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Sekce prezentaci:

Hodnoty nitroo¢niho tlaku ziskané mérenim pres mékkou kontaktni
¢ocku pomoci dvou odliSnych typti tonometri

Doc. MUDr. Svatopluk Synek, CSc., MUDr. Monika Synkova

Katedra optometrie a ortoptiky LF MU, Brno

Ukel: Chceme porovnat spolehlivost a piesnost zméfeného nitrooéniho tlaku (IOP) pres mékkou
kontaktni coc¢ku (CL) pomoci bezkontaktni tonometrie (NCT) a Goldmannova Aplana¢niho
tonometru (GAT)

Metody: Dvacet Sest zdravych subjektti bylo vySetteno. IOP byl méten pomoci NCT a GAT, pii CL
o sile -5,00 D, -0,50 D a +5,00 D. Bland-Altmanovy regresni analyzy bylo pouzito k porovnani
1OPs, ziskané témito tonometry pii CL a bez CL.

Vysledky: IOP zméfeny NCT a GAT je prakticky shodny, nejvice se shodujiu CL -5,00D a -
0,50 D, kdy byly podobné¢ jako standardni IOPs GAT.

Zavér: NCT je vhodny k méfeni IOP pies hydrogelovou CL

Klic¢ova slova: m¢kké kontaktni cocky, nitroo¢ni tlak, Aplana¢ni tonometr, bezkontaktni tonometr

Uvod

Mekkeé kontaktni Cocky (CL) se Casto pouzivaji v 1€cb¢ abnormalit rohovkového epitelu a po operaci
rohovky. Kontaktni coc¢ky (CLs) se pouzivaji pro korekci dioptrickych vad. Nitroo¢ni tlak (IOP) je
zéasadni a zdkladni o¢ni parametr v klinickém vysSetieni. Méteni IOP pies aplikovanou CL je vyhodné
pro kontrolu nemocnych s onemocnénim rohovky. Nicméné se ptedpoklada, ze CLs béhem méteni
nitroo¢niho tlaku ovliviiuje vysledky. * =3 Pfedchozi studie tvrdi, Ze validita hodnoty IOP je zavisla
na druhu tonometru. 1~ 1% Napriklad pti pouziti bezkontaktniho tonometru (NCT) naméfime vys§si IOP
pii noSeni plusovych CL, zatimco niZsi pti minus CL. Dale ze se 1i§i 1 hodnoty u CL vyrobenych z
hydrogelu a silikonhydrogelu. 1 Goldmann Aplanaé¢ni tonometrie (GAT) u -1.50 D hydrogelové CL®
a -0,50 D silikonhydrogelové CL® ukazuje rozdilné hodnoty IOP. Pro objasnéni, zda je mozné
spolehlivé méteni IOP ptes CL, jsme porovnali hodnoty IOP s a bez CL ve srovnani se standardni

aplana¢ni tonometrii zméfené na rohovce.



Metoda

Pravé oko u 26 zdravych subjektii bylo zméfeno od srpna do prosince 2014. Postup byl schvalen
etickou komisi FN u sv. Anny v Brn¢. Kazdy ucastnik podepsal informovany souhlas. Vyloucili jsme
klienty po oc¢ni chirurgii nebo pfi zjiSténi oc¢ni choroby s vyjimkou refrakéni chyby. VSichni
zucastnéni byli standardné vySetfeni, véetné Stérbinové lampy a oftalmoskopie. Na Pentacamu
(Oculus) jsme zméfili centralni tloustku rohovky. Refrakéni vada (sféricky ekvivalent) a zakfiveni
rohovky byly méfeny na autorefraktokeratometru (ARK-700 A; NIDEK Co. Ltd., Gamagori,
Japonsko).

Vsechny IOP-méftici pristroje byly kalibrovany pted vysetienim. IOP byl zméfen NCT (CT-70;
TOPCON) a GAT, mezi méfenim jsme dodrzovali Sminutové intervaly podle vysledkl v pfedchozich
&lancich (Zeiss, Némecko). > TOP jsme pak zmétili s CL, hydrogel ACUVUE (Johnson & Johnson,
New Brunswick, NJ, USA) o hodnotach -5,00 D, -0,50 D a +5,00 D, 8,7 mm zakladni kfivka, 14,0
mm prumér a 58 % obsah vody. VSechny méfeni jsme délali 3x a pouzili primérné hodnoty IOP.
Zmétili jsme IOP v ndhodném potadi. VSechna vySetfeni provedl oftalmolog mezi 10 a 14 hodinou.
Velikost vzorku jsme odhadli ndsledovné. Pii statistické sile 0,80 jsme pifedpokladali, Ze mezi
tonometry bude smérodatna odchylka (SD) o 2 mmHg, tedy rozdil (4) o 2 mmHg, chyba typu 1 (a)
0,01 a typu 2 (B) 0,20. Proto potiebnou velikost vzorku (N) =2 (Za/2+ ZB)?SD?/ 4?=23.4.

Statistické analyzy

Ziskané hodnoty byly hodnoceny podle Bland — Altman regresni analyzy. Vysledky regresni analyzy
byly interpretovany pro Spearmaniv korela¢ni koeficient nasledovné: vysoka korelace (r=0,7 —0,99),
stiedni korelace (r=0,4 — 0,69), slaba korelace (r=0,2 — 0,39) a zadna korelace (r, 0,2). Porovnali jsme
hodnoty IOP zmétenou GAT bez CL s hodnotami zjisténymi v této studii. Rozdily mezi priimérnou
hodnotou IOP GAT a ziskanou pfi zméieni pres CLbyly vyhodnoceny pomoci Studentova t-testu. P
— hodnota 0,05 byla povazovana za statisticky vyznamnou. Statistické analyzy byly provedeny s
pouzitim programu JMP 10.0 verze software (SAS Institute Inc., Cary, NC, USA).

Vysledky
Vysetiili jsme26 osob, 15 Zen a 11 muzi, praimérny veék 21,9+1,1 let. Demografie pacientl jsou

uvedeny v tabulce 1.

IOP ziskany pomoci GAT byl 13,7+£2,6 mm Hg. Zmény v IOP pti CL o hodnotach -5,00 D, -0,50 D,
+5,00 D metodou NCT ve srovnédni s hodnotou IOP méfenou pomoci GAT jsou uvedeny v tabulce 2.
Hodnoty IOP métené pomoci NCT, u CL -5,00 D a-0,50 D nebyly vyznamné odli$né od standardnich

hodnot IOP, ackoli IOP hodnoty ziskané pii noseni +5,00 D objektivy byly vyrazné vyssi (P, 0,01)
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nez standardni hodnoty IOP. Podobné jsou tyto hodnoty IOP hodnoty ziskané pomoci GAT, pti CL -
0,50 D CL nebyly vyznamné odlisné, zatimco u CL -5,00 D byly podstatn¢ nizsi (P=0,03) a u
CL+5,00 D byly vyrazné vyssi (P, 0,01) nez standardni hodnoty IOP ve srovnani se standardni IOP
méfené pomoci GAT. Vztahy mezi standardni hodnoty IOP a IOP hodnoty ziskané pti noSeni CL
zméfenymi NCT a GAT jsou zobrazeny v Bland — Altmanovych grafech v obrazcich 1 — 3. Osa x
predstavuje primér GAT u kazdého méfeni, zatimco y predstavuje rozdil mezi témito dvéma
hodnotami. Rozdily v namétenych IOP pomoci NCT, u CL -5,00 D a -0,50 D byly blizko 0, zatimco
u CL 45,00 D byly zvy$ené korelovanym métenim o 2,0 mm Hg. Pro -5,00 D byla -0,5+3.2 mmHg,
pro-0,50 D 0,3+£2,0 mm Hg a pro +5,00D 2,0+£3,7 mm Hg. GAT ukézala sniZeni hodnoty o 1,5 mmHg
a 0,6 mm Hg pfi noSeni -5,00 D a -0,50 D CL a zvySeni hodnoty o 2,3 mm Hg u CL +5,00D.

Tabulka 1 demografie

Parametr Primér Rozsah
vek 219+1.1 20-24
sex, FIM 15/11 -
CCT,pm 536.3 £29.2 484-582
Zakiiveni rohovky, mm 7.8 £0.2 7,5-8,2
sféricky ekvivalent, D 45+ 2.7 -8.8-0

Poznamka: Hodnoty jsou uvedeny jako primér + smérodatnou.
Zkratky: F/M, Zena/muz; CCT, centrélni tloustky rohovky.

Tabulka 2 nitroo¢ni tlak rozdily pti noseni mékké kontaktni ¢ocky a bez kontaktni ¢o¢ky zmétené
Aplana¢nim tonometrem Goldmanna

Kontaktni ¢o¢ky moc (dioptrii) NCT GAT
Rozdil Rozdil B
(mmHg) P - hodnota ~ (mmHg) P - hodnota

-5.00 -0,5 0.42 -15 0,03

-0,50 +0,3 0,70 -0.6 0,36

+5.00 +2.0 ,0,01 +2.3 ,0,01

Zkratky: nCT, bezkontaktni tonometr; gaT, goldmann Aplana¢ni tonometr;
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Porovnali jsme hodnoty GAT s hodnotami ziskanymi pomoci NCT a GAT u CL. Zadny z tonometrii
neptinesl data, ktera se vyrazng lisi od téch ziskanych pii pouziti GAT bez CL.

Vzhledem k tomu, ze stied rohovky je netlustsi, IOP mé&i GAT hodnoty vyssi. To piedstavuje
vyznamny rozdil, kdyz jsme métili [OP NCT a GAT. Na druhé strané, kdyz data analyzujeme pomoci

regresni analyzy, nejsou zadné vyznamné rozdily.

Zkoumali jsme vliv korelace centralni tloustky rohovky s odchylkou IOP v tonometrech. Nebyly
zadné vyznamné rozdily, pokud jde o korelaci. Analyzovali jsme regresi IOP rozdilli z IOP méfené
GAT. Jak méfit GAT IOP zvysila, IOP rozdily tendenci stale vétsi. KdyZ jsme métili IOP s NCT,
zatimco predméty méli na sobé -byly vyznamné rozdily IOP z IOP méfené GAT 5,00 D, -0,50 D nebo
+5,00 D CL, GAT, zatimco pfedméty méli na sobé -5,00 D nebo -0,50 D CL.

Meéieni pomoci GAT bez CL IOP je vlastné ideadlni. Nékdy je vSak obtizné tak ucinit v kazdodenni
lékarské praxi. Naopak jsme nékdy nuceni métit IOP pomoci tonometru s nasazenou CL. Proto
potiebujeme vypocitat presnost takto zméfen¢ho IOP. GAT je zlaty standard. Proto jsme analyzovali

data pomoci Bland-Altmanovy analyzy a GAT jako zlatého standardu.

A (CL-5,0D)
O e
-1 0 " L
l...
| e e
| T |
10 15 20 (mmHg)
B (CL-0,5D)
15
q
-
e
T T T -
10 15 20 (mmHg)
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C (CL+5,0 D)

10 15 20 (mmHg)

Obr. 1 Bland — Altman graf ukazuje vztah mezi IOP GAT bez CL a pii CL méfené NCT.
poznamka: (A) -5.00 D CL. (B) -0.50 D CL. (C) +5.00 D CL. Osay je rozdil GAT - NCT

A (CL-5,0D)
15
G N
5
10 15 20 (mmHg)

B (-0,5D)

5

5

10 15 20 (MmHg)
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C (CL+5,0D)

10 15 | 20 (mmHg)

Obr. 2 Bland — Altman graf ukazujici vztah mezi IOP GAT bez CL a s CL.
Poznamka: (A) -5.00 D CI. (B) -0.50 D CL. (C) +5.00 D Cl.
Zkratky: 10P - nitroo¢ni tlak; GAT - Goldmanniv applanaéni tonometr; CL - mékka kontaktni ¢ocka; D -

dioptrie. Osa Y je rozdil GAT (CL) - GAT

Diskuse
Nase vysledky neprokazaly zadné vyznamné rozdily v IOP hodnoty ziskané pii noseni myopickych
CLpomoci NCT a GAT ve srovnani se standardnimi hodnotami IOP (hodnoty GAT IOP). Pouze GAT

meéteni s +5,00D se lisi o 0,3 mmHg.

Ptfedchozi studie ohledn¢ NCT prokazaly maly efekt zdpornych Cocek na hodnotu, zvlasté kdyz
tloustka ¢ocky je mensi nez 0,15 mm.?* Toustka CL v nasi studii byla 0,084 mm pro -5,00 D, 0.124
mm pro -0,50 D -a 0,21 mm pro +5 D (informace ziskané od Johnson & Johnson K.K. vize péce
Tokio, Japonsko). Patel a Illahi® hodnotili IOP hodnoty ziskané pii noseni CL v rozmezi - +13.00 D
15.00 D a dospéli k zavéru, ze NCT lze zméfit pres kontaktni cocku, pokud neni vétsi nez +3 D. V
této studii se hodnoty IOP zvysily v souvislosti s pouzitim siln&jich plusovych ¢oéek. * =3 Nase
vysledky jsou v souladu se témito vysledky. Pfedchozi studie také odhalily, Ze IOP méfené pomoci
NCT prostfednictvim CL se méni v zavislosti na dioptriich, zakfiveni, tloustce a tuhosti. 2~ 14
Rimayanti et al*> uvadi, ze CL se pohybuje na rohovce pii méfeni NCT. Polomér zaktiveni oka miize

ovlivnit posun a tim vyslednou hodnotu IOP. Zmény v zakfiveni o¢niho povrchu miZze byt

zodpovédny za zmény v IOP pii méteni NCT a dlouhodobém noseni CL.

Zeri et al nezjistil zadné vyznamné rozdily v IOP u silikonhydrogelové CL, i kdyz podstatné nizsi
IOP byl pozorovan u hydrogelové CLs +2,00 D, -, 2,00 D a -6.00 D.® i kdyz autofi uvadi, ze klinicky

vyznam je minimalni. '® Zeri et al naznacuje, e je mozny pokles hodnoty ° The Youngtiv model
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hydrogelové CL v nasi studii je velmi podobny lidské rohovce; Youngiiv modul pruznosti lidského
oka uvadi 0,29+0,06 Mpa,'’ zatimco multiplika¢nich hydrogel ma hodnotu 0,29+0,03 Mpa
(informace ziskané od Johnson & Johnson K. K.). To miize byt jednim z davodu, pro¢ nase IOP

udaje ziskané métenim pres CL se blizily standardni hodnot¢ IOP.

Zaver

Porovnali jsme ucinky noseni CL na IOP méteni pomoci riznych tonometri. Korelovanym méfenim
jsou hodnoty CL +5,00 D vyssi nez zméfené pomoci GAT. IOP hodnoty ziskané pfi noseni CL
pomoci NCT vystavuji nejvyssi korelaci s hodnotami ziskanymi pomoci GAT. NCT je nejpiesné;si,

kdyZ méfime IOP prosttednictvim hydrogelové minus CL.
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Intraocular pressure readings obtained through soft contact lenses
using two types of tonometer

Doc. MUDr. Svatopluk Synek, CSc., MUDr. Monika Synkova

Katedra optometrie a ortoptiky LF MU, Brno

Purpose: To compare the reliability and accuracy of intraocular pressure (I0P) measured while
wearing soft contact lenses (CL) using a non-contact tonometer (NCT) and Goldmann applanation
tonometer (GAT)

Methods: Twenty-six healthy subjects were examined. The IOP was measured using NCT and
GAT, while the subjects wore CL -5.00 D, -0.50 D and +5.00 D. Bland — Altman plots and a
regression analysis were used to compare the 10Ps obtained with this instruments and the 10Ps of
the naked eyes measured using GAT (the standard 10Ps in this study).

Results: The 10Ps measured with NCT and GAT while the subjects were wearing -5.00 D and -
0.50 D SCLs were similar to the GAT standard 10Ps.

Conclusion: The NCT is best when measuring IOP through hydrogel CL.

Keywords: soft contact lens, intraocular pressure, applanation tonometer, non-contact tonometer

Introduction

Soft contact lenses (CL) are often used in the treatment of corneal epithelial abnormalities and after
corneal surgery. Contact lenses (CLs) are also a common tool for correcting refractive errors. The
intraocular pressure (IOP) is a fundamental and essential ocular parameter in ophthalmological
clinics. Physicians treating corneal disease and refractive errors need to estimate whether the 10P is
beyond the normal limit. Measuring the 10P through CL is convenient for ophthalmologists treating
corneal and refractive diseases. However, it has been shown that wearing CLs during IOP
measurement affects the results.® Previous studies have reported IOP changes using different
instruments.* 1% For example, when using a non-contact tonometer (NCT), a significant increase in
the 1OP was found when subjects used plus CL, while a decrease was observed when the subjects
used minus CL made of hydrogel and silicone hydrogel.1? With respect to Goldmann applanation
tonometer (GAT) measurement, neither -1.50 D hydrogel SCLs® nor -0.50 D silicone hydrogel CL®

have significant effects on IOP results.

16



However, there have been no comparisons of the IOP measurements obtained using the NCT and
GAT, while wearing CL. In order to clarify which tonometer is more reliable for measuring the IOP
through CL, we examined the 10P results obtained while wearing CL using these instruments.

Methods

The right eye in each of 26 healthy subjects was examined between August and December 2014. The
procedures adhered to the tenets of the Declaration of Helsinki, and were approved by the Institutional
Review Board of St. Anne hospital, Brno. Informed consent was obtained from each subject after
informing them of the nature and possible complications of the examination procedures. Subjects with
a history of ocular surgery or any type of eye disease other than refractive errors were excluded. All
subjects underwent standard ophthalmological examinations, including slit-lamp examinations and
ophthalmoscopy. The corneal central thickness was measured with a pantacam (Oculus). The
refractive error (spherical equivalent) and corneal curvature were measured with an
autorefractor/autokeratometer (ARK-700 A; NIDEK Co. Ltd., Gamagori, Japan).

All 10P-measuring instruments were calibrated prior to the examinations. The IOP values of the
naked eyes were examined with NCT (CT-70; Topcon) and GAT, (Zeiss, Germany) 5- minute
intervals for every measurement in accordance with previous articles.®* The IOP was then measured
while the subject wore hydrogel ACUVUE CLs (Johnson & Johnson, New Brunswick, NJ, USA) of
-5.00 D, -0.50 D and +5.00 D, with an 8.7 mm base curve, 14.0 mm diameter, and 58 % water content.
We measured 0P three times using GAT and averaged the 10P readings. We measured the 10P in
random order. All examinations were performed by an ophthalmologist between 10 am and 2 pm.
The sample size was decided as follows. We decided that the statistical power was to be 0.80. Thus,
to calculate the necessary sample size, we presumed that between the tonometers, there was a standard
deviation (SD) of 2 mmHg, a difference (4) of 2 mmHg, a type 1 error (a) of 0.01, and type 2 error
(B) of 0.20. Therefore the necessary sample size (N) =2(Za/2+ ZB)?SD?/ 4?=23.4.

Statistical analyses

The relationships between the 10P values of the naked eyes measured using GAT and those obtained
while wearing CL measured with NCTwere evaluated according to Bland — Altman plots and a
regression analysis. The results of the regression analysis were interpreted for the Spearman rank
correlation coefficient as follows: high correlation (r=0.7-0.99), moderate correlation (r=0.4-0.69),
weak correlation (r=0.2-0.39), and no correlation (r, 0.2). We regarded the 10P values of the naked
eyes measured using GAT to be the standard 1OP values in this study. The differences between the

average standard 10P values and the 10OP values obtained while wearing CL measured using NCT
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were evaluated using the Student’s t-test. A P-value of 0.05 was considered statistically significant.
The statistical analyses were performed using the JMP 10.0 version software program (SAS Institute
Inc., Cary, NC, USA).

Results
There were 26 subjects consisting of 15 females and eleven males, with a mean age of 21.9+1.1 years.
The demographics of subjects are presented in Table 1.

The mean 0P obtained without SCLs using GAT was 13.7+2.6 mmHg. The changes in the IOP
values obtained while wearing -5.00 D, -0.50 D, +5.00 D CLs measured using NCT compared to the
IOP values of the naked eyes measured using GAT are presented in Table 2. The 0P values measured
using NCT while wearing -5.00 D and -0.50 D SCLs were not significantly different from the standard
IOP values, although the 10P values obtained while wearing +5.00 D lenses were significantly higher
(P, 0.01) than the standard IOP values. Similar to these results, the IOP values obtained using GAT
while the subject was wearing -0.50 D CL were not significantly different, whereas those obtained
while the subject was wearing -5.00 D lenses were significantly lower (P=0.03), and those obtained
while the subject was wearing +5.00 D lenses were significantly higher (P, 0.01) than the standard
IOP values compared to standard 10P measured using GAT. The relationships between the standard
IOP values and the 10P values obtained while wearing CL measured using NCT, GAT are displayed
with Bland — Altman plots in Figures 1-3, respectively. The x-axis represents the average of the GAT

standard 1OP and each measurement, while the y-axis represents the difference.

Table 1 subject demographics

Parameter Average Range
age, years 219x1.1 20-24
sex, F/IM 15/11 -

CCT, ym 536.3+29.2 484-582
Corneal curvature, mm 78+02 7.5-8.2
spherical equivalent, D -4.5+2.7 -8.8-0

Note: The values are presented as the mean + standard deviation.

Abbreviations: F/M, female/male; CCT, coreal central thickness.
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Table 2 intraocular pressure differences in the subjects wearing soft contact lenses compared to that

obtained without contact lenses measured using the goldmann applanation tonometer

Contact lens power (diopter) NCT GAT

Difference Difference

(mmHg) P-value (mmHg) P-value
-5.00 -0.5 0.42 -1.5 0.03
-0.50 +0.3 0.70 -0.6 0.36
+5.00 +2.0 ,0.01 +2.3 ,0.01

Abbreviations: nCT, non-contact tonometer; gaT, goldmann applanation tonometer;

Using Dunnett’s test, we compared the baseline data obtained using the GAT with those obtained
using each of the tonometric devices. None of the tonometric devices yielded data that were
significantly different from those obtained using the GAT.

