy does not show any abnormalities, while the patient with the Best’s dystrophy has
no physiological response.

In the dry form of age-related macular degeneration at the final stage a geographic
atrophy arises, which may be similar to a yellow-orange bearing in a macula at Best's

dystrophy (a stage of "mixed egg").



Fig. 9 and  10: Best's dystrophy  (stage of ,mixed  eggs”) (Available  from
http://disorders.eyes.arizona.edu/disorders/macular-dystrophy-vitelliform-2) ~ and  age-related  macular
degeneration — geopgraphic atrophy (available from KUCHYNKA, Pavel. Ocni lékarstvi)

As with Stargardt's disease, no comprehensive treatment is available for Best's
dystrophy. Currently, there are studies on the genetic background of this disease in order to
initiate gene therapy research.

Nowadays, we can only treat symptoms of this disease, namely secondary choroidal
neovascularization by laser or photodynamic therapy, or anti-VEGF substances, which are
especially useful in the treatment of age-related macular degeneration.

Photodynamic therapy uses a diode laser (A = 689 nm) and verteporfin (photoactive
substance). We first put intravenously verteporfin, which binds well to lipoproteins. This is
very important, because in the choroidal neovascularization lipoprotein receptors are present
in large amounts, so verteporfin remains in neovascularization. A few minutes after
verteporfin administration, we can begin the photodynamic therapy by sending laser light to
the fundus. The laser with this wavelength passes through the retina and the retinal pigment
epithelium without disturbing them and goes to the subretinal space where neovascularization
has occurred. Verteporfin interacts with the laser to release radicals that damage the
endothelium of the neovascular vessels and cause cell death. This will eliminate all
neovascularization. Prior to administration, it is important to know the magnitude of choroidal
neovascularization and calculate the exact amount of verteporfin that we then apply to the
patient. It also depends on the weight of the patient.

A second option for treating choroidal neovascularization is the use of anti-VEGF
preparations. They were originally developed for the treatment of various types of cancer,
until later their positive effect also appeared on the treatment of neovascularization in various

eye diseases. They are applied directly to the eye by intravitreal injection in the pars plana
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area. We can apply only a very small amounts of the substance, because otherwise intraocular
pressure may be increased. We have 4 substances on our market, one of them is called "off-
label".

The first is Macugen (pegaptanib). It’s application is every 6 weeks, the patient
receives a total of 9 doses and, if the condition requires, we continue to treat it also later. The
great advantage of this substance is that we can also use it in people with cardiovascular
disease.

The second preparation is Avastin (bevacizumab). It’s original purpose was to treat
lung and colon carcinoma. Many studies have also confirmed its positive effects on choroidal
neovascularization, but are still "off-label”. This is mainly because the exact number of doses
in which cases can be used is not yet determined, which would stabilize the finding and its
safety is not fully confirmed. Approval is still to be continued in research.

Another substance that we can use to treat choroidal neovascularization is Lucentis
(ranibizumab). The patient usually receives a single dose every four weeks for the three
months. If there is a time of deterioration, the application is repeated.

The latest preparation is Eylea (aflibercept). The advantage of this preparation is that it
is needed to apply it only once every two months, which is less demanding for the patient, and
the results are comparable to the application of ranibizumab, which has to be applied two

times more than aflibercept.
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Diferentni akomodace - diagnostika, reseni

Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Prace rozebird akomodaci, jeji mechanismus, méfeni a poruchy. Vyzkumna ¢ast prace
se zabyva porovnanim akomodacni Sife pravého a levého oka s vyuzitim push-up metody.

Cilem je stanovit vyskyt stavu nestejné akomodace ve zkoumaném vzorku.

Akomodace

Akomodace je déj, pfi kterém se zvySuje optickd mohutnost ocni ¢ocky a tim se
umozni, aby lidské oko vidélo ostfe objekty v rliznych vzdalenostech od oka. Podili se ném

zejména ocni ¢ocka, jeji zavésny aparat a cilidrni sval. [1,2]

Soucasné s akomodaci dochazi také ke konvergenci o¢nich bulb(, aby se zajistilo jednoduché
binokuldrni vidéni, a dale zuZeni zornic, které zvysi hloubku ostrosti. Spojeni téchto tfi jev(

nazyvame akomodacni triddou. [1, 3]

Slozky akomodace

Proces akomodace se sklada ze ¢tyr slozek: reflexni, vergencni, proximalni a tonické.
Reflexni akomodace je vyvolana neostrym obrazem a zajistuje zaostfeni obrazu na sitnici.
Vergenéni akomodace je navozena konvergenci. Proximalni akomodaci vyvola odhad
vzdalenosti predmétu. A tonickd akomodace je zplUsobena klidovym napétim cilidrniho svalu,

takze je pfitomna bez jakéhokoliv podnétu. U mladych lidi je rovna zhruba 1,0 D. [3, 4]



Fyzikalni a fyziologicka akomodace

Jednim z faktor(d podilejicich se na akomodaci je schopnost ¢ocky ménit svij tvar.
Tato ¢ast akomodace zajisténa elasticitou ¢ocky se nazyva fyzikdlni akomodace a mérime ji
v dioptriich. Druhym ¢asti je akomodace fyziologicka, kterd je urena Cinnosti cilidrniho svalu
a jednotkou je myodioptrie. Jedna myodioptrie se rovna kontrakéni sile ciliarniho svalu nutné

ke zvysSeni refrakéniho stavu oka 0 1 D. [3, 5]

Teorie akomodace

Mechanismem akomodace se zabyvalo uZz fada autorl. NiZze jsou uvedeny

nejzndmeéjsi teorie akomodacniho mechanismu.

Podle Helmholtzovy kapsularni teorie je v neakomodovaném stavu ciliarni sval
relaxovan a zonuldrni vldkna napnuta a cocka je udrZzovana v relativné plochém stavu.
Béhem akomodace se kontrahuje cilidrni sval a povoli se zavésny aparat ¢ocky. Diky elasticité
pouzdra se predni plocha ¢ocky vyklene smérem dopredu, a tak se zvysi jeji dioptricka sila.
Pfi desakomodaci se pak ciliarni sval uvolni a zonuldrni vldkna znovu napnou a zformuiji

¢ocku do puvodniho stavu. [2, 6]
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Obr.1: Princip Helmholtzovy teorie akomodace (¢innost zonuldrnich vlaken pfi akomodaci) [6]



Oponentni je teorie podle Tscherninga a Schachara, ktera predpokladala jiné
anatomické rozmisténi Uponu cilidrnich vlaken. Ekvatoridlni ¢ast zonularniho vldkna je
upnuta na predni ¢ast cilidrniho svalu, predni a zadni ¢ast vlakna je upnuta v zadni ¢asti
svalu. Diky tomu se pfi kontrakci cilidrniho svalu ekvatoridlni zonula napne, predni a zadni
zonula uvolni, a dojde k elongaci, tj. prodlouzeni vertikalniho priméru oc¢ni ¢ocky. Na rozdil
od Helmholtze je principem Schacharovy teorie aktivni spoluprace mezi cilidrnim svalem a

zavésnym aparatem cocky. Podle Tscherninga se na akomodaci podilel i sklivec. [2, 6]
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kontrakce ekvatoridlni zonuly

Obr. 2: Princip teorie akomodace podle Schachara a Tcherninga (Cinnost zonularnich vidaken pfi
akomodaci) [6]

Colemanova teorie se zakladd na existenci diafragmy mezi predni komorou a
sklivcem. Tato diafragma je tvofend cockou, zavésnym apardtem a prednim sklivcem. Pfi
kontrakci ciliarniho svalu se mezi prednim sklivcem a predni komorou vytvofi tlakovy
gradient, dojde ke zvySeni tlaku ve sklivcovém prostoru a zadroven snizeni tlaku v predni
komore. Tlak sklivce na zadni ¢oc¢kové pouzdro zpUsobi vyklenuti ¢ocky do predni komory. [2,

6]



Akomodacni interval a akomodacni Sife

Nejvzdalenéjsi bod, ktery oko vidi ostfe se nazyva daleky bod (punctum remotum). Je
to bod na optické ose, ktery se zobrazi na sitnici pfi minimalni akomodaci. Prevracena
hodnota vzdalenosti dalekého bodu je oznacovana jako axidlni refrakce, kterou udavame

v dioptriich.

Bod na optické ose, ktery se zobrazi na sitnici pfi maximalni akomodaci se nazyva

blizky bod (punctum proximum). Je to tedy nejblizsi bod, ktery jsme schopni zaostfit.

Oblast mezi dalekym a blizkym bodem se nazyva akomodacni interval. Je dan
rozdilem vzdalenosti téchto bod( a udava se v metrech. Akomodacni sSife (amplituda) je
rovna rozdilu prevracenych hodnot vzdalenosti dalekého a blizkého bodu a je vyjadrena
v dioptriich. Jinymi slovy udava rozdil klidové a maximalni akomodace a vyjadfuje nejvétsi

mozny narast refrakcni sily oka v disledku akomodace.

S vékem dochazi k postupnému ubytku akomodacni Sife. Tento fyziologicky jev se
nazyva presbyopie. Prvni znamky presbyopie, které se subjektivné projevuji Unavou

a rozostrenym vidénim do blizka, se zacinaji objevovat vétsinou po 40. roce véku. [3, 6, 7]

Prdmérné hodnoty akomodacni Sife v zavislosti na véku jsou zaznamenany v Duanové

grafu na obrazku 3.
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Obr. 3: Zmény akomodace s vékem (C — linie maximalni akomodace, A — linie minimalni akomodace,

B — linie primérné akomodace stanovené Duanem) [3]



Méreni akomodacni Sife

Akomodacni Sifi lIze spocitat odectenim dioptrické hodnoty blizkého bodu od
dioptrické hodnoty dalekého bodu. Pokud se daleky bod nachazi v nekone¢nu, akomodacni
amplituda je rovna reciproké hodnoté vzdalenosti blizkého bodu. Tento stav je pfitomen u
emetropa pripadné u pseudoemetropa (se spravné vykorigovanou refrakéni vadou). V praxi
se k subjektivnimu uréovani akomodaéni amplitudy nejéastéji vyuziva push-up metoda, push-

down metoda a metoda s rozptylnymi ¢ockami. [8]

Push-up metoda spociva v priblizovani testového objektu do jeho rozmazani. Jako
testovy objekt Ize pouZit optotypovou tabuli do blizka nebo Duan(v test ¢i Glaserlv test
vhodny pro astigmatické oci (viz obr. 4). Test provadime monokuldrné a poté binokularné.
Podminkou je dobfe osvétlend mistnost. Pacient sedi s nasazenou plnou korekci do dalky a
drzi vrukou testovou tabulku, kterou plynule pfriblizuje smérem k sobé. Doporucuje se
rychlost zhruba 2cm/s. Poudime pacienta, aby se po celou dobu snazil test vidét ostre.
V momenté, kdy se mu testovy znak rozostfi, vyzveme pacienta, aby tabulku uz dale
nepriblizoval a pokusil se znak jeSté zaostfit, protoZe se snaZime ziskat maximalni
akomodacni odpovéd. Pokud se tak nestane, je tento bod rozostreni blizkym bodem
akomodace. Zméfime vzdalenost tabulky od oka a prevracenda hodnota této vzdalenosti
v metrech nam pfimo uda velikost akomodacni amplitudy v dioptriich. Test opakujeme

trikrat na kazdé oko a poté tfikrat binokularné. [8, 9]

Obr. 4: Duanuyv a Glaser(v test [9]

Obdobou push-up testu je metoda push-down. V tomto pfipadé ale testovou tabulku

umistime blize k obliéeji, nez je blizky bod akomodace. To znamen3, Ze pacient vidi znak



rozostfené. Tabulku pomalu oddaluje od obli¢eje az do bodu, kdy se mu znak zaostfi.
Pfevracena hodnota vzdalenosti tohoto bodu od oka udava hodnotu akomodacéni amplitudy.

Stejné jako u predchozi metody test opakujeme vicekrat monokularné i binokuldrné. [8, 9]

Dalsi alternativou méreni akomodacni Sife je metoda rozptylky. Test provadime
monokularné, pacient sedi s nasazenou optimdlni korekci a fixuje optotypovy znak
v konstantni vzdalenosti (napf. ve 40 cm). Pfed oko postupné predkladdme rozptylné ¢ocky
v krocich po 0,25 D. Ukolem pacienta je snaZit se udrzet znak stale zaostfeny. V momentu,
kdy se mu znak rozostfi si zaznamename hodnotu pouZitych rozptylek. Akomodacni
amplitudu vypocitame souctem hodnoty rozptylky a 2,50 D, coz odpovidd pouzité

vzdalenosti 40 cm. [9]
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Introduction

The thesis analyses the accommodation, its mechanism, measurement and
accommodative dysfunction. The practical part of the thesis deals with the comparison of
the accommodative amplitude of the right and left eye using the push-up method. The aim is

to determine the occurrence of different accommodation in the examined sample.

Accommodation

Accommodation is a process in which the optical power of the crystalline lens
increases, allowing human eye to see objects sharply at different distances from the eye.
Especially the lens, zonular fibres and the ciliary muscle are involved in the accommodation.

[1,2]

Concurrently with accommodation, convergence of the eyeballs also occurs to ensure
simple binocular vision and pupils constrict to increase the depth of field. The combination

of these three movements is referred to as the accommodative triad. [1,3]

Components of accommodation

Accommodation consists of four components: reflex, vergence, proximal and tonic
accommodation. Reflex accommodation is triggered by a blurry image and ensures focusing
of the image on the retina. Vergence accommodation is driven by convergence. An estimate
of the distance of the subject causes proximal accommodation. Tonic accommodation is the
result of the resting tension of the ciliary muscle, thus it exists without any stimulus. It’s

equal to about 1,0 D in young people. [3, 4]



Physical and physiological accommodation

One of the factors contributing to accommodation is the ability of the lens to change
its shape. This part of the accommodation provided by the elasticity of the lens is called
physical accommodation and we measure it in diopters. The second part is physiological
accommodation, which is determined by the activity of the ciliary muscle and the unit is
myodioptria. One myodoptria is equal to the contraction force of the ciliary muscle needed

to increase the refractive state of the eye by 1 D. [3, 5]

Theory of accommodation

Several authors already have dealt with the mechanism of accommodation. There are

mentioned the most familiar theories of the accommodation mechanism below.

According to Helmholtz's capsular theory, in the unaccommodated state the ciliary
muscle is relaxed, and the zonular fibres are stretched, and the lens is kept in a relatively flat
state. During accommodation, the ciliary muscle contracts and zonular fibres become loose.
Thanks to the elasticity of the lens capsule, the anterior side of the lens increases its
curvature, thus increasing its dioptric power. During desaccommodation, the ciliary muscle

loosens and the zonular fibres re-tighten and form the lens to its original state. [2, 6]
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zonules become loose
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Figure 1: Helmholtz theory of accommodation (activity of the zonular fibres during accommodation)

(6]



The theory of Tscherning and Sachar assumed another anatomical placement of the
ciliary fibres. The equatorial part of the zonular fibres is clamped to the front part of the
ciliary muscle, and the front and back part of the fibres is clamped in the back of the muscle.
Thanks to this arrangement of zonular fibres, when the ciliary muscle contracts, equatorial
zonular tension is increased, the front and the back zonules are released, causing elongation,
i.e. elongation of the vertical diameter of the lens. In contrast to Helmholtz’s theory, Sachar
presumes active cooperation between the ciliary muscle and the fibrae zonulares. According

to Tscherning, vitreous body is also involved in the mechanism of accommodation. [2, 6]

anterior surface of the
lens during
accommodation

A

relaxation of the anterior y  relaxation of the posterior zonule
zonule

contraction of the
equatorial zonule

Figure 2: Sachar’s and Tschering’s theory of accommodation (activity of the zonular fibres during

accommodation) [6]

Coleman’s theory is based on the existence of a diaphragm between the anterior
chamber and the vitreous body. This diaphragm is formed by crystalline lens, suspensory
ligaments of the lens and a front part of vitreous body. During the contraction of the ciliary
muscle, a pressure gradient is formed between the front vitreous and the anterior chamber,
causing an increase in pressure in the vitreous body and a reduction in the pressure in the
anterior chamber. The pressure of the vitreous body on the posterior capsule causes that

the anterior lens increases its curvature. [2, 6]



Range of accommodation, amplitude of accommodation

The far point (punctum remotum) is the furthest point that eye sees clearly. It’s a
point on the optical axis that appears on the retina with minimal accommodation. The

reciprocal value of the distance of the far point is referred to as axial refraction (measured in

dioptres).

The point on the optical axis which appears on the retina with maximum

accommodation is called the near point (punctum proximum). It’s the closest point we can

focus on.

The distance between the near point and the far point is called range of
accommodation and it’'s measured in meters. Amplitude of accommodation is equal to the
difference in the reciprocal values of the distance of the far point and near point. It’s the

maximum potential increase in optical power that an eye can achieve during

accommodation and its measured in dioptres.