As the central cornea became thicker, the IOP measured with all tonometers tended to become higher.
This constituted a significant difference when we measured the 0P using the NCT and the GAT. On
the other hand, when the data were analyzed using regression analysis, there were no significant

differences between spherical equivalent and the IOP measurements using each tonometer.

We examined the correlation of corneal central thickness with the 0P differentials within the devices.
There were no significant differences with regard to correlation. We analyzed the regression of IOP
differences from GAT-measured 10P. As GAT-measured IOP increased, 10P differences tended to
become larger. The IOP differences from GAT-measured IOP were significant when we measured
IOP with the NCT while the subjects were wearing -5.00 D, -0.50 D, or +5.00 D CL, GAT while the
subjects were wearing -5.00 D or -0.50 D CL.

Actually, measuring the 10P using the GAT without CL is ideal. However, it is sometimes difficult
to do so in an everyday medical examination. Rather, we are sometimes forced to measure the I0P
using a limited tonometer combined with CL. Therefore, we need to calculate the accuracy of the IOP
under non-ideal conditions. The GAT is the gold standard. Therefore, we analyzed the data using
Bland — Altman plots, while setting the GAT as the standard.
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Figure 1 Bland — Altman plot showing the relationship between the iOP values of the naked eyes
measured using GAT and those obtained while wearing CL measured using NCT.

Notes: (A) Wearing -5.00 D CL. (B) Wearing -0.50 D CL. (C) Wearing +5.00 D CL.

AXxis y is substraction GAT - NCT
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Figure 2 Bland — Altman plot showing the relationship between the iOP values of the naked eyes
and those obtained while wearing sCls measured using GAT.

Notes: (A) Wearing -5.00 D ClI. (B) Wearing -0.50 D CL. (C) Wearing +5.00 D CI.
Abbreviations: IOP - intraocular pressure; GAT - Goldmann applanation tonometer; CL - soft
contact lenses; D - diopter. Axis Y is substraction GAT (CL) - GAT
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Discussion

Our results showed no significant differences in the 10P values obtained while wearing negative
lenses using NCT and GAT compared to the standard 10P values (the IOP values of the naked eyes
measured using GAT), except for the GAT measurement with -5.00 D lenses.

Previous studies regarding NCT have demonstrated a small effect of negative lenses, especially when
the lens thickness is less than 0.15 mm.2* The thickness of the CL used in our study was 0.084 mm
for the -5.00 D lenses, 0.124 mm for the -0.50 D lenses, and 0.21 mm for the +5 D lenses (information
obtained from Johnson & Johnson K.K. Vision Care, Tokyo, Japan). Patel and Illahi® evaluated the
IOP values obtained while wearing CL with power ranging from -15.00 D to +13.00 D and concluded
that NCT can be performed through a contact lens if the power is not greater than +3 D. In that study,
the 10P readings increased in association with the use of thicker hyperopic lenses.X Our results are
in agreement with these results. Previous studies have also found that the IOP measured using NCT
through CL is altered depending on the lens power, curvature, thickness, and rigidity. 1>** Rimayanti
et al*® indicated that CL use changes the ocular surface behavior and 10P readings during NCT. The
radius of curvature of the eye affects the ocular surface displacement and IOP readings. The changes
in the curvature of the ocular surface may be responsible for changes in the 10P readings by NCT

while wearing CL.

Zeri et al found no significant differences in the 10OP measurements obtained through silicone
hydrogel CL, although significantly lower 10P results were observed while wearing hydrogel CLs of
+2.00 D, -2.00 D, and -6.00 D.® The authors noted that, although the differences were significant, the
clinical significance was minimal. RBT bounces a magnetized probe off the cornea, subsequently
measuring the deceleration of the probe and converting it into a pressure value.® Zeri et al suggested
that the possible decrease in the value of Young modulus of the cornea-CL new body observed in
their study accounted for the decrease in the tonometric values obtained without CLs.° The Young’s
modulus of hydrogel CL used in our study is very similar to that of the human cornea; Young’s
modulus of the human eye has been reported to be 0.29+0.06 Mpa,'’ while that of hydrogel SCLs is
0.29+0.03 Mpa (information obtained from Johnson & Johnson K. K. Vision Care, Tokyo, Japan).
This may be one reason why our IOP readings obtained through CLs were close to the standard 10P

values.

There are several limitations associated with this study. In Table 3, most results of the regression
analysis did not show high correlation. This study had a small sample size, and the investigation was

performed using only young subjects. For this reason, we were unable to assess the influence of age
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on IOP. In addition, we do not know whether our results apply to patients with glaucoma or corneal
abnormalities, as we examined only normal eyes. We measured the IOP of young subjects in order to
exclude the effects of age on IOP differences. We hope to examine the findings for different age
groups in the future.

Conclusion

| compared the effects of wearing CL on the IOP measurements obtained using various instruments.
The 10P measurements obtained while wearing +5.00 D lenses were higher than those of the naked
eyes measured using GAT. The IOP values obtained while wearing CL using NCT exhibited the
highest correlation with those obtained using GAT. The NCT is best when measuring 10OP through
hydrogel CL.
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Zrakova unava v digitalnim svété

Bc. Tomas Dobiensky

CooperVision

r~r s

Probouzi nas zarici displej telefonu, ktery nam slouzi jako budik. Celé hodiny pracujeme na
pocitaci, obc¢as se zastavime, abychom se na néco podivali na jiné obrazovce - televizi, tabletu
nebo chytrém telefonu. Tento vzorec opakujeme stile dokola a naSe dny jsou naplnény
elektronickymi obrazy nejnovéjSich zprav, online nakupii, videoher, filmi, emaili a textovych

zprav....

Po staleti se nas zrak rozvijel tak, ze jsme venku pozorovali nejriznéj$i objekty v odlisnych
vzdalenostech. Proto kombinace faktorti zahrnujici pohled do blizka, kde sledujeme digitalni
obrazovky, celkova Cetnost a doba jejich pouzivani, fyzickd reakce naSeho téla na zpiisob, jak
sledujeme obrazovku, je tak né¢im nestandardnim a stala se pti¢inou zrakového nepohodli. Souhrn
symptomu jako jsou napéti a unava oci, doprovazenych dalSimi projevy fyzického nepohodli,
oznacujeme jako digitalni inavu zraku. Digitalni inava zraku se stava fenoménem dnesni doby. O co

se konkrétné jedna a jak ji pozname?

Stav se charakterizuje jako potize s vidénim ¢i zaostfovanim a neptijemné pocity oci, které se objevuji
v souvislosti s praci na pocitaci nebo tabletu ¢i telefonu a to jiz po dvou hodinach takové ¢innosti.

Charakteristické jsou suché podrazdéné oci, rozmazané vidéni a bolesti krku a zad.

Sedm z deseti dospélych uvadi pii pouzivani digitalnich zatizeni alespon néktery z piiznaki
spojenych s digitalni zrakovou unavou. Pokud je maji popsat, nejcastéji hovoii o inave, suchych a
bolestivych ocich, pocitu napéti. Ale mezi symptomy digitalni zrakové tnavy patii také Cervené oci,
obtize se zaostfenim, rozmazané nebo dvojité vidéni, vyssi citlivost na svétlo, zvysend produkce slz,
bolesti hlavy. Podle statistickych udaji navic 9 z 10 klientl ptirozhovoru se svym o¢nim specialistou
o téchto potizich pfimo nemluvi a nespojuje si je s pouzivanim digitalnich zatfizeni. Proto diilezitou
roli ocnich specialistli je cilené¢ se na préci s pocitacem a pouzivani dalSich digitdlnich zafizeni
Vv pribéhu dne dotazovat. Spolu s tim pak nasledné cilen¢ zjistovat vyskyt ptiznakl spojenych praveé

s digitalni zrakovou tnavou, kterou je dnes mozné povazovat za samostatnou diagndzu klienta.
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Co stoji za potizemi?

Syndrom digitalni unavy zraku je komplexnim problémem. BohuZzel neexistuje jen jedind pficina.
Naopak, neptiznivé se miize uplatnit fada faktort. Prvni skupinu ptedstavuji o¢ni vady. Patii sem jak
nekorigované o¢ni vady, tak vady korigované chybné nebo neuplné. Lidé si ¢asto nepfipousti, ze se
jejich zrak mohl zhorsit a nosi stale stejnou korekcei i nékolik let. O¢i se ale méni cely zivot a tak i pfi
zdanliveé stabilni vadé se doporucuje nechat si kazdé tti roky provést dislednou kontrolu. Podobné
mize vadit nekorigovany astigmatismus. Zhruba 45% populace pouzivajici korekci zraku potiebuje
k ostrému vidéni 1 cylindr. Ten se vSak Casto - zejména u kontaktnich ¢ocek - zanedbava. Vysledkem
pak je neostré vidéni a snaha o doostfeni pfivirdnim vicek, nebo ndklonem hlavy. A pravé mhouteni

oci vede, kromé vrasek, 1 ke zvySenému napéti svalll v okoli oka a naslednému pocitu tnavy.

Dal§im specifickym problémem je akomodace. Cim je &teny text bliz k oéim, tim je zaostfovani
naro¢n¢jsi. Mobilni telefon bézné drzime o 15 az 20 cm blize, nez tiStény text a naroky na akomodaci
tak rostou. Schopnost zaostfovani navic klesa s vékem a je nejcastéjSim divodem pro noseni bryli do
blizka po 40 roce véku. Pfi pouzivani displeji v kratsi vzdalenosti je potieba akomodace neptirozené

vysoka a tak potize se zaostfovanim zacinaji trapit 1 dlouho pted Ctyticitkou.

Soustiedény pohled na monitor v prostoru je naro¢ny i pro o€i jako par. Dulezity je tedy i stav
binokularniho vidéni. Ob¢ o¢ni osy se musi pfesné stocit tak, aby se protnuli v roviné pocitace, a toto
nastaveni musi byt o¢i schopny dlouhodob¢ udrzovat. Pokud navic potiebujete obCas zaostfit na jiny

monitor, do papiru na stole, nebo na telefon, je potieba ptesné koordinace obou oci jesté vyssi.

Kdyz oc¢i vzajemnou souhru nezvladnou, objevuje se dvojité ¢i rozmazané vidéni a bolesti hlavy. To,

jak tuto zatéz snasi konkrétni clovek, lze posoudit jeding pii peclivém komplexnim o¢nim vySetfeni.

Dalsi zdroj problémd je spojeny s povrchem oci a s kvalitou slz. Soustfedény pohled na monitor vede
k tomu, Ze ,,zapomindme* mrkat. Pii kazdém mrknuti se cely povrch oka pokryje vrstvickou slz.
Pokud mrkdme méné Casto, vrstvicka slz se trha a o¢ni povrch osyché. Disledkem jsou pocity péleni
a fezani. Ke zhorSeni stavu ptispiva suché prostiedi kancelari s klimatizaci nebo ustfednim topenim.
Pokud ¢loveék navic nosi kontaktni ¢ocky z materidlu, ktery snadno podléha dehydrataci, potize jsou

o to horsi. Osychajici kontaktni cocka doslova vysava vodu ze slz a o¢i pali a feZou.

Poslednim faktorem je uspofadani pracovisté. Jedna se predevSim o vzdalenost a umisténi monitoru,
velikost pisma a jas obrazovky. Kratka vzdalenost monitoru, pozice monitoru nad Grovni o¢i, vysoky
jas a malé pismo vedou k zatizeni akomodace, osychani povrchu oka a oslnéni. Optimalni optické

uspofadani pracovnich mist a kancelafskych prostor by mélo byt navrzeno tak, aby se obrazovky
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pocitacii nebo notebookll nachazely ve vzdalenosti 50 az 100 cm od o¢i. Pracovni prosttedi vSak byva
“o¢ni ergonomii” velmi vzdalené a snadno tak pfispivd k namahani oblasti krku a zad. To obzvlast’
plati v dne$ni moderni spole¢nosti, kdy se jakékoliv misto miize proménit v misto pracovni. At je to

barova stoli¢ka v kuchyni, kfeslo v kavarné, plné letadlo nebo dokonce postel.

Jak zijeme?

Pro digitalni zrakovou unavu plati, ze témito potizemi za¢ne Clovek trpét poté, co se po dobu dvou
nebo vice hodin uptené dival do obrazovky, nebo sledoval déni na n€kolika digitadlnich zatizenich
soucasné. Dale plati, Ze symptomy udava v priméru 75 % osob, které pouzivaji dvé a vice zatizeni

soucasng, ve srovnani s pouze 53 % osob, ktefi pracuji pouze na jediném monitoru.

Ve studiich vénujicich se sou¢asnému zZivotnimu stylu respondenti ptiznavaji, Ze pouzivaji digitalni
zafizeni neustale. Uchyluji se ke svym chytrym telefoniim, které nosi stale u sebe, aby zstali v
kontaktu s rodinou a ptateli (54%), jako navigaci (54%) 1 pro piredpoved pocasi (51%). Dospéli, kteti
v zaméstnani pouzivaji pocitace, se zdaji byt nejvice nachylni k digitalni zrakové unavée, avsak ve
vzrastajici mife jsou po delS$i dobu vystaveny moderni technice také déti. Kromé toho, ze na

digitalnich zafizenich hraji hry, pouzivaji je také ve Skole a béhem domaci ptipravy.

Kazda generace ma své specifické navyky a slabiny, co se tykd pouzivani digitalnich zafizeni, ale

nemusi si byt védoma zdravotnich nasledkli spojenych s pfilis ¢astym pouzivanim moderni techniky.

Déti

Déti jsou vychovavany ve svété, kde jsou moderni technologie nedilnou soucasti kazdodenniho
zivota. Déti vSak Casto nejsou dostatecné informovany, jak bezpecné pouzivat digitalni zatizeni, aby
si ochranily své zdravi. Naptiklad ¢asto nevédi, jak spravné zatizeni drzet nebo jak zdravé a pohodIné
sedét. 65% rodict uvadi, Ze jejich déti (mladsi 18 let) travi denné dvé a vice hodin na digitalnich

zafizenich.

Dospéli ve véku 20-29 let

Ptislusnici tzv. ,Millennium generace” dokonale zvladaji pouzivani vice digitdlnich zafizeni
najednou. Stiidaveé je pouzivaji, aby se pobavili u své oblibené show, pracovali na notebooku, nebo
prochdzeli socidlni sité. 73% dvacatnikli pfiznava, Ze trpi projevy digitalni zrakové tnavy. Téméf
devét osob z 10 v této ve€kové kategorii (87%) pouziva dvé a vice zatizeni najednou. Jako zdroj zprav
vyuzivaji predevsim své chytré telefony, pocitace a tablety, oproti 66% lidi ve v€ku 60 a vice let, ktefi

se zpravy dozvidaji z televize.
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Dospéli ve véku 30-39 let

Tticatnici vétSinu asu travi zavieni u pocitace nebo notebooku, které pouzivaji v praci. Jak se jejich
zrak s vékem vyviji, musi zac¢it premyslet nejen o korekci zraku na ¢teni, ale zvazit i dal$i moznosti
ochrany oci, pocitaovou ocni optiku nevyjimaje. 93% tficatnikli je ohrozeno digitalni zrakovou
unavou, protoze travi na digitalnich ptistrojich denné dvé a vice hodin. 68% z nich pouziva chytry
telefon jako navigaci. A 67% osob v této vékové kategorii stravi na digitalnich zafizenich kazdy den

pét a vice hodin.
Dospéli ve véku 40-59 let

U ctyricatnikli dochazi ke zméndm zraku, které doprovazeji starnuti a pro mnoho z nich je vyzvou
zaostfit zrak na rizné vzdalenosti a prechazet pohledem mezi digitdlnimi zafizenimi. Dne$ni

padesatnici jsou navic prikopniky v oblasti technologii - v 90.letech zacali pouzivat pocitace. Z toho

vvvvv

vvvvv

faktor se zda spravné nastaveni korekce s ohledem na pracovni vzdalenost. Vice jak 60% z nich trpi

jednim nebo vice symptomy digitalni zrakové tinavy.

Zeny a muzi

Zeny &ast&ji priznavaji symptomy digitalni zrakové (inavy (69%) v porovnani s muzi (60%). Kazdy
den pouzivaji poéitate a notebooky muzi ¢astéji nez zeny. Zeny spise pouzivaji k b&Znym dennim
innostem chytré telefony. Zeny ¢astéji nez muzi pouzivaji dvé a vice obrazovek soucasné (74% v

porovnani s 67%).

Mapovani digitalniho svéta

Pouzivani digitalnich zafizeni a pfedevSim jejich vlivu na na§ zdravotni stav se vénuje stale vice
publikaci. Jejich pocet rok od roku roste a jasné poukazuje na rostouci pocet pripadi a zvysujici se
zajem vefejnosti. Stale Castéji se pak zmifuje digitdlni zrakovd unava jako zfejmy disledek

dlouhodobého sledovani monitort digitalnich zafizeni a jejich neustalého stfidani v pribéhu dne.

Studie provedend na Université v Indiané ve Spojenych statech americkych uvadi, Ze vice jak 75%
uzivateld digitdlnich zatizeni ve v&ku 18 az 39 let uvadi pocity zvySené Unavy a suchych oci
minimalné jednou tydné a 35% dokonce kazdy den. Pravé v této skupiné klient byl vyskyt téchto

symptomu nejcastéjsi a alespont obcasnou zkusenost s nimi udavalo 88% respondenttli. Spojitost mezi
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zvySenym pouzivanim digitalnich zafizeni a vysokou mirou rizika vzniku a rozvoje digitalni zrakové

unavy je tedy jasna.

Jak predchazet digitalni inavé zraku?

Je nutné hlidat vSechny tfi oblasti, které se na rozvoji digitalni inavy zraku podileji. Zakladem jsou
spravné bryle, nebo kontaktni cocky. Aktualné je na trhu fada specidlnich brylovych cocek, které jsou
pfimo ureny pro sniZzeni unavy pii praci s pocitacem. Jejich optika je navrzena tak, aby snizila

akomodacni zatiZeni pti pohledu do blizka a usnadnila pteostfovani na rlizné vzdalenosti.

Diilezita je 1 ergonomie prace. To znamena nastavit si pocitac tak, abyste méli oCi pti praci sklonéné
smérem dold, nastavit si optimalni velikost pisma 1 jasu monitoru. Zapominat byste neméli ani na
dostatecny pitny rezim, pravidelné mrkani a hlavné ptestavky v préaci. Zakladni proti-tnavové

pravidlo fika: Kazdych 20 minut, uvolnit o¢i alespon 20vtefinovym pohledem do dalky.

Nove jsou k dispozici také kontaktni ¢oCky se schopnosti eliminovat digitalni inavu zraku. Tyto
¢ocky jsou navic vyrobené z materialu, ktery vyhovuje 1 suchému prostiedi v kancelatfich a oci

nevysusuje.

Nov¢ feseni se jmenuje Biofinity Energys

Jednou z moznosti, ktera se nové o¢nim specialistim pfi feSeni téchto obtizi nabizi je pouzit ke
korekci zraku téchto klienti unikatni novinku spolecnosti CooperVision, kontaktni cocky Biofinity
Energys. Jsou to jediné kontaktni CoCky na svété, vyuzivajici technologii Digital Zone Optics™ -
poskytujici podporu pro oci uzivatel, béhem sledovani obrazovky i pohledech mimo ni. Nové
pielomové feSeni je urceno pro klienty, kteti hledaji feSeni sférické korekce zraku a zmirnéni tnavy
oCi u digitalnich zatizeni. Digital Zone Optics™ pomahd mirnit unavu o¢i spojenou se zatézi pii
akomodaci, aniz by bylo ovlivnéno vidéni klienta na dalku. Uzivatel¢ digitalnich zafizeni, ktefi Casto
potiebuji pfechazet mezi sledovanim obrazovky a svétem mimo ni, tak mohou ¢init snadnéji a
pohodlIngji. Vicecetné asférické kiivky v optické zon¢ rovnomérné rozdéluji dioptricky tcinek, ktery
simuluje vétsi plusovou hodnotu Coc€ky v jejim stiedu. Asférické kiivky jsou rozvrzené po celé piedni
plose optické zony Cocky a vytvareji pottebnou tlevu akomodace pti dlouhodobém strnulém pohledu

na monitor stejné jako pfi ¢astém stiidani pracovnich vzdalenosti.

Navic kontaktni Cocky Biofinity Energys vyuZivaji vSechny osvéd¢ené vlastnosti, které zname u celé
rodiny ¢ocek Biofinity. Technologie Aquaform® pfitahuje a vaZze vodu napfi¢ celym materidlem
¢ocky a udrzuje piirozenou vlhkost a smagivost, ktera snizuje pocit suchych o&i. Co¢ky maji vysokou

propustnost pro kyslik, zajiSt'ujici zdravéjsi noSeni. Kontaktni cocky Biofinity Energys jsou schvalené
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pro mesicni rezim vymeény pii dennim nebo prodlouzeném noseni. Dostupny dioptricky rozsah je od
+8,0 do -12,0 dioptrii sféry. Také ostatni parametry jsou shodné se sférickymi ¢ockami Biofinity, tedy
zakladni zaktiveni ¢ocky je 8,6 mm a jeji primér 14,0 mm. Kontaktni cocky Biofinity Energys se
aplikuji stejné snadno, jako jakékoliv jednoohniskové Cocky. Nepottebujete provadét zadna dalsi
méfeni. Ve srovnavaci studii provadéné mezi klienty, kteti pouzivaji digitdlni zafizeni minimalné
Ctyfi hodiny denné, pét dnli v tydnu a priznavaji, Ze se u nich objevuji piiznaky inavy o¢i minimalné
jednou tydné, jich 9 z 10 souhlasilo s tvrzenim, Ze kontaktni Cocky Biofinity Energys™ skutecné

pomahaji jejich ocim.

Zaver
Dnesni ruSny Zivot nasich zadkaznikl se odehrava jak pfed obrazovkou, tak mimo ni. Je dobie na to
pamatovat Vv pritbé¢hu vySetieni 1 dal§i komunikace o feSeni jejich potizi. A také pamatovat na

moznosti doporucit feSeni, kterd povedou k zlepSenti jejich pocitu i zdravi.
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Visual Fatigue in the Digital World

Bc. Tomas Dobiensky

CooperVision

A shining display of phone wakes us up as an alarm clock. For hours we work on a computer,
sometimes we stop to look at something on another screen - television, tablet, or smartphone.
We repeat this formula all the time and our days are filled with electronic images of the latest

news, online shopping, video games, movies, emails and text messages...

For centuries, our vision has evolved so that we have seen outdoors many different objects at different
distances. Therefore, the combination of near-vision factors, where we watch digital screens, the
overall frequency and duration of their use, the physical response of our body to the way we watch
the screen is something unusual, and it is the cause of visual discomfort. Tension and eye fatigue,
accompanied by other symptoms of physical discomfort, are referred to as digital eye fatigue. Digital
eye fatigue becomes the phenomenon of today's time. What is it about and how do we know it?

The condition is characterized by difficulty in seeing or focusing, and the unpleasant feelings of the
eyes that appear in connection with work on a computer or a tablet or a phone after two hours of such

activity. Typical are dry, irritated eyes, blurred vision, and neck and back pain.

Seven out of ten adults report at least one of the symptoms associated with digital eye fatigue when
using digital devices. If they are to describe them, they most often talk about fatigue, dry and painful
eyes, a feeling of tension. But the symptoms of digital eye fatigue include red eyes, difficulty in
focusing, blurred or double vision, higher sensitivity to light, increased tear production, headaches.
Moreover, according to statistics, 9 out of 10 clients don't talk to their eye specialist about these
problems and do not associate them with the use of digital devices. Therefore, the important role of
ophthalmologists is to ask about the work with computer and use other digital devices during the day.
Together with this, it is then targeted to detect the occurrence of symptoms associated with digital eye

fatigue, which can now be considered as a separate diagnosis of the client.

What's the problem?
Syndrome of Digital eye fatigue is a complex problem. Unfortunately, there is not only one cause.

The first group is eye defects. These include both uncorrected eye defects and defects corrected
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erroneously or incompletely. People often do not allow their eyesight to worsen and still carry the
same correction for several years. But the eyes change throughout life, so even with a seemingly
stable flaw, it is advisable to have a thorough check every three years. Similarly, uncorrected
astigmatism may interfere. Approximately 45% of the population with eye correction needs a cylinder
to see clearly. However, it is often neglected - especially with contact lenses. The result is blurred
vision and sharpening by tilting the lids or moving the head. And tilting of the eyelids increased
tension of the muscles around the eye and the subsequent feeling of fatigue.

Another specific problem is accommodation. The closer the text reads to the eyes, the more focusing
is. We usually hold the phone 15 to 20 cm closer than the printed text, and the demands on
accommodation are growing. In addition, the ability to focus fades with age and is the most common
reason for wearing glasses close to 40 years of age. When using displays at shorter distances, the need
for accommodation is unnaturally high, so trouble with focusing begins before forty.

A concentrated view of the monitor is also demanding for the eyes as a pair. The state of binocular
vision is also important. Both eye axes must be precisely twisted to intersect in the plane of the
computer, and this setting must be able to maintain the eye for a long time. In addition, if you need to
focus on a different monitor, paper on the desk or on the phone, you need even more precise

coordination between the two eyes.

When the eyes fail to cooperate, the result is a double or blurred vision and headache. How this burden
is tolerated by a particular person can only be assessed with a thorough, comprehensive eye

examination.

Another source of problems is related to the surface of the eyes and the quality of tears. A focused
view of the monitor leads to the less frequency of blink. At each blink the entire surface of the eye is
covered with a tear film. If we blink less often, the tear film tears and the eye surface is dry. The result
is burning and cutting. The deterioration of the condition contributes to the dry environment of offices
with air conditioning or central heating. If you additionally wear contact lenses from a material that

is easily dehydrated, the trouble is worse.

The last factor is the organization of the workplace. This is mainly the distance and the location of
the monitor, font size and screen brightness. Short monitor distance or monitor position above eye
level, high brightness and small font lead to load of accommodation, swelling of the eye surface and
glare. The optimum optical layout of workspaces and office space should be designed so that

computer screens or notebooks are at a distance of 50-100 cm from the eyes. But the work
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environment usually is not "very ergonomic" for the eye and thus easily contributes to the neck and
back pain. This is particularly true in today's modern society, where any place can be transformed
into a working place. Whether it's a bar stool in the kitchen, a coffee chair, a full airplane or even a
bed.

How do we live?

Digital eye fatigue is a problem that begins to suffer after two or more hours of staring at the screen
or watching several digital devices at the same time. Additionally, the symptoms are reported by an
average of 75% of people using two or more devices at the same time, compared with only 53% of
those who work on a single monitor. In the current lifestyle studies, respondents admit to using digital
devices continuously. They rely on their smartphones, which they keep in touch them with family and
friends (54%), they used for navigation (54%) or weather forecasts (51%). Adults using computers
seem to be most prone to digital eye fatigue, but children are also increasingly exposed to modern
technology for a long time. In addition to playing games at digital devices, they also use it at school
and home preparation. Each generation has its own specific habits and weaknesses in the use of digital
devices, but it does not need to be aware of the health consequences associated with too much use of

modern technology.

Children

Children are brought up in a world where modern technologies are an integral part of everyday life.
However, children are often not sufficiently informed how to safely use digital devices to protect their
health. For example, they often do not know how to hold the device properly or how to sit comfortably
and safety. 65% of parents report that their children (aged under 18) spend two or more hours on

digital devices daily.

Adults aged 20-29

The Millennium Generation members are perfectly capable of handling multiple digital devices at
once. They alternately use them to enjoy shows, work on a laptop, or browse social networks. 73%
of them recognize that they suffer from digital visual fatigue. Almost nine out of 10 people in this age
category (87%) use two or more devices at a one time. As a source of news, they mainly use their
smart phones, computers and tablets, compared with 66% of people aged 60 and over, who hear news

from television.
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Adults 30-39 years

Thirty-year-old spend most of the time shutting down the computer or laptop they use at work. As
their eyesight develops with age, they must start thinking about correcting their eyesight, but consider
other eye protection options, including ophthalmic optics. 93% of thirties are at risk of digital visual
fatigue because they spend on digital devices two or more hours a day. 68% of them use smartphone
as navigation. And 67% of people in this age group spend five or more hours on digital devices each
day.

Adults aged 40-59

There are vision changes in ages 40 plus and for many of them, it is a challenge to focus their eyes at
different distances and to switch between digital devices. Today's 50's are pioneers in technology -
they started using computers in the 1990s. For this reason, computers and laptops have become
increasingly important among digital devices. All these age categories are already addressing the issue
of remote correction at a distance and close, and the most important factor seems to be the correct
adjustment for the work distance. More than 60% of them suffer from one or more symptoms of
digital eye fatigue.

Women and men

Women more often admit the symptoms of digital eye fatigue (69%) compared to men (60%). Men
use computers and laptops everyday more often than women. Women tend to use smartphones for
normal daytime activities. Women use two or more screens at the same time more than men (74%

compared to 67%).

Mapping of the digital world

The use of digital devices, and above all their impact on our health, is being handled by more and
more publications. Their number increases every year and makes clear the increasing number of cases
and the increasing public interest. Digital eye fatigue is mentioned as an obvious consequence of long-
term monitoring of digital monitors and their continual alternation throughout the day. A study,
conducted at the University of Indiana in the United States, shows, that more than 75% of users of
digital devices aged 18-39 feelings of increased fatigue and dry eyes at least once a week and 35%
even every day. It was in this group of clients that the occurrence of these symptoms was the most
common and at least occasional experience with them was reported by 88% of respondents. The link

between increased use of digital devices and the high risk of developing digital eye fatigue is clear.
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How to prevent digital fatigue?

It is necessary to watch all three areas involved in the development of digital fatigue. The base thing
IS proper correction by glasses or contact lenses. Currently, there are a number of special spectacle
lenses on the market that are specifically designed to reduce fatigue while working with computer.
Their optic design is arranged to reduce stress in the near view and facilitate shifting to different
distances. Ergonomic of work is also important. This means setting up your computer to keep your
eyes down while working, adjusting the optimal font size and brightness of your monitor. Do not
forget to have enough drinking, regular blinks and especially breaks at work. The basic anti-fatigue
rule says: Every 20 minutes, relax your eyes for at least 20 seconds in the distance. New contact lenses
with the ability to eliminate digital eye fatigue are also available. These lenses are additionally made
from material that suits the dry environment in the office and does not dry out the eyes.

The new solution - Biofinity Energys

One of the new options that in resolving these difficulties is to use the unique new product from
CooperVision, the contact lenses Biofinity Energys. They are the only contact lenses in the world that
use Digital Zone Optics™ - providing support for the eyes of users, while viewing the screen and also
views outside of it. The new breakthrough solution is for clients looking for spherical vision correction
and having a problem with eye fatigue for digital devices. Digital Zone Optics™ helps reduce eye
fatigue associated with exercise burden without affecting the client's distance vision. Users of digital
devices who often need to switch between watching the screen and the world outside of it can do so
more easily and comfortably. The multiple aspherical curves in the optical zone evenly divide the
positive power effect that simulates the larger plus value of the lens at its centre. Aspheric curves are
distributed across the front surface of the lens optic zone and provide the necessary ease of
accommodation for a long rigid view of the monitor as well as frequent workspaces. In addition,
Biofinity Energys uses all the proven features well known across the Biofinity family of lenses.
Aquaform® attracts and binds water across the entire lens material and maintains natural moisture
and wetness that reduces dry eye sensation. The lenses have a high permeability to oxygen, ensuring
a healthier wearing. Biofinity Energys contact lenses are approved for monthly replacement mode for
daily or extended wear. The available power range is from +8.0 to -12.0 Dpt of the sphere. Also the
other parameters are identical to the Biofinity spherical lenses, as the basic curvature of the lens is 8.6
mm and its diameter is 14.0 mm. Biofinity Energys contact lenses are applied just as easily as any
single-lens lenses. You do not need to make any further measurements. In a comparative study

conducted between clients who use digital devices at least four hours a day, five days a week, and
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admit that they experience eye fatigue symptoms at least once a week, nine out of ten agreed to claim

that Biofinity Energys ™ contact lenses actually helping their eyes.

Closing

The busy life of our customers takes place both before and off the screen. It is good to remember
during the examination and other communications about the solution of their problems. And also
remember the possibilities of recommending solutions that will improve their feeling and health.
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Projekt Zdravy sportovec - kvalita zraku

Mgr. Pavel Benes, Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

Svétova organizace Special Olympics je jednou z nejvétSich sportovnich organizaci, ktera sdruzuje
déti, mladez a dospélé jedince s mentalnim postizenim. Kazdoro¢né uskutecniuje sportovni klani pro
vice nez 4,7 milionu sportovci po celém svété (169 zemi). Zakladatelkou byla v roce 1962 Eunice
Kennedy Shirver, ktera uskutec¢nila prvni sportovni soutéze jedincti s mentalnimi disabilitami. Cilem
je tak ukazat, co Gcastnici dokazi svymi sportovnimi vykony a nezaméfovat se nato, co neni v jejich
silach. Zprvu jen lokalni sportovni soutéze dospély v roce 1968, po vzoru tradi¢nich Olympijskych
her, az do potfadani prvnich Mezinarodnich letnich her — sdruzenych pod oznaceni Specialni
olympiady. Organizace Special Olympics se zabyva u danych jedincii sledovanim jejich zdravotniho
stavu, nabizi zdravotnicky dohled a podporu v programu Zdravy atlet (Healthy Athlete). Toto
globalni hnuti vzniklo v reakci na situaci, kdy se lidem s riznym typem mentalniho postizeni
nedostavalo v mnoha zemich pravidelné a potifebné zdravotni péce. Nabizi se tak moznost inkluze
kazdému jedinci bez ohledu na jeho schopnosti ¢i miru postizeni. Témto lidem jsou diky sportovnim
aktivitam umoznény zivotni zmény. Je kladen diiraz na prevenci moznych zdravotnich omezeni a

problémt, které jsou s jejich postizenimi pritomny. Aktivity vSak nelze zaménovat s paralympiadou.

Obr. 1 Vysledna doporuceni pro daného klienta
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Celkove je mozné soutézit ve vice jak 30 sportovnich disciplinach — individualni a tymové sporty a
béhem roku je mozné navstivit az 94 000 riznych akci tohoto druhu — mistni, regionalni a narodni
soutéze. Lze soutézit v atletice, plavani, badmintonu, basketbalu, bocce, bowlingu, kriketu, cyklistice,
jizd¢ na koni, krasobrusleni, alpském lyzovani, béhu na lyzich, hokeji, fotbalu, golfu, aktivity pro

jedince na vozicku, jizda na koleckovych bruslich, tenis, ping pong, triatlon, a dalsi.

Odbornici z riznych zdravotnickych profesi predavaji informace o zdravotni kondici daného jedince
jeho rodi¢im, odpovédnym osobam, ale zejména jim samotnym. Mnohdy tak lze zvysit jejich

sportovni vykon a motivovat je v jejich kazdodennim zivot¢.

Specialni olympiady jsou organizovany v sedmi hlavnich oblastech:
screening kvality zraku — Opening Eyes

screening kvality zubt a Gstni hygieny — Special Smiles

screening zabavné zdatnosti — Fun Fitness

screening zdravého sluchu — Healthy Hearing

screening podpory zdravi — Health Promotion

screening spravna noha — Fit Feet

souhrnna doporuceni — MedFest

Pti sportovnich akcich jsou sportoveiim s mentdlnim postizenim nabizeny screeningové aktivity, pii
kterych jim jsou nasledné piedana dalsi doporuceni (obr. 1). Je dilezité zminit, Ze se jedna pouze o

screening, ne o detailni vysetfeni ¢i navrhovani 1éCebnych postupd.

Program Opening Eyes zahrnuje screening pii testovani zrakovych funkci: zakryvaci test, zrakova
ostrost do daly a na blizko, barevné vidéni, stereopse, autorefraktometrie, bezkontaktni tonometrie,
kontrola ptfedniho segmentu oka (obr. 2) v€etné posouzeni zornicovych reakci. V pribéhu screeningu
(obr. 3) je vSe zaznamenavano do formulafe, poté se rozhodne, zda bude klientovi pfezkousen
subjektivné vizus, respektive doporuceni nové brylové korekce. Pokud doty¢ny nepotiebuje novou
brylovou korekci, jsou mu nabidnuty slune¢ni bryle. Zastitu nad saturaci brylovymi ¢ockami a

brylovymi obrubami pievzaly firmy ESSILOR a Safilo.
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Obr. 2 Prakticky screening ptfedniho segmentu oka

Béhem celého programu jsou ,klinickym fediteldm™ danych zdravotnickych profesi k dispozici
dobrovolnici, zejména z tad studentti. Ti provazi klienty po stanovistich a ziskavaji cenné zkuSenosti

do praxe.

V Ceské republice je organizace zastoupena Ceskym hnutim Specialnich olympiad.

Obr. 3 Spole¢né s ticastnikem projektu Zdravy sportovec
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Project Healthy Athlete - vision quality
Mgr. Pavel Benes, Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

The global oraganization Special Olympics i sone of the largest sports organization that brings
together young children, youth and adults with intellectual disabilities. There are many sporting
events every year for more than 4.7 million athletes areound the world (169 countries). Eunice
Kennedy Shirver was the founder in 1962 and conducted the first sports competitions for individuals
with intelectual disabilies. The aim is to show what participants can do with their sporting activities
and not focus on what is not in their abilities. At first only local sports competitions start in 1968,
following the example of the traditional Olympic Games, until the first International Summer Games
— associated under the name of the Special Olympics. Special Olympics specializes in monitoring
individual’s health status, offering health supervision and supporting in programe of Healthy Athlete.
This international program was created in response to a situation where peopole with different types
of intelectual disabilities did not have in many countries regular and needed health care. This offers
the possibility of inclusion to each individual regardless of his/her ability or degree of disability. These
people are allowed to make life changes through sporting activities. Emphasis is placed on preventing

possible health restrictions and problems in their status. However, this activities cannot be confused

with paralympics.

Fig. 1 Resulting recommandations for the client
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Overall it is possible to complete in more than 30 sporting disciplines — individual and team sports,
and during the year to visit up to 94 000 different events of this kind — local, regional and national
competitions. Athletes can compete in swimming, badminton, basketball, bocca, bowling, cricket,
cycling, horseback riding, figure skating, alpine skiing, cross-country skiing, ice hockey, football,
golfing, rollerblading, table tenis, triathlon, and more.

Experts from various health care professions provide information about the health condition of the
individual to his/her parents, to the responsible person but especially to her/him. Sometimes they can
increase their sporting performance and motivate them in their everyday lives.

Special Olympics are organized in seven major areas:

- Visual screening - Opening Eyes

- Tooth quality screening and oral hygiene - Special Smiles
- Fun Fitness Screening - Fun Fitness

- healthy hearing screening - Healthy Hearing

- Health Promotion Screening - Health Promotion

- screening the right foot - Fit Feet

- Summary recommendations — MedFest

At sporting events, screening activities are offered to athletes with intelectual disabilities who then
receive further recommendations (Fig. 1). It is important to mention that this is only a screening, not

a detailed examination or a design of treatment procedures.

The Opening Eyes program includes screening for visual function testing: cover test, visual acuity
testinf for far and near, color vision, stereopsis, autorefractometry, non-contact tonometry, anterior
eye examination (Fig. 2), including assessment of pupil reactions. During the screening proces (Fig.
3), everything is recorded in the form then it is decided whether the client will be tested to a subjective
visual acuity or recommendation for a new spectacle correction. If the client does not need new glasses
correction, they are offered with sunglasses. The ESSILOR and Safilo took over the saturation

envelope with spectacle lenses and spectacle frames.
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Fig. 2 Practical anterior eye screening

Throughout the “clinical directors™ program of the health professions are available the volunteers,

especially students. They are guiding clients around the habitats and gaining valuable experience in
practice.

In the Czech Republic, the organization is represented by the Czech Special Olympics Association.

\\\,\)Q

Fig. 3 Together with Healthy Alhtlete participant
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Image misalignment and binocularity

Ivan Buri¢, Kristina Mihi¢, Kristijan Pili, Marcela Domnik, Sonja Drugovi¢

University of Applied Sciences, Velika Gorica, Croatia

INTRODUCTION
Light
Light has a dual nature, being considered both an electromagnetic wave, which can vary in frequency

and wavelength, and also a series of discrete packets of energy, called photons. Both forms of
description are used in explaining how the visual system responds to light. In determining the
sensitivity of the visual system to light, such as the minimum threshold of light detection, it is usual
to refer to light in terms of photons.

Light is a narrow band in the spectrum of electromagnetic radiation. Only electromagnetic radiation
with a wavelength between 380 and 760 nm (one nanometre is 10_9m) is visible to the human eye.
The spectral sensitivity curves of the human eye are dependent on the nature of the cone pigments.
Other species have different cone pigments and can detect different ranges of electromagnetic

radiation.

Eye

The basic function of the eye is to catch and focus light on to a thin layer of specially adapted sensory
receptor cells that line the back of the eye. The eyeball is connected to an elaborate arrangement of
muscles that allow it to move to follow target stimuli in the environment. The lens within the eye,
which helps focus light, is also connected to muscles that can alter the lens shape and thus its focal
length. This allows target stimuli at different distances to be focused on the back of the eye.

At the back of the eye, light energy is transformed into a neural signal by specialised receptor cells.
This signal is modified in the retina, to emphasise changes and discontinuities in illumination, before

the signal travels onto the brain via the optic nerve.

Binocularity
The ability to focus upon an object with both eyes and create a single stereoscopic image. Binocularity

requires highly convergent orbits.
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The evolutionary increases among primates in the degree of orbital convergence have been noted to
correlate with the expansion of visual brain structures and, as a consequence, with the overall size of
the brain. It is therefore thought that the evolution of brain size in primates was associated with visual
specialization.

The critical period for binocular development in humans seems to begin during the first year of life, reaches a
peak during the second year, and decreases by 4-8 years.
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IMAGE MISALIGNMENT AND BINOCULARITY
Theory

The majority of cells in the normal visual cortex are binocular, and during post-natal development,
when the ocular dominance columns are being established, the connections to individual cells from
both eyes are also being refined.

Misalignment of the images in the two eyes can be accomplished either by cutting the eye

muscles or by fitting the animal with a helmet that contains small optical prisms. This disruption does
not alter the absolute magnitude of activity. Under these conditions, most cells can only be driven
monocularly, rather than binocularly as in normal animals, and the ocular dominance columns seem
more sharply delineated.

70% of cortical cells in monkeys are binocular, but less than 10% of cells are binocular in a monkey

that has worn a prism-helmet for 60 days. These neurological changes translate
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into striking behavioural effects. For example, prism-reared monkeys are unable to detect depth in
random-dot stereograms, suggesting that they have lost the ability to use binocular disparity to
perceive depth

It appears that it is not just the magnitude or balance of neural activity that is important, but also the
temporal pattern of this activity. This hypothesis is supported by experiments in which the retina was
deactivated and the optic nerve was stimulated directly. This allowed the temporal relationship of the

neural activity from the two eyes to be controlled directly.

Image misalignment in humans

Some people have an imbalance in the eye muscles that upsets the co-ordination between their two
eyes. This condition is called strabismus or so called ,,crossed eyes“. A condition where the eyes do
not look in the same direction as they should. One eye may rack differently than the other causing a

disjointed appearance.

Young children born with this disorder may develop decreased vision in one eye (amblyopia).
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The misaligned eye can either turn inwards (esotropia) or outwards (exotropia).

Esotropia

Exotropia

Just as cutting the eye muscles in experimental animals causes a loss of cortical cells that respond to
stimulation of both eyes, there seems to be a similar lack of binocularly driven cells in people who
had strabismus as young children.