The physiological progressive loss of accommodative amplitude is called presbyopia.
The first signs of presbyopia, subjectively manifested as fatigue and blurred near vision,

begin to appear mostly after 40 years of age. [3, 6, 7]

Duane’s curve shows the dependency of the accommodative amplitude to age and

it’s shown in Figure 3.
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Figure 3: Changes of the accommodation with age (C — maximal accommodation, A — minimal

accommodation, B — average accommodation according Duane.) [3]



Measurement of accommodative amplitude

Amplitude of accommodation can be calculated by subtraction the near point in
dioptres from the far point in dioptres. If the far point is in infinite, the accommodative
amplitude is equal to the reciprocal value of the near point (distance). This condition is
present in emmetropic eyes or pseudoemetropic eyes (with correctly corrected refractive
error). In practise, the push-up method, push-down method and the minus lens method are

most commonly used for subjective determination of the accommodative amplitude. [8]

The principle of the push-up method is to bring the test object closer and closer to
the eye until it’s blurred. For the measurement we can use eye chart for testing near vision
acuity, or a Duane’s test or a Glasser’s test suitable for astigmatic eyes (see Figure 4). The
test is performed monocularly and then binocularly. A well-lit room is needed. The patient
sits and has full corrected refractive error for distance. He holds a test object in his hands
and moves it closer to his eyes. A speed of about 2cm/s is recommended. We instruct the
patient to try to see the test sharply all the time. When the test object becomes blurry, we
ask the patient to not move with it and try to focus on the test object again (as we try to get
the maximum accommodative response). If the test object is still blurry, we found the
distance of the near point. Then we measure the distance of the test object from the eye.
The reciprocal value of this distance in metres give us the value of accommodative
amplitude in dioptres. We repeat the push-up test three times for each eye and then three

times binocularly. [8, 9]

Figure 4: Duane’s and Glasser’s test [9]




The push-down test is analogous to the push-up test. In this case, however, we place
the test object closer to the face than the near point lies, so the patient sees the object
blurry. Then he patient moves away the test object from his eyes until he sees it sharply. The
reciprocal value of the distance of this point from the eye give us the value of the
accommodative amplitude. The push-down test is performed multiple times both

monocularly and binocularly. [8, 9]

Another subjective method of measuring of accommodative amplitude is Minus to
blur method. It’s performed monocularly, the patient sits and has the optimal correction for
distance and focuses on the test object at a constant distance (e.g. 40 cm). The patient’s task
is to keep the test object still focused. Minus lenses are introduced in 0,25 D steps until the
patient reports the first sustained blur. Accommodative amplitude is calculated by the sum
of the amount of minus lens power introduced plus the 2,50 D, corresponding to the used

distance of 40 cm. [9]
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Individualni parametry brylovych obrub
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ANOTACE:

Individudlni parametry brylovych obrub jsou dilezité nejen pfi vyrobé a spravném usazeni
obrub na obliceji, ale také pfi samotném vybéru bryli se zdkaznikem. Kazdého optika Zivi prodej bryli,
a proto je dulezité si pfi prvnim kontaktu se zakaznikem udélat predstavu o vzhledu a tvaru bryli,
které by mu slusely. Zakaznici za ndmi chodi jako za odborniky a zajisté oceni radu a pfi vybéru mlze
zohlednit nas pohled. Proto je podle mého nazoru dllezZité znat zakonitosti vztahu tvaru obliceje s
tvarem obruby. Cilem této prdce je zjistit, jestli v praxi plati zakonitosti tvaru brylovych obrub

vzhledem k anatomickému tvaru obliceje.

KLICOVA SLOVA: Brylova obruba, tvary obrub, parametry obrub

Rozdéleni brylovych obrub

1) Brylové obruby s o¢nicemi

Tento typ bryli se v klasické nabidkové paleté vyskytuje v rozmanitych moznostech tradi¢né
nejcastéji. Jejich vyhodou je pevnost, kompaktnost a solidni ochrana, jakou poskytuji stéle sloZitéjSim
typlm brylovych skel do nich vsazovanych. Brylové obruby se skladaji z brylového stfedu tvorenym
dvéma ocnicemi spojenymi nosnikem (viz. obrdzek ¢. 1). Aby v ocnicich brylové c¢ocky spravné drzely,
jsou po celém vnitfnim obvodu vybavené drazkou ve tvaru ,V“, do které zapada sklicko a poskytuje

tak dosedaci a opérnou plochu pro tzv. ,stfechovitou” fazetu s odpovidajicimi parametry.

Cely brylovy stied je pak doplnén o par stranic, pfipevnénych k brylovému stfedu kloubovym
spojenim, tzv. stéZzejkami. Obruby jsou vyrabény z tradi¢nich umélohmotnych a pfirodnich material(.
V pripadé pouZiti kovového materidlu je sty¢na plocha nosniku fesena nejcastéji pouzitim sedel

rGznych typl, material(l a velikosti, upevnénych pomoci kovovych tfmenf, resp. dpona. Ty pak byvaji



pevné pfipdjené k ocnicim nebo jinym vyztuzujicim a spojujicim dilkiim nosniku. U nékterych typQ se
vyuziva sedlovych umélohmotnych ploch, tzv. dvojsedel pfipevnénych na vyztuhu spojujici ocnice.
Umélohmotné materidly maji vytvarovany tzv. anatomicky nosnik, coz je sedlovy mustek zajistujici
primérené rozlozeni pusobicich sil na sty¢nou plochu nosniho korene. Cela plocha nosniku je typicky

prohnuta v predozadnim sméru, kvlli mensi vzdalenosti vlastniho korekéniho ¢lenu pred okem.

Kloubové spojeni brylového stfedu a stranic zajistuji stéZzejky srdznym poctem ocek a
rozmanitym provedenim. Toto spojeni umoziuje slozeni bryli do , klidové faze“, kdy se predpoklada
jejich nepouZivani. Do stranic zumélé hmoty jsou €asto vkladany kovové vyztuze, aby byla zvySena

pevnost. Kovova zakonéeni vyztuh mohou byt samotnou soucasti stézejky.

Cést stranice ohnutd za usi se nazyva koncovka. Mlze tvofit pokracujici ¢ast vlastniho téla
stranice, nebo muize byt nasunuta na kovovou vyztuhu stranice. Stranice a koncovky hraji dilezitou

roli pfi vytvarovani a pfizpGsobeni anatomickych poZadavkd klienta a zajisténi Zadouci stability

obruby.

Obrazek €. 1 (Obruba s ocnicemi) [http://www.bryle-domu.cz/dioptricke-bryle-mats.html]

2) Poloobruby

Odlisuji se obrub s ocnicemi tim, Ze pfi vyrobé u nich doslo ke konstrukénimu odstranéni urcité
Casti ocnice (viz. obrazek ¢. 2), coz mlze byt vyhodou zejména proto, Ze chybéjici ¢ast ocnice
neomezuje zorné pole jako tomu muze byt v pfipadé kompletnich ocnic. Vlastni spojeni téla stfedu,
tzv. ,obocnic” s korekénimi ¢leny, se provadi za pomoci silonového vlasce pfipevnéného k jeji ¢asti.
Diky témto odliSnostem musi mit jak drazka, tak fazeta ¢ocky sva specifika. Jedna se o kombinovanou
fazetu stfechovitou a v oblasti upevnéni silonu o fazetu plochou s vyfrézovanou drazkou. Dalsi
moznosti je vloZeni brylové cocky s plochou fazetou a drazkou po celém obvodu do ocnice se

zalisovanym silonem v misté kovové drazky. Ocividnym plusem obruby by mohla byt snizena



hmotnost obruby a mozZnost individudlniho dotvareni a prizplsobovani tvaru skel a tim zména

celkového vzhledu obruby.

a “\

Obrazek €. 2 (Poloobruba) [https://www.opti24.cz/bryle-polobruby?page=4]

3) Bryle bez o¢nic

Tyto bryle vznikli na zdkladé snahy odlehcit bryle v maximalni mife co se obrub tyce. Také jako
prani klientim, ktefi nechtéli nosit bryle a Zadali o jejich ,zneviditelnéni.” Nejvétsi vyhodou je
dozajista sniZeni, resp. odstranéni skotom( v zorném poli zplsobené ocnicemi. Zakladnou pro
uchyceni nosnikové casti s opérnymi sedly a vnéjsi ¢asti se stranicemi se staly samotné korekéni
Cocky (skla). Tradi¢né byva tato kategorie charakterizovdna pouzitim ploché fazety v celém obvodu

korekéniho ¢lenu. Bryle bez o¢nic jsou zobrazeny na obrazku ¢. 3.

o

| 7——& e,

Obrazek €. 3 (Bryle bez ocnic) [https://www.easyoptic.cz/bryle/typ-bryli]

Rozméry brylovych obrub



Abychom zjistili jednotlivé parametry a rozméry obrub, mlizeme vyuZit dva systému k tomu
predurcené. Jedna se o zplsob méreni do obdélnika a zplsob méreni na ose. Kazdy ze systém( ma

vlastni symbol, dllezity pti popisu parametr( obruby popsanych nize.

V nasich evropskych podminkach se prosadil systém méreni do obdélnika neboli BOXING
SYSTEM. Pro zjisténi zakladnich parametr(, jako Sitky i vysky ocnice, $itky nosniku i o&nicového
rozestupu je treba vytvofit nasledujici nakres (viz. obrazek ¢. 4). Kolem vnitfnich obrysi ocnic
brylového stfedu se opisi dva pravouhelniky orientovany dle horizontdlni osy obruby. Horizontalni
hrany uvazovanych pravouhelnikli musi v prabéhu vychazet z vnitfnich kraji drazek obou ocnic.
Protinaji se tedy nejvy3si a nejnizsi limitni kfivky oénic. Jednotlivé parametry i s popisky jsou popsany
nize. Ke zjisténi rozmérd dle této metody mlzeme v praxi vyuZit posuvné méfitko, jehoz cCelisti se
pfiloZi naplocho k brylovému stfedu. Vytvofi se tak méfitelnd tempordlni svisld te¢na s tecnou

nasalni.

Vsechny zakladni rozméry musi byt pfi vyrobé dodrZeny s toleranci £ 0,5 mm. Jako doplfujici
a pomocné informace o obrubé& mohou byt rozméry stranice, které sestavaji z délky mérené k ohybu
stranice a délky koncovky. VSechny parametry jsou dilezité pro nasledny vybér velikosti bryli

s pfihlédnutim na dané anatomické a fyziognomické velic¢iny.

Ve vychodni Asii se mlUZeme setkat s obrubami, jejichZz rozméry byli popsany pomoci systému
méfeného na ose neboli DATEN-LINIE SYSTEM. V praxi je mozné ho zmé&Fit milimetrovym méfitkem,
které se pfiloZi od jednoho okraje oc¢nice k druhému. Zobrazi se nam linie horizontdlni stfedové osy.
PFi porovnani obou metod se mohou nékteré rozméry lisit. Vyska ocnic je stejnd u obou méreni.
KdeZto u Sifky ocnic, nosniku a oc¢niho rozestupu se projevi odliSnosti. Je to zplsobeno odvozenim
prasediku kfivek océnice s horizontdlni osou prochazejici sttedem. Na rozdil od odvozeni z limitnich

vnéjsich a vnitfnich pribéhd drazek v pfipadé boxing systému.

a: Sifka ocnice c:8itka bryli
b: vy8ka ocnice d:§ifka nosniku

Obrazek ¢. 4 (Popis parametrl oobruby) [http://www.vyhodne-bryle.cz/info/cisla-na-vnitrni-strane-

obruby.html]



a= Sirka ocnice
b= vyska ocnice
c= stred ocnice

d= Sitka nosniku

Odlisnosti metod se projevuji u hodnot 3, ¢, d.

Na obrubé jsou parametry zapsany vtomto poradi : Sitka ocnice, symbol méfici metody, Sitka

nosniku, vzddlenost vnéjsich ¢asti, délka stranice.

Pozadavky kladené na brylové obruby dle CSN

Vyrobce obrub musi spliovat normu CSN EN ISO 12870, kterd sleduje dodriovani
vyznacenych rozmérl, zkousky fyziologické snasenlivosti materidlu, rozmérovou stalost pfi a po
nahfivani, odolnost vic¢i deformaci, potu, mechanickému zatiZeni, zafeni a v neposledni fadé
hoflavost, resp. nehoflavost. Materidl, ktery nesplfiuje tyto podminky, nebo vyvolava drazdéni,
alergické ¢i toxické reakce musi byt z vyroby vyfazen. Hodnoty rozmér(i brylového stfedu se mohou
liSit o £ 0,5 mm a délka stranic o + 2 mm. ZkousSena je také rozmérova stalost pfi maximalnim
rozevieni stranic po dvouhodinovém plsobeni teploty 55°C. Mérend je dale mechanickd stalost
plsobenim sily o 5 N po dobu 5 vtetin. Pfi deformaci (prohnuti) nosniku nesmi byt vytlaceny ¢ocky
z ocnic. Trvanlivost obruby je testovdna ohybanim probihajicim v 500 cyklech. Nemély by pak byt
nalezeny zadné trhliny ¢i zlomy. Odolnost vic¢i potu se ovéfuje pouZitim umélého roztoku (900
mililitrd vody, 100 gramU chloridu sodného a 50 gramu kyseliny mlécné) a jeho naslednym zahfatim
pfi teploté 55 °C po dobu 8 hodin, béhem kterych se nesmi objevit skvrny, zbarveni ¢i koroze. Pokud
material nezménil barvu po ozafovani xenonovym zdrojem svétla, byla odolnost potvrzena.
Nehoflavost znamenad, Ze material nevzplane po pfilozeni ocelové tycky zahraté na 650 °C po dobu 5
s. Dale je pak doporucovdna hmotnost obruby do 32 g. Zaroven pak plochy dotykajici se pokozky

musi mit oblou hranu.


https://cs.wikipedia.org/wiki/%C2%B1

Brylova estetika

Morfologie hlavy

Z hlediska priabéhu frontalné konturni linie obli¢eje se popisuji zakladni tvary: kulaty, ovalny,

trojuhelnikovy (srdcovity) a kubicky, viz. obrazek €. 5.

Obrazek ¢. 5 (Tvary obliceje) http://blog.wayfarer.cz/2015/05/vyberte-si-sprave-sve-slunecni-
bryle.html]

v

Ovalny tvar obliceje patfi k nejvdécnéjsSim tvarlm z hlediska vybéru obrub, protoZe se
k tomuto obliceji hodi témér vsechny tvary ocnic pres kulaté, ovalné, hranaté, kocic¢i i jejich
derivace. Zalezi pak na osobnosti a vkusu. Urcitou univerzdlnost pak mohou ovlivnit poZzadavky na
vzhled spojené s jinymi parametry obliceje a jeho soucasti. | u bryli plati klasické zdsady vyuZivané
hlavné v mddé a ndvrharstvi. Chce-li zakaznik vizualné zkratit delsi obli¢ej, mél by zvolit Sirsi nebo
vy$sSi obruby. Jako vhodnd obruba se tedy jevi obruba s masivnimi ocnicemi, nebo obruba
s proménlivou tloustkou. Méné ptiznivé by byli obruby s tenkymi ocnicemi ¢i dokonce obruby bez
ocnic. Vybérem brylového stfedu se dd korigovat i jednotlivé vnimanou délku nosu. Dlouhy nos lze
opticky zkratit vy$Sim masivnéjsSim nosnikem (dvojitym nosnikem). Naopak je to u kratkého nosu,
ktery Ize vizuadlné prodlouzit pouzitim obrub s nosnikem ve tvaru ,klicové dirky.” Stejného efektu jde

docilit také vyssim umisténim nosnikem se sedly v pfipadé kovovych bryli.

V pripadé kulatého obli¢eje jsou ve smyslu korigujicich kontur obliceje vhodnéjsi bryle

s vyraznou hranatou charakteristikou. Lze vyuZit o¢nice odvozené od pravouhlych tvard. Zadouci



oZiveni pavodniho plisobeni tézkopadnosti dosdhneme pastelovymi barvami dle mddnich moznosti.
Pti vybéru by se mél zakaznik vyvarovat kulatym typlm bryli, které by plnost obliceje jesté posilily.
Celkovy vzhled také nepfiznivé ovliviuji kulaté doplnky, pfisné s¢esané vlasy dozadu a zvyraznéna

linie obodi.

Lidé s trojuhelnikovym tvarem obli¢eje myvaji vyraznéjsi oboci a uzsi drobnéjsi bradu. Jak
bylo zminéno Ize drobnou bradu zvyraznit ztlusténim ramu v dolni ¢asti obruby, coz zpUsobi pIné;jsi
dojem bradové partie. Idealni volbou jsou koci¢i tvary s jemnymi konturami. Je mozny i hranatéjsi typ
s nizSi hloubkou obruby tak, aby nezakryval oboc¢i. Nedoporucuji se hrubsi a velké tvary bryli, které by

akorat zdlraznily $pi¢atou bradu. V tomto pripadé se nedoporucuje pfehanét to s barvami.

Vyrazné rysy kubického obliceje se zjemnuji velkymi kulatymi nebo koci¢imi tvary ocnice.
Cilené se zdUraznuje linie oboéi a spanku. Hranaté kfivky v obli¢eji mohou pUsobit pfisné a tvrdé, a
proto se nedoporucuji hranaté tvary, které by onu tendenci jeSté posilily. V tomto pfipadé neplati,

¢im tenci, tim lepsi.

Nasledujici obrazky obrub (obrazky €. 6, 7, 8 a 9) jsou vytvofené v programu ,,3D Malovani“ a budou
pouzity v praktické casti prace, kde budou zkoumany a hodnoceny fotografe probandd. Cilem bude

zjistit, které obruby nejvice sedi danému tvaru obliceje.

Obrazek €. 6 (Kulaté obruby) [Archiv autora]



Obrazek €. 7 (Ctvercové obruby) [Archiv autora]

Obrazek ¢. 8 (Obdélnikové obruby) [Archiv autora]

Obrazek €. 9 (Kocici obruby) [Archiv autoral]



Vlasy, plet a make up

Kazdy optik by si mél udélat predstavu o sortimentu, ktery nabidne zdkaznikovi hned pfi
prvnim kontaktu. Nejenom tvar obli¢eje nam muZe prozradit néco o somatické strance zakaznika.
Doplnujici informace ziskdvame pravé z jednotlivych aspektl celkového vzhledu, jakymi mohou byt
napfiklad vlasy. Kazda hlava totiz zménou Ucesu ziska jinou konturu. Napftiklad s¢esanim vlas(i do cela
Ize zménit zdanlivé proporéni poméry obliceje i celkové lebky. Ugesu pfipisuji velky vyznam hlavné
Zzeny, i kdyZz vdnesni dobé se prostfednictvim rlznych Uprav vlasl projevuji i muZi. MazZe byt
vyznamnou soucdsti vytvorené osobni image. Styl a barva ucesu prozrazuje, zda jde o osobu
elegantni, sportovni, romantickou, leZérni, vtipnou, rozvernou nebo strohou. KdyZ je vlasova
pokryvka skrovnéjsi, pfipadné chybi-li Uplné musime zas mit na paméti, Ze se kazda obruba projevuje

vyraznéjsim zplsobem.