Strabismus can be corrected. Treatment for strabismus involves using a eye patch on the stronger eye
so the brain would use all the information from the weaker one, also includes eye excersies or can be
corrected by a muscle operation that restores the balance between the two eyes. However, if this
operation is not performed until the child is 4-5 years of age, a loss of binocularly driven cells seems

to occur.

When surgery is carried out early in life, interocular transfer is high, indicating good
binocular function, but if the surgery is delayed, interocular transfer is poor, indicating poor binocular

function.
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Because of the phenomenon of interocular transfer this can be measured by the tilt after efect test.

Adaptation Test

If an observer looks at the adapting lines with one eye and then looks at the test lines with the other
eye, the after-effect will transfer between the eyes. This transfer,which is about 60% —70% as strong
as the effect that occurs if the adaptation and test lines are viewed with the same eye, indicates that

information from one eye must be shared with the other.

Refering to the conclusion above, art students are often advised to close one eye to flatten their
perception, and so, for an artist, this impaired depth perception might be an advantage, rather than a

handicap.

Uncorrelated activity from the two eyes seems to lead to a weakening and possible elimination of

synapses in the visual cortex. This is another form of neural plasticity, long-term depression (LTD).

If electrical stimulation is used to introduce artificially correlated activity into the visual system, the
development of orientation selectivity is disrupted, emphasising once again how important the relative

temporal pattern of activity is for developing neural connectivity.
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Stanoveni angularni pozice torickych intraokularnich cocek
Bc. Martin Fis

Fakulta biomedicinského inZenyrstvi CVUT, Kladno

ABSTRAKT

Cilem diplomové prace bylo vytvofit navrh (v¢éetné¢ metodiky) pro pooperacni stanoveni aktudlni
uhlové polohy torické intraokularni ¢ocky (TIOL) s vyuzitim naviga¢niho syst¢ému VERION. K
dosaZeni daného cile byl vypracovan vlastni systém, ktery pro zjisténi aktudlni pooperacni polohy
TIOL vyuZiva snimky pofizené referenénim modulem syst¢ému VERION. VSechny snimky byly
ziskdny na zdklad¢ vlastni metodiky. Navrzeny systém spliiuje vSechny piedem definované
pozadavky a jeho validita byla ovéfena komparaci s alternativnimi technikami i hodnocenim faktoru
subjektivity. Realizovana analyza rezidudIniho astigmatismu u sledovaného souboru vyloucila axialni
délku oka 1 velikost kapsuly jako faktory ovliviiujici kratkodobou rota¢ni stabilitu TIOL. Byla
potvrzena vyssi ¢etnost rotace TIOC v preferovaném sméru. Absolutni primérna detekovana rotace
modelu SN6ATx dosahla hodnoty 3,96°. Velikost rezidudlniho astigmatismu v diisledku pooperaéni
rotace u celkového poctu 82,98 % operovanych oc¢i byla maximalné 0,50 D. Vyborné vysledky byly
potvrzeny i ¢etnosti optimalni pooperacni zrakové ostrosti do dalky, které bylo dosazeno bez pouziti

dalsi korekce celkem u 89,36 % oci.

Vzhledem k povaze vyslednych hodnot thlové polohy (a jejich maximalnimu rozdilu 2° vici
konven¢nim subjektivnim metoddm) lze navrzeny systém povazovat za vyuzitelny v klinické praxi.
Jeho uplatnéni by mohlo spocivat predevsim jako predloha pro rozsifeni portfolia naviga¢niho

systému o diagnostiku thlové polohy TIOL.

Klicova slova
Rotaéni stabilita torickych intraokularnich cocek, virtudlni navigani systém, rezidudlni

astigmatismus
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Determining the Angular Position of Toric Intraocular Lenses
Bc. Martin Fis

Fakulta biomedicinského inZenyrstvi CVUT, Kladno

ABSTRACT

The goal of diploma thesis was creating a proposal (including methodics) for postoperative evaluation
of an actual angular position of toric intraocular lenses (TIOL), using a image guided system
VERION. To achieve this goal has been customized own proposal of the system, which uses images
created by a reference unit of the VERION for determining the postoperative angular position of the
TIOL. All images were created by own methodics. The proposed system completes all pre-defined
requirements and its validity has been verified by comparison with alternative techniques and
evaluation of factor of subjectivity. The realized analysis of residual astigmatism in a monitored group
excluded axial length of eye and size of capsule like a factors influencing the short-term rotation
stability of the TIOL. The higher counts of rotation TIOL in preferred direction has been confirmed.
Absolute average of detected rotation of a SN6ATx model reached value 3,96°. The value of residual
astigmatism due to postoperative rotation was the most 0,50 D in 82,98 % of operated eyes. The
excellent results were also confirmed by counts of optimal postoperative acuity, which was achieved

without using any other correction in 89,36 % of eyes.

Due to characteristics of the resulting angular position (and their maximum difference
2° to conventional subjective methods) can be the proposed system considered as usable in clinical
practice. Its application could be consists especially as a template to improve virtual navigation

system by diagnostics of angular position of TIOL.

Keywords

Rotation stability of toric intraocular lenses, image guided system, residual astigmatism
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Zrak a rizeni motorovych vozidel
Bc. Marek Pekarek, DiS., Mgr. Markéta Zakova

Fakulta biomedicinského inZenyrstvi CVUT, Kladno

Abstrakt:

V ¢lanku je popsana aktualni legislativa zdravotni zpisobilosti k fizeni motorovych vozidel
z hlediska zraku nejen v Ceské republice, ale i v zahrani¢i (zvla§té v zemich Evropské Unie).
Sezndmime se s terminy pro povinné prohlidky zraku fidi¢t v Ceské republice a popiseme si
moznosti, kterymi mize optometrista odborn¢ podpofit vétsi bezpe€nost na silnicich. V zavéru

uvedeme studii, ktera byla provedena na FBMI CVUT.

Uvod

Rizeni je jednou z béznych &innosti, kterou provadi veliké mnozstvi lidi a které spoléha vyznamnym
zpusobem na zrakové schopnosti fidict. Zakladnim faktorem je poté bezpecnost osob pii fizeni,
kterou mize zasadnim zplisobem ovliviiovat stav zrakovych funkci #idict [1]. V Evropé je pies 440

vvvvv

tzn. 64% populace Ceské republiky [3]. Z téchto statistik plyne zdvaznost dané problematiky.

Rizeni je zcela nepochybné &innost, ktera je vysoce zavisla na vizualnim vnimani a snizené parametry
zrakovych funkci mohou vyznamnym zpiisobem ovlivnit schopnosti fidice a bezpecnost jeho i
ostatnich ucCastnikii provozu. Zakladni otadzkou, ktera se dlouhodobé zkouma, je to, jaké maji byt
zakladni minimalni pozadavky na zrakové funkce pro ziskdni fidi¢ského opravnéni popt. pro
prodlouzeni platnosti fidi¢ského opravnéni zejména ve vysSim véku. Je zcela jasné, ze musi byt
stanoveny vhodné standardy, které zamezi fizeni nezptisobilym osobam z hlediska jejich zrakovych
funkci, coz samoziejmé piispiva ke zvySovani bezpeénosti silni¢niho provozu. Tyto standardy vSak
nejsou sjednoceny v riznych statech a tudiz pozadavky na zpisobilost k fizeni se odlisuji. V USA

jsou témét v kazdém statu rozdilné pozadavky na zrakovou ostrost a velikost zorného pole fidict [1].

51



Legislativa v zemich EU
V zemich Evropské Unie je zdravotni zpiisobilost k fizeni motorovych vozidel pfedepsdna smérnici
2006/126/ES (ptiloha III.) a konkrétn¢ stran zraku navazujici smérnici 2009/113/ES (6. kapitola) [5].

v

Pro tyto ucely se fidici déli do dvou tfid.

Ttida 1: fidi¢i vozidel skupiny A, Al, A2, AM, B, Bl a BE.

Ttida 2: fidi¢i vozidel skupiny C, CE, C1, C1E, D, DE, D1 a D1E.

Ustanoveni urcend pro fidice tfidy 2 se vztahuji 1 na fidice vozidel skupiny B, ktefi sviyj fidi¢sky
prikaz pouzivaji k profesnim ucelim (taxi, sanitky apod.). VSichni zadatel¢ o tfidi¢sky pritkaz se musi
podrobit odpovidajici prohlidce, kterou se prokaze, zda maji dostate¢nou zrakovou ostrost pro fizeni
motorového vozidla. Existuji-li diivodné pochybnosti o zrakové ostrosti zadatele nebo zadatelky,
vySetti zadatele nebo Zzadatelku pfislusny zdravotnicky organ. Pfi této prohlidce je vénovana
pozornost zejména: zrakové ostrosti, zornému poli, vidéni za Sera, oslnéni a kontrastni citlivosti,

diplopii a ostatnim zrakovym funkcim, jeZ mohou ovlivilovat bezpec¢né fizeni.

Ttida 1: Zadatelé o vydani fidi¢ského pritkazu nebo o jeho obnoveni musi mit (v piipadé potieby za
pouziti korektivnich Cocek) binokuldrni zrakovou ostrost alespont 0.5 pii pouziti obou oc¢i. Déle je
tfeba, aby rozsah horizontalniho zorného pole byl alespon 120 stupiiti, dodate¢ny rozsah by mél byt
alespon 50 stupiii na levou a pravou stranu a 20 stupiii smérem nahoru a doli. V okruhu stfednich
20 stupiitl by nemély byt piitomny Zzadné vady zraku. Zadatelé o vydani fidi¢ského pritkazu nebo o
jeho obnoveni, ktefi maji aplnou funk¢ni ztratu zraku na jednom oku nebo kteti pouzivaji pouze jedno
oko (napiiklad v ptipad¢ diplopie), musi mit zrakovou ostrost alespoii 0.5, v piipad¢€ potieby za pouziti

korektivnich ¢ocek.

Ttida 2: Zadatelé o vydani fidi¢ského prikazu nebo o jeho obnoveni musi mit zrakovou ostrost
alespoii 0.8 v lepSim oku a alesponi 0.1 v hor$im oku, v ptipad¢€ potteby za pouziti korektivnich ¢ocek.
Pokud jsou k dosazeni hodnot 0.8 a 0.1 pouzity korektivni ¢ocky, musi byt hodnoty minimalni ostrosti
(0.8 2 0.1) dosazeny bud’ korekci pomoci bryli se silou nepiesahujici plus osm dioptrii, nebo pomoci
kontaktnich ¢oek. Zadatel musi korekci dobie snaset. Déle je tieba, aby rozsah horizontalniho
zorné¢ho pole obou o¢i byl alespoit 160 stupnili, dodatecny rozsah by mél byt alespoit 70 stupiiii na

levou a pravou stranu a 30 stupiit smérem nahoru a doli. V okruhu stfednich 30 stupiili by nemély
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byt piitomny zadné vady zraku. Ridi¢ské prikazy nelze vydat nebo obnovit Zadateliim nebo fidi¢tim,

ktefi trpi poruchou kontrastni citlivosti nebo diplopii.

Legislativa v CR
V Ceské republice je zptisobilost k fizeni z hlediska zraku upravena vyhlaskou 277/2004 Sb. (Piiloha
3) [4]. Pro ucely této ptilohy jsou vytvoieny dveé skupiny fidica.

Skupina 1: Zadatel¢ a drzitelé fidicskych opravnéni skupin vozidel AM, Al, A2, A, B1, B a B+E (§
80a zakona ¢. 361/2000 Sb.).

Skupina 2: a) fidici, ktefi fidi motorové vozidlo v pracovnépravnim vztahu, a u nichZ je fizeni
motorového vozidla druhem prace sjednanym v pracovni smlouve, b) fidi¢i vozidla, ktefi pti plnéni
ukolii souvisejicich s vykonem zvlastnich povinnosti uzivaji zvlastniho vystrazného svétla modré
barvy, poptipadé doplnéného o zvlastni zvukové vystrazné znameni, c¢) fidi€i, u kterych je fizeni
motorového vozidla predmétem samostatné vydélecné ¢innosti provadéné podle zvlastniho pravniho
piedpisu, d) zadatel¢ a drzitelé osvédcCeni pro ucitele fidict pro vycvik v fizeni motorovych vozidel
podle zvlastniho pravniho piedpisu nebo e) zadatel¢ a drzitelé fidicskych opravnéni skupin vozidel

Cl, C1+E, C, C+E, D1, DI+E, D, D+E a T (§ 80a zékona ¢. 361/2000 Sb.).

1. Nemoci, vady nebo stavy zraku vylucujici zdravotni zptsobilost k fizeni motorovych vozidel.

U skupiny 1: a) binokularni zrakova ostrost, a to i za pouziti korek¢nich ¢ocek, mensi nez 0.5, b)
zrakova ostrost mensi nez 0.5 pti uplné funkcni ztraté zraku na jednom oku nebo v ptipadé pouzivani
pouze jednoho oka, naptiklad v ptipadée diplopie, a to i za pouZiti korekénich ¢ocek, c¢) uplna funkcéni
ztrata zraku na jednom oku nebo pouzivani pouze jednoho oka, pokud tento stav trvd méné nez 6
meésici, d) rozsah horizontalniho zorného pole obou o¢i mensi nez 120 stupiili, soucasné rozsah mensi
nez 50 stupiii na levou a pravou stranu, rozsah vertikalniho zorného pole mensinez 20 stupiii smérem
nahoru a doli, e) zmény v centralnim zorném poli do 20 stupniil, nebo f) nesnasenlivost korek&nich
cocek, pokud jsou k dosazeni zrakové ostrosti nezbytné.

U skupiny 2: a) nemoci, vady nebo stavy stanovené pro skupinu 1, pokud neni déale stanoveno jinak,
b) zrakova ostrost v lepSim oku mensi nez 0.8 a v horSim oku mensi nez 0.1, a to 1 za pouziti
korekénich ¢ocek, ¢) dosaZzeni minimalni zrakové ostrosti podle pismene a) nebo b) za pouziti bryli

se silou sféricky ekvivalent +8 dioptrii, d) rozsah horizontdlniho zorného pole obou o¢i mensi nez
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160 stupnil, soucasné rozsah mensi nez 70 stupnil na levou a pravou stranu, e) rozsah vertikalniho
zorné¢ho pole mensi nez 30 stupnti smérem nahoru a dolti, f) zmény v centralnim zorném poli do 30

stupiid, g) diplopie, nebo h) zdvazna porucha kontrastni citlivosti.

2. Nemoci, vady nebo stavy zraku, které ovlivituji bezpecnost provozu na pozemnich komunikacich
au kterych lze zadatele nebo fidi¢e uznat za zdravotn¢ zptisobilého k fizeni motorového vozidla pouze
na zakladé zavéri odborného vysetieni.

U skupiny 1: a) binokularni zrakova ostrost mensi nez 0.7 za pouZiti korek¢nich cocek, b) zrakova
ostrost mensi nez 1.0 pfi tplné funkéni ztraté zraku na jednom oku nebo v ptipadé pouzivani pouze
jednoho oka, naptiklad v pifipad¢ diplopie, a tento stav trva déle nez 6 mésicli, ¢) zmeéna rozsahu
zorného pole, d) nemoci oka a o¢nich adnex, pokud zplsobuji snizeni zrakové ostrosti nebo zptisobuji
zménu rozsahu zorného pole podle pismene a), b) nebo c), e) poruchy vidéni za Sera s vyjimkou
lehkych nezavaznych forem, nebo f) zavazné poruchy barvocitu v oblasti zakladnich barev.

U skupiny 2: a) nemoci, vady nebo stavy stanovené pro skupinu 1, pokud neni dale uvedeno jinak, b)

zévazné poruchy barvocitu, ¢) poruchy prostorového vidéni, nebo d) poruchy vidéni za Sera [6].

Kontrolni ¢innost
Rizeni motorového vozidla bez drzeni platného posudku o zdravotni zptisobilosti je prestupkem podle
§ 125c, odst.1e) bod 4 zékona ¢. 361/2000 Sb., a za tento piestupek se uklada pokuta ve vysi 5000 az

10000 K¢ a zakaz tizeni motorovych vozidel na dobu 6 az 12 mésict [6].

Lékai'ské prohlidky Fidi¢a v Ceské republice

Systémy pravidelnych lékaiskych prohlidek fidict jsou upraveny zdkonem ¢. 361/2000 Sb. Zakon o
provozu na pozemnich komunikacich §87. ,Neprofesionalni* fidici dle skupiny 1 (viz vyse) se
k 1ékaiské prohlidce dostavuji pii zadosti o fidi¢sky prikaz (vétsinou v 18 ti letech) a pak v 65 letech,
68 letech a poté kazdé dva roky. ,,Profesionalni fidi¢i dle skupiny 2 (viz vySe) jsou kontrolovani z
hlediska zdravotni zplsobilosti pfed zahdjenim vykonu ¢innosti a do dovrSeni 50 let véku kazdé dva

roky a po dovrseni 50 let véku kazdoro¢né. Na zakladé téchto prohlidek Iékai vystavuje

zadateli/drZziteli fidi¢ského opravnéni Doklad o zdravotni zplisobilosti [6].
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VySetreni zraku fidi¢ti optometristou

Optometrista v zadném piipad€ nemize vystavovat drziteli fidicského opravnéni Doklad o zdravotni
zpusobilosti. Optometrista ovsem muze apelovat na fidi¢e s dilezitosti pravidelnych kontrol zraku u
oftalmologa a dbat piedepsané zrakové ostrosti legislativou. Je vhodné, aby optometrista vysetfil
nejen zrakovou ostrost a refrakéni vadu korigoval, ale provétil i kontrastni citlivost, provedl orientacni
test zorného pole (konfronta¢ni metoda), zabyval se reakci zrakového systému na osInéni. Je nutné
ptedepisovat pro fidice vZdy optimalni korekci zraku, aby adaptace na ni probéhla bez problémd.
V ptipadé dekompenzovanych forii fesit korekci symptomy a obtize. Optometrista mize taktéz
doporucit vhodné povrchové upravy, filtry a brylové cocky uréené piimo pro fidice — jejich nabidka
je v dnesni dobé rozmanita. Pro screening zraku fidi¢ti a provéfeni aktualnosti korekce zraku je mozno

pouzit pristroj VisioTest (Essilor) ¢i Binoptometer (Oculus).

Metodika screeningu zraku pomoci pristroje VisioTest

Ptistroj VisioTest je kompaktni ptistroj, ktery obsahuje ve své vybave 12 testli na provéteni zrakovych
funkci fidi¢e a aktualnosti fidicem noSené korekéni pomicky. VySetfeni trva 15 minut a poskytne
informaci o vhodnosti a aktudlnosti stavajici korekce zraku. Odhali nedostate¢nou zrakovou ostrost
(monokularni a binokularni), poruchy barvocitu, kontrastni citlivosti, abnormality binokularniho
vidéni a zorného pole. Testovani timto pfistrojem rozhodné nenahrazuje komplexni oftalmologické a
optometristické vySetieni, ale poukaze béhem kratkého Casu na skupinu fidici, kterym by se méla

doporucit navstéva o¢niho odbornika.

Studie zamé&Fena na testovani Fidi¢a na FBMI CVUT

Testovana skupina se skladala z 94 zen a 65 muzi ve véku od 18 do 79 let (primérny vek 32 let).
Vsichni byli testovani pomoci screeningového piistroje VisioTest. Testovani bylo provadéno v ramci
grantu SGS17/111/OHK4/1T/17. VSichni zacastnéni byli zatfazeni do kategorie {idi¢l 1 pro zdravotni
zpusobilost k fizeni motorovych vozidel. Hodnoticim faktorem nasi studie byla dle platné legislativy
pro skupinu fidi¢h 1 zrakové ostrost. Celkem 152 zcastnénych mélo zrak stran zrakové ostrosti
vyhovujici (z toho 66 % vizus 1.2, 18,9 % osob vizus 1,0, 10,7 % osob vizus 0.8 binokularng). Sedm
osob podminkdm k fizeni motorovych vozidel z hlediska zrakové ostrosti nevyhovovaly (vizus 0.6).
Tém byla doporu¢ena odborna oéni prohlidka a predpis vhodné korekce zraku. Ctyfi osoby ze sedmi

nemaji Zadnou korekéni pomiticku, i ptes to Ze maji hrani¢ni hodnoty zrakové ostrosti s podminkou
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odborného vysetieni. Ctyfi osoby maji v Fidi¢ském priikazu zapsanou korekéni pomiicku jako
povinnou pii fizeni, z téchto Ctyf osob chodi na pravidelné o¢ni prohlidky pouze jedna osoba.

Z celkového poctu zminénych tidict chodi na pravidelné prohlidky pouze dvé osoby.

Zavér

V ¢lanku byla struéné popséana problematika vztahu zraku a schopnosti bezpe¢ného tizeni. Dale byla
porovnana legislativa z hlediska zdravotni zptisobilosti z hlediska zraku mezi EU a Ceskou
republikou. Testovani zraku fidi¢i poukéazalo na ftidice, ktefi nevénuji dostateCnou pozornost
pravidelnym preventivnim I€katskym prohlidkdm a tim nespliiuji zdravotni zptsobilost k fizeni
motorovych vozidel. OhroZuji nejen sebe, ale 1 ostatni ti€astniky silni¢niho provozu. Tyto UcCastniky
muzeme podchytit nejen screeningem za pomoci pfistroji k tomu urcenych (VisioTest C¢i
Binoptometr), ale 1 pfi naSem optometristickém vySetfeni. Je nutné, zvat fidice na pravidelné

prohlidky zraku a doporucovat jim vhodné korekéni pomtcky, které jim umozni vidét lépe.
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Visual criteria for driving
Bc. Marek Pekarek, DiS., Mgr. Markéta Zakova
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Abstract:

This work is focused on a problem of a relationship of visual functions and driving. Various factors
are described from different viewpoints that may affect driving abilities. There are mentioned
possibilities of testing driver abilities in response to visual functions and requirements on minimum
visual functions necessary for safe driving. Moreover, a methodics and results of screening of visual

functions of drivers are described, which was performed using Visiotest instrument during 2016-2017

[1].

Introduction

Driving a vehicle is a preferred and primary mode of travel. It is a complex activity where intact vision
is crucial for road safety. There are 440 milion people who hold a driving license in Europe (60% of
the European population) [2]. There are 6 735 842 drivers in the Czech Republic (64% of the Czech
population) [3].

Legislation in EU

Policymakers have a responsibility to provide a framework or legislation to enable safe driving
conditions for both drivers and other citizens. Eye care clinicians need to be able to counsel patients
about the visual criteria for driving, and correct and maximize vision for driving. The EC Directives
on driving licenses (EC Directives 2006/126/EC and 2009/113/EC) have been updated in recent years
and member countries were required to align national standards to the directive by 2013. In the
Medical Annex of the 2009 directive, minimum visual standards are stated to ensure drivers meet a
safe visual standard for driving. These standards were agreed by consensus with the overarching
purpose of standardising visual requirements for drivers across Europe. However, member countries
have different systems and protocols in place to screen drivers’ vision both for acquisition and renewal

of driving licences [2].
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All applicants for a driving licence shall undergo an appropriate investigation to ensure that they have
adequate visual acuity for driving power-driven vehicles. When there is reason to doubt that the
applicant’s vision is adequate, he/she shall be examined by a competent medical authority. At this
examination an attention shall be paid, in particular, to the following: visual acuity, field of vision,
twilight vision, glare and contrast sensitivity, diplopia and other visual functions that can compromise
safe driving. [5].

Drivers are in the European Medical Annex divided in two groups:

Group 1 drivers: holders of driving licence type A, Al, A2, AM, B, B1 a BE (cars and motocycles).

Group 2 drivers: holders of driving licence type C, CE, C1, C1E, D, DE, D1 a D1E (heavy goods

vehicles and buses).

For Group 1 drivers, the visual acuity standard is binocular vision of at least 0.5 decimal (0.3 logMAR,
6/12 Snellen equivalent) and a visual field extending to 120 degrees in the horizontal meridian.

For Group 2 drivers, the visual acuity standard is binocular vision of at least 0.8 decimal (0.1 logMAR,
6/7.5 Snellen equivalent) in the better eye, with a VA of at least 0.1 decimal in the other eye (1.0
logMAR, 6/60 Snellen equivalent), and a visual field extending to 160 degrees in the horizontal
meridian[1].

Driving licences shall not be issued to or renewed for applicants or drivers suffering from impaired

contrast sensitivity or from diplopia [5].

Legislation in the Czech Republic

Visual standards for holders of the driving licence are described in Annex 277/2004 Sbh. (attachment
no. 3) [4]. Drivers are there divided in two groups:

Group 1 drivers: holders of driving licence type A, Al, A2, AM, B, B1 a BE (cars and motocycles).

Group 2 drivers: holders of driving licence type C, CE, C1, C1E, D, DE, D1 a D1E (heavy goods
vehicles and buses). (Annex § 80 no. 361/2000 Sb.).
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1. Cases, when it is not possible to get driving licence:

In group 1: a) the visual acuity, binocular vision less than 0.5 decimal with corrective lenses, b) who
use only one eye (e.g. in the case of diplopia) and have a visual acuity less 0.5, with corrective lenses,
c¢) who have total functional loss of vision in one eye or who use one eye and this case is present less
than 6 month, d) visual field both eyes less than 120 degrees in the horizontal meridian, the extension
should less than 50 degrees left and right and less than 20 degrees up and down, €) defects should be
present within a radius of the central 20 degrees, f) intolerance of corrective lenses, which improve

visual acuity.

In group 2: a) deffects described for group 1, b) visual acuity less than 0,8 in the better eye and less
than 0,1 in the worse eye, with corrective lenses, ¢) minimal visual acuity described in case a) or b)
must be achieved either by correction by means of glasses with a power not exceeding plus 8 dioptres
of spherical equivalent d) visual field both eyes less than 160 degrees in the horizontal meridian, the
extension should less than 70 degrees left and right, ) visual field less than 30 degrees up and down
(vertical meridian), f) ) defects should be present within a radius of the central 30 degrees, g) diplopia,

or h) impaired contrast sensitivity.

2. Where there is reason to doubt that the applicant’s vision is adequate, he must be examined by a

competent medical authority. It is in these cases:

In group 1: a) visual acuity less than 0.7, with corrective lenses, b) who have total functional loss of
vision in one eye or who use only one eye (e.g. in the case of diplopia) and have a visual acuity less
than 1.0, with corrective lenses and this medical problem persisting more than 6 month, c) changes
in the visual field , d) eye diseases if cause decreasing of visual acuity or changes of the visual field

in cases a), b) or c), e) deffects in vision in mesopic conditions, or f) grave deffects in colour vision.

In group 2: a) eye diseases as in group 1, or, b) grave deffects in colour vision, c) deffects of stereopsis,

or d) deffects in mesopic conditions [6].
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Penalty

Driving a vehicle without valid permission of medical authority is a violation § 125c, article.le) 4 in
law no. 361/2000 Sh., and for that activity is a penalty 5000-10000 CZK and interdict of driving a
vehicle for 6-12 months [6].

Medical controls in the Czech Republic

Systems of controls by medical authority is in law n0.361/2000 Sb. §87. ,,Unprofessional* drivers of
group 1 (in accordance of Medical Annex) have the first medical control if they apply for driving
licence (usually in 18 years), in 65, 68 years and than every second year. ,,Professional* drivers of
group 2 are controlled before using a vehicle in professional way and then every second year till 50
years of age. After 50 every year. If they pass this control, the medical authority gives them valid

permission [6].

Eye testing of driver by optometrist

An optometrist is not a medical authority for confirmation of medical permission to drivers.
Optometrist can inform them of an importance of a good visual acuity and good visual functions for
road safety. Optometrist recommends the medical controls regularly. It is convenient to correct a
refraction error of a driver precisely, to test of contrast sensitivity, to test visual field (e.g. the
confrontation method), to test a reaction on glare, and to solve phorias. Optometrist can offer
antireflex layers and filters suitable for driving conditions. We can also use VisioTest (Essilor) or

Binoptometer (Oculus) for testing of sight (screening) of drivers.

Screening by Visiotest

Visiotest is a vision screening device that offers simple and accurate readings for ambulatory vision
testing. The lightweight and compact design of this device adds to its enhanced functionality. The
device allows 12 tests for screening of visual functions of drivers and controlling their correction of
sight. The examination is for 15 minutes. VisioTest detects worse visual acuity, deffects of colour

vision and visual field. It is not substitution of professional control of sight!
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Study on drivers using VisioTest (performed by FBME CTU)

Tested group consisted of 94 women and 65 men (aged 18 to 79 years). Everyone was tested by
VisioTest. Everyone was classified into group of drivers no.1 (in accordance with Medical Annex of
the Czech Republic for drivers). We found 152 participants with satisfactory visual acuity (66 %
visual acuity 1.2, 18,9 % visual acuity 1.0, 10,7 % visual acuity 0.8 binocularly). We found 7
participants with unsatisfactory visual acuity 0.6 in accordance with Medical Annex. We
recommended to visit optometrist or ophthalmologist and improve their sight by correction. 4 of these
participants have no correction aid in spite of worse visual acuity. Only one participant of these 4, is
visiting ophthalmologist or optometrist regularly. Only two participants of all 159 drivers are visiting
ophthalmologist or optometrist regularly.

Conclusion

The problem of safety driving and vision was described in this article. We compared the legislation
in EU countries and in the Czech Republic. In screening study by VisioTest device we found the
drivers who depreciate regularly controls of the drivers. We as the optometrists have to inform drivers

of wearing actual correction of their sight for road safety.
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Postaveni oka a jeho pohyby podle Dondersova a Listingova
zakona
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Katedra optometrie a ortoptiky LF MU, Brno

Anotace

Mezi zakladni pohledové polohy fadime primarni, sekundarni a tercidlni postaveni o¢i. VSechny
pohyby o¢i jsou vykonavany podle tzv. Fickovych os. Pohyby jednoho oka jsou nazyvany pojmem
dukce, konjugované pohyby obou oc¢i jsou znamé jako verze a protichiidné pohyby se nazyvaji
vergence. Dondersiiv zdkon se zabyva torzi oka po pfesunu fixace z primarniho postaveni oci.
V piipadé, kdy se oko dostane do sekundarniho postaveni k torzi oka, nedochdzi vSak pti vychyleni
do tercialniho postaveni, jiz torze oka nastava. Listingtiv zakon hovoti o Listingové roving, ve které
lezi horizontalni a vertikalni Fickova osa a pii pohybech kolem téchto os vzdy dochazi k rotaci.

Vsechny o¢ni pohyby jsou fazeny mezi rotace.

Kli¢ova slova

Postaveni o¢i, pohyby o¢i, dukce, verze, vergence, Donderstiv zdkon, Listingiiv zakon

Typy postaveni o¢i

Vzéajemné postaveni o¢i se urcuje podle polohy rohovkovych reflexti pozorovanych v obou zornicich.
Urceni spravné polohy reflexti vyznamné napomaha pti diagnostice strabismu [6]. Paralelni postaveni
o¢i se vyznacuje symetrickou polohou rohovkovych reflexti. V primarnim postaveni jsou pozorovany
rohovkové reflexy mirné¢ nasalné a dold. Pohled pfimo vpied se vzptimenou hlavou je oznacovan
pojmem primarni postaveni o¢i. Pii pohybu oci vertikdlnim nebo horizontalnim smérem se oci
dostavaji do sekundarniho postaveni. V primarnim a sekundarnim pohledovém sméru nedochazi
k torzi o¢i, ale pouze k rotaci kolem Fickovych os. Pfi pohledech §ikmo nahoru nebo Sikmo dold se

o¢i dostavaji do tercialniho postaveni o¢i a torzi o¢i jiz dochazi [8].
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Pohyby oci

Kazdé¢ oko ma tfi agonistické/antagonistické svalové pary. To umoziuje rotaci do tii smért, podle tii
rotacnich os. Fixacni osa smétuje piimo vpied a spojuje fixaéni bod s centralnim bodem otaceni oka.
Oto¢ny bod oka se nachazi asi 13—14 mm za vrcholem rohovky a asi 10,5 mm pfed zadnim pdlem
oka. Pii osové hypermetropii je bod otaceni oka vice vptedu, pfi myopii je tomu naopak [13]. Kolem
bodu otaceni oka dochazi k veskerym pohybtiim oka, stietavaji se v ném tfi hlavni osy rotace, zvané
Fickovy osy — XYZ. Osa X tvofii horizontalni linku, kolem které se oko otac¢i nahoru nebo dol. Osa
Z tvoti vertikalni linku, ktera dovoluje oku pohled vlevo a vpravo. Nakonec osa Y nebo také

pfedozadni osa umoZiuje oku torzi, mozZnost rotovat nazaln€ nebo temporalng.

Oko je schopné vykonat nekone¢n¢ mnoho pohybti. Pohyby rozdélujeme na tii zékladni a to: pohyb
jednoho oka samostatné, pohyb obou o¢i stejnym smérem a pohyb obou o¢i protichidnym smérem
(k sob€ nebo od sebe).

Dukce je vyraz pouZivany pro pohyby pouze jednoho oka. Vertikalni pohyby kolem horizontélni osy
X se nazyvaji elevace, pii pohledu vzhiuru. Je mozné se také setkat s pojmy supradukce nebo
sursumdukce. Pti pohledu dolii hovotime o depresi nebo také o deorsumdukci ¢i infradukci. Kolem
vertikalni osy Z dochazi k pohledu doleva nebo doprava. Pohled k nosu nese oznaéeni addukce,
naopak pohled smérem od nosu, vné, se oznacuje jako abdukce. Pfedozadni osa Y nuti oko k torzi.
Miize dochézet ke stoceni oka (dvanacté hodiny) smérem dovnitt, tento pohyb se nazyva intorze nebo
incyklotorze. Pfi stoCeni oka (dvanacté hodiny) smérem ven dochazi k extorzi nebo také

k excyklotorzi.

Centre
of rotation

elevace
deprese

intorze
extorze

\\
/‘/ O Listing plane
|

Z Abdukce x addukce

et

1

Obrdzek 1: Fickovy osy otdceni oka [16].
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Pohyby zvané verze vykondvaji obé o¢i zarovein. Jedna se synchronizovany pohyb obou o¢i stejnym
smérem. Pfi pohledu do stran s pohyby nazyvaji dextroverze (pohled doprava) nebo sinistroverze
(pohled doleva). Pii pohledu vzhtiru jde o supraverzi, naopak pii pohledu doli se jedna o infraverzi.
Verzni pohyby mohou byt pomalejsi tzv. sledovaci pohyby, které jsou inervované ten¢imi svalovymi
vlakny. Rychlejsi verzni pohyby zvané sakddy vyuzivané k pfesunu fixace inervované silné€jSimi

nervovymi vlakny [7].

Vergence jsou disjungované, protichiidné pohyby obou o¢i. Vergenéni pohyby se aktivuji nejen diky
blizké zméné pozorované vzdalenosti, jako soucast vergenéné-akomodacni synkinézy, ale také pro
udrzeni jednoduchého binokularniho obrazu pii pohybech oc¢i. Mezi vergence fadime takové pohyby,
pi1 kterych oc¢i vykonéavaji pohyby opacnymi sméry, proti sobé nebo od sebe. V piipadé, ze se ob¢ o¢i
staceji smeérem k sob€, vykonavaji tzv. konvergenéni pohyb. Ke konvergenci také dochézi pti pohledu
do blizka a je spojen s aktivaci akomodace a zuzenim zornic. Nazyva se akomodacni triada nebo
akomodacni synkinéza. Do divergence se o¢i dostavaji v piipadé, Ze se staceni od sebe smeérem vne.
Disjungované vertikalni pohyby oci se v populaci nevyskytuji moc Casto, presto se s nimi miZzeme
setkat. Tzv. pozitivni vertikalni vergence je stav, kdy se pravé oko se nachazi vyse, nez levé naopak

negativni vertikalni vergence je patrna v piipadé, kdy se pravé oko nachazi nize nez levé [14].

Dondersuv zakon

Franciscus Cornelius Donders, vyznamny dansky oftalmolog a fyzik 19. stoleti, se zaslouzil o vyzkum
v oblasti o¢ni fyziologie i patologie, refrak¢nich vad jako jsou hypermetropie a astigmatismus [8].
V roce 1864 zveiejnil informaci o pohybech oka v tercialnim postaveni. Teoreticky podlozil a
piestavil ndzor, ze ve vSech tercialnich postaveni oka vzdy dochazi k torzi a velikost otaCeni oka je
vzdy stejna bez ohledu na zpisob pohybu oka. To znamena, Ze pii pohledu nahoru vlevo, nahoru
vpravo, dolu vlevo a dolii vpravo dochazi ke stoceni oka o urcity thel. Orientace retindlniho merididnu
pfi konkrétni pozici oka je dosazena bez ohledu na to, jakou cestu oko k dosazeni této polohy
vykonalo. Po navratu do pocate¢ni polohy je meridian sitnice orientovan piesné tak, jak byl pred

zahajenim pohybu [5]. Tento ndzor je dnes zndm pod pojmem Dondersiiv zékon.

Experimentalné Donderstiv zakon potvrdil Hermann von Helmholtz na pokusu, pifi kterém
vySetfovany sedi pied polokouli, kterd ma uprostied zarivy kiiz. K¥izek vytvoii na sitnici paobraz,
ktery se pii tercidlnich pohledech deformuje, tak, Ze ramena ktize jiz nejsou kolma k plivodnimu

obrazu, nybrz dojde k rotaci kiize o urcity thel. Pozdgji tento zakon rozvedl Gunter K. von Noorden,
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vyznamny némecky oftalmolog a specialista na strabismus [2]. Profesor Noorden popsal, Ze kazdému
pohledovému sméru pfislusi jednoznacny thel horizontdlniho a vertikdlniho merididnu sitnice

vztazené ke koordinatam (souradnicim) skute¢ného prostoru.

Rotatable
target

- Horizontal
meridian

Afterimage

Vertical
maeridion

Obrdzek 2: llustrace experimentdlni Helmholtzovy pokoloule pro potvrzeni Dondersova zdkona [5].

O¢ni svaly a neuralni obvody mozku maji schopnost otacet oko ve tiech rozmérech. Umisténi fovey
u objektu je dvourozmérny problém, lze jej provést pouze vertikdlnim a horizontalnim otoCenim.

Mozek tedy ma vybér z kone¢nych pozic (A, B nebo C, jak je vidét na obrazku ¢. 3).

Obrazek 3: MoZnosti rotace oka [9].
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Donders zjistil, Ze mozek vzdy udélal stejnou volbu (tj. B, ne A ¢i C). Tato vlastnost se nazyva

Donderstv zakon. Obvykle se oko nemiize otacet o vice nez 45 stupiti od centra. [8].

Listingiiv zékon

Johannes Benedikt Listing definoval Listingiv zdkon hovofici o tom, Ze vSechny pohyby jsou rotace.
Vsechny pohyby (kromé torzi — vynechani tercialnich pohledovych sméri) jsou vykonavany podél
Listingovy roviny, kterd prochdzi vertikalné stfedem otaceni oka. Do Listingovy roviny se promita
horizontalni osa rotace X a vertikdlni osa rotace Z. Pohyby, které se tidi Listingovym zakonem, se
mohou V literatufe objevovat pod ruznymi pojmy jako napf. pivodni nazev torze nebo inklinace
Vv tercialnim postaveni, tzv. faleSna torze a popiipad¢ i1 pseudotorze. Cyklorotace (incyklotorze a
excyklotorze) kolem piedozadni osy se Listingovym zakonem netidi. Dochazi k nim podle

pfedozadni osy Y, ktera nelezi v Listingove roving, a tudiZ neni Listingovym zakonem ovlivnéna.

30° Up & Right 30° Up 30° Up & Left

30° Right | Center | 30° Left

r

7.9°Cw

% Down & Rigt % Down %0 Down 8 Left
Obrdzek 4: Graficky zndzornény Listingtv zdkon [12].
Pozdéji také byly prokézany néjaké odchylky od Listingova zdkona. Napi. pohyb, ktery vychazi
Z tercidlniho postaveni o¢i a kon¢i zase v tercidlnim postaveni o¢i, je konan podle Listingovy roviny,
ktera je vSak stocend o polovinu thlu, jeZ svird osa primarniho postaveni s osou urcitého tercidlniho
postaveni. Od tohoto faktu bylo odvozeno tzv. pravidlo poloviéniho thlu. Dalsi ptipad nastava pii
pohledu na velmi blizkou vzdalenost, kdy se siln¢ zapojuje konvergence, dochazi ke stoceni
Listingovy roviny temporalné, proti pohybu oka. K tomuto jevu dochazi z diivodu aktivity svalovych
kladek. Listingtiv zakon je platny pro fixaci, sakadické a sledovaci pohyby, avSak neni platny béhem

spanku [5].
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Listingova zdkona se vyuziva hlavné pti konstrukei brylovych ¢ocek, konkrétné ve stoceni perifernich
os astigmatismu. Na Obrazku €. 5 je zndzornéno stoceni os astigmatismu v tercidlnich pohledech u

brylovych ¢ocek.

—_—,— ———

— — —— —

— — — —

s e e

Obrdzek 5: Simulace stoceni os astigmatismu u ¢ocky bez vyuZiti znalosti Listingova zdkona, u jednoohniskové cocky s vyuZitim
Listingova zdkona a v pripadé viceohniskové cocky s vyuZitim Listingova zdkona [3].

Déle se také znalosti o Listingoveé zdkoné vyuziva pti korekci astigmatismu do blizka, ktery se od

astigmatismu do dalky muze liSit jak ve velikosti az o pul diotrie, tak v ose az o 12° [3].
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Eye position and its movements according to Donders and Listing’s
law

Mgr. Zuzana Odvarkova, Mgr. Petr Vesely, DiS., Ph.D., MUDr. Edita Uncovska

Katedra optometrie a ortoptiky LF MU, Brno

Annotation

Basic positions of sight include primary, secondary and tertiary eye positions. All eye movements are
performed according to the Fick axes. The movements of one eye are called duction, conjugated
movements of both eyes are known as versions, and opposing movements are called vergence. The
Donders Law deals with the torsion of the eye after moving the fixation from the primary eye position.
The eye gets into the secondary position, the torsion of the eye does not occur, but when it is deflected
to the tertiary position, the torsion of the eye occurs. Listing's law speaks of the Listing Plane in which
the horizontal and vertical Fick axis lie, and the movements around these axes are always rotate. All

eye movements are arranged amount rotation.

Key words

Eye positions, eye movements, duction, version, vergence, Donders law, Listing's law

Types of eye position

The relative position of the eyes is determined by the position of the corneal reflexes observed in both
pupils. Determining the correct position of reflexes significantly contributes to the diagnosis of
strabism [4]. The parallel position of the eyes is characterized by the symmetrical position of the
corneal reflexes. Corneal reflexes are observed slightly nasally and downward in the primary position.
A straight forward view with an upright head is named like the primary eye position. During the eyes
movements in a vertical or horizontal direction the eyes get to the secondary position. There is no
torsion of the eyes in the primary and secondary view, but it rotates around the Fick axes. In view of
the oblique upward or oblique downward view, the eyes get into the tertiary position and the torsion

of the eyes is already occurring [8].
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Eye movement

Each eye has three agonistic / antagonistic muscles. This allows rotation in three directions according
to three rotating axes. The fixing axis points straight ahead and connects the fixing point with the
centre point of the eye rotation. The centre point of the eye is about 13-14 mm behind the cornea top
and about 10.5 mm in front of the back pole of the eye.

The point of rotation of the eye is more forward in axial hypermetropia, with myopia it is the opposite
[13]. All movements of the eye is doing around the centre point, there are three main axis of rotation,
called Fick axes - XYZ. The X axis forms a horizontal line and the eye rotates up or down around it.
The Z axis forms a vertical line that allows the eye to look left and right. The Y -axis allows the torsion
of the eye to rotate nasally or temporally.