Barvu obruby miZe ovlivnit nejen barva vlas(l ale hlavné barva pleti. Plati obecné pravidlo, Ze
pro svétlejsi typy pleti se hodi spiSe jemnéjsi, tenké obruby. KdeZto u vice pigmentované pleti mlze

vyhovovat vyraznéjsi a tmavsi o¢nice, pokud se od nich neocekava kontrastni ucinek.

V neposledni fadé také dalsi ,vyhodnoceni” liceni, odévu a doplnkd ndm muzZe v predstihu
napovédét ¢asto mnohem vice o zdkaznikovi, nez by se dafilo odhalit v pribéhu vzajemného dialogu.
Spravny optik by také mél poznat povahu klienta a rozhodnout pak zda a jak moc by mél zasahovat
do vybéru bryli. Nemél by sv{j nazor prosazovat za kazdou cenu a mél by mit na paméti, Ze posledni
slovo patfi klientovi a prokazat tak vi¢i nému uréitou empatii. Bude to zdkaznik, kdo pak

v kazdodennim Zivoté bude muset obhajovat své rozhodnuti pred kritickymi zraky okoli.

Zakaznik také mlze do svého rozhodovani zanést velmi logicky faktor, kterymi jsou sedla.
Klienti vétSinou po vlastni Spatné zkuSenosti mohou zamitnout bryle, které by mu sedély, protoze ho
jejich vysledky zklamali i kdyZ to byl tfeba subjektivni pocit. Zeny naptiklad uvaZuji pfi vybéru
kovovych obrub i nad tim, Ze by se jim sedla zamotédvala do vlasid. Nebo zakaznici prichazeji kvali
tomu, Ze maji sedla ,zarytd do nosu”“, coz je otazkou zatizeni klze, materidlu a spravnou Upravou dle
anatomickych potreb klienta. MlzZe to mit negativni vliv na nas vztah s klientem, protoze se k nam
navraci nespokojen. Zakladem, je sprdvna anatomicka Uprava. Ddle pak zalezi na zatiZeni a elasticité
kGze. Mladi lidé maji mnohem vétsi elasticitu k(ize a pro jejich potfeby jsou vhodnéjsi mékci sedla,
kdezto u starSich lidi, kde je elasticita kiize celkové snizend, se doporucuji sedla tvrdsi. ZaleZi i na
velikosti sedel dle priorit zdkaznika. Je dulezité, aby optik dokazal najit pro klienta vhodny

kompromis, protoze po vsech strankach mohou byt doporuceni splnéna, ale individualni pozadavky



zakaznika jsou odlisné, a to je naSe priorita. Jednd se napfiklad o pUsobeni vlastnich metabolitl

vylucovanych télem zpUsobuijici diskomfort a nesnasenlivost.

Sedla jsou tedy velmi vyznamnych c¢lankem, co se tyce celkové stability bryli. Bryle plsobi
silou 0,6 az 1 N/cm?2, ktera se rozprostira mezi nos a usi. 90 % této sily zatézuje pravé oblast nosniho
kofene a tedy 10 % prebiraji stranice. Pfi nepfimérené zatézi povrchu klze z jakychkoliv davodi
mUZe vést k patofyziologickym procesim jakymi jsou zCervenani, bolest a v posledni fadé i poskozeni
tkané. Z tohoto pohledu se pfriznivéji jevi plastové bryle, které disponuji anatomickym nosnikem
s vétsi styCnou plochou, coz znamena vétsi rozprostreni plsobicich sil. U kovovych bryli se mize
vyuzit dvojsedla, které supluje funkci anatomického nosniku. Optik tak musi pfemyslet i nad tihou
celkovych bryli (véetné vsazenych korekcnich skel) a upozornit zakaznika na mozné, vySe zminéné

komplikace a doporucit tak i jiné moZznosti a varianty.
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Individual parameters of spectacle frames
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ANNOTATION:

The individual parameters of the spectacle frames are important not only in the
production and proper fit of the face curves, but also in the choice of the glasses with the
customer. Each optician nourishes the sale of glasses, so it is important to get an idea of the
look and shape of the glasses that would suit him. Customers come to us as experts and will
certainly appreciate advice and can take our perspective into account when choosing.
Therefore, in my opinion, it is important to know the patterns of the face shape relationship
with the shape of the frames. The aim of this work is to find out if in practice the rules of the
shape of the spectacle frames apply to the anatomical shape of the face.

KEY WORDS: spectacle frame, shape of frames, parameters of frames

Division of spectacle frames

1) Spectacle frames with eyelets

This type of glasses is traditionally the most common in the classic offer palette. Their
advantage is the strength, compactness and solid protection they provide to ever more
complex types of spectacle lenses that are inserted into them. The spectacle frames consist of
a spectacle center consisting of two eyelets connected by a beam (see figure number 1). To
keep the lenses in the eyeglasses properly, they have a V-shaped groove all around the inner
periphery that fits the slide so that they provide a bearing and support surface for the so-called
"roof-like" facet with the corresponding parameters

The entire glass center is then complemented by a pair of sides, attached to the
eyeglass center by an articular connection, called hinges. The frames are made from

traditional plastic and natural materials. In the case of the use of metallic material, the contact



surface of the beam is most often solved using saddles of different types, materials and sizes,
fastened with metal stirrups, respectively attachments. They are then soldered firmly to the
eyelets or other reinforcing and joining pieces of the beam. For some types, saddle plastic
surfaces are used, so-called two-seaters attached to the brace connecting the eyebrows. The
plastic materials have a so-called anatomical beam, which is a saddle bridge providing
adequate distribution of the forces acting on the nasal root surface. The whole surface of the
beam is typically curved in the forward-facing direction due to the smaller distance of the
actual correction member in front of the eye.

An articulated connection with the center-glass and the side provides interlocks with a
variety of stitches and a variety of designs. This connector allows the glasses to be put into a
"quiescent phase" when they are not intended to be used. Metal braces are often embedded in the
plastic in order to, so that can be increase strength. The metal endings of the braces can be the part

of the hinge itself.

Part of the earpiece which is bent behind the ears is called the ending. It can form a
continuous part of the earpiece's own body, or it can be pushed to the metal reinforcement of
the earpiece. The earpieces and ends play an important role in shaping and adapting the

client's anatomical requirements and ensuring the desired stability of the frames.

Figure number 1 (Frame with eyelets) [http://www.bryle-domu.cz/dioptricke-bryle-mats.html]

2) Half- frame

The eyepiece curve is distinguished by the fact that a certain part of the eyelets has been
removed (see Figure 2), which can be advantageous in particular because the missing part of the
eyepiece does not restrict the field of vision as it may be in the case of complete eyelids . The actual
joining of the center of the body, the so-called "brows", with the correction members, is carried out

by means of a silon line attached to its part. Thanks to these differences, both the groove and the



facet of the lens must have their own specifics. This is a combined facet and in the area of the flat-
faced silicon face-milled groove. Another option is to insert a spectacle lens with a flat bevel and a
groove around the perimeter into the orifice with a molded silon at the place of the metal groove.
The obvious plus of the trim could be the reduced weight of the frame and the possibility of
individually adjusting and adjusting the shape of the glass and thus changing the overall appearance

of the frame.

“\

Figure number 2 (Half- frame) [https://www.opti24.cz/bryle-polobruby?page=4]

3) Glasses without eyelets

These glasses have been created on the basis of the effort to relieve the glasses to the
maximum extent of the waist. Also as a wish to clients who did not want to wear glasses and asked
for their "invisibility." The biggest advantage is definitely a reduction or, the removal of scotomas in
the field of vision caused by the eyelids. The base for fixing the beams with support seats and the
outer parts with the sides became the correction lenses (glasses) themselves. Traditionally, this
category is characterized by the use of a flat facet throughout the perimeter of the correction

member. Glasses without eyelets are shown in figure 3.

Rl

o«

Figure number 3 (Glasses without eyelets) [https://www.easyoptic.cz/bryle/typ-bryli]



Dimensions of spectacle frames

In order to determine the individual parameters and dimensions of the frames, we can use
two systems to do this. This is a way of measuring into a rectangle and a method of measuring the
axis. Each of the systems has its own symbol, important in describing the parameters of the flange

described below.

In our European conditions, a measurement system has been introduced into a rectangular
system called BOXING SYSTEM. To determine the basic parameters such as the width and height of
the eyelets, beam width and eyelets spacing (see figure number 4). Around the inner contours of the
eyeglass centering eye are two rectangles oriented along the horizontal axis of the bead. The
horizontal edges of the rectangles considered must protrude from the inner edges of the grooves of
the two orifices. The highest and lowest limit curves of the orbits intersect. Parameters and labels are
described below. To measure dimensions according to this method, we can use a sliding scale in
practice, whose jaws are applied flat to the center of the glass. This creates a measurable temporal

vertical tangent with tangled nose.

All basic dimensions must be maintained at the tolerance of + 0.5 mm. As additional and
auxiliary information on the bead, the dimensions of the side may be that of the length measured for
the side bending and the length of the end piece. All parameters are important for the subsequent
selection of the size of the glasses, taking into account the given anatomical and physiognomic

quantities.

In East Asia, we can encounter ribbons whose dimensions have been described using a
system measured on the axis system called DATEN-LINE SYSTEM. In practice, it can be measured with
a millimeter scale, which is applied from one edge of the eyebrow to the other. You will see a line of
the horizontal centerline. When comparing both methods, some dimensions may vary. The height of
the orbits is the same for both measurements. While there are differences in the width of the
eyelids, the beam and the eyepiece. This is due to the derivation of the intersection of the orbital
curves with the horizontal axis passing through the center. Unlike the derivation of the outermost

and inner grooves in the boxing system.



a: Sifka ocnice c:Sitka bryli
b: vySka ocnice d:§ifka nosniku

Figure number 4 (Description of the parameters of the unit) [http://www.vyhodne-

bryle.cz/info/cisla-na-vnitrni-strane-obruby.html]

a = eyelet width
b = eyelet height
¢ = glasses width

d = beam width

Differences between methods are shown at a, c, d values.

On the frame, the parameters are written in the following order: Eyelet Width, Symbol of

Measurement Method, Beam Width, Distance of Outside, Length of Sides.

Requirements for spectacle frames according to CSN

The manufacturer of the flange must comply with the standard EN ISO 12870, which
observes the adherence to the marked dimensions, the physiological tolerance of the material,
dimensional stability during and after heating, resistance to deformation, sweat, mechanical load,
radiation and, last but not least, flammability. non-flammability. Material that does not meet these
conditions or causes irritation, allergic or toxic reactions must be discarded from the factory. The
dimensions of the center of the spectacle center may vary by + 0.5 mm and the side length by + 2

mm. Dimensional stability is also tested at maximum side opening after a two-hour exposure to 55 °



C. Mechanical stability is also measured by applying a force of 5 N for 5 seconds. When deflecting the
beam, the lenses of the eyepieces must not be pushed out. The shelf life is tested by bending in 500
cycles. No cracks or breaks should be found. The resistance to perspiration is verified using artificial
solution (900 milliliters of water, 100 grams of sodium chloride and 50 grams of lactic acid) and then
heating at 55 ° C for 8 hours, during which no stains, discoloration or corrosion may appear. If the
material did not change color after irradiation with a xenon light source, resistance was confirmed.
Flammability means that the material does not catch up after applying a steel rod heated to 650 ° C
for 5 seconds. Furthermore, the weight of the flange is up to 32 g. At the same time, the areas

touching the skin must have a round edge

Aesthetics of the glasses

Head morphology

From the viewing of the frontal contour line of the face are described the basic shapes:

round, oval, triangular (cordate) and cubic. See at the figure number 5.

Figure number 5 (Shapes of faces: cordate, oval, cubic, round)

http://blog.wayfarer.cz/2015/05/vyberte-si-sprave-sve-slunecni-bryle.html]

The oval shape of the face is one of the most glorious shapes in terms of the choice of rims,
because almost all shapes of the orbits around the round, oval, rectangular, cat or their derivatives
are suitable for this face. It depends on personality and taste. Some versatility can then affect
appearance requirements associated with other facial parameters and their components. Even with

the glasses, the classic principles apply to fashion and design. If the customer wants to visually



shorten a longer face, he should choose wider or larger frames. As a suitable curtain, therefore, it
appears to be a bevel with massive orifices, or a bead of varying thickness. Less favorable would be
the frames with thin orifices or even beads without eyebrows. By selecting the centerpiece, the
individually perceived nose length can also be corrected. The long nose can be abbreviated optically
by a higher massive beam (double beam). On the contrary, it is a short nose that can be visually
extended by the use of a bead with a "keyhole" shaped bearer. The same effect is achieved by the

higher positioning of the bearer with the seat in the case of metal spectacles.

In the case of a round face, goggles with a pronounced angular characteristic are more
suitable in the sense of correcting face contours. Ears derived from rectangular shapes can be used.
Desirable revival of the original effects of cumbersome we can achieve pastel colors according to
fashion possibilities. When selecting, the customer should avoid round glasses that would enhance
the fullness of his face. Overall appearance also affects round accessories, tightly combed back and

high eyebrow lines.

People with triangular face shape have a more pronounced eyebrow and narrower chin. As
mentioned, a small chin can be accentuated by thickening the frame at the bottom of the frame,
which will give a fuller impression of the chin portion. Ideal choices are cat shapes with fine contours.
It is also possible to have a more square type with a lower depth of the rim so that it does not cover
the eyebrows. The coarser and bigger shapes of glasses are not recommended, which would just

emphasize a pointed chin. In this case, it is not recommended to overdo it with colors.

The distinctive features of the cubic face are softened by large round or cat shapes of the
orbit. The line of eyebrows and sleeping is emphasized. The curved curves in the face can act
severely and hardly, and therefore angular shapes are not recommended to enhance this tendency.

In this case, the thinner the better.

The following border pictures (figure number 6, 7, 8 and 9) are created in the "3D Paint"
program and will be used in the practical part of the work where the proband photographers will be

examined and evaluated. The aim will be to find out which frames most fit to the given face shape.



Figure number 6 (Round frame) [Author's archive]

Figure number 7 (Cubic frame) [Author's archive]

Figure number 8 (Rectangle frame) [Author's archive]



Figure number 9 (Cateye frame) [Author's archive]

Hair, skin and make up

Each optician should have a knowledge of the assortment he offers to the customer at first
contact. Not only the shape of the face can tell us something about the somatic side of the customer.
Additional information is gained from individual aspects of the overall look, such as hair. Each head is
given a different contour by changing the hairstyle. For example, by combing hair in the forehead,
the apparent proportions of the face and the overall skull can be changed. The hairstyle attributed
great importance to women, although nowadays men also appear through different hair
modifications. It can be an important part of the created personal image. The style and color of the
hairstyle reveals whether it is a person elegant, sporty, romantic, casual, funny, wild or austere.
When the hair cover is scarce or if it is completely missing, we must remember that each frame is

more pronounced.

The color of the trim can affect not only the color of the hair but also the color of the skin.
The general rule is that thinner, thiner frames are more suitable for lighter skin types. While more
pigmented skin may have more pronounced and darker eyelids, unless it is expected to have a

contrast effect.

Last but not least, another "evaluation" of make-up, clothing and accessories can often tell us
more about the customer in advance than it would be able to reveal during a dialogue. The right
optician should also recognize the nature of the client and decide whether and how much he should
interfere with the choice of glasses. He should not push his mind at all costs, and he should bear in

mind that the last word belongs to the client and proves to him a certain empathy. It will be a



customer who will have to defend his decision in the everyday life from the critical eyes of the

neighborhood.

The customer can also make a very logical factor in their decision making, such as saddles.
Clients, mostly because of their own bad experiences, may reject the glasses that would sit him
because their results disappointed him even if it was a subjective feeling. Women, for example, are
considering choosing metal frames, even if they sit in tangles in their hair. Or customers come
because of their saddles "gushing in the nose", which is a matter of skin, material and proper
adjustment according to the client's anatomical needs. It can have a negative impact on our
relationship with the client because he is not satisfied with our return. The basis is the correct
anatomical treatment. Further, it depends on the load and elasticity of the skin. Young people have a
much higher elasticity of the skin and softer saddles are more suitable for their needs, whereas in
older people where skin elasticity is generally reduced, harder saddles are recommended. Depending
on the size of the saddles according to the customer's priorities. It is important for the optician to
find a suitable compromise for the client, because recommendations can be fulfilled in all respects,
but individual customer requirements are different, and that is our priority. These include, for

example, the action of the excreted metabolites of the body causing discomfort and intolerance.

Saddles are therefore a very important element in the overall stability of glasses. The glasses
have a force of 0.6 to 1 N / cm2, which extends between the nose and the ears. 90 % of this force is
burdened by the area of the nasal root, and thus 10 % is taken over by the parties. Inappropriate load
on the surface of the skin for any reason can lead to pathophysiological processes such as redness,
pain and, last but not least, tissue damage. From this point of view, plastic spectacles, which have an
anatomical beam with a larger contact surface, are more advantageous, which means a larger spread
of acting forces. In the case of metal glasses, a double chair can be used, which adds to the function
of the anatomical beam. The optician must also think over the weight of the total glasses (including
the correcting glasses) and warn the customer of the possible complications mentioned above,

recommending other options and variants.
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Anotace

Prispévek prezentuje vyzkumné téma kontrastni citlivosti oka u pacientl s diabetem.

V teoretické ¢asti predstavuje kontrastni citlivost oka a faktory podilejici se na jeji patologii.

V praktické ¢asti prezentuje vysledky pravé probihajiciho vyzkumu, ktery srovnava kontrastni

citlivost oka u pacient( s diabetem s vysledky kontrastni citlivosti oka u zdravé populace.

Klicova slova: Kontrastni citlivost, diabetes mellitus, Pelli- Robson tabule

Uvod

Tento prispévek je ¢astecnym abstraktem prdvé vznikajici magisterské diplomové
prace na téma ,,Zmény kontrastni citlivosti pfi onemocnéni sitnice”. V teoretické ¢asti prace
je predstavena kontrastni citlivost oka jako komplexni optometricky fenomén, ktery je dale
zkouman ve vztahu k diabetické retinopatii. Diabetickou retinopatii Ize definovat jako soubor
diabetem vyvolanych patologickych zmén na sitnici. Vyzkumné téma prace je zuzeno na

zmény kontrastni citlivosti oka u pacientU trpicich diabetem.

Vysledky studie jsou podloZeny kvantitativnim vyzkumem, kterého se v dosavadni fazi
zUcastnily dvé desitky respondentd. Ti byli vybrani na zakladé pfedchozi anamnézy. Kritériem
pro zarazeni respondenta do vyzkumného vzorku byl predevsim diabetes, dale dosud
nepozorované zmény na o¢nim pozadi a zdravotni stav bez dalSich komplikaci ovliviujicich
kontrastni citlivost oka. Respondentim je pfi vyzkumném sezeni méfena kontrastni citlivost

a zrakova ostrost. Vysledky Setfeni u pacientd s diabetem jsou porovnany s vysledky



kontrastni citlivosti oka u zdravé populace. Cilem prace je prostfednictvim tohoto vyzkumu a
nasledného porovnani vysledkli posoudit, zda se samotny diabetes bez pritomnosti

diabetické retinopatie projevuje na kontrastni citlivosti oka. [1]

Kontrastni citlivost

Pro posouzeni rozliSovaci schopnosti lidského oka nestaci pouze hodnoty namérené
zrakové ostrosti, ur¢ené na béinych optotypech za vysokého kontrastu, ktery nepodava
presné, z praktického hlediska velmi dulezité, informace o rozliSovaci schopnosti lidského
oka za nizSich kontrastech. Pravé vysetieni kontrastni citlivosti je schopné predpovédét
pacientovu schopnost v béZzném neidealné osvétleném Zivoté rozeznavat objekty v okolnim

prostredi.

Pro kvalitni posouzeni citlivosti ve smyslové fyziologii je dobrou méfitelnou veli¢inou
prahovy stimul. Jednd se o takovou nejmensi intenzitu stimulu, ktery je schopen pravé
vyvolat vijem. U kontrastni citlivosti poté definujeme prahovou hodnotu jako takovy kontrast
objektu, u kterého dokdazeme dosahnout vnimani rdzného osvétleni dvou casti objektu.
Hranice kontrastni citlivosti je dale zavisla na Urovni adaptace oci, pohybu pozorovaného
predmétu, kvalité osvétleni apod. Pfi dennim svétle dosahuje prahovy kontrast u zdravych
o¢i hodnoty asi 0,01. Jako kontrastni citlivost ozna¢ujeme prevracenou hodnotu prahového
predpoklddaného objektu. Na rozdil od vysokokontrastniho méreni zrakové ostrosti tedy

kontrastni citlivost hodnoti sou¢asné dvé veli€iny, velikost a kontrast.

Pro méreni kontrastni citlivosti je dale velmi dllezitd prostorova frekvence, parametr
udavany v cyklech na uhlovy stupen, kde jeden cyklus je dan dhlovou Sitkou jednoho
tmavého a sousedniho svétlého pruhu. Graf zavislosti jednotlivych kontrastnich prahl na
prostorové frekvenci je nazyvan kfivkou kontrastni citlivosti viz obr. 1. Lidské oko nejlépe
vnima kontrastni citlivost v rozmezi 3-6 cyklld/stupen, u vyssich a nizSich prostorovych

frekvenci citlivost klesa. [1] [2] [3]
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Obr. €. 1 Zavislost citlivosti na kontrast na prostorové frekvenci pozorovaného objektu [4]

Neuronalni zmény zrakové drahy mohou byt (vedle zmén optickych a sitnicovych)
pri¢inou poklesu kontrastni citlivosti a zvySené citlivosti k osInéni i pfi normalnim vizu také
u diabetik( 2. typu nebo u starsi populace klesa CK za fotopickych podminek od 60. roku
véku 0 0,1 log jednotek citlivosti na kontrast za dekddu a citlivost na kontrast za mezopickych

podminek je alterovana jiz o dekadu dfive.

Citlivost na kontrast lze urcit tfemi zakladnimi zplsoby zaloZzenymi na odliSnych

principech.
1) Pismenové testy kontrastni citlivosti.
2) Méfreni citlivosti na kontrast metodou sinusovych pruh.

3) Méreni citlivost na kontrast metodou rozliSovani délicich linii.



V klinické praxi je rozSifena zejména metoda méreni kontrastni citlivosti za pomoci

pismenovych testl. Dle autor( Pelliho-Robsonovy tabule pro to existuje nékolik divodu:

1) Tabulové testy umoZiuji hodnoceni kontrastni citlivosti v prostorovych frekvencich,
v nichZ dosahuje citlivost na kontrast nejvyssich hodnot (urci vrchol kfivky CK) a v kombinaci
s vysSetfenim vizu (uréi pravy konec kfivky CK) jsou témér ve vSech pripadech dostacujici

k ur€eni pribéhu celé krivky.

2) Vysetteni pismenové kontrastni citlivosti je jednoduché a rychlé, podobné jako rutinni

vySetieni zrakové ostrosti.

3) Pismenova kontrastni citlivost je otazkou spiSe rozpoznani nez rozliSeni, a navic vykazuje

dobrou reprodukovatelnost vysledk.

Principem je urceni kontrastu nutného k rozliSeni pomérné velkych pismen o stejné
velikosti. V soucasné dobé jsou k dispozici dva typy velkoplosnych tabuli (84x59 cm), jejichz
podoba je na obrazku ¢. 2, zavéSenych na sténu a skladajicich se z 16 trojic pismen
rozdélenych do 8 fad po dvou trojicich viditelnych pod thlem 2,8 stupnt ze vzdalenosti 1 m.
Vsechna tii pismena v kazdém tripletu maji stejny kontrast, v kazdém nasledujicim tripletu
klesa kontrast s faktorem 1/v2 (=0,15 log jednotek). Pacient ¢te z leva doprava a shora dola.
Posledni triplet, ve kterém pacient rozpozna 2 pismena, urcuje log CK, ktera je odectena ze
skérovaciho listu. Rozsah testovanych log CK je od 0,00 do 2,25. Nevyhodou je nutnost
pomérné velké plochy na sténé a jejiho homogenniho osvétleni, relativné snadné poskozeni

plastovych tabuli a kone¢né zmény kontrastu pfi dlouhodobé expozici svétlem. [1] [2] [3]



Obr. €.2 Ukazka tabule Pelli- Robson pouZité pfi testovani kontrastni citlivosti [5]

Diabeticka retinopatie

Jednd se o mikrovaskularni a neurodegenerativni onemocnéni, které zplsobuje
funkéni a strukturdini zmény vSech bunécnych struktur sitnice, jak je zndzornéné na obr. 3.
Spole¢né s diabetickym makularnim edémem se jedna o zrak ohroZujici komplikaci diabetu a

je hlavni pticinou slepoty v produktivnim véku v rozvinutych zemich véetné nasi republiky.
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Obr. €. 3 Poskozeni sitnice diabetickou retinopatii [9]

Obavané jsou hlavné komplikace proliferacni formy diabetické retinopatie, ktera
zpUsobuje ztratu zraku krvacenim do sklivce a trakénim odchlipenim sitnice. Proliferacni
forma diabetické retinopatie se vyviji pfedevsim u diabetu 1. typu, ale i diabetes druhého
typu muze zpUsobit praktickou slepotu vznikem diabetického makularniho edému, se kterym
se prekvapivé mlzZeme setkat jiz v dobé diagndzy diabetu. Navic ani u diabetu druhého typu
neni vyloucen vznik novotvorenych cév znamenajicich hrozbu vyse popsanych komplikaci

vedouci ke slepoté.



Diabeticky makularni edém je nejcastéjsi pfricinou poruchy zraku u pacient(
s neproliferujici diabetickou retinopatii. Diabeticky makularni edém je vSeobecny termin,
oznacujici ztlusténi sitnice, které postihuje makularni krajinu. ZtluSténi muze byt fokalni
i difuzni. Fokdlni edém byvd spojen s koncentricky uloZzenymi shluky tvrdych exsudaci
(lipoproteinova depozita) a vyskytuje se v mistech, kde je porusena tésnost hematoretinalni
bariéry. Difuzni edém predstavuje mnohem rozsdhlejsi poruchu. Prosakuji
mikroaneuryzmata i retindIni kapilary. Exsudativni tekutina muzZe v retindlnich vrstvach

hromadit a vytvaret cystické prostory.

Tato patologie, zplUsobena zavaznou poruchou tésnych spojeni (tight junctions)
endotélii a ztratou hematoretinalni bariary, mlze souviset i s proliferujici diabetickou
retinopatii. V riziku rozvoje diabetického makularniho edému v priibéhu casu jsou vsichni
pacienti s diabetem. Nastup diabetického makularniho edému je obvykle pozvolny,
nebolestivy a manifestuje se jako zhorSeni centralni zrakové ostrosti. Pokrocila stadia
diabetické makularniho edému jsou spojena s tézkou a mnohdy obtizné lécitelnou poruchou

zrakovych funkci.

Nadmeérna cévni permeabilita, kterd je pricinou prosakovani tekutiny a slozek plazmy
(zejména lipoproteind) do sitnice, zplsobuje ztlusténi retiny. Jestlize ztlusténi zasahuje nebo

se blizi k centru fovey, je riziko vyznamného poskozeni zrakovych funkci vysoké.

PFi¢inou vSech jmenovanych zmén je hyperglykémie, ktera vede k mikrovaskularnim
komplikacim, které se sitnicovych cév tykaji. Pfi vzniku diabetického makularniho edému
hraje vyznamnou ulohu i hypertenze a hyperlipidémie. Proto je velmi vyznamna uloha
diabetologa v precizni kompenzaci glykémie, krevniho tlaku a lipidémie. Jediné pfi spravné
dlouhodobé kompenzaci téchto faktord muize byt snaha zastavit rozvoj diabetickych zmén

laserovou koagulaci Uspésna. [1] [6] [7] [8]

Cil a hypotézy

Cilem vyzkumu je objeveni mozného vliv diabetu na citlivost lidského oka na kontrast
jeSté pred tim, neZ se diabetem vyvolané zmény viditelné projevi na o€nim pozadi. Za timto

ucelem mérim citlivost na kontrast u pacient(, u ktefi maji diabetes, ale jesté u nich nebylo



prokdzano poskozeni sitnice. Namérené hodnoty budu poté porovnavat s kontrolni skupinou

zdravych nediabetickych pacientl. Pro dané méfeni jsem si stanovil dvé pracovni hypotézy.

H1: Monokularni i binokularni kontrastni citlivost bude u diabetickych participantl nizsi nez

u zdravého vzorku.

H2: Kontrastni citlivost se nebude liSit u diabetickych participantd mezi pravym a levym

okem.

U prvni hypotézy predpoklddam, ze samotné zvysené riziko vzniku retinopatie bude
mit alespon néjaky vliv na citlivost jedince na kontrast, pfestoze na ocnim pozadi zatim
nedoslo k pozorovatelnym zméndm. Druha hypotéza se poté zaméruje na domnénku, Ze
diabetes sice plUsobi na o¢i soumérné, ale samotné poskozeni ocniho pozadi, a tedy i vizu a
citlivosti na kontrast, nebude probihat symetricky. Pokud se tedy poskodi ¢astéji nejdrive
jedno oko, i zména citlivosti na kontrast by se méla ménit na jednotlivych ocich rozdilné

rychle. [1]

Vzorek a metodika

Ze vzorku vyrazuji pacienty, u kterych se v anamnéze vyskytne jedna z nasledujicich
(kontrastni citlivost ovliviiujicich) komplikaci: vysokd hypermetropie/myopie, glaukom,
katarakta operovana i neoperovana, uméla nitroo¢ni ¢ocka, refrakéni/chirurgicky zédkrok na

rohovce, nebo oko jizvici poranéni.

Méreni probiha ve Fakultni nemocnici u sv. Anny, na oddéleni nemoci ocnich
a optometrie, v prostorach elektrofyziologické laboratore. K hodnoceni citlivosti na kontrast

je pouzita tabule Pelli- Robson.

Prozatimni vzorek obsahuje pouze diabetické pacienty ve vékovém priméru 60 + 7

let, pficemzZ se jednd 15 muzi a 6 Zen. [1]



N Primér | Int. Spol. | Int. Spol. | Median Minimum | Maximum
95,00% 95,00%
Mono. KC 42 | 1,739 1,709 1,813 1,8 1,35 1,95
Bino. KC 21 | 1,929 1,905 1,953 1,95 1,8 1,95

Tabulka ¢. 1 Namérené hodnoty kontrastni citlivosti u diabetickych pacientd [1]

kde medianové hodnoty pro pravé i levé oko mérenych probandl vychazeji totozné tedy 1,8.

Citlivosti na kontrast se tedy u diabetickych pacientl bez retinalniho poskozeni mezi pravym

a levym okem nelisi. [1]
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Graf ¢ 1 Srovnani hodnot kontrastni citlivosti mezi pravym a levym okem

diabetickych pacient [1]

B Pravéoko [l Levé oko

Vysledky prozatimniho testovani druhé hypotézy je naznaceno v grafu €. 1 nize,




Dle dosavadnich vysledkl Setfeni lze konstatovat potvrzeni druhé hypotézy. Pfi
Setfeni nebyly zjiStény vyrazné rozdily mezi kontrastni citlivostni levého a pravého oka u
pacientl s diabetem. Diabetes tedy pravdépodobné pulsobi na kontrastni citlivost oci

symetricky.

V aktualni fazi vyzkumu dosud nebyl Setfeni podroben kontrolni vzorek zdravé

populace. Prozatim tedy nelze potvrdit ani vyvratit prvni hypotézu.
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Anotation

The paper presents the research topic of contrast sensitivity in patients with
diabetes. In the theoretical part, it presents the contrast sensitivity of the eye and the

factors involved in its pathology.

In the practical part, she presents the results of the ongoing research, which
compares the contrast sensitivity of the eye in patients with diabetes with the results of the

contrast sensitivity of the eye in the healthy population.

Key words: Contrast sensitivity, diabetes mellitus, Pelli-Robson chart

Introduction

This paper is a partial abstract of the current Master's thesis on "Changes in Contrast
Sensitivity in Retinal Disease". The theoretical part of the thesis presents the contrast
sensitivity of the eye as a complex optometric phenomenon, which is further investigated in
relation to diabetic retinopathy. Diabetic retinopathy can be defined as a set of diabetes-
induced pathological changes in the retina. The research topic of work is narrowed to change

the contrast sensitivity of the eye in patients with diabetes.

The results of the study are supported by quantitative research, which was attended
by twenty respondents in the present phase. They were selected on the basis of a previous
medical history. The criterion for inclusion of the respondent in the research sample was
mainly diabetes, as yet unnoticed changes on the ocular background and health without
further complications affecting the contrast sensitivity of the eye. Respondents are

measured by contrast sensitivity and visual acuity during the research session. The results of



the investigations in diabetic patients are compared with the results of the contrast
sensitivity of the eye in the healthy population. The aim of this work is to investigate
whether the diabetes without the presence of diabetic retinopathy manifests itself on the
contrast sensitivity of the eye through this research and the subsequent comparison of the

results. [1]

Contrast sensitivity

To assess the human eye's resolving ability, it is not enough to measure the visual
acuity values of common optotypes with high contrast that do not give accurate, for praction
very important information about the human eye's resolving power at lower contrasts.
Examining contrast sensitivity is able to predict the patient's ability to recognize objects in

the surrounding environment in ordinary life.

For good sensitivity assessment in sensory physiology, a good measurable variable is
a threshold stimulus. It is the smallest intensity of the stimulus that is able to produce a
perception. For contrast sensitivity we then define a threshold value as the contrast of an
object in which we can achieve the perception of different illumination of two parts of the
object. The boundary of the contrast sensitivity is further dependent on the level of eye
adaptation, the movement of the object being observed, the quality of lighting etc. The
contrast threshold for healthy eyes reaches during daylight about 0.01. We refer to the
inverted threshold of the contrast value as the contrast sensitivity. Contrast sensitivity
determines the lowest resolution contrast for a given size of the predicted object. As
opposed to high-contrast visual acuity, contrast contrast sensitivity simultaneously measures

two magnitudes, size and contrast.

To measure the contrast sensitivity, spatial frequency is very important parameter
measured in cycles at the angular degree, where one cycle is given by the angular width of
one dark and adjacent luminous lane. The graph of the dependence of the individual
contrast thresholds on the spatial frequency is called the contrast sensitivity curve (see
Figure 1). The human eye best perceives the contrast sensitivity in the range of 3-6 cycles /

degree. The sensitivity decreases at higher and lower spatial frequencies. [1] [2] [3]



Il e T
N .

0.1

0.01

Contrast sensitivity

0.001 .
1 3 10 30 100

Spatial frequency (cpd)

Figure 1. Dependence of contrast sensitivity on the spatial frequency of the observed

object.[4]

Neuronal changes in the visual pathway may be due to a decrease in contrast
sensitivity and increased sensitivity to dazzle even in normal vision in type 2 diabetics or in
the elderly population decreases CK under photopic conditions from the age of 60 by 0.1 log

sensitivity units per contrast for decade and the sensitivity to contrast under mesopic

conditions is altered by decade earlier.

Contrast sensitivity can be determined by three basic methods based on different

principles.
1) ) Contrast sensitivity letter tests.

2) Measurement of contrast sensitivity by sinusoidal method.



3) Measurement of sensitivity to contrast by dividing lines.