The eye can make infinitely many movements. We divide the movements into three basic ones:
moving one eye separately, moving both eyes in the same direction, and moving both eyes in a
contradictory direction (toward or away from each other).

Duction is an expression used for movements of only one eye. Vertical movements around the
horizontal X axis are called elevations It is also possible called supraduction or sursumduction.
Looking down, we talk about depression or about deosumulation or infraduction. A vertical axis Z

turns eye to the left or right.

Centre
of rotation

elevace
deprese

intorze
extorze

/’/ O Listing plane
|

Z Abdukce x addukce

i

Figure 1: Fick axis of rotation of the eye [16].

Adduction turn eye to the nose. The view from the nose, outside, is referred as abduction. The front
Y -axis forces the eye to torsion. The twisting of the eye (twelve hours) occurs inward, this movement
is called intortion or incyclotorsion. The twisting the eye (twelve hours) outwards is called extortion

or excirculation.
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Both eyes make movements called version together. It is synchronising movement both eyes in one
direction. View to the side is called dextrovesion (look to the right) or sinistrovesion (look to the left).
When you look up it is supravesion on the other hand when you look down it is infravesion. Version
movements can be slowly pursuit movements which are innervated by thinner muscles. Faster version
movements are called saccades and they are used for change the fixation and innervated by stronger
muscles [7].

Vergence are disjunction movement both eye. Vergence are activated by change of looking distance
and due to vergence-acomodation synkinese. It is important for binocular vision during eye
movements. Vergence makes movement in opposite direction. The both eyes turn towards each other,
they perform the convergence motion. Convergence also occurs when viewed in close proximity and
is associated with activation of accommodation and narrowing of pupils. It is called the

accommodating triad or accommodation synkinesis.

The eyes gets in the divergence during turned away from each other. Disgusted vertical eye
movements do not occur very often in the population, yet we can meet them. The positive vertical
vergence is the state where the right eye is higher than the left, on the other hand, the negative vertical

vergence is evident when the right eye is lower than the left [6].

Donders law

Franciscus Cornelius Donders, a prominent Danish ophthalmologist and physicist of the 19th century,
deserved to research in the field of eye physiology and pathology, refractive defects such as
hypermetropia and astigmatism [11]. In 1864 he published information about eye movements in
tertiary status.He relied on the idea that there is always torsion in all tertiary positions of the eye, and
the size of rotation of the eye is always the same regardless of how the eye moves. This means that
when viewed from top to left, up to right, down to left, and down to right, the eye turns to a certain
angle. The orientation of the retinal meridian at the specific position of the eye is achieved and it
doesn’t matter what path the eye has reached to achieve this position.After returning to the initial
position, the retina's meridian is orientated exactly as it was before it started [5]. This view is known

today as the Donders Law.

Hermann von Helmholtz confirmed the Donders' Law in an experiment. Investigated person sits in
front of the hemisphere that is in the middle of a radiant cross. The cross creates an afterimage in the

retina, which is deformed in tertiary views. The arms of the cross are no perpendicular to the original
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image, but it rotates with a certain angle. Gunter K. von Noorden worked with this law in more details,
a prominent German ophthalmologist and strabismus specialist [12]. Professor Noorden has described
that each angle of view is the unambiguous angle of the horizontal and vertical meridian of the retina

relative to the coordinates of the real space.

_~Aftedimoge

Rotatable
target

— Horizontal
meridian

Afterimage

Vertical
maeridian

Figure 2: lllustration of experimental Helmholtz's hemisphere for confirmation of the Donders Law [5].

The eye muscles and brain neural circuits have the ability to rotate the eye in three dimensions. The
fovey location of an object is a two dimensional problem, can only be done by vertical and horizontal

rotation. Thus, the brain has a selection of the final positions (A, B or C as shown in Figure 3).

Figure 3: Options for rotation of the eye [9].
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Donders has found that the brain has always made the same choice (ie, B, not A or C). This property

is called the Donders Law. Usually the eye cannot rotate by more than 45 degrees from the centre.

[8].

Listing’s Law

Johannes Benedikt Listing definated Listing’s law which speak about all movements like about
rotations. All movements (except torsions - tertiary viewing directions) are performed along the
Listing Plane, which extends vertically through the centre of the eye rotation. The Horizontal axis of
rotation X and the vertical axis of Z rotation are projected into Listing Plane. Movements that are
governed by the Listing Law may appear in the literature under various terms such as the original
name of the torsion or the tertiary inclination, the false torsion, and possibly pseudotourism.
Cyclotorization (incyclotorism and excyclotorism) around the fore-end axis is not governed by the
Listing Law. These are based on the fore-end Y axis that is not in the Listing Plane, and therefore is

not affected by the Listing Law.

30° Up & Right 30° Up 30° Up & Left
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Figure 4: The Listing's Law [1].

Later, some deviations from the Listing Law were also proven. E.g. The movement that results from
the tertiary position of the eyes and ends again in the tertiary position of the eyes is carried out
according to the Listing plane, which is twisted by half the angle of the axis of the primary position
with the axis of a certain tertiary position. From this fact the so-called half-angle rule was derived.
Another case occurs when looking at a very close distance where convergence is strongly involved,
the listing plane is temporarily twisted against the movement of the eye. This phenomenon occurs due
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to muscle mass activity. Listing's law is valid for fixation, sack and tracking movements, but is not

valid during sleep [5].

Listing's law is mainly used in the construction of spectacle lenses, specifically in the rotation of
peripheral axes of astigmatism. Figure 5 shows the twisting of astigmatism axes in ter From this fact

the so-called half-angle rule was derived. Another case occurs when looking at a very close distance
where convergence is strongly involved, the Listing plane is temporarily twisted against the
movement of the eye.

— — — —|
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—_—,————
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Figure 5: Simulation of twisting of lens astigmatism without using the knowledge of Listing's law, single-lens lenses using Listing's
law, and in the case of progressive lenses using Listing's law [3].

Listing's law is mainly used in the construction of spectacle lenses, specifically in the rotation of
peripheral axes of astigmatism to the near which can be different from astigmatism to the distance in

size up to half dpt and in the axis up to 12 ° [3].
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Bionické oko
Bc. Barbora Marsikova, prof. RNDr. Radim Chmelik, Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

Tato prace je stru¢nym piehledem motnosti obnovy zrakovych funkci pomoci vizualnich implantata.
Zacina kratkym objasnénim anatomie a fyziologie, pokracuje struénym popisem, co je to bionika.
Popisuje onemocnéni, pii nicht by zatfizeni méla byt vyutivana. Je zde uveden historicky piehled
vyvoje a vyzkumu stimulace zrakové drahy elektrodami. V hlavni kapitole jsou pak popsany
jednotlivé typy v soucasnosti vyvijenych vizudlnich protéz a to predevsim retinalni a kortikdlni
implantaty, zminény jsou 1 protézy umistované do oblasti zrakového nervu. Na zavér jsou shrnuty

soucasné problémy vyzkumu.

Kli¢ova slova
Bionické oko, vizualni protézy, retindlni protézy, kortikalni protézy, uméla silikonova sitnice, vékem

podminéna makularni degenerace, pigmentova degenerace sitnice.

Bionic eye
Bc. Barbora Marsikova, prof. RNDr. Radim Chmelik, Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

This thesis is a brief summary of the options for restoring visual functions via visual prostheses. In
the beginning the basic facts from anatomy and physiology of the eye are summarized, followed by a
brief description of bionics. The work then describes the diseases which could be treated by the bionic
device and gives a historic outline of research and development of electrical stimulation of the optical
pathway. The main chapter describes different types of visual prostheses which are being developed
nowadays, especially retinal and cortical implants. Optic nerve prostheses are also mentioned. Finally,

there is a summary of todays research challenges.

Key words
Bionic eye, visual prostheses, retinal prostheses, cortical prostheses, artificial silicon retina, age-

related macular degeneration, retinitis pigmentosa.
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Docasna zména objektivni a subjektivni refrakce po aplikaci
kontaktnich ¢ocek

Bc. Barbora Plackova, Mgr. Gabriela Spurna

Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Refrakce oka, vyjadifena pomérem mezi lomivosti optickych prostiedi oka a jeho délkou, neni
neménnd. V pribéhu zZivota dochazi k fyziologickym zménam, které jsou vSak velmi malé (0,05 — 0,4
D) a s pomalym nastupem, takze Casto ztstanou bez povsimnuti. Jejich pfipadnou korekcei nékterou z

optickych pomticek se oko stava opét emetropickym.

Casto se viak mizeme setkat i s vadami nefyziologickymi. Takové zmény byvaji nahlé a piicin je
cela Skala. Muze jit o o¢ni onemocnéni (zdnéty duhovky, vicek, spojivek, rohovky atd.), néktera
celkovd onemocnéni, jako naptiklad daibetes mellitus ¢i roztrouSena skleroza, tirazy, zejména oci a
hlavy, anebo se jedna o diisledek farmakologického plisobeni (n€ktera antibiotika, antriparkinsonika,
antidepresiva atp.). Dle piivodu jsou pak tyto zmény vice ¢i méné reverzibilni. Pomérné Casto
muzeme zménu refrakce zjistit 1 po aplikaci kontaktnich ¢oc¢ek. Tato zména je patrna nejvice po
aplikaci tvrdych kontaktnich ¢ocek. Dochazi k myopizaci, ktera je vysvétlena edémem navozenym v
centru rohovky. Ur€ity vliv, avSak méné patrny, maji 1 mékké kontaktni ocky, kde je zména
piipisovana opét edému rohovky v dusledku hypoxie, ale také tlaku, ktery kontaktni cocka vyviji na
rohovku, a tim méni jeji zakfiveni a ve svém dusledku pak i lomivost. Zmény refrakce po aplikaci
kontaktnich ¢ocek byvaji ve vétSiné ptipadii nezddoucim uclinkem, vyjimku tvoii ortokeratologie,
tedy redukce myopie aplikaci postupné strm¢jSich, individudlné zhotovenych tvrdych kontaktnich
¢ocek V soucasné dobé je nejCastéji praktikovana tzv. no¢ni ortokeratologie — orto-k ¢ocky jsou
noseny pies noc, ucinku redukce myopie pak pacienti vyuzivaji béhem dne, pficemz rohovka se
casem, kdy na oku neni ¢ocka nasazena, vraci do pivodni stavu. Kontaktni coc¢ky tedy museji byt
noseny podle ptesné¢ dané¢ho rozpisu, doba pretrvani efektu je pfitom zdvisla na vychozim stupni

redukované myopie.

Z vyse zminéného vyplyva, Ze hlavni roli pfi zméné refrakce oka v disledku aplikace kontaktnich

¢ocek sehrava rohovka.
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Rohovka

Rohovka je hladka, leskla, prihledna tkan zaujimajici 1/6 plochy bulbu. Ma tvar horizontalné ulozené
elipsy: jeji horizontalni primér je 11,5 — 12 mm, vertikdlni 11 mm. Polomér kiivosti piedni plochy
rohovky je 7,7 mm, zadni plochy 6,8 mm. Rohovka je sférickd jen v malé stfedové ¢asti o priméru 3
— 4 mm, smérem k limbu se oplostuje (obvykle vice nazalné a nahote). V duasledku tlaku horniho
o¢niho vicka na bulbus dochdzi k vzniku tzv. fyziologického rohovkového astigmatismu, ktery se
projevuje vétsim zakiivenim (0,5 D) vertikalniho meridianu rohovky. Tloust'’ka rohovky je v centru
0,555 mm, v periferii 1 — 1,2 mm. Opticka mohutnost rohovky dle Gullstranda je 43,05 D.

Rohovka je nejcitlivéjsi tkani lidského téla. Nervova vldkna pochdzeji z n. nasociliaris, prvni vétve n.
trigeminus. Z n. nasociliaris vychazejici kratké a dlouhé ciliarni nervy tvofi ve vrstvé nad fasnatym
téliskem a pod sklérou cilidrni plexus, ze kterého vychéazeji vlakna do rohovky. Ty se béhem svého
prubehu rohovkou rozvétvuji a dile mezi sebou spojuji, a vytvareji tak hustou nervovou pletenn v
nejvrchnéjSich vrstvach stromatu, pronikaji Bowmanovou membranou a jemnymi vétvickami se

dostavaji k bunkkam epitelu.

Rohovka je bezcévna tkan. Jeji vyziva je zajiSténa tfemi systémy, a to komorovou vodou, ktera
zajistuje privod glukézy a odvod metaboliti, dale slzami privadéjicimi kyslik potfebny k ziskani
energie z glukdzy, a v mensi mife pak limbalnimi cévnimi klickami. Zminénymi tfemi systémy je
transportovana také voda, pfiCemz hydratace rohovky je fizena endotelovou pumpou. Pfiméieny
obsah vody spolu s pravidelnym uspofadanim kolagennich vlaken v rohovce a jejich pravidelnou
tloustkou zajiStuje transparenci rohovky. Zdrava rohovka rozptyluje pouze 1 % prochézejiciho
svétla, pokud dojde k otoku stromatu, uspotadani vlaken se stdva nehomogennim a transparence
rohovky se snizuje. Zavislost transparence rohovky na uspotfadani vlaken vyslovil roku 1957

D. M. Maurice ve své , miizkové teorii®.

Histologicky je rohovka tvotfena péti vrstvami. Zevné je kryta nerohovatéjicim mnohovrstevnym
dlazdicovym epitelem s velice dobrou a rychlou regenera¢ni schopnosti. Pravé diky vysoké
regeneracni schopnosti epitelu je zajiSténo velice dobré hojeni povrchovych ran rohovky — v ptipadé
zasazeni pouze epitelové vrstvy se hoji bez jizvy. Dle rozsahu poranéni dochazik obnové v fadu hodin
az dni. Epitel je fibrilami a hemidesmozomy pfipevnén k bazalni membrané, pod kterou se nachazi
homogenni Bowmanova membrana, smérem k epitelu ostie ohranicena, na vnitini ploSe splyvajici
s rohovkovym stromatem. Rohovkové stroma zaujima 9/10 celkové tloustky rohovky a je tvofeno
svazecky kolagennich vladken sloZenymi z jemnych fibril probihajicich u limbu pfevazné radialné,

uprostied rohovky vytvérejicich hustou piekiizenou sitovinu. Pod stromatem se nachazi elasticka
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Descemetska membrdna, velmi odolna pii infekcich a poranénich. Je produktem bunék endotelu, v
periferii prechdzi do trabekula a kon¢i ve Schwalbeho prstenci. Na vnitini strané je rohovka
ohrani¢ena plochym endotelem tvofenym jednou vrstvou polygonalnich bun¢k. Jejich normalni pocet
je 4 000 — 5 000 na mm? pfi narozeni, b&hem zivota jejich pocet klesa primémé o 0,5 % za rok.

Reparace endotelu probiha zvétSovanim stavajicich bunék.

Rohovka je ze 78 % tvofena vodou, 22 % pak dotvaii organicky material, zejména kolagen a jiné

bilkoviny, mukopolysacharidy (keratan sulfat, chondroitin sulfat) a soli (NaCl, Kcl).

Vliv kontaktnich ¢ocek

Konstrukce kontaktni co¢ky by méla co nejlépe odpovidat parametriim rohovky a jejim potfebam. V
kazdém ptipad¢ vSak kontaktni cocka je cizim téliskem, coz s sebou nese jisté pisobeni na oko,
konkrétn& na rohovku, kde mize zptsobit mj. hypoxii, edém, zten¢ovani stromatu. Ukolem o&niho

specialisty je minimalizovat tyto nezadouci vlivy spravnou aplikaci a vybérem vhodného materialu.

Podle hodnot poloméru kiivosti vnitini plochy kontaktni ¢ocky a poloméru kiivosti piedni plochy
rohovky rozliSujeme aplikaci plochou, strmou a paralelni. Pokud by si ptisluSné poloméry kiivosti
kontaktni cocky a rohovky ptesné odpovidaly, nemohla by mezi ¢oc¢ku a rohovku vnikat slzna
tekutina, a CoCka by tak nebyla snaSena, proto je paralelni aplikace pouze piikladem teoretické idedlni
aplikace. Jako spravné naaplikovanou kontaktni Coc¢ku povazujeme mirné plochou aplikaci. V
kazdém piipadé by spravné naaplikovana kontaktni cocka méla byt pohodlna, dokonale centrovana,

méla by vykazovat ur¢itou miru pohybu a neméla by drazdit okolni o¢ni tkané.

Nicméng¢ 1 perfektné naaplikovana kontaktni ¢ocka ma vliv na fyziologii slzné¢ho filmu a rohovky, a
muze tedy dojit k docasné zméné¢ refrakce oka. V optometristické praxi je to zndmy fakt a je k nému
ptihlizeno ptirefrakénim vysetteni. Plati, Ze kontaktni cocky by si mél pacient, pokud je nosi, vyjmout
z oka minimalné ¢tyti hodiny pfed vySetfenim. I tato minimalni doba vSak mize pro nékteré pacienty
znamenat zna¢nou komplikaci, a je tedy otdzkou, jakd je skute¢né minimdlni doba potifebnd pro

stabilizaci refrakce po vyjmuti kontaktnich cocek.

Napftiklad Voetz et al. (2004) vySetfovali zmény refrakce a zakiiveni rohovky u 14 o¢i. Naaplikovany
byly tfi typy barevnych kontaktnich ¢ocek (Crazy Lens, WildEyes, FreshLook Colors) a 1 typ
kontrolni KC (SoftLens Comfort). Ke stabilizaci, tedy k navratu k piivodni hodnoté refrakce, doslo u
vsech typd, vyjma Crazy Lens, béhem 10 minut po vyjmuti ¢ocek z oka. U Crazy Lens bylo pro

stabilizaci potfeba 150 minut.
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Cilem studie je tedy stanovit dobu potfebnou k néavratu refrakce k ptivodnim hodnotam po vyjmuti

kontaktnich ¢ocek z oka, a to mj. v zavislosti na pouzitém materialu kontaktnich ¢ocek.
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Temporary refractive changes after contact lens using
Bc. Barbora Plackova, Mgr. Gabriela Spurna

Katedra optometrie a ortoptiky LF MU, Brno

Introduction

The refraction of the eye, which can be expressed in terms of the ratio between the refractive power
of the eye and its length, is not unchanged. Some physiological changes occur during life but these
ones are very small (0.05 - 0.4 D) and slow, so they often remain unnoticed. Correction by any of the
optical aids makes the eye emetropic again.

However, we may also come across some non-physiological defects. Such changes are sudden and
theere is a whole range of causes. There are some ocular diseases (inflammation of the iris, eyelids,
conjunctiva, cornea, etc.), some general disorders such as daibetes mellitus or multiple sclerosis,
injuries, especially eyes and head one, or a consequence of pharmacological action (some antibiotics,

antidepressants, etc.). By origin, these changes are more or less reversible.

Relatively often, we can find a refractive changes even after contact lens using. This zype of change
is most evident after the hard contact lenses using. The eye become more myopic, which is explained
by edema induced in the center of the cornea. Some effects, though less noticeable, include soft
contact lenses, where the change is attributed to the corneal edema due to hypoxia but also to the
pressure of the contact lens on the cornea, thereby altering curvature of the cornea and, as a result,
its refractive power. Refractive changes after contact lenses using are in most cases an undesirable
effect, with the exception of orthokeratology - the reduction of myopia by the application of steadily
steeper, individual hard contact lenses. Currently, the so-called night orthokeratology is most
frequently practiced - ortho-lenses are worn overnight, reduction of myopia is used by patients during
the day, while the cornea returns to its original state when the lens is not deployed to the eye. Contact
lenses must therefore be worn according to the exact schedule. The duration of the effect is dependent

on the initial degree of reduced myopia.

It follows from the above that the cornea plays a major role in the refractive changes after contact lens

using.

Cornea
The cornea is a smooth, shiny, transparent tissue that occupies 1/6 of the bulb surface. It takes shape

of a horizontally placed ellipse: its horizontal diameter is 11.5 - 12 mm, vertical one is 11 mm. The
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radius of curvature of the anterior corneal surface is 7.7 mm, of the rear one is 6.8 mm. The cornea is
of spherical shape only in a small central part of a diameter of 3-4 mm, towards the limb being
flattened (usually more nasally and above). As a result of the pressure of the upper eyelid on the bulb,
the so-called physiological corneal astigmatism occurs, resulting in a greater curvature (0.5 D) of the
vertical corneal meridian. The corneal thickness is 0.555 mm in the central part, 1 - 1.2 mm in the

periphery. The refractive power of the cornea is 43.05 D (according to Gullstrand).

The cornea is the most sensitive tissue of the human body. The nerve fibers come from n. nasociliaris,
the first branch of n. trigeminus. There is a ciliary plexus in the layer above the ciliary body and under
the sclera made of short and long ciliary nerves (from n. nasociliaris) from which the fibers aim for
the cornea. They are branched out and join together to create a dense nerve net in the uppermost layers
of the stroma, penetrating through the Bowman membrane, and reach the epithelium cells with fine

twigs.

The cornea is a non-vascular tissue. Its nutrition is ensured by three systems, with ventricular water,
which provides glucose delivery and metabolite removal, oxygen-supplying tears to obtain energy
from glucose and limbic vascular loops. The three systems also provide the transport of the water, the
corneal hydration being controlled by an endothelial pump. Adequate water content along with the
regular arrangement of collagen fibers in the cornea and their regular thickness ensure corneal
transparency. The healthy cornea disperse only 1% of the light passing through. When the stroma is
swollen, the fiber structure becomes inhomogeneous, and the corneal transparency decreases. The
correlation of corneal transparency on the fiber arrangement was pronounced in 1957 by D. M.

Maurice in his "grid theory".