The method of measuring contrast sensitivity using letter tests is in clinical practice,
particularly widespread. There are several reasons for this fenomena according to Pelli and

Robson.

1) Table tests allow for the evaluation of contrast sensitivity in spatial frequencies in
which sensitivity to the contrast of the highest values (determined by the peak of the CK
curve) and in combination with the examination of the vision (determined by the right end

of the CK curve) are almost always sufficient to determine the course of the whole curve .

2) Examination of letter contrast sensitivity is simple and fast, just like a routine

examination of visual acuity.

3) The letter contrast sensitivity is a question of recognition rather than resolution,

and in addition it exhibits good reproducibility of the results.

The principle is to determine the contrast required to distinguish between letters of
the same size. At present, there are two types of large-area (84x59 cm) large-format boards,
as shown in Figure 2, hinged on a wall, consisting of 16 triple letters divided into 8 rows after
two triplets visible at an angle of 2.8 degrees 1 m. All three letters in each triplet have the
same contrast, with each of the following triplets the contrast decreases by a factor of 1 / V2
(= 0.15 log units). The patient reads from left to right and from top to bottom. The last triplet
in which the patient recognizes 2 letters determines the CK log that is subtracted from the
scoring sheet. The range of test log CK is from 0.00 to 2.25. The disadvantage is the need for
a relatively large area on the wall and its homogeneous illumination, a relatively easy
damage to plastic boards and finally a change in contrast when exposed to light for a long

time. [1] [2] [3]



Fig. 2 Example of the Pelli-Robson panel used to test the contrast sensitivity [5]

Diabetic retinopathy

It is a microvascular and neurodegenerative disease that causes functional and
structural changes in all cellular structures of the retina as shown in Figure 3. Together with
diabetic macular edema, it is a sight threatening complication of diabetes and is the main

cause of blindness of working age in developed countries including our republic.
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Fig. No. 3 Damage of the retina by diabetic retinopathy [9]

In particular, the complications of the proliferative form of diabetic retinopathy,
which causes loss of vision through vitreous hemorrhage and traction of the retina, are
feared. The proliferative form of diabetic retinopathy develops primarily in type 1 diabetes,
but also in type 2 diabetes can cause practical blindness by the occurrence of diabetic
macular edema, which is surprisingly encountered at the time of diagnosis of diabetes. In
addition, even in type 2 diabetes, the formation of newly created vessels, which pose a

threat to the complications described above leading to blindness, is not ruled out.



Diabetic macular edema is the most common cause of visual disturbance in patients
with non-proliferative diabetic retinopathy. Diabetic macular edema is a generic term,
indicating the retinal thickening that affects the macular landscape. Damping may be focal or
diffuse. Focal edema is associated with concentrically stored clumps of hard exudates
(lipoprotein deposition) and occurs in places where the tightness of the hematoretin barrier
is impaired. Diffuse edema is a much wider disorder. Microanalysis and retinal capillaries

leak. Exudative fluid can accumulate in the retinal layers and create cystic spaces.

This pathology, caused by a serious disorder of tight junctions of the endothelium
and the loss of hematoretinal barriers, may also be related to proliferative diabetic
retinopathy. At risk of developing diabetic macular edema over time, all patients with
diabetes. The onset of diabetic macular edema is usually gradual, painless and manifests as a
worsening of central visual acuity. Advanced stages of diabetic macular edema are

associated with a severe and often difficult to treat visual impairment.

Excessive vascular permeability, which causes leakage of the fluid and plasma
components (especially lipoproteins) into the retina, causes retinal thickening. If thickening
reaches or approaches the center of the fovea, the risk of significant damage to the visual

function is high.

The cause of all these changes is hyperglycemia, which leads to microvascular
complications affecting the retinal vessels. Hypertension and hyperlipidemia play a major
role in diabetic macular edema. Therefore, the diabetologist's role in the precise
compensation of blood glucose, blood pressure and lipidemia is very important. Only with
the correct long-term compensation of these factors can efforts to stop the development of

diabetic changes by laser coagulation be successful. [1] [6] [7] [8]

Objective and hypotheses

The aim of the research is to discover the possible influence of diabetes on human
eye's eye sensitivity to contrast before diabetes-induced changes appear visually on the
ocular background. For this purpose, | measure the contrast sensitivity in patients who have

diabetes but have not yet been shown to have retinal damage. The measured values will



then be compared to the control group of healthy non-diabetic patients. For this

measurement, | have set two working hypotheses.

H1: Monocular and binocular contrast sensitivity will be lower for diabetic subjects than

healthy samples.

H2: Contrast sensitivity will not be different for diabetic participants between right and left

eye.

In the first hypothesis | assume that the increased risk of retinopathy itself will have
at least some effect on the sensitivity of the individual to the contrast even though there are
no observable changes on the eye background. The second hypothesis then focuses on the
assumption that diabetes works in the eyes symmetrically, and therefore the damage to the

ocular background, and thus the visual and sensitivity to contrast, will be symmetrical. [1]

Sample and Methodology

From the sample, patients with a history of one of the following (contrast-sensitive)
complications: high hypermetropia / myopia, glaucoma, cataracts operated or not operated,

artificial intraocular lens, corneal refractive / surgical procedure, or eye scarring injuries.

Measurements are carried out at the Faculty Hospital at St. Anny, Department of Eye
Diseases and Optometry, at the Electrophysiological Laboratory. The Pelli-Robson Board is

used to evaluate the contrast sensitivity.

The interim sample contains only diabetic patients aged 60 + 7 years, with 15 men

and 6 women. [1]

Past Results

The previously measured contrast sensitivity values relating to hypothesis 1 are
shown in Table 1. With respect to the currently unmatched control group, the results are not

yet compared.



N Averag | Confi. Int. | Confi. Int. | Median Minimum | Maximum
e 95,00% 95,00%
Mono. CS 42 | 1,739 1,709 1,813 1,8 1,35 1,95
Bino. CS 21 | 1,929 1,905 1,953 1,95 1,8 1,95

Table 1 Measured contrast sensitivity values in diabetic patients [1]

Figure 1 below, where the median values for the right and left eye of the measured

probands are the same 1.8. Thus, the contrast sensitivity is not different in diabetic patients

without retinal damage between the right and left eye. [1]
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Figure 1 Comparison of the contrast sensitivity values between the right and left eye

of diabetic patients [1]
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The results of the provisional hypothesis of the second hypothesis are shown in




Conclusion

According to the results of the investigation, confirmation of the second hypothesis
can be found. In the investigation, no significant differences were found between the left
and right contrast eye sensors in diabetic patients. Diabetes is likely to affect the contrast

sensitivity of the eyes symmetrically.

In the current phase of the research, the survey has not yet been subjected to a
control sample of a healthy population. For the time being, we can not confirm or disprove

the first hypothesis.
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1 Anotace

Ve své diplomové praci se vénuji popisu vysSetifovacich metod, které jsou soucasti
béiného optometrického vysSetieni. V teoretické Casti se zabyvam kapitolami tykajici se
anamnézy, zjisténi naturalniho a habitudlniho vizu, objektivni refrakce a nasledné subjektivni
korekce. V ramci monokuldrni subjektivni korekce popisuji metodu Jacksonovych zkfizenych
cylindrd, metodu zamlZovaci a nasledné sférické dokorigovani na cerveno-zeleném testu.
V rdmci korekce binokuldrni se vénuji akomodacnimu vyvazeni na Cowenové testu, vysetreni

heteroforii na kiiZzovém a Schoberové testu.

Prakticka cast sestdva z videozdznamu jednotlivych ¢asti vySetieni s doprovodnym

scénarem ve vychozim textu.
2 Anamnéza

Optometristické vysetieni vétSinou zahajujeme anamnézou, a to kvili informacim o
pacientovi dulezitym pro spravnou diagnostiku potizi se zrakem. Proces anamnézy
zahajujeme jiz pfi ptichodu pacienta formou aspekce — styl chiize, drZeni téla a hlavy atd.

Anamnéza probihd formou strukturovaného rozhovoru. Otazky se budou tykat celkem
6 okruhii — osobni a ocni, pracovni, socidlni, rodinné, farmakologické a alergologické

anamnéze a také abuzu. [4, 5, 7]
3 Refrakce oka

Dalsi casti je zjisténi refrakce oka objektivnimi metodami pomoci autorefraktometru
pfipadné retinoskopie. Objektivni refrakci lze méfit také aZ po zjisténi naturdlniho a

habitudlnitho vizu, Vzhledem k vyhodnéjSimu naslednému postupu jsem zvolil méfeni



objektivni refrakce jiz pfed méfenim ZO (po méfeni objektivni refrakce jiz bude mit pacient

po celou dobu vySetteni nasazenou zkuSebni obrubu). [4, 7]

3.1 Objektivni refrakce pomoci autorefraktometru (ARM)

Vysetfeni objektivni refrakce pomoci autorefraktometru je v soucasnosti jedno
z nejvyuzivanéjsich. Vysetfeni je snadno proveditelné, rychlé a pomérné presné, coz jsou

vvvvvv

kazdém optometrickém pracovisti a v o¢nich ordinacich.

Autorefraktometry pracuji na principu optometru, skiaskopie ¢i Scheinerové principu.

V poslednich letech se z autorefraktometru stava stale vice multifunkéni zafizeni. [7, 11]

Pacient sedi ve vySetfovacim kresle. Autorefraktometr umistim pred pacienta, ktery si
opre bradu a c¢elo o opérky k tomu urcené. Fixacni znacka ma za ukol uvolnit akomodaci,
samotny meéfici paprsek se pohybuje vinfracervené casti spektra, je proto pro oko
neviditelny a nema vliv na akomodaci oka. Pomoci joysticku zaostfim autorefraktometr na
oko a stisknu tlac¢itko na vrcholu joysticku pro zahajeni méreni, nasledné je méreni jiz

automatické. [4, 7]

3.2 Objektivni refrakce pomoci retinoskopie

Retinoskopie je druhou metodou vysetreni objektivni refrakce, kterd bude soucasti
video zdznamu vysSetteni. Princip vySetfeni spocivad ve vybaveni ¢erveného reflexu, s jehoz

pomoci Ize urcit refrakéni stav oka.

Retinoskop je zafizeni obsahujici regulovatelny svételny zdroj a prlzor. Skrze prlzor
optometrista sleduje ¢ervené reflexy. Cerveny reflex vznikd odrazem svétla od sitnice a
obvykle byva zbarven ¢erveno-oranzové. Toto zbarveni zplsobuje odraz svétla od sitnice. Pfi
pohybu retinoskopu ¢ervené reflexy vykazuji pohyb v zavislosti na refrakénim stavu oka. [7,

11]



Pacient sedi ve vySetfovacim kresle a sleduje optotypové znaky pro néj Citelné, a to
obéma oc¢ima. Pred vySetfované oko predlozim ¢ocku o opt. mohutnosti +2,0 D odpovidajici
vergenci vysetrovaci vzdalenosti, a to kvilli vyhnuti se prepoctu vysledné korekce. Skrze
retinoskop, se kterym mirné otacim (po horizontalni/vertikalni ose
s vertikalnim/horizontalnim svételnym pdsem) pozoruji Cerveny reflex a jeho pohyb.
V pripadé protichiidného/stejnosmérného pohybu se jedna o myopii/hypermetropii (viz obr.

. 1, 2) — predrazuji rozptylnou/spojnou ¢ocku. Pokud dosahneme bodu neutralizace (viz obr.

O

¢. 3), reflex se pouze rozsviti a zhasne, ¢im blize budu nalezeni bodu neutralizace, tim bude

pohyb reflexu rychlejsi. [1, 4, 7, 10]

obrdzek ¢. 2 — Souhlasny pohyb cerveného reflexu [13]

obrazek ¢. 3 — Bod neutralizace [13]



q Stanoveni naturalniho vizu (Vsc) + vizu s vlastni korekci (Vcc)

Hodnota zrakové ostrosti optometristovi poskytuje predstavu o zrakovém vykonu
pacienta. VySetreni zrakové ostrosti zahajuje proces subjektivni refrakce a je dulezitym

krokem pfi jejim spravném stanoveni. [7]

Pacientovi sedicimu ve vySetfovacim kfesle nasadim a upravim zkuSebni obrubu a
poté vlozim clonu pred levé oko. Vyzvu pacienta, aby cetl optotypové znaky po radcich
scilem rozeznat co nejmensi znaky, sc¢imZ narlistd hodnota zrakové ostrosti nutna
k rozeznani téchto znak(. Za vysledny vizus povazujeme posledni radek, ve kterém pacient
rozezna alespon 60 % znakl, pro hodnoceni vysledného vizu tedy pouZivdm prahovou

metodu. Analogicky zjistim také vizus druhého oka a vizus binokularni.

Nasledovat bude zjisténi vizu s vlastni korekci, jejiz dioptrické hodnoty prednostné
zjistim na fokometru v ramci anamnézy. Vlozim do zkuSebni obruby zkuSebni cocky
s korekénim Ucinkem odpovidajicim korekci v brylich. Nasledné postupuju analogicky se

zjisténim naturalniho vizu. [1, 4, 5, 6, 7, 8]

5 Subjektivni refrakce

Stanoveni subjektivni refrakce predstavuje nejdllezitéjSi cast celého vysetieni,
spravné zvladnuti postupu je tedy jedna z nejdulezitéjSich dovednosti optometristy. Korekci
lze provést dvéma postupy, a to bud s pomoci Jacksonova zkfizeného cylindru, anebo

zamlZovaci metodou s vyuZiti astigmatické rizice. [7]

5.1 Monokularni korekce pomoci Jacksonova zkfizeného cylindru (JCC)

Korekce s pouzitim JCC predstavuje jednu z nejpouzivanéjSich metod monokularni
korekce. Vyhody pouziti JCC spocivaji v moZnosti presného nastaveni osy a hodnoty

korekéniho cylindru. [1, 2, 3, 6, 7]



5.1.1 Nejlepsi sféricka korekce

Vkladam nejprve spojnou cocku, jejiz vrcholova lamavost odpovida sférickému
deficitu podle Urovné vizu (viz tabulka ¢. 1), a doprovazim otdzkou: Zhorsil se obraz nebo
zGstal stejny? V pripadé, Ze obraz zUstal stejny (uvolnéni akomodace), nebo se zlepsil (posun
obrazu k sitnici), spojnou ¢ocku ponechavam. V pfipadé zhorSeni obrazu spojnou c¢ocku
vyjmu a vlozim rozptylnou ¢ocku o stejné vrcholové lamavosti a doprovazim otazkou: Zlepsil

se obraz? Pokud dojde k doostfeni obrazu, rozptylnou ¢ocku ponechavam.

SPH deficit podle Urovné vizu
Vrcholova
Vizus SPH deficit
[dmavost
1,0 0,25 0,25
0,80 0,50 0,25
0,50 1,00 0,50
0,30 1,50 0,75
0,15 2,00 1,00
<0,10 3,00 2,00
tabulka ¢. 1 — SPH deficit podle trovné vizu [7]
Po dobu celého vySetfeni se fidim korekénimi podminkami — korekce myopie

nejslabsi rozptylnou cockou, se kterou dosdhnu nejlepsi zrakové ostrosti a korekce
hypermetropie nejsilnéjsi spojnou ¢ockou, se kterou dosdahnu nejlepsi zrakové ostrosti. Cely
postup sférické korekce doprovazim zminénymi otazkami. Konec sférické korekce (viz obr. €.
4) nastdva v pripadé, kdy rozptylnad ¢ocka o hodnoté -0,25 D jiz nelepsi obraz, resp. spojna

¢ocka o hodnoté +0,25 D obraz zhorsi.



obrdzek ¢. 4 — Astigmatické oko s nejlepsi sférickou korekci [12]

Pro eliminaci zapojeni nezadouci akomodace vyuzivdm vymeénny trik. V pfipadé spojnych
cocek nejprve vlozim pozadovanou spojnou ¢ocku a az poté vyjmu plvodni. U rozptylnych
¢ocek nejprve vyjmu plvodni rozptylnou ¢ocku a az poté vloZim rozptylnou ¢ocku novou. [1,

2l 3’ 4I 5I 61 7]

5.1.2 Korekce astigmatismu

Pacient sedi na vySetfovacim kresle jiz s nejlepsi sférickou korekci. Na LCD optotypu
je vyobrazen Brocklv test (viz obr. €. 6), ktery je urCen pro korekci astigmatismu (lze také

korigovat na znacich s kulatymi liniemi—C, O, 9, 3, 8).

obradzek ¢. 6 — Brockuv test [12]



Prvné je potreba zjistit pFibliZnou osu astigmatismu, pripadné zda je vibec pfitomen.
Vysetifované predlozim JCC pred oko tak, aby rozptylnd osa JCC odpovidala vertikalnimu
sméru — 90°. Nasledné pomoci rotace drzatka kolem své osy otocim JCC o 180°, ¢imz se mi
hlavni osy vyméni a rozptylnd osa JCC bude odpovidat horizontdle — 180°. Cely tento postup
doprovazim otdzkou, zda je lepsi varianta jedna, nebo dvé (to samé v osdch 45° a 135°, viz
obr. ¢. 7). Rozptylny plan-cylindr tedy ndsledné vlozim mezi dvé preferované osy detekované
ze dvou dvojic variant (90°/180°, 45°/135°). Hodnotu plan-cylindru uréim dle cylindrického

deficitu podle Urovné vizu (tabulka €. 2).

CYL deficit podle Urovné vizu
Vrcholova
Vizus CYL deficit
[amavost
1,20 0,25 0,12
1,00 0,50 0,25
0,65 1,00 0,50
0,50 1,50 0,50
0,40 2,00 0,50
0,20 3,00 1,00

tabulka ¢. 3 — CYL deficit podle urovné vizu [7]



obrdzek ¢. 7 — Pozice JCC pri hleddni priblizné osy astigmatismu [12]

Po nalezeni pfiblizné osy astigmatismu a vloZeni plan-cylindru do zkuSebni obruby
pfichdzi na fadu co nejpresnéjsi stanoveni jeho osové orientace. JCC predloZzim pred oko
tak, aby osa vloZeného plan-cylindru byla presné mezi hlavnimi fezy JCC (viz obr. ¢. 8).
Otoc¢im JCC a opét postup doprovazim otdzkou, zda je lepsi varianta jedna, nebo dvé. Po
detekci preferované varianty stacim vlozeny plan-cylindr smérem k pozici rozptylné osy u

preferované varianty. Tento postup opakuji do té doby, neZz budou varianty jedna a dvé

stejné.

obrdzek ¢. 8 — Poloha JCC pfi stanoveni pfesné osové orientace astigmatismu [12]



Nasleduje nalezeni optické mohutnosti cylindru. JCC predlozim prfed oko
vySetfované tak, aby rozptylna osa odpovidala kolmému sméru k ose vlozeného plan-
cylindru. Poté opét rotuji s JCC. Postup doprovazim dotazem, zda je lepsi varianta, nebo dvé.
Podle preferované varianty hodnotu plan-cylindru bud o +0,25 D zeslabim, nebo o -0,25 D

zesilim. Postup opakuji do stavu, kdy varianty jedna a dvé budou stejné.

Pfi zesilovani hodnoty plan-cylindru neopomenu pokazdé prekontrolovat osu
plan-cylindru. DuleZitou ¢asti je také Uprava sféry. Pfi zméné hodnoty plan-cylindru o 0,5 D
zménim také hodnotu sféry o 0,25 D. Po dokonceni korekce astigmatismu ovéfim hodnotu

sféry predifazenim ¢oc¢ek + 0,25Da -0,25D. [1, 2, 3,4, 6,7, 9]

5.2 Monokularni sférické dokorigovani (Cerveno-zeleny test)

Pacient sleduje cerveno-zeleny test, ktery sestdva ze sad znak(l na zeleném a
¢erveném podkladu. Vysetfovanou zamlzim ¢ockou +0,5 D — znaky v ¢erveném poli se zdaji
vyraznéjsi. Ptam se, zda je nékterd skupina znak( tmavsi/Cernéjsi. Princip korekce:
predkladam rozptylné ¢ocky do vyrovnani kvality obrazu na ¢erveném/zeleném poli (obecné:
lepsi skupina znakl v cerveném/zeleném poli — predkladam rozptylnou/spojnou c¢ocku). [1,

2,3,6,7]

6 Binokularni akomodacni vyvazeni (Cowenuv test)

Je potfeba disociovat vijemy levého a pravého oka, ¢ehoz dosahnu predlozenim
polarizaénich filtra. Pacient vidi pravym okem pouze horni dva kruhy a levym okem pouze
spodni. Kazda z dvojic kruhd ve sloupci nalezi podkladu jiné barvy (Cervend/zelend —
analogicky s cCerveno-zelenym testem). VySetfeni probiha analogicky s ¢ervenozelenym
testem, avsak binokularné. Jestlize jsou jako vyraznéjsi kruhy detekovany ty na ¢erveném
podkladu, predkladdm binokuldrné -0,25 D, zda jsou vyraznéjsi kruhy na zeleném podkladu,
predkladam +0,25 D. Ve vysledku by vySetfovana méla detekovat oba radky (vSechny kruhy)
jako stejné ostré, coz by znamenalo, Ze obé oci jsou akomodacné stejné vykorigovany. [2, 3,

7]



7 Vysetieni heteroforie bez/s pfitomnosti fuze

Pacient ma predrazeny polariza¢ni filtry. Na optotypu promitnu kfizovy test bez
fuzniho podnétu/kfizovy test s fuznim podnétem. Pacient vidi v pfipadné prvniho testu
horizontdlni ramena ktize levym okem, vertikalni ramena pravym. V ptipadé kfizového testu
s fuznim podnétem vidi pacient levym okem levé a spodni rameno a pravym okem pravé a
horni rameno, bod uprostied je vidén obéma ocima. Nasledna korekce heteroforie/fixacni
disparity se odehrava podle postaveni ramen kfize. V pfipadé decentrace ¢asti obrazu
odpovidajici pravému oku doprava/doleva/nahoru/ se jedna o esoforii/exoforii/poz.
hypoforii/poz. hyperforii. Prizmatickou ¢ocku vkladam bazi proti dchylce (BO/BI/BU/BD). [1,
2,3,6,7]
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1 Annotation

In my thesis | deal with the description of the examination methods that are part of
the normal optometric examination. In the theoretical part, | deal with chapters concerning
anamnesis, natural and habitual visual acuity, objective refraction and subjective correction.
In the context of monocular subjective correction, | describe the method of Jackson's cross
cylinders, the method of misting and examination on red-green test. In the binocular
correction, | focus on the Cowen test, the heterophoric examination on the cross and

Schober test.

The practical part consists of video record of the individual parts of the examination

with the accompanying screenplay in the original text.

2 Anamnesis

Optometric examinations usually begin with a anamnesis, due to patient information
important for correct diagnosis of vision problems. We are begining the process of
anamnesis when the patient arrives in the form of an aspect - walking style, posture of body

and head, etc.

The anamnesis is going in the form of a structured interview. Questions are divided to
6 sections - personal and ocular, working, social, family, pharmacological and allergic

anamnesis and also abuse. [4, 5, 7]



3 Eye refraction

Another part is the detection of eye refraction by objective methods using
autorefractometer or retinoscopy. Objective refraction can also be measured after finding a
natural and habitual vision. Because of the more favourable follow-up, | chose measure
objective refraction before the VA measurement (after the objective refraction, the patient

will have the test rim fitted to the end of the examination). [4, 7]

3.1 Objective refraction by autorefractometer (ARM)

Examination of objective refraction by autorefractometer is currently one of the most
commonly used. Examination is easy to perform, fast and fairly accurate, which are probably
the most important aspects that make autorefractometers available at almost every

optometric workplace and ophthalmology.

Autorefractometers work on the principle of optometr, skiascopy, or Scheiner's
principle. An autorefractometer has become increasingly multifunctional devices in recent

years [7, 11]

The patient sits in the examination chair. | place the ARM in front of a patient who
rests her chin and forehead on the restraints intended for it. The fixation mark is intended to
release the accommodation, the measuring beam itself is in the infrared portion of the
electromagnetic spectrum, therefore it is invisible to the eye and doesn‘t affect the
accommodation of the eye. Using the joystick, | focus the ARM on the eye and press the
button at the top of the joystick to start the measurement, then the measurement is already

automatic. [4, 7]

3.2 Objective refraction by retinoscopy

Retinoscopy is the second method of objective refraction examination, which will be
part of the video recording. The principle of examination is to provide a red reflex to

determine the refractive status of the eye.



Retinoscope is a device that contains a controllable light source and a hole for view.
Through this hole the optometrist sees red reflexes. The red reflex is formed by the
reflection of light from the retina and is usually red-orange. This coloring causes reflection of
the light from the retina. When retinoscopy moves, the red reflexes show movement

depending on the refraction of the eye. [7, 11]

The patient sits in the examination chair and watches the optometric characters for
him readable with both eyes. Before the eye | will submit a lens with power of +2.0 D
corresponding to the vergence of the examination distance, in order to avoid recalculation
of the correction result. Through a retinoscope, with which | turn slightly (horizontally /
vertically with and a vertical / horizontal position of light band), | observe the red reflex and
its movement. In the case of against / with movement, it is myopia / hypermetropia (see
image 1, 2) - | assume a minus / plus lens. If we reach the neutral point (see image 3), the

reflex only lights up and goes out, the closer | am to finding the neutral point, the faster the

reflex movement will be. [1, 4, 7, 10]

Image 2 — With movement [13]



Image 3 — Point of neutralization [13]

4 Determination of natural visual acuity + self-corrected visual acuity

The value of visual acuity provides an assumption of the patient's visual
performance. The examination of visual acuity begins the process of subjective refraction

and it is an important step in its correct determination. [7]

I will put and adjust the test rim on the patient sitting in the examination chair and
then place the clone in front of patient’s left eye. The patient reads the optometric
characters in rows to detect the smallest characters, thus increasing the value of visual
acuity needed to distinguish these characters. For the final visual acuity, we consider the last
line in which the patient recognizes at least 60 % of the characters, so | use the threshold
method for evaluating the visual acuity result. Analogously | will also find the visual acuity of

the second eye and the binocular visual acuity.

Next part will be a self-correction visual acuity. The refraction power of the glasses
lenses will be preferentially found on the focimeter within the anamnesis. | place test lenses
with a refractive power corresponding to correction in the glasses in the test rim. | then

proceed analogously to the findings of a natural visual acuity. [1, 4, 5, 6, 7, 8]

5 Subjective refraction

Determination of subjective refraction is the most important part of the entire

examination, therefore the proper handling of the procedure is one of the most important



skills of the optometrist. Correction can be accomplished by two procedures, by Jackson's

crossed cylinder, or by the astigmatic rosette using the foggy method. [7]

5.1 Monocular correction by Jackson cross cylinder (JCC)

Correction using JCC is one of the most commonly used monocular correction
methods. Advantages of using JCC include the ability to precisely adjust the axis and the
value of the cylinder. [1, 2, 3, 6, 7]

5.1.1 The best spherical correction

First, | insert a plus lens with a power corresponds to the spherical deficit according
to the VA level (see Table 1), and accompanied by the question: Did the picture deteriorate
or stay the same? If the image remains the same (relaxation accommodation) or improved
(shifting the image to the retina), | keep the lens in the test rim. In the case of a
deterioration of the image, remove the lens and insert the minus lens with the same power

and ask the question: Did the image improve? If the image is sharpened, | keep the lens in

the test rim.

SPH deficit via VA level

Power of
VA level SPH deficit

the lens
1.0 0.25 0.25
0.80 0.50 0.25
0.50 1.00 0.50
0.30 1.50 0.75
0.15 2.00 1.00
<0.10 3.00 2.00

Table 1 — Sph deficit via VA level [7]



Throughout my examination, | follow the correctional conditions - myopia correction
with the weakest lens to achieve the best visual acuity and correction of hypermetropia with
the strongest lens to achieve the best visual acuity. The whole process of spherical
correction accompanied by the above mentioned questions. The end of the spherical

correction (see image 4) occurs when the lens of -0.25 D already hasn‘t a better image, lens

+0.25 D will deteriorated the image.

Image 4 — Astigmatic eye with best spherical correction [12]

To eliminate unwanted accommodation, | use a substitute trick. In the case of a plus
lenses, | first insert the required lens into the test rim and then remove the original lens. For

minus lenses, first remove the original lens and then insert the diffuse lens. [1, 2,3, 4, 5, 6, 7]

5.1.2 Astigmatism correction

The patient sits in the examination chair with the best spherical correction. The Brock
test for correcting astigmatism (see image 6) is shown on the LCD optotype (it can also be

corrected by using characters with rounded lines - C, O, 9, 3, 8).



Image 6 — Brock test [12]

First, it is necessary to find out the approximate axis of astigmatism, or whether it is
present at all. | insert the JCC in front of the eye so that the JCC axis corresponds to the
vertical direction - 90 °. Subsequently, by rotation of the handle around its axis, | rotate the
JCC by
180 °, changing the main axis and the JCC axis being corresponded to direction 180 °. All of
this is accompanied by the question of whether one is better- one or two (the same in the 45
° and 135 ° axes). The minus plan-cylinder is then inserted between two preferred axes
detected from two pairs of variants (90 ° / 180 °, 45 ° / 135 °). The plan-cylinder value is

determined by the cylindrical deficit according to the visual acuity level (Table 2).



CYL deficit via VA level
Power of
VA CYL deficit
the lens
1.20 0.25 0.12
1.00 0.50 0.25
0.65 1.00 0.50
0.50 1.50 0.50
0.40 2.00 0.50
0.20 3.00 1.00

Table 2 — CYL deficit via VA level [7]

Image 7 — Positions of JCC for finding an approximate axis [12]



After finding the approximate axis of astigmatism and inserting the plan-cylinder into
the test rim follows the most accurate determination of its axial orientation. JCC will be
placed in front of the eye so that the axis of the inserted plan-cylinder is exactly between the
major sections of the JCC (see image 8). | turn the JCC and ask the question of whether there
is a better option - one or two. After detecting the preferred variant, the plan-cylinder is
rotated toward the position of the minus axis of the preferred variant. | repeat this

procedure until the variants - one and two are the same.

Image 8 — Position of JCC for finding the most accurate axis [12]

Next part is the finding of the optical power of the cylinder. JCC will be placed in front
of the eye so that the minus axis corresponds to the perpendicular direction to the axis of
the inserted plan-cylinder. Then | rotate JCC again. The procedure is accompanied by a
question as to whether there is a better option - one or two. According to a preferred
variation | insert the plancylinder + 0.25D or -0.25 D. | repeat the procedure to a state where

variants one and two will be the same.

When amplifying the value of the plan-cylinder, | do not forget to check the axis
every time. An important part is also the sphere's adjustment. When changing the plan-
cylinder value by 0.5 D, it also changes the sphere value by 0.25 D. After completing the
astigmatism correction, | verify the sphere value by inserting the lenses + 0.25 D and -0,25 D.

[1,2,3,4,6,7,9]



5.2 Red-green test

The patient follows a red-green test consisting of a set of characters on a green and
red background. The patient blurred with a lens +0.5 D - the characters in the red field
appear to be more pronounced. | ask if any group of characters is darker / blacker.
Correction Principle: I'm inserting minus lenses to match the image quality on the red /
green field (generally: better character group in the red / green field - I'm inserting a minus /

plus lens). [1, 2, 3, 6, 7]

6 Binocular accommodative balancing

It is necessary to dissociate the senses of the left and right eye, which is achieved by
submitting the polarization filters. The patient sees only the upper two circles with the right
eye and only the lower with the left eye. Each of the pairs of circles in the column belongs to
the backround of another color (red / green - analogous to the red-green test). The
examination is performed analogously to the red-green test, but binocularly. If circles on the
red background are detected as darker or blacker, | insert the -0.25 D lens for a more
pronounced circle on a green background, | insert +0.25 D lens. As a result, the investigated
should detect both rows (all circles) as sharp, which would mean that both eyes are equally

corrected as well. [2, 3, 7]

7 Examination of heterophoria without / with the presence  of fusion

The patient has polarized filters in the test rim. On a optotype, a cross-test without a
fusion stimulus / cross-test with a fusion stimulus will be projected. The patient sees the
horizontal parts of the cross with the left eye in the first test, the vertical parts with the right
eye. In the case of a cross-test with a fusion stimulus, the patient sees the left and lower part
with the left eye, and the right and upper part of the right eye, the center point seen by both
eyes. Heterophoria / fixation disparity is corrected according to the position of the parts of
the cross. In the case of the decentration of a portion of the image corresponding to the

right eye right / left / up / down, it is an esophoria / exophoria / pos. hypophoria / pos.



hyperphoria. Prismatic lens are inserts with base against deviation (BO / Bl / BU / BD). [1, 2,
3,6,7]
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Komparace retinoskopie a autorefraktometri pri stanoveni refrakéni
vady

Katedra optometrie a ortoptiky LF MU, Brno

Anotace: Tento prispévek pojednava o objektivnich metodach vysetfovani vizu,
konkrétné o retinoskopii a autorefraktometrii. Nejdiive jsou popsany jednotlivé
metody a prubéh vySetteni, na konci jsou pak shrnuty zakladni body méteni
mého vyzkumu.

Kli¢ova slova: retinoskopie, autorefraktometrie, refrakéni vady, objektivni metody

Uvod

Existuje nékolik typ( pristroju, které dokazi objektivné zméfrit refrakéni stav klientovych
oCi. Takovéto méreni vsak musi byt vidy doplnéno o subjektivni vySetieni. V dnesni
uspéchané dobé se preferuji pfistroje, které jsou nenarocné na obsluhu a rychlé co se tyce
doby vysSetieni. Mezi takové pristroje se radi i autorefraktometr, ktery se v posledni dobé
stal vice dalezitym kvili ¢asovému vytiZeni vysetfujicich optometristl a oftalmologu, a ktery
disponuje spoustou kladnych vlastnosti, ale je i velmi nakladny a nese s sebou dalsi
nevyhody, jako je navozeni proximalni akomodace a s ni i pfistrojové myopie. Na druhé
strané jsou tu pfistroje, jejichZ pofizovaci cena je oproti automatickym pfistrojm mnohem
nizsi, ale vyzaduji velkou zkusSenost a praxi vySetfujiciho, manipulace s nimi je ndro¢na a
doba vysSetfovani se prodluZuje. Sem patfi retinoskop/skiaskop, jeden z prvnich pfristroju,
které byly pouzivany k méreni objektivni refrakce. Dfive byla tato metoda hojné vyuzZivana,
pravé kvlli své dobré financéni dostupnosti nebo mytu "zlatého standardu v presnosti.
Zaroven je zde minimdlni riziko navozeni pfistrojové myopie. V soucasné dobé je vyuZiti
retinoskopu i autorefraktometru srovnatelné, ackoliv v nékterych zemich svéta preferuji

dany typ oproti jinému a v dalSich zase naopak.



Retinoskopie

Retinoskopie (skiaskopie) je vySetfovaci technika, diky niz mlizeme objektivné zméfrit
refrakéni stav oka pomoci pohybu tzv. ¢erveného ocniho reflexu, vnimaného po odrazu od
povrchu sitnice. Tato metoda je pomérné jednoducha, financéné nenaro¢na na vybaveni a
zaroven relativné presna. Klade vsak na vysetfujiciho vysoké naroky, nebot vyzaduje velkou

zkusSenost a preciznost vysetfujiciho béhem méreni.