The cornea consists of five layers. Externally, it is covered with a multi-layered tile epithelium with
a very good and rapid regenerative ability. It is thanks to the high regenerative capacity of the
epithelium that healing of surface corneal wounds is very good. Depending on the extent of the injury,
recovery occurs in the order of hours to days. The epithelium is attached to the basal membrane, under
which the homogeneous Bowman membrane is attached (sharply bounded towards the epithelium, on
the inner surface coalescing with the corneal stromate). The corneal stroma occupies 9/10 of the total
corneal thickness and is formed by collagen fibers clusters composed of fine fibrils - they extend
radially at the limb and form a dense mesh in the middle of the cornea. Beneath the stromate, there is
an elastic Descemet membrane, very resistant to infections and injuries. It is the product of the
endothelial cells, in the periphery passes into the trabecula and ends in Schwalbe's ring. On the inside,

the cornea is bounded by a flat endothelium formed by one layer of polygonal cells. Their normal
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number is 4,000 - 5,000 per mm? at birth, while their number decreases on average by 0.5% per year.

Endothelial repair is done by enlarging existing cells.

The cornea is made up of 78% water, 22% is made by organic material, especially collagen and other
proteins, mucopolysaccharides (keratan sulfate, chondroitin sulfate) and salts (NaCl, Kcl).

Influence of contact lens

The design of the contact lens should suit the parameters of the cornea and its needs as much as
possible. In any case, the contact lens is a foreign body, which carries a certain effect on the eye,
namely on the cornea, where it can cause hypoxia, edema, thinning of the stroma, among other things.
The task of the eye specialist is to minimize these unwanted effects by proper application and choice
of suitable material.

Depending on the radius of curvature of the inner surface of the contact lens and the radius of
curvature of the anterior corneal surface, we discriminate the flat, steep and parallel application. If the
corresponding radii of curvature of the contact lens and the cornea were exactly the same, the tear
fluid could not enter between the lens and the cornea and the lens would not be tolerated, so the
parallel application is only an example of a theoretical ideal application. A slightly flat application
can be considered as a properly applied contact lens. In any case, the correctly applied contact lens
should be comfortable, perfectly centered, should be moving and should not irritate surrounding eye

tissues.

However, even a perfectly applied contact lens affects the physiology of tear film and cornea, and
may temporarily change the refraction of the eye. In optometry practice, this is a known fact and is
taken into account in refractive examinations. The contact lenses should be taken out of the patient‘s
eye (if they wear them) at least four hours before the examination. Even this minimal time may,
however, create some complication for some patients, and so it is a question of what is really the

minimum time required to stabilize refraction after removing contact lenses.

For example, Voetz et al. (2004) investigated changes in refraction and curvature of the cornea at 14
eyes. Three types of colored contact lenses (Crazy Lens, WildEyes, FreshLook Colors) and 1 type as
a control lenses (SoftLens Comfort) were applied. The stabilization - the return to the original
refraction value, occurred in all types except Crazy Lens within 10 minutes of removal of the lens

from the eye. After Crazy Lens removal 150 minutes were needed to stabilize.

The aim of the study is to determine the time needed for the regeneration of refracive changes after

contact lens using, depending on the contact lens material among other things.
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Vliv zmény a hodnoty osy astigmatismu na zrakovy vykon pri
riznych pohledovych vzdalenostech

Bc. Barbora Langova, Mgr. Petr Vesely, DiS., Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

Abstrakt

Studie s nazvem ,,V1iv zmény a hodnoty osy astigmatismu na zrakovy vykon pfi riiznych pohledovych
vzdalenostech® se zabyva porovnavanim kvality vidéni pi1 pohledu mimo opticky stied u sférickych
a asférickych brylovych cocek. Idedlni zobrazeni se nachazi pouze v jejich optickém stredu, a pti
pohledu mimo n¢j za¢nou plisobit optické vady zobrazovani. Studie se ucastni celkem 30 respondenti
s myopickou refrakéni vadou nad -3 D. Subjektiim je umoznéno nosit oba pary brylovych ¢ocek a
porovnavat tak zrakovy komfort, zkresleni obrazu pfi pohledu mimo opticky stfed, chromatickou
vadu zobrazeni, aj. Mezi méfené parametry patii ZO (centralni / pro periferni tthel 30°) bez
adaptace/po adaptaci (dale jen bez A, po A), subjektivné naméteny astigmatismus Sikmych paprska
pro pohledovy thel 30° bez A/po A, zhodnoceni distorze obrazu bez A/po A, a astigmatismus
Sikmych paprski naméteny pomoci digitdlniho fokometru. Z vysledkli vyplyva, Ze je nutna urcitd
adaptace na asférické brylové cocky pro zlepseni zrakového vykonu. Oba pary brylovych cocek
umozni po 14denni adaptaci stejné¢ kvalitni ZO (visus 1,0) jak pro centralni, tak pro pohledovy tihel
30°. Pfi findlnim rozhodnuti si 1 pfes dokonaly tvar asférickych cocek vybralo 72 % subjektl sférické
plochy, coz poukazuje na nutnost individudlniho pfistupu ke kazdému klientovi zvlast’ s prihlédnutim

na jeho pozadavky na vidéni a ucel jeho korekce.

Uvod

V dne$ni dobé mizeme korigovat refrakéni vady nékolika zpusoby, avsak za nejbéznéjsi a historicky
nejstarsi korekéni ¢leny fadime brylové ¢ocky. Pti pohledu pacienta ptes brylovou ¢ocku nachdzime
idedlni zobrazeni v jejim optickém stfedu. Pfi stranovych pohledech jiz za¢nou plsobit vady
optického zobrazovani, které degraduji sitnicovy obraz a redukuji zorné pole. Pravé astigmatismus
Sikmych paprski se zklenutim pole vyrazné ovliviiuji kvalitu vidéni. Hlavni ucel stale noveé se
vyvijejicich designil je potlacit jiz zminované vady optického zobrazeni pifi pohledu mimo opticky
stied. V souvislosti s tim se na trhu objevily asférické designy, které by mély umoziiovat pacientim

kvalitngj$i optické zobrazovani do periferie Cocky. Tento vyzkum je zaméfen na porovnani kvality
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vidéni do rtiznych pohledovych smérti a vliv vznikajiciho mimoosového astigmatismu pii pohledu

mimo opticky stied pies periferii sférické versus asférické brylové cocky.

Brylové ¢ocky (dale jen BC) si miizeme rozdélit z riznych hledisek, at’ jiz podle materidlu na
anorganické a organické BC, nebo podle optického G¢inku na monofokalni, bifokalni, trifokalni ¢i
multifokalni.® V této praci je pozornost zaméfena na monofokalni neboli jednoohniskové BC, které
mohou byt sférickych ¢i asférickych designtl. Sférické BC patii mezi nejéast&ji pouzivané designy a
jsou tvofeny dvéma sférickymi plochami.? Sféricka plocha ma stejny polomér kiivosti po celé plose
od stiedu otaceni a ma stejnou okrajovou tloustku po celém svém obvodu.* Slouzi ke korekci
sférickych ametropii, kam lze zafadit hypermetropii a myopii.? Sférické designy vsak umoziuji
bodové zobrazovani pouze v uréitém rozsahu: od +8 D do -21 D.? Pro hodnoty vyssi je jiz nutné
vyuzit asférickych ploch.? Asférické BC jsou jednim z vysledki zlepseni technologie vyroby BC a
jsou dostupné v mnoha variantach (napf. jednoohniskové, multifokalni).> Zacaly byt nejprve
popularni u vysokych spojnych afakickych BC v roce 1950.* Asféricky povrch nema stejné zakiiveni
po celém svém obvodu, jelikoz se polomér kiivosti méni od stiedu rotace k okraji coCky — jedna se o
rotaéné symetrickou BC.* Tato zména poloméru kiivosti vytvaii mirny astigmatismus $ikmych
paprskd, ktery by mél ve vysledku zlep$ovat zobrazovani na okraji BC.* Asféricky povrch je vytvoien
pomoci kuzelosedek jako je hyperbola, parabola, elipsa.® Primarni rozdil mezi asférickymi a
sférickymi designy je v tom, Ze piedni plocha asférické brylové cocky je plossi.® Piedni plocha
sférické plochy musi byt relativné dost zakiivend, aby korigovala optické vady zobrazeni, zaroven
hodné zaktivené designy délaji BC tlustsi, objemné vypadajici a mohou narusovat pfirozeny vzhled
0¢i.°> Mezi hlavni vyhody asférickych designii se fadi: niz$i vdha, mensi tloustka, plossi plochy,

piirozeny vzhled o¢i a korekce otvorové vady zobrazeni. °

Brylové ¢ocky umoziuji idealni zobrazeni pouze v tzv. paraxialnim prostoru, kdy hlavni paprsek
svira s optickou osou thel alfa, ktery je mensi nez 2°.1 Pokud jsou obrazy tvoteny paprsky jdouci
mimo paraxialni prostor, vznikaji odchylky zobrazeni neboli aberace, které zhor3uji kvalitu vidéni.!
Vady optického zobrazeni lze rozdélit na monochromatické (otvorova vada, zkresleni, astigmatismus
sikmych paprskdl, koma) a chromatické (barevnd vada velikosti, barevna vada polohy).! Vady
zobrazeni jako jsou zkresleni, astigmatismus Sikmych paprskd ¢i pficnd barevnid vada vyrazné
ovliviiuji kvalitu vidéni pfi pohledu mimo opticky stfed.® Cilem veskerych designi BC tak je umoznit,

co nejvétsi zorné pole pii pohledu pres BC.5
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Material a metody:

Vyzkumu se podle ptfedpokladanych ocekavani bude ucastnit dohromady 30 klientti. Ti jsou
predevsim vybirani podle pocétu predem namétenych dioptrii nebo po piedlozeni 1ékarského predpisu.
Podminkou je vyssi refrakéni vada nad + 3,0 dioptrie. Pfi vybéru nezéalezi na pohlavi, nybrz na véku,
ktery je od 20-35 let, tudiz se jednd o nepresbyopy. Vybrani pacienti jsou nalezité informovani o
vyzkumu, kdy zaroven dostanou informacni letacek s informovanym souhlasem, ktery je z jeho druhé
strany. Pacientim jsou vybrouseny dva pary skel po nalezitém vybéru obroucek, ptipadné do
obroucek jejich. Brylové ¢odky (sférické i asférické) jsou od firmy Hoya. Centrace u sférickych BC
je na ptirozeny pohled do dalky a u asférickych BC na tzv. kolmy pohled. Pacienti oviem nejsou

informovani o tom, jaky par BC budou pravé nosit, aby nedoslo k ovlivnéni vysledki vyzkumu.

Mezi méfené parametry patii: vySetfeni zrakové ostrosti do blizka pomoci ¢teci tabulky na pracovni
vzdalenost 40 cm, subjektivni stanoveni astigmatismu pro pohledovy thel 30° pomoci Jacksonovych
zktizenych cylindr a Brokova testu do blizka, zméfeni navozeného astigmatismu pro thel 30° na
digitdlnim fokometru a vysSetfeni distorze obrazu pro thel 30° pomoci vlastniho testu. Na zavér
pacient vypliuje dotaznik obsahujici 6 otazek, které se tykaji subjektivniho pocitu pacienta pii
porovnani obou typti BC, zhodnoceni adaptace na asférické designy, porovnani vniméni distorze &i
barevné vady u sférickych/asférickych designil. Pacient se posléze rozhodne, ktery typ BC si zvoli
definitivné do svych bryli. Méfeni stanovenych hodnot probiha celkem 4x — bez/po adaptaci na prvni

par brylovych ¢ocek, bez/po adaptaci na druhy par brylovych ¢ocek. Kazdy par je nosen 14 dni.

Vysetteni zrakové ostrosti do blizka probihd pomoci ¢teci tabulky do blizka (Snellenovy optotypy)
na Cteci vzdalenost 40 cm. Méteni probiha monokularné a za vySetfované oko je zvolené to, které ma
vyssi refrakéni vadu. V piipadé, Ze ma pacient na obou ocich refrakcni vadu stejnou, je zvoleno pravé
oko. Tyto podminky plati i pro vSechna dalsi méfeni. Pacient ma druhé oko zakryté, a zrakova ostrost
se stanovuje jednak pro centrilni vidéni a dale pro pohledovy thel 30°, ktery je uréen pomoci

vlastnoruéné vyrobeného pravitka s milimetrovou stupnici pro ptesné drzeni ¢teci tabulky.

Pro subjektivni stanoveni astigmatismu pro pohledovy tihel 30° jsou vyuzity Jacksonovy zkiizené
cylindry o hodnoté + 0,12 D, £ 0,25 D, pfepocitany Brokiiv test do blizka pro vySetfovaci vzdalenost
40 cm a sada zkuSebnich skel. Pacient si opét pomoci vyrobené¢ho pravitka drzi Brokiv test ve

vzdalenosti 40 cm v uhlu 30°. VySetieni probiha opét monokularné.

Zméfeni navozeného astigmatismu na brylové ¢occe pro pohledovy thel 30° je provedeno pomoci

digitalniho fokometru s nastavenou ptesnosti 0,12 D.

87



Zhodnoceni distorze obrazu pro pohledovy uhel 30° je pomoci vlastniho testu. Test je vyroben
Z tvrdého papiru, na kterém je pomoci gumicek vyrobeny ctverec o velikosti strany 46,188 cm.
Uprostied ¢tverce se nachazi bod, ktery je presné kolmo od pacientova vysetifovaného oka. Velikost
strany ¢tverce je zvolend podle vysetiovaci vzdalenosti, kterd je opét 40 cm a pohledového thlu 30°
od stiedu ¢tverce ke strané b. Pacient pti monokularnim pohledu na stranu ¢tverce b, bude mit vlivem
mimoosové zobrazovaci vady zvané zkresleni, stranu étverce prohnutou. Ukolem je poté posunout
gumickou tak, aby vnimal stranu ¢tverce neprohnuté. Hodnota posunuti strany b je poté zaznamenana,
a nasledné je mozné pomoci vzorce na vypocet geometrické distorze vypocitat hodnotu zkresleni.

Obrazky pro lepsi nazornost jsou umisténé nize.

AH

Takto vidi klient Vzorec na vypocet distorze:
stranu prohnuté

”;”' +100=21+ 100

b Distorze =

H’ < Takto si stranu h
posune, aby ji
vidél rovné

a

, . . Obrdzek 2 Test na distorzi obrazu
Obrdzek 1 Test na distorzi obrazu

Vysledky:

Ve vyzkumu jsem si stanovila 2 nasledujici hypotézy.
Hypotéza I.: Existuje rozdil v adaptaci na brylové Cocky se sférickym a asférickym designem.

Vysledek vyzkumu: Tuto hypotézu jsem si stanovila na zaklad¢ vlastnich zkuSenosti s klienty, ktefi
potiebuji po prvnim nasazeni asférickych BC uréitou dobu adaptace pro zlep$eni zrakového vykonu.
Z doposud naméfenych hodnot centralni (periferni) ZO s asférickymi BC bez adaptace/po adaptaci
vyplyva, ze v ptipad¢ centralni (periferni) ZO doSlo po 14denni adaptaci ke zlepSeni z primérného
centralni (periferniho) visu 0,89 (0,82) na hodnotu visu 1,0 (0,99) po adaptaci. U sférickych BC doslo
ke zlepseni centralniho (periferniho) visu 0,98 (0,97) na hodnotu visu 1,0 (0,99). Vysledky byly dale
otestovany T-testem, coz shrnuje tabulka nize. Statisticky vyznamny rozdil (p < 0,05) je v pripadé

porovnani adaptace ZO pro centralni a pohledovy tihel 30° bez / po adaptaci s asférickymi BC.
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Porovnani centralni ZO bez/po adaptaci Porovnani ZO pro thel 30° bez/po adaptaci

sférické versus asférické BC sférické versus asférické BC
1,05 1,2
1 1
0,95 08
0,6
0,9 0,4
0,85 . 0,2
0,8 0
sféry asféry * sféry asféry *
M pred adaptaci M po adaptaci M pred adaptaci M po adaptaci
* statisticky vyznamny rozdil na hladiné p=0,05 * statisticky vyznamny rozdil na hlading p=0,05

Graf 1 Porovndni centrdini 20 bez/po adaptaci Graf 2 Porovndni ZO pro thel 30° bez/po adaptaci

T- test p
Stérické BC - centrdlni ZO bez/po A 0,16
Sférické BC —ZO 30°- bez/po A 0,16

Asférické BC — centrdlni ZO bez/po A 0,002 *
Asférické BC — ZO pro 30°-bez/po A | 0,0003*

* statisticky vyznamny rozdil na hladiné p=0,05

Tabulka 1 T-test

Pii porovnani vysledkt distorze obrazu vyplyva, ze u asférickych BC doslo ke zlep$eni deformace
obrazu z ptivodnich 1,92 % deformace na 1,05 %, naproti tomu u sférickych BC doslo ke zménd
deformace obrazu o pouhych 0,07 %, tedy z 1,67 % na 1,74 %. Vysledky T-testu jsou opét shrnuty
nize a v ptipadé asférickych BC byl zjistén statisticky vyznamny rozdil. Hypotéza tak byla
potvrzena v piipadé porovnani ZO pro centralni a pohledovy tihel 30° s asférickymi BC a dale

p¥i porovnani distorze obrazu pied/po adaptaci u asférickych BC.
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Porovnani distorze obrazu bez/ po adaptaci
sférické versus asférické BC

2,5

p

1,045

sféra asféra *

Distorze obrazu (%)
=

Tabulka 2 T-test
M pred adaptaci M po adaptaci

* statisticky vyznamny rozdil na hladiné p=0,05

Graf 3 Porovndni distorze obrazu bez/po adaptaci

Hypotéza II.: Sférické brylové ¢ocky budou jejich uzivateli preferovany.

1,5 ] T- test
Stérické BC — distorze - bez/ po A
Asférické BC — distorze - bez/ po A 0,001*
0,5 * statisticky vyznamny rozdil na hladiné p=0,05
0

Vysledek vyzkumu: Tuto hypotézu jsem si stanovila na zakladé vlastnich zkuSenosti, kdy klienti nejsou

ochotni si na svou novou korekci s asférickymi brylovymi ¢ockami zvyknout. Z dosavadnich

vysledkt si 28 % pacientti zvolilo do svych bryli asférické designy, a 72 % si zvolilo do svych bryli

sférickeé designy. Hypotéza byla potvrzena.

JAKE BRYLOVE COCKY SI ZVOLITE DEFINITIVNE DO SVYCH
BRYLI?

W sférické BC M asférické BC

28%
72%

Graf 4 Definitivni vybér BC

Diskuze a zavér

Problematikou porovnavani sférickych a asférickych BC se zabyvalo nékolik zahrani¢nich studii.

Jednou z nich je studie s nazvem Comparison between "readables” aspheric spectacle lenses and

conventional spherical spectacle lenses for overcorrection of preshbyopic single-vision contact lens

wearers ° provadéna na univerzité v Missouri, ktera umoznila 36 respondentiim porovnavat kvalitu
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vidéni se dvéma typy BC — s asférickymi progresivnimi a monofokalnimi sférickymi BC do blizka
po dobu 3 tydnt. Vysledek je vSak v rozporu s nasi studii, jelikoz si 81 % respondentii vybralo do
svych bryli asférické BC. Pfi¢ina, pro¢ se finalni vybér BC li§i oproti nasi studii, miize byt v tom, Ze
v naem piipadé respondenti porovnavali vidéni s odlisnym designem BC, ale oba dva typy BC byly
monofokalni, tudiz mély stejny opticky ucinek. V piipadé této studie byl rozdil nejen v designu, ale i
v optickém uginku (multifokdlni versus monofokalni BC). Oproti tomu studie s nazvem Third-order
design of aspheric spectacle lenses® provadéna ¢eskymi autory Antoninem Miksem a spol. byla
soustfedénd na porovnani fyzikalnich vlastnosti sférickych a asférickych BC. Studie poukazuje na
vyhody asférickych BC, u kterych je podstatné redukovéna jejich tloustka, ale také vaha BC, coZ
klienti mohou velice ocenit. U spojnych BC byla redukce vahy u asférickych BC oproti sférickym
BC se stejnymi dioptriemi a materialem zhruba o 10-37 %, a v ptipadé rozptylnych BC o 10 %.

Asférické brylové Cocky patii mezi vysledky zlepSeni technologie vyroby brylovych ¢ocek a maji
fadu vyhod oproti sférickym designiim. Svou konstrukci méniciho se poloméru kiivosti od stiedu
rotace k okraji co¢ky by mély zlepSovat zobrazovani na okraji brylovych ¢ocek a feSit zejména
otvorovou vadu zobrazeni. V této studii bylo umoznéno pacientim pfimo porovnat 2 typy brylovych
cocek a z vysledkli naméfenych ZO a distorze obrazu jasné vyplyva, Ze je nutna urcitd adaptace na
asférické BC pro zlep$eni zrakového vykonu oproti sférickym plocham. Co se tyée zrakové ostrosti,
umoznily stejné kvalitni ZO (visus 1,0) oba typy BC jak pro centralni, tak pro periferni vidéni pro
pohled 30° po jejich 14denni adaptaci a konstantniho nosSeni. Z naméienych vysledkt subjektivné
naméteného ASP pro thel 30° (nebyl nalezen statisticky vyznamny rozdil pii porovnani sférického
ekvivalentu ASP u sférickych a asférickych BC pred/po adaptaci) lze usuzovat, ze ZO nebyla
pravdépodobné pii prvotnim nasazeni u asférickych BC zhor$ena vlivem zbytkové refrakéni vady,
ale vlivem vétsi distorze obrazu s asférickymi BC. I pies dokonalejsi tvar asférické BC si vétsina
klientii radéji zvolila do svych bryli sférické brylové cocky, z €ehoz vyplyva, ze je nutné ptistupovat
ke kazdému klientovi individualn€ a v zavislosti na zrakové citlivosti a vnimani bude kazdému

vyhovovat odligny typ BC.
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The effect of change in value and the axis of astigmatism on visual
performance at the different visual distances
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Abstract

The study titled "The effect of change in value and the axis of astigmatism on visual performance at
the different visual distances" deals with the comparison of vision quality when seen outside the center
of view of spherical and aspherical lenses. Ideal views are only in their optic center, and when viewed
outside of them, visual defects will appear. The study is attended by a total of 30 respondents with a
myopic refraction error above -3 D. Subjects are allowed to wear both pair of spectacle lenses to
compare visual comfort, distortion of the image when viewed outside of the optical center, chromatic
aberration, etc. The measured parameters are VA (without adaptation, after adadptation), subjectively
measured astigmatism of oblique rays for a 30 ° viewing angle without A / after A, the image
distortion (without, after A), and astigmatism of oblique rays measured by a digital focometer. The
results suggest that some adaptation to aspheric spectacle lenses is needed to improve visual
performance. Both pair of spectacle lenses allow for a 14-day adaptation of the same quality VA
(visus 1.0) for both central and viewing angles of 30 °. In the final decision, despite the perfect shape
of the aspherical lens, 72% subjects selected spherical lenses, which indicate the necessity of
individual approach to each client, taking into account his vision requirements and the purpose of his

/ her correction.

Introduction

Nowadays, we can correct refractive errors in several ways, but the most common and historically
oldest correctional members are spectacle lenses. When the patient looks through a glass lens, we can
find the ideal view in the optic center of the lens. Optical imaging defects, which degrade the retinal
image and reduce the field of view, will already appear in lateral views. The astigmatism of oblique
rays with the other optic aberrations greatly affect the quality of vision. The main purpose of ever-
evolving designs is to suppress the aforementioned optical defects when the patient looks out of the
optical center. In connection with this, aspheric designs appeared on the market, which should allow
patients to have better optical imaging in the periphery of the lens. This research focuses on the
comparison of vision quality in different viewpoints and the effect of emerging oblique astigmatism

when viewed out of the optical center through the periphery of the spherical versus aspherical
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spectacle lenses.Spectacular lenses can be divided from different points of view, whether according
to material: inorganic and organic lenses, or according to the optical effect: monofocal, bifocal,
trifocal or multifocal lenses.? In this study, attention is focused on monofocal spherical and aspherical
designs. Spherical lenses are the most commonly used spectacle designs and these lenses consist of
two spherical surfaces.? The spherical surface has the same radius of curvature over the entire area
from the center of rotation to the periphery and has the same peripheral thickness throughout its entire
circumference.* It is used to correct spherical ametropes that include hypermetropia and myopia.
However, spherical designs allow spot imaging only to a certain extent: from +8D to -21D.? For higher
values, it is necessary to use aspherical surfaces.? Aspheric lenses are one of the results of
improvements in the production technology and are available in many variants (monofocal,
multifocal, etc.).®> They first became popular with the high plus diopters in 1950.* The aspheric surface
does not have the same curvature throughout its circumference, and the radius of curvature varies
from the center of rotation to the edge of the lens - it is a rotationally symmetric lens.* The change in
the radius of curvature produces a slight astigmatism of oblique rays, which should improve the
imaging at the edge of the lens.* Aspheric surface is created by conics such as hyperbola, parabola,
ellipse.* The primary difference between aspherical and spherical designs is that the anterior surface
of the aspherical spectacle lens is flatter. The front surface of the spherical surface must be relatively
curved enough to correct the optical defects Surface, while many curved designs make lenses thicker
can interfere with the natural look of the eyes.® The main benefits of aspherical designs include: lower
weight, lesser thickness, flatter surfaces, natural appearance of eyes, and correction of the spherical

aberration.®

Spectacular lenses provide ideal imaging only in the paraxial space (an angle of alpha is less than 2 °©
with the optical axis).! If the images are formed by rays going out of the paraxial space, deviations of
the imaging appears and aberrations degrade visual quality.! Optical aberrations can be divided into
monochromatic (spherical aberration, distorsion, oblique astigmatism, coma) and chromatic
aberrations.! Aberrations such as distortion, oblique astigmatism or transversal chromatic aberration
greatly affect quality of vision through the point out of the optical center.® The goal of all designs is

to allow the largest field of view to be seen through the lens.®

Material and Methods

According to anticipated expectations, the research will involve 30 clients. These are primarily
selected according to the number of pre-measured diopters. The condition is a higher refractive error
over - 3.0 diopters. It doesn’t matter the gender, but necessary age is between 20-35. Selected patients

are properly informed about the research. The patients get two pairs of lenses (spherical, aspherical)
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after appropriate selection of frames. Spectacular lenses (spherical and aspherical) are from Hoya.
The centration of the spherical lenses is on the natural view into the distance and in the aspherical
lenses on the vertical view. However, patients are not informed about the type of the lenses which
they will be wearing.

Measured parameters include: central/viewing angle 30° visual acuity (VA) by using the reading chart
at a working distance of 40 cm, subjective measuring of oblique astigmatism for a viewing angle 30°
using Jackson's cross-cylinders and Brock's test to close, oblique astigmatism for 30° angle by a
digital focometer and the last parameter is measuring image distortion for a 30° angle using my own
test. In conclusion, the patient completes a questionnaire containing 6 questions concerning the
patient's subjective feeling when comparing the two types of lenses, assessing the adaptation to
aspherical designs, comparing the perception of distortion or chromatic defects with
spherical/aspherical designs. The patient then decides which type of lenses will definitely choose in
his glasses. Measurement of the set values takes place in total 4 times - without/after adaptation to the
first pair of spectacle lenses, without/after adaptation to the second pair of spectacle lenses. Each pair
is worn for 14 days.

Examination of near-vision visual acuity is carried out using a reading chart (Snellen optotypes) at a
reading distance of 40 cm. Measurement takes place monocularly and the examined eye is chosen
with a higher refractive error. If the patient has the same refractive error on both eyes, then the right
eye is chosen. These conditions are applied to the all other measurements. The patient has the second
eye covered, and the visual acuity is determined for the central vision and a 30° viewing angle, which

is determined by a hand-held ruler with a millimeter scale for accurate reading of the reading table.

For a subjective measuring of oblique astigmatism for a viewing angle 30°, Jackson's cross-cylinders
of £ 0.12 D, £ 0.25 D, recalculated Brok's test to close for a test distance of 40 ¢cm and a set of the
measuring glasses are used. The patient, using a ruler, holds the test at a distance of 40 cm at a 30°

angle. The examination is again monocular.

Measurement of induced astigmatism on spectacle lenses for a 30° viewing angle is performed using

a digital focometer with a precision of 0.12 D.

An image distortion evaluation for the 30 ° view angle is based on a self-test. The test is made of hard
paper on which a square with a side size of 46.188 cms is made using a rubber band. In the center of

the square is a point that is exactly perpendicular to the patient's examined eye. The square side size
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is selected according to the examination distance, which is again 40 cm and a viewing angle of 30°
from the center of the square to the side b. The patient, when viewed monocularly on the side of the
square b, will have an off-axis imaging defect called distortion on the side of the square curved. The
task is then to move the rubber band and see the side of the square unimproved. The offset value of
the side b is then recorded, and then it’s possible to calculate the image distortion value using the

geometric distortion calculation formula. Images for better clarity is located below.

H-H’

*100:%*100

Distorsion =

Picture 1 Distorsion Test
Results

In this study, | have determined 2 hypothesis:

Hypothesis I.: There is a difference in adaptation to spectacle lenses with spherical and aspherical
design.

Research result: 1 have determined this hypothesis based on my own experience with clients who
need some adaptation to improve their visual performance after the first deployment of aspheric
lenses. From the measured values of the central (peripheral) VA with aspherical lenses without
adaptation / after adaptation it results that in the case of the central (peripheral) VA, after a 14-day
adaptation, is the improvement from the average central (peripheral) VA 0,89 (0,82) on VA 1,0 (0,99)
after adaptation. For spherical lenses, the central (peripheral) VA is improved from 0,98 (0,97) on 1,0
(0,99). The results were further tested by the T-test, summarized in the table below. A statistically
significant difference (p <0.05) is only in the case of comparison of VA for central and viewing angle

of 30 ° without / after adaptation for aspherical lenses.
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Comparison central VA without/after adaptation Comparison VA for angle 30° without/after
spherical versus aspherical lenses adaptation
spherical versus aspheric lenses

1,05
1 15
0,95 1
0,9
0185 . 0’5
0,8 0
spheric lenses aspheric lenses * spheric lenses aspheric lenses *
M before adaptation M after adaptation M before adaptation M after adaptation
* Statistically significant difference p=0,05 * Statistically significant difference p=0,05
Graph 1 Comparison central VA without/after adaptation Graph 2 Comparison VA for angle 30° without/after adaptation

Comparing the results of the image distortion without and after adaptation we can see that the image
deformation improved from the 1,92 % deformation to 1,05 % with aspherical lenses, while image
with spherical lenses was changed only 0.08 % (from 1, 67 % to 1.74 %). Statistically significant
difference was found for aspheric lenses. The hypothesis was confirmed in the case of a
comparison of VA for a central and a viewing angle of 30° with aspherical lenses and also for

comparison of the image distortion before/after the adaptation with aspherical lenses.

Comparision of image distorsion without/ after adaptation
spherical versus asphericlenses

spheric lens aspheric lens *

[En

B before adaptation M after adaptation
* Statistically significant difference p=0,05

Graph 3 Comparison of image distorsion without/after adaptation

Hypothesis I1: Spherical lenses will be preferred with their users.
Research result: | have determined this hypothesis based on my own experience, when clients are not

willing to get used to their new correction with aspheric glasses. 28% of patients have chosen aspherical
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designs in their glasses, and 72% have chosen spherical designs in their spectacles. The hypothesis has

been confirmed.

WHICH LENSES WOULD YOU LIKE TO HAVE IN YOUR
SPECTACLE GLASSES?

M spheric lenses M aspheric lenses

28%

Graph 4 The final selection of lenses

Conclusion and Discussion

The issue of comparison of spherical and aspherical lenses was dealt with by several foreign studies.
One of them is a study called "Aspheric spectacle lenses and conventional spherical spectacle lenses
for over-correction of presbyopic single-vision contact lens wearers” ® at Missouri University, which
allowed 36 respondents to compare the quality of vision with two types of lenses in close proximity
- with aspherical progressive and monofocal spherical lenses close up for 3 weeks. However, the
result is inconsistent with our study, as 81% of the respondents chose aspherical lenses in their glasses.
The reason why the final choice of lenses differs from our study may be that in our case the
respondents compared the vision with a different design of the lenses, but both types of lenses were
monofocal, thus having the same optical effect. In the case of this study, the difference was not only
in design but also in the optical effect (multifocal versus monofocal lenses). In contrast, a study called
Third-order design of aspheric spectacle lenses® by Czech authors Antonin Miks et al. sas focused on
the comparison of the physical properties of spherical and aspherical lenses. The study points to the
advantages of aspherical designs, which significantly reduce their thickness, but also the weight of
lenses, which clients can greatly appreciate. In the case of plus lenses, the weight reduction was
proportional to spherical lenses with the same diopters and the material by roughly 10-37% and in

case of minus lenses by 10%.

Aspherical spectacle lenses are among the results of the improvement in spectacle lens technology

and have many advantages over spherical designs. By constructing a varying radius of curvature from

the center of rotation to the edge of the lens, it should improve imaging at the edge of the lenses, and
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reduce distortion of the image. In this study, patients were directly able to compare 2 types of spectacle
lenses and the results of measured VA and image distortion clearly indicate that aspheric lenses need
some adaptation for improving visual performance over spherical surfaces. Finally, both lenses
allowed the same quality of VA (visus 1.0) for both central and peripheral vision for a 30° view after
their 14-day adaptation and constant wearing. From the measured results it can be concluded that the
VA was probably not impaired by the residual refractive defect, but due to the distortion of the image
with aspheric lenses. In spite of the better shape of aspherical lenses, most clients prefer to choose
spherical spectacle lenses in their glasses, which means that it is necessary to approach each client
individually depending on their visual sensitivity and perception.
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Vyznam a evaluace slzného filmu v kontaktologii
Be. Alena Cermakova, Mgr. Pavel Benes, Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

Uvod
Kvalitni a dostatecny slzny film je jednou ze zakladnich podminek pro normalni ¢innost oka. Zvlastni
vyznam ma hlavné u nositeli kontaktnich ¢oc¢ek. Svymi vlastnostmi vyrazné ovlivituje celkovou

snasenlivost kontaktnich ¢o¢ek a mnoho problému souvisi pravé s jeho narusenim.

Dosud neexistuje zadné vySetieni, které by slzny film ohodnotilo komplexné. Je tedy nutné vyuzit

kombinace rtiznych metod.

Slozeni slzného filmu
Slzy vytvaieji tenkou vrstvu (7-10 um) pokryvajici spojivku a epitel rohovky. Tato vrstva se sklada

ze tii sloZek - zevni tukova, stiedni vodna a vnitini hlenova.

1) Tukovéa (lipidovd, olejovd) slozka: Jeji tloustka je piiblizné 0,1 - 0,25 um a je tvofena pievazné

Meibomskyma zlazama, dale pak Zlazami Zeissovymi a Mollovymi. Obsahuje estery, triacylglyceroly,
nepolarni steroly, volné steroly a volné mastné kyseliny. Hlavnim ukolem je branit vypafovani vodné vrstvy,
dale zvysuje povrchové napéti slzného filmu - diky tomu, se podili na stabilité slzného filmu a zabratniuje tak

pretékani slz ptes okraj dolniho vicka.

2) Vodna slozka: Jeji tloustka je 4 — 8,5 um a z 95% je produkovana slznou zlazou, zbylych 5%

ptipada na akcesorni zlazky Krauseho a Wolfringovi. Je tvofena elektrolyty (NA+, Cl-,K+ ), enzymy,
bilkovinami (lysozom, imonoglobuliny, albumin, laktoferin) a mineraly. Vodna slozka vytvaii hladky
povrch rohovky, tim ze vyrovnava drobné nerovnosti, dale odplavuje zbytky odumielych bun¢k a

bakterii, plisobi antibakteridln¢ a v neposledni fad¢ zajiStuje kyslik rohovkovému epitelu.
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3) Hlenova slozka - Jeji tloustka je ptiblizné¢ 0,02 — 0,05 pm a je produktem Becherovych bungk,

které se nachazeji ve spojivce. Je to vrstva, kterd naléha na rohovku a obsahuje elektrolyty,
glykoproteiny a odloupnuté butiky. Hlavnim tikolem vnitini vrstvy je ménit hydrofobni povrch epitelu

rohovky na hydrofilni.

vzduch

zevni lipidova vrstva

stfedni vodna vrstva
rozpustény mucin

Obrdzek 1: Jednotlivé vrstvy slzného filmu

Funkce slzného filmu

Slzny film plni funkci ochanou, optickou a lubrika¢ni. Mezi hlavni funkce slzného filmu patfi:

Zajisténi zvlhceni povrchu oka, resp. rohovky a spojivky, coz umoziuje plynuly pohyb vic¢ek
Zajisténi sterility oka a odstranovani odumfelych bun¢k epitelu rohovky a bakterii

Hladky povrch oka umoziuje vznik ostrého obrazu na sitnici

Ma antibakteridlni u¢inek

Podili se na vyzivé povrchu rohovky

Dynamika slzného filmu

Produkce slzného filmu je velmi slozity proces. Je fizen lakrimalni funkéni jednotkou, ktera je
tvofena slznymi Zlazami, povrchem oka, o¢nimi vicky a souvisejicimi nervy.

U zdravych jedinct se rychlost bazalni sekrece slz pohybuje okolo 1-2 pl/min. Ke zvysené sekreci
dochazi pti podrazdéni trojklaného nervu, pti silném osvétleni sitnice nebo plisobenim emocionalnich
vlivi.
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Slzy mohou byt eliminovany nékolika zpisoby a to prostiednictvim exkrecniho systému (slzna

pumpa, drenazni systém), evaporaci a absorpci.

Vysetteni slzného filmu
U slzného filmu posuzujeme jeho kvantitu a kvalitu. Existuje mnoho testl a vySetteni pro zjiStovani

vlastnosti slzného filmu, nékteré z nich jsou popsany v nasledujicich odstavcich.

Kvantitativni vySetreni

Schirmertiv test — Je test, ktery byl popsan Schirmerem roku 1903 a patii tudiz k starSim, ale stale
vyuzivanym klinickym testiim. Pouzitim filtracniho papirku pro sbér pacientovych slz se hodnoti
vodna slozka slzného filmu. Filtrani papirek je dlouhy 35 mm a Siroky 5 mm. Jeden jeho konec
piehneme o 5 mm a ndsledné pielozeny konec vloZime na rozhrani stfedni a zevni tfetiny dolniho
vicka. Pacient ma po dobu vySetfeni oteviené oci a ptirozené mrka. Po uplynuti doby 5 min filtracni

papirek vyjmeme a zmétime zvlh¢enou Cast. Vysetieni probihd na obou ocich soucastné.

I

i -
i\ - P
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H -

Obrdzek 2: Schirmertyv test

Schirmerav test I (bez anestetika) — Test slouzi k méfeni totalni sekrece slz, tedy soucasné bazalni i
reflexni sloZky. Normalni hodnoty totalni sekrece jsou, pokud je filtracni papirek zvlh¢en v délce >
15 mm, délka 10 —15 mm znaci pocatecni deficit slz, hodnoty 5 —10 mm vykazuji pokrocily deficit

slz a tézky deficit slz je dan hodnotami < 5 mm.

Schirmertv test I (s anestetikem) — Timto testem je mozZné zjistit jen bazalni sekreci, jelikoz reflexni
sloZka je vyfazena pomoci aplikace anestetik do o¢ni Stérbiny. Postup vySetfeni je totozny jako u
ptedchozich testli. Za normalni hodnotu u osob do 40 let je povazovano zvlhéendi filtraéniho papirku

do 10 mm, u osob nad 40 let pak 5 mm.

Schirmertiv test II (s anestetikem) — Timto testem je mozné naopak zjistit reflexni sekreci. Podobné
jako u ptredchoziho testu aplikujeme anestetikum do oc¢ni Stérbiny. Po chvili vatovou S§tétiCkou
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podrazdime neanesteziovanou nosni sliznici, ¢imz vyvolame reflexni stimulaci. Vysledné hodnoty

métime asi po 2 minutdch. Hodnoty niz8i nez 15 mm vypovidaji o selhdni reflexni sekrece.

Phenol red thread (PRT) test — Jedna se modifikaci Schirmerova testu, ktery misto filtraéniho papirku
vyuzivéa jemnou bavinénou nit obarvenou fenolovou cerveni. Fenolova ¢erven je barvivo citlivé na
zménu pH, proto kdyz dojde k absorpci zasaditymi slzami, zméni se barva ze zluté na Cervenou.
Zbarvena ¢ast nit¢ by méla normalné¢ dosahovat hodnot 9 — 20 mm. Hodnoty pod 9 mm jsou

klasifikovany jako suché oko.

Vyska slzného menisku — Slzny prouzek tzv. meniskus se tvoii podél dolniho a horniho vicka. Lze
ho pozorovat pomoci Stérbinové lampy, pachymetrie, optické koherentni tomografie, Tearscope plus
a topografu. Cast&ji se pozoruje dolni meniskus. Jako fyziologicka je brana vyska slzného menisku

mezi 0,25 — 0,35 mm, hodnoty nizsi vypovidaji o suchém oku.

Obrdzek 3: Mereni vysky slzného menisku

Kvalitativni vySetreni

Break-up-time test — Test je mé&fena doba potiebna k rozpadu slzného filmu a mizeme tedy hodnotit
stabilitu slzného filmu. Pokud nedochdzi mrkéni, diky kterému dochézi k roztirani slz a zvlhéovani

oka, b&hem 15 — 40 s se slzny film rozpada. V oku budeme citit neptijemny pocit s nutnosti mrknout.

Fluorescein break-up-time test — Test vyuziva fluorescein, ktery se aplikuje bud jako kapka do fornixu
dolniho vicka nebo pomoci navlhéeného prouzku. Nésledné je pacient pozadan, aby nékolikrat
zamrkal. Poté pozorujeme obarveny slzny film pomoci §térbinové lampy pres modry kobaltovy filtr.
Cas, ktery uplyne od posledniho mrknuti do prvniho poruseni filmu je zaznamenan stopkami. Za

fyziologické jsou vétSinou povazovany hodnoty 15 — 30 s. Hodnoty FBUT <10 s vypovidaji o zna¢né
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nestabilité slzného filmu. Nevyhodou tohoto testu je, Ze jen pouhd ptitomnost fluoresceinu slzach
muze vyrazné ovlivnit jejich vlastnosti, spolu s aplikaci fluoresceinu dotykem na spojivku je nasledné

vyvoléana reflexni slozka, coz taktéz mize ur¢itym zptisobem ovlivnit vysledné hodnoty.

Neinvazivni break-up-time test — Jedna se o neinvazivni metodu vysetieni slzného filmu, bez pouziti
fluoresceinu, kdy je na povrch otevieného oka, promitdna miizka. Zkresleni miizky ptedstavuje
mistni protenceni slzného filmu a diskontinuita zase poruseny slzny film. K méfeni se vyuzivaji
ptistroje jako naptiklad keratometr, ruéni keratoskop nebo Tearscope. Pti vySetteni NBUT pomoci
piistroje Oculus Keratograph Topography Systém je méfen presné BUT po celém povrchu a to
tak, ze pocita¢ analyzuje odrazené Placidovy kruhy od povrchu oka. Hodnoty vétsi nez 14 s jsou

A4

a odpovidaji suchému oku.
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The meaning and evaluation of tear film in contactology
Bc. Alena Cermakova, Mgr. Pavel Benes, Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

Introduction

A good and sufficient tear film is one of the basic conditions for normal eye activity. It has a special
meaning for people who use contact lenses. Its properties significantly affect the overall tolerance of
contact lenses and a lot of the problems are caused by the distraction just of the tear film. There is no
examination to evaluate the tear film comprehensively. It is necessary to use a combination of

different methods.

Structure of tear film
Tears form a thin infusion (7-10 um) covering the conjunctiva and epithelium of the cornea. This

layer consists of three components - external fat, medium water and internal mucus.

1) Lipid (fat, oil) layer