Retinoskop je pfistroj, ktery obsahuje svételny zdroj, jehoz intenzitu svétla a smér Sifeni
svazku osvétlovacich paprskl je mozné regulovat. Pro stanoveni refrakéni vady se obvykle
pouziva divergentniho svazku paprskl. VySetfujici umisti rozsviceny pristroj pred klienta do
urcité vzdalenosti, ¢imz vybavi pomérné snadno cervené reflexy obou oci klienta, ty je pak
snadné pozorovat soucasné. Tato vzdalenost vétSinou z praktickych zkuSenosti byva 0,5
metru, snadno pozorovatelnd pomoci natazené paZze vysetfujiciho, a je volena takto z
dlvodu snadné manipulace s retinoskopem a zkusebnimi ¢ockami, které pacientovi nasledné

predrazujeme.

K vyvolani ¢erveného reflexu je nutné osvétlit sitnici ve stejném smeéru, v jakém oko
pozorujeme. Svétlo vychazejici z retinoskopu muiZe byt bud bodové nebo pasového
charakteru (vyuziti pfi stanoveni astigmatismu). Za béznych okolnosti je reflex symetricky a
zbarveny do oranZovo-Cervena. Jeho zabarveni je zdlivodnéno odrazem dopadajiho svétla od
vrstev zadniho pélu sitnice, zvlasté od cévnatky a zobrazi se pouze tehdy, jsou-li o¢ni média
¢ird a neni-li prfitomen patologicky stav. Smér a rychlost pohybu ¢erveného reflexu jsou pak
dany velikosti refrakéni vady oka. Cerveny reflex se pohybuje pomaleji a je matnéjsi, pokud
je umisténi skiaskopu daleko od pozice dalekého bodu vySetifovaného (pfi vysoké refrakéni
vadé). Naopak ¢im je umisténi retinoskopu blize k pozici dalekého bodu vysetfovaného, tim
je pohyb cerveného reflexu rychlejsi a je vyraznéjsi, svétlejsi (pfi malé refrakéni vadé). Lze
také posuzovat $ifi reflexu, kterd se méni na zékladé velikost refrakéni vady. Cim vétsi je
refrakéni vada, tim uZzsi je ¢erveny reflex. Naopak ¢&im je refrakéni vada mensi, tim se ¢erveny

reflex rozsifuje, az zaplni celou zornici pfi Uplné neutralizaci refrakéni vady.

Retinoskopie se provadi v zatemnélé mistnosti, coz zajisti potfebné rozsifeni zornice a je
nutné, aby klientovo oko neakomodovalo. Toho se dosahne tim, Ze fixuje obéma o¢ima napfr.

optotypovy znak v béZné vysetfovaci vzdalenosti 5-6 m a akomodace se uvolni. Pro zajisténi



uplného uvolnéni akomodace lze jeSté pred nevySetfované oko predloZit spojnou cocku,
kterd vSak nesmi snizit zrakovou ostrost méné nez 0,1 decimalné. Tomuto zpUsobu

retinoskopie se fika staticka a je v dnesni dobé rozsifenéjsi.

MuUzZeme se setkat ale také s dynamickou retinoskopii, pfi niz pacient fixuje blizky
pfedmét v pracovni vzdalenosti, umistény napt. na retinoskopu a oko aktivné akomoduje. Pfi
vySetfeni manipulujeme s retinoskopem obvykle ve vzdalenosti pdl metru. Vergence této
vzdalenosti je pak + 2D. Vidy je nutné tuto vzdalenost k namérenému refrakénimu stavu oka
pricist, abychom ziskali spravné hodnoty. Abychom na to na konci vysetfeni nezapomnéli, je
vhodné umistit do zkusebni obruby ¢ocku o hodnoté + 2D jesté pred zacatkem samotné
retinoskopie. Nasledné svétlem z retinoskopu zobrazuji ¢erveny reflex sitnice a pozoruji smér
a rychlost pohybu reflexu. Cilem tohoto vysetreni je naleznout tzn. bod neutralizace (jinak
receno také bod zvratu). Je-li retinoskop umistén prfimo v dalekém bodé vysetfovaného,

pohyb reflexu neni viditelny, zornice se pfi pfechodu svazku paprskd svétla nahle “rozzari”,

reflex jakoby jen blikne.

Obr.1 - Staticka retinoskopie pfi pouZiti zkusebni obruby a ¢ocek

(https.//en.wikipedia.org/wiki/Retinoscopy)

Emetropické oko bez jakékoliv refrakéni vady tohoto bodu docili pfi vySetfovaci
vzdalenosti 0,5 metru a predfazené + 2D Cocce. Pfi osvétleni klientovy zornice uvidime

Cerveny reflex a pfi odklonu mimo zornici opét zmizi.

Co se tyc¢e myopického oka, tak pfi pfechodu svétla z retinoskopu pres zornici klientova

oka budeme pozorovat protichldny pohyb reflexu, a to pravé proto, Ze daleky bod



myopického oka se nachazi v kone¢né vzddlenosti pfed okem, tzn. mezi okem klienta a

samotnym retinoskopem, a svétlo se pfi vystupu z oka prevraci.

U hypermetropického oka to bude pravé naopak. Pohyb cerveného reflexu bude
stejnosmérny s pohybem retinoskopu. Daleky bod se v tomto pfipadé nachazi za

retinoskopem a Cerveny reflex se tudiz nebude v roviné daného merididnu prevracet.

Against” “With™ Neutrol

mobon moion

Obr. 2 - Pohyb reflexu pfi retinoskopii

(https.//www.aao.org/young-ophthalmologists/yo-info/article/retinoscopy-101)

V pripadé astigmatismu vyuZzivdame pasového svételného svazku paprski. Pfi prechodu
svételného pasu pres zornici mizeme vidét odliSnou orientaci a pohyb ¢erveného reflexu ve
dvou na sebe kolmych meridianech. Je doporuceno korigovat vidy stejnosmérné pohybuijici
se reflex. Pro docileni tohoto stavu predkladdme zaporné ¢ocky, dokud se reflex nepohybuje
stejnym smérem jako paprsek. Nejdfive korigujeme refrakci v jednom merididnu a po
dosaZzeni bodu neutralizace dame danou zkusebni c¢ocku stranou a otofime svétlo
retinoskopu o 90 stupnl. Ndsledné korigujeme refrakci v druhém merididnu, az dospéjem k
bodu neutralizace. Ziskané dvé hodnoty pak prevedeme do sféro-cylindrického zapisu a
ziskdme hodnotu refrakce oka. Osa cylindru se urci podle sméru natoceni pasového svétla

retinoskopu dle osy vyznacené na zkuSebni obrubé.

Kromé statické a dynamické retinoskopie existuji i dalsi, napf. MEM retinoskopie. MEM
je zkratkou pro Monocular Estimated Method. Pfi této metodé je fixacni bod umistén do
Cteci vzdalenosti vySetfovaného. Toto vySetfeni objektivné testuje akomodacni schopnost
vySetfovaného na blizko a cenéna je predevsim pfi stanoveni binokularnich anomalit nebo

akomodacénich dysfunkci. Pouzivd se u mladych lidi pred presbyopickym vékem, zejména


https://www.aao.org/young-ophthalmologists/yo-info/article/retinoscopy-101

vsak u lidi, ktefi trpi astenopii do blizka nebo mame podezifeni na akomodaclni potize

(latentni hypermetropie nebo akomodacni spasmus).

Autorefraktometrie

Autorefraktometr se také pouziva ke zjiSténi objektivni refrakce oka. Automaticky zméri
rdzné parametry oka a muize fungovat ve spojeni s napf.tonometrem, ktery slouzi k méreni
nitrooéniho tlaku ¢i keratometrem, diky némuz ziskdme hodnoty zakfiveni rohovky.
Vysetreni je oproti retinoskopii velmi rychlé a nenaro¢né na obsluhu. Oproti retinoskopu je
vSak pofizovaci cena mnohondsobné vyssi a pristroj byva vice nachylny k poruchacm.
Zaroven nelze vyuZit u nespolupracujicich nebo leZicich osob a vysledek méreni mize byt
ovlivnén Spatnou fixaci klienta, zdkalem ocnich médii nebo nystagmem. Tento pfistroj
promita na sitnici obrazy, které jsou jim nasledné vyhodnocovany a na zdkladé toho urdci
velikost refrakéni oéni vady. Béhem kratké chvile dokdze s velkou presnosti posoudit
mohutnost optické soustavy oka. V dnesSni dobé ty nejmodernéjsi pfistroje obsahuji

zabudovanou wavefront analyzu, ktera vypocitava aberace oka.

Obr.X - Autorefraktometr s bezkontaktnim tonometrem

(https://ocnipraha.webnode.cz/album/vybaveni-ordinace/autorefraktometr-jpg/)

Béhem poslednich let prochazely automatické refraktometry zna¢nou proménou, co? je
udélalo dostupnéjsimi a sofistikovanéjSimi oproti manuainim refraktometriim. V zdsadé se
od sebe liSi pouze typem méfici metody, vSechny vsak vyuZivaji infracervené svétlo o vinové
délce 800 - 950 nm, a to proto, Ze odrazivost fundu je v infraCerveném svétle asi 10x vyssi

nez se viditelné oblasti svételného spektra. Velkou vyhodou infralerveného svétla je také


https://ocnipraha.webnode.cz/album/vybaveni-ordinace/autorefraktometr-jpg/

vys$si transmitace prahlednych a lomivych ¢asti oka. Autoreftaktometry jsou doplnény o

pridatna zafizeni slouzici ke kontrole akomodace a spravné fixace klientova oka.
Autorefraktometry pracuji na mnoha rGznych principech, témi zdkladnimi jsou napfiklad:

® Princip retinoskopie
® Scheinerova metoda
® Analyza kvality obrazu

Princip retinoskopie

Tento princip se shoduje s klasickou manudlni retinoskopii. Hlavnim rozdilem je, Ze oko
vySetfujiciho je nahrazeno objektivni ¢ockou, Stérbinou a dvéma fotodiodami.Vypocet
hodnot refrakce zavisi na rychlosti pohybu sitnicového reflexu a v dnesni dobé je vétsina
autorefraktometrll zaloZena pravé na tomto principu. Pristroj obsahuje prstenec se
Stérbinami, uvnitf kterého se nachazi zdroj svétla, infraCervena LED. Zdroj svétla se zobrazi
za pomoci oftalmologické ¢ocky do predmétového ohniska klientova oka, dopada tedy na
sitnici, kde nasledné vytvofi reflex. Rychlost a smér pohybujiciho reflexu sitnice mizeme
pozorovat v roviné zornice a po dopadu na ¢tyrkvadrantovy fotodetektor je zjiSténa hodnota

refrakce oka.

Scheinerova metoda

PFi Scheinerové metodé prochdzi dva periferni uzké svazky paprsk( pres dva otvory v
dirové cloné (Scheinerové cloné) a po prichodu do oka se ldamou tak, Ze u emetropického
oka dopadnou presné na sitnici a vyvolaji reflex fundu. Pfi ametropii se tedy vytvofi dva
neostré reflexy, u myopického oka pred sitnici a hypermetropického za sitnici. Pokud otvory
v Scheinerové cloné stfidavé zakryvame, zmizi u myopie reflex fundu na opacné strané a
hypermetropie na stejné strané. Tudiz spodni reflex zmizi, kdyZ je zakryvan horni otvor clony
a naopak. Svételné svazky paprsk( vychazeji ze dvou infracervenych diod, které jsou
zaostfeny do ohniska cocky kolimatoru. Abychom dosahli koincidence obou paprska,
musime posunout testovou znacku podél optické osy. Po jejim zaostreni je signal detekovan

a vyhodnocen. Na tomto principu pracuji pfistroje NIDEK.



Analyza kvality obrazu

Autorefraktometry zalozené na tomto principu objektivné vyhodnocuji ostrost a kvalitu
obrazu na sitnici. Rotujici mfizka vytvari ze svételného zdroje na sitnici vySetfovaného
pohyblivy obraz, ktery se systémem optometru zobrazi na pevnou mfizku, za kterou se
nachazi detektor. U emetropa se jak na sitnici, tak na pevnou mfizku ostfe ohraniceny
pohyblivy mtizkovy obraz. Naopak u ametropie se zobrazi neostry pohyblivy mfizkovy obraz,
nizsi kontrast sitnicového obrazu a slabsi signal detektoru. Uréitymi zménami v systému
autorefraktometru lze docilit zaostfeni obrazu a podle velikosti zmény pak lIze snadno
odvodit velikost ametropie. Principu analyzy kvality obrazu vyuziva pfistroj Dioptron vyvinuty
jiz v roce 1974. Méreni se provadi v rozsahu od 0° do 90° vZdy po 15°, a z téchto Sesti méreni
se vypocitd refrakéni stav vySetfovaného. V pfistroji se nachdzi i fixaéni znacka pro

nevysetfované oko.

Probandi a metodika

V mé praci se budu zabyvat experimentdlnim porovnanim retinoskopie a
autorefraktometrie, shrnu klady a zapory obou metod, stanovim opakovatelnost méreni
refrakce témito metodami a zaroven se pokusim zjistit, jaky pfristroj uprednostnuji mladi
optometristé do 30 let, a to formou dotazniku. Mym cilem je zméfit 60 oci pouzitelnych k
vyzkumu. Budu méfit pravé i levé oko kazdého pacienta. Podminky pro uéast v mém
vyzkumu jsou ndsledujici: vék od 18 do 40 let, nizka az stredni refrakéni vada a zdravy stav

ocnich médii. Pfevazna vétsina probandl by méla také byt myopicka.

Pti vySetfovani jsem si si zvolim postup: retinoskopie, autorefraktometrie, retinoskopie.
Nejdrive zmérim refrakéni stav oka pomoci retinoskopu, zkusebni obruby a zkuSebnich ¢ocek
ve zatemnélé mistnosti, pacient bude fixovat dany bod v dalce za mnou, napt. znak na
optotypu ve vzdalenosti 6 m, a vySetfovaci vzddlenost bude na délku mé natazené paze (50
cm). Poté bude par minut pauza a presuneme se k autorefraktometru, kterym béhem
jednoho méreni ziskam dvé hodnoty refrakce najednou. Pacient opfe bradu a ¢elo o opérku

hlavy a fixuje obrazek v navozeném nekoneénu uvnitf pristroje.



Hypotézy

HO1: Retinoskopie a autorefraktometrie jsou stejné dobré jako vychozi bod pro méreni

subjektivni refrakce.
HO2: Optometristé do 30 let uprednostniuji autorefraktometr pred retinoskopem.
HO03: Opakovatelnost je pfesnéjsi u retinoskopie nez u autorefraktometrie.

Existuje nékolik zahranic¢nich i ¢eskych studii, ze kterych jsem cerpala svoji inspiraci a

zaroven podklady k hypotéze, ktera z téchto metod je presnéjsi. Zmifime jich jen par:

Retinoscopy/autorefraction: which is the best starting point for a noncycloplegic

refraction? Jorge J, Queirds A, Almeida JB, Parafita MA

V této studii bylo testovano 192 zdravych pravych oci lidi od 18 do 34 let véku, kdy
pramérny vék byl 21.6 roku. Vysledky ukazaly, Ze retinoskopie v rukou zkuSeného
vysSettujiciho je presnéjsi nez autorefraktometrie jako vychozi bod pro necykloplegickou

refrakci.

Comparison of Autorefractometer, Retinoscope and Subjective Method in Myopic and

Hypermetropic Patients Anita Ganger,Saroj Bala, Inderjit Kaur, Prempal Kaur, Satpal

Kolektiv oftalmologli z Indie testoval 100 binokularnich pacient(, ktefi nahlasili potize se
zrakem. Vysledky ukazaly, Ze obé metody jsou srovnatelné v tom pfipadé, Ze u
hypermetropu je pfi retinoskopii pouZita cykloplegie a tak moziné zméfit spravny refrakéni
stav oka. Zavérem této studie je, Ze autorefraktometr je velice cenénd pomucka u casové
vytizenych vysetfujicich, ale retinoskopie stdle z(istdvd nejpresnéjsi metodou ke stanoveni

refrakéniho stavu.

Srovnani vybranych metod objektivniho méreni refrakce Bc. Kldra Kysilkovd

Tato ceskd studie provedend v roce 2015 na pldé olomoucké pfirodovédné fakulty
mapovala méreni objektivni refrakce pomoci tfi metod, a to skiaskopie, autorefraktometrie a
aberometrie, a porovndvala je mezi sebou spolu s opakovatelnosti. Pokud se zaméfim jen na

skiaskopii a autorefraktometrii, vysledky prekvapivé ukazaly, Ze mezi témito vybranymi



metodami neni zZadny statisticky rozdil, a tudiz jsou obé vhodné jako prvni krok pfi stanoveni

subjektivni refrakce.

Zaveér

Nesmime zapominat na to, Ze vySetfeni refrakce oka nékterou z objektivnich
vySettovacich metod nenahrazuje subjektivni vysSetfeni, pouze slouzi jako vychozi bod k

urychleni nasledné subjektivni refrakce, ktera by méla vzdy nasledovat.

Pfi porovnani retinoskopie a autorefraktometrie bychom méli mit na paméti, Zze porovnat
obé metody je prakticky nemozné, jelikoz kazdy urcity pristroj od daného vyrobce vykazuje
jinou chybu méreni. MlZeme tedy porovnat jen dva konkrétni pristroje, ne vsak metody jako
takové. V dnesni dobé se vyuzivd obou metod priblizné stejné a obé Ize povazovat za vhodny
zacatek pti jakémkoliv méreni subjektivni refrakce. Podle domacich i zahranic¢nich studii vSak

zUstava retinoskopie v rukou zkuseného vysetrujicicho zlatym standardem.
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Comparison of retinoscopy and autorefractometry when determining
refraction

Department of Optometry and Orthoptics LF MU, Brno

Anotation: This paper discusses objective methods that are being used for detecting
refractive errors, retinoscopy and autorefractometry. First, each method is

described and at the end there are main points of my research.

Key words: retinoscopy, autorefractors, refraction error, objektive method

Introduction

There is a few types of machines that can objectively measure refraction of client’s eyes.
This measurement needs to be completed with subjective examination. In these hurried
times people tend to prefer instruments that are easy to operate and fast in time of
examination. In between these instruments we can include autorefractor which has lately
begun more and more important because of optometrists’ and ophtalmologists’ time load,
and which has many positive qualities but is also very expensive and brings many
disadvantages such as proximal acomodation and instrumental myopy as well. On the other
hand there are instruments that has much lower purchase price, but they require big
experience of examinational person, manipulating with them is hard and time of
examination is getting longer. We can include retinoscope in this group. Retinoscope was
one of first instruments that could measure objective refraction. Earlier this method was
abundantly used to determine refraction of patient’s eye due to its good financial availability
or the myth of “golden standard in accuracy”. At the same time there is a minimal risk of

induction instrumental myopy. At present, the use of retinoscope and autorefractometer is



comparable even though they prefer one over another one in some countries and the other

way in another countries.

Retinoscopy

Retinoscopy is an examination technique that allows us to objectively measure the
refractive status of the eye by movement of red ocular reflex motion perceived after
reflection from the surface of the retina. This method is relatively simple, cost-effective for
equipment and relatively accurate. However, it places high demands on the investigator
because it requires a great deal of experience and precision by the investigator during the

measurement.

Retinoscope is a device that contains a light source whose light intensity and direction of
beam propagation can be regulated. A divergent beam is usually used to determine the
refractive error. The investigator places the lighted device in front of the client within a
certain distance, giving a relatively easy red reflex of both eyes, which is easy to observe at
the same time. This distance is usually 0.5 meters, easily observable with the extended arm
of the examining person, and is selected like this for easy of manipulation with retinoscope

and test lenses, which are then being put in to the patient.

To retrieve the red reflex, it is necessary to illuminate the retina in the same direction as
the one we are observing in. Retinoscope light can be either spot or stripe character (used to
determine astigmatism). Under normal circumstances, the reflex is symmetrical and orange-
red. Its coloration is justified by reflection of the incident light from the retina's posterior
pole layers, especially from the choroidea, and is only displayed when the ocular media is
clear and there is no pathological condition. The direction and velocity of the red reflex
motion are then determined by the size of the refractive error of the eye. The red reflex
moves slower and is dimmer if the location of the skiascope is far from the position of the far
point investigated (high refractive error). On the contrary, when the placement of the
retinoscope is closer to the position of the far point being investigated, the red reflex
movement is faster and more pronounced, lighter (small refractive error). It is also possible

to evaluate the width of the reflex, which varies according to the largeness of the refractive



error. The greater the refractive error, the narrower the red reflex is. Conversely, when the
refractive error is smaller, the red reflex expands to when it fills the entire pupil while

completely neutralizing the refractive defect.

Retinoscopy is performed in a darkened room, which ensures the necessary enlargement
of the pupil and it is necessary for the client's eye to not accomodate. That is accomplished
when fixing with both eyes, for example, an optotype character at a standard examination
distance of 5-6 m, and the accommodation is relaxed. To ensure complete relaxation of the
accommodation, a plus lens can be provided before the unexaminated eye, but it must not
reduce the visual acuity by less than 0.1 decimally. This type of retinoscopy is called static

and is now more widespread.

We have also dynamic retinoscopy, in which the patient fixes a close subject in the working
distance, based, for example, on a retinoscope and the eye actively accommodates. When
examining, we usually manipulate a retinoscope at a distance of 0,5 meter. Vergence of this
distance is +2 Dpt. It is always necessary to add this distance to the measured refractive
error of the eye in order to obtain the correct values. In order not to forget about this at the
end of the examination, it is convenient to place a + 2 Dpt lens in the test rim before starting

retinoscopy itself.

Then, the retinoscope light shows the red reflex of the retina and observes the direction
and speed of the reflex movement. The purpose of this examination is to find a point of
neutralization (“turning point”). If a retinoscope is located directly at the far point of the
examinated person, the movement of the reflex is not visible, the pupil suddenly "brightens"

when the beam of light passes, the reflex as if blinks.

Pic.1 - Static retinoscopy using test frame and lenses



(https.//en.wikipedia.org/wiki/Retinoscopy)

Emetropic eye without any refractive error reaches this point at the examination
distance 0,5 meter and +2 Dpt lens. When illuminating client's pupil, we will see a red reflex

which disappears once removed from the pupil.

As far as the myopic eye is concerned, when we cross the light from the retinoscope
through the eye of the client's eye, we will observe the opposite movement of the reflex
precisely because the far point of myopic eye is at the final distance in front of the eye,
which means it is between client’s eye and retinoscopy, and the light overturns when it

comes out of the eye.

At the hypermetropic eye will be the opposite way. The movement of the red reflex will be
the same way with the movement of the retinoscope. The far point is in this case behind the

retinophope, and the red reflex will not overturn in the place of the given meridian.

Pic. 2 - Movement of the reflex at retinoscopy

(https.//www.aao.org/young-ophthalmologists/yo-info/article/retinoscopy-101)

In the case of astigmatism, we use a beam of beams. When the light is passing over the
pupil we can see the different orientation and movement of the red reflex in two vertical
meridians. It is recommended that you always correct the DC moving reflection. To achieve
this, we present the negative lenses until the reflex moves in the same direction as the
beam. First, we correct refraction in one meridian, and after reaching the neutralization
point, we put the test lens aside and turn the light of the retinoscope by 90 degrees.

Subsequently, we correct the refraction in the second meridian until we reach the neutral



point. The two values obtained are then converted to the spherical cylindrical record to
obtain the refraction value of the eye. The axis of the cylinder is determined according to the
direction of rotation of the retinoscope belt light according to the axis marked on the test

rim.

In addition to static and dynamic retinoscopy, there are other, MEM retinoscopy. MEM is
an abbreviation for the Monocular Estimated Method. With this method, the fixation point is
located within the reading distance of the examinated person. This examination objectively
measures the accommodation capability of the examinated person to close distance, and is
prized especially for the determination of binocular anomalies or accomodation
dysfunctions. It is used in young people before presbyopic age, especially in people who
have asthenopia in the near distance, or we have suspicion of accommodation difficulties

(latent hypermetropia or accomodation spasm).

Autorefractometry

The autorefractometer is also used to detect objective refraction of the eye. It
automatically measures many different eye parameters and can work in conjunction with,
for example, a tonometer used to measure intraocular pressure or a keratometer, resulting
in corneal curvature values. The examination is very fast and easy to use comparing to
retinoscopy. However, the purchase price is many times higher and the device is more
susceptible to disturbance. At the same time, it can not be used in non-cooperating or not-
able-to-sit persons, and the result of measurement can be affected by poor client fixation,
ocular occlusion or nystagmus. This device projects images on the retina that are
subsequently evaluated and determines the size of the refractive eye defect. Within a short
time, it can accurately assess the strength of the optical system of the eye. Nowadays, the
state-of-the-art devices incorporate a built-in wavefront analysis that calculates the

aberration of the eye.



Pic.X - Autorefractor with tonometer (https://ocnipraha.webnode.cz/album/vybaveni-

ordinace/autorefraktometr-jpg/)

In recent years, automatic refractometers have undergone considerable changes, making
them more accessible and sophisticated than manual refractometers. In principle, they differ
only from the type of the measurement method, but all use infrared light at a wavelength of
800-950 nm because the reflection of the fundus in the infrared light is about 10 times
higher than the visible range of the light spectrum. A great advantage of infrared light is also
higher transmission of transparent and fractured parts of the eye. Autorefactometers are
complemented by additional devices for checking the accommodation and correct fixation of

the client's eye.

Autorefractometers work on many different principles, such as:
® Retinoscopy principle
® Scheiner method
® Analysis of image quality

Retinoscopy principle

This principle is consistent with traditional manual retinoscopy. The main difference is that
the eye of the examinating person is replaced by an objective lens, a slit, and two
photodiodes. The calculation of the refraction value depends on the velocity of the retinal
movement and nowadays most autorefractometers are based on this principle. The device
includes a slotted ring, inside which is a light source, an infrared LED. The light source is
displayed with the help of an ophthalmic lens into the object focus of the client's eye, thus

falling onto the retina, where it then creates a reflex. The velocity and direction of the


https://ocnipraha.webnode.cz/album/vybaveni-ordinace/autorefraktometr-jpg/
https://ocnipraha.webnode.cz/album/vybaveni-ordinace/autorefraktometr-jpg/

moving retinal reflex can be seen in the pupil, and after the impact on the quadruple

photodetector, the refraction value of the eye is determined.

Scheiner method

In Scheiner's method, two peripheral narrow beams pass through two holes in a hole
aperture (Scheiner's aperture), and pass through the eye to break so at the emetropic eye
they land just onto the retina and cause the reflex of the fundus. In the case of ametropia,
two blurred reflexes are created, in the myopic eye before the retina and hypermetropic eye
behind the retina. If the holes in the Scheiner aperture alternately conceal, myopia reflexes
the fundus on the opposite side and the hypermetropia on the same side as it disappears.
Thus, the lower reflex disappears when the upper aperture of the aperture is concealed and
the other way around. Beam light comes from two infrared diodes that are focused on the
focus of the collimator lens. To achieve the coincidence of both beams, we must move the
test mark along the optical axis. After focusing, the signal is detected and evaluated. NIDEK

works on this principle.

Analysis of image quality

Autorefractometers based on this principle objectively evaluate the sharpness and quality
of the image on the retina. The rotating grid creates a moving image from the light source on
the retina, which appears on the fixed grid behind the detector with the optometric system.
In the emetrops, both the retina and the fixed grid are sharply bounded by the moving grid
image. Conversely, ametropia shows a blurry moving grid image, a lower contrast of the
retinal image, and a weaker detector signal. With some changes in the autorefractometer
system, image focusing can be achieved and the amount of ametropia can easily be derived
from the magnitude of the change. The principle of image quality analysis is used by the
Dioptron instrument developed in 1974. The measurement is carried out in the range of 0 °
to 90 ° every 15 °, and from these six measurements the refractive state of the investigated

is calculated. There is also a fixation mark for the untreated eye in the device.



Probands and methodology

In my work | will deal with the experimental comparison of retinoscopy and
autorefractometry, summarize the pros and cons of both methods, determine the
repeatability of the refraction measurement by these methods, and at the same time try to
find out which device the young optometrists prefer within 30 years, by means of a
guestionnaire. My goal is to measure 60 eyes that can be used for research. | will measure
the right and left eye of each patient. The conditions for participating in my research are the
following: age 18 to 40 years, low to moderate refractive defect and healthy state of eye

media. The vast majority of probands should also be myopic.

In the examination | choose the procedure: retinoscopy, autorefractometry, retinoscopy.
| first measure the refractive status of the eye using a retinoscope, test rim, and test lenses
in a darkened room, the patient will fix a given point in the distance behind me, eg a 6m
mark on the optotype, and the exam distance will be on my stretched arm (50 cm) . After
that, there will be a pause for a few minutes, and we will move to the autorefractometer to
get two refraction values in one measurement at a time. The patient leans the chin and
forehead against the head restraint and fixes the image in the infinite infinity inside the

device.

Hypotheses

HO1: Both retinoscopy and autorefractometry are as good as the starting point for subjective

refraction.
HO2: Optometrists up to 30 years of age favor a autorefractometer in front of retinoscopy.

HO3: Repeatability is more accurate in retinoscopy than autorefractometry.

There are several foreign and Czech studies, from which | got my inspiration and at the same

time foundation to the hypothesis.



Let's mention just a few:

Retinoscopy/autorefraction: which is the best starting point for a noncycloplegic

refraction? Jorge J, Queirds A, Almeida JB, Parafita MA

In this study, 192 healthy right eyes were tested from 18 to 34 years of age, with an average
age of 21.6 years. The results showed that retinoscopy in the hands of an experienced
investigator is more accurate than autorefractometry as the starting point for

noncycloplegical refraction

Comparison of Autorefractometer, Retinoscope and Subjective Method in Myopic and

Hypermetropic Patients Anita Ganger,Saroj Bala, Inderjit Kaur, Prempal Kaur, Satpal

A team of ophthalmologists from India tested 100 binocular patients who reported eye
problems. The results showed that both methods are comparable in the case that
hypermetropes had cycloplegia for retinoscopy, so that the correct refractive state of the
eye can be measured. The conclusion of this study is that the autorefractometer is a highly
valued aid for time-consuming investigators, but retinoscopy still remains the most accurate

method for determining the refractive state.

Comparison of selected methods of objective refraction measurement Bc. Klara Kysilkova

This Czech study, conducted in 2015 at the Faculty of Natural Sciences in Olomouc, mapped
the objective refraction measurements using three methods - skiascopy, autorefractometry
and aberometry, and compared them with each other together with repeatability. If | focus
only on skiascopy and autorefractometry, the results have surprisingly shown that there is
no statistical difference between these methods and therefore both are suitable as a first

step in determining subjective refraction.



Conclusion

We must not forget that examining eye refraction by any of the objective examination
methods does not replace subjective examination, it only serves as a starting point for

accelerating subsequent subjective refraction, which should always follow.

When comparing retinoscopy and autorefractometry, we should bear in mind that
comparing both methods is practically impossible since each particular device from a given
manufacturer exhibits another measurement error. So we can only compare two specific
devices, but not the methods as such. Nowadays, both methods are used approximately the
same, and both can be considered a good starting point for any subjective refraction
measurement. However, according to both home and foreign studies, retinoscopy remains

in the hands of an experienced investigating gold standard.
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1. Introduction

In this poster presentation I compare two similar subjects which relate to pathology of the eye.
| have chosen this subject because people often get confused about these pathological

conditions

These pathological conditions have some similar causes and similar ways of treatment. With
help from modern medicine these bumps on the eye ball, precisely on the conjunctiva, can be
solved but there is a chance that they come back or cause astigmatism or higher order

aberation.

2. Pinguecula

Pinguecula is a yellowy elevated bump which is located nasally on bulbar conjunctiva.

Pinguecula can grow in different shapes like horizontal, triangular or oval, but usually in
triangular. Thickening is caused by a ciliary degeneration of the connective tissue and
excessive growth of yellow elastic tissue. Pathological changes are most commonly diagnosed
in older population and people who are exposed to extreme environment including dust,

smoke, wind and sunlight.

Pinguecula is formed when the tissue in our conjunctiva change and creates a small bump
and these bumps contain grease, calcium or both. Some pinguecula can become large, but this

occurs in rare cases, in the most cases pinguecula is diagnosed on one or the both eyes.



Photo 1. Pinguecula

Simptoms of pinguecula

Eye with pinguecula can be irritated or dry. Patients with pinguecula can feel the presence of
a foreign body like sands or coarse particles. Eye can be also red and can cause itching.

Optometrist or eye doctor should diagnose this pathological condition on overview and

localization.

Pingoecula
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Photo 2. Eye drops

Treatment

With time pinguecula can increase, but is benign bulge and usually does not require treatment.

Eye drops can improve reduction discomfort in eyes, more over they can apart red eyes.



Pinguecula can become inflammation and that state it's called pingueculitis, but cause of
pingueculitis in unknow and it's not related with infection. If inflammation pinguecula causes
discomfort and aesthetic problems, pinguecula can be treated with anti-inflammatory
substances such as prednisolone drops.

If pinguecula doesen't cause non annoyance with vision, surgery isn't nessesery but can be
one of the solution. If there's no need for medical help, but patient it trying to fix his esthetic
problem, in that case the surgery is only solution.

Patients with pinguecula isn't the best option for using contact lenses.

3. Pterygium

A pterygium is an lifted , wedged — shaped bump on the conjunctiva.

It's starts on the sclera and can expand on the cornea. When we are talking about pterygium
we have three different parts : head, body and neck of pterygium. The head of pterygium is
placed on cornea, neck on the limbus and a body of pterygium in the most cases is placed on

the limbus conjunctiva.

Pterygium can be progressive and stationary. Progressive pterygium is enough vascularized
and can grow according to the center of cornea. If it comes to center also affects the iris and

than the vision is significantly reduced.
Stationary pterygium is poorly vascularized and they don't grow.

Pterygium are benign growths, but they can permanently disfigure the eye. They also can

cause discomfort and blurry vision.




Photo 3. Pterygium

Causes

One of the most important precondition to continue pterygium is ultraviolet radiation, dust
and wind are implicated to, as well dry eye disease. People with lighter skin and eyes have
greater eventuality o have a pterygium.

Pterygium also affects older population, and people who live in tropical counters.

Signs and symptoms

Pterygium doesn't always show symptoms, but if it has symptoms they are basic and similar to
pinguecula. People who have pterygium have red eyes reason of that is that pterygium often become
inflamed. Larger pterygium ( they develop on the side closer to the ear ) or growing pterygium

frequently cause feeling something in the eye, something like foreign body.

If pterygium went through the cornea, people have problems with visual abilities such as astigmatism

and higher — order aberrations.

Treatment

If pterygium doesn't grow and if people have no problems with visual ability eye doctors
will prescribe eye drops or eye cream. As help in treatment pterygium contact lenses can help

with cover bulb and to protect from dryness and ultraviolet radiation.

Eye doctor or optometrist can prescribe also tropical cyclosporine for dry eye. Pterygium
surgery may be performing at the doctor's room or inn an operating room. It's important to tell
the patient that surgery can induce astigmatism, especially for people who already have
astigmatism.



During the surgery patient shouldn't feel anything. Duration the surgery is about 30-40
minutes. After operation patient might be feel eye scratching and have red eyes just one or
two days after. Stitches will fall apart on their own, but in modern medicine natural glue is
better.

After surgery patient should use eye drops.

4. Conclusion

Like proverb said: ' Prevention is better than cure '. That can be applied here with these two
bulges in the eye. Prevention achieved wearing protection sunglasses and caps. People who
spend a lot of time on sun, in the sea, and on the snow should be wearing protection for their
eyes from ultraviolet radiation. Protecting their eyes from pinguecula and pterygium can

reduce eradiation bulges on the eye.

One of the most important thing in treating these disease its use as eye drops.
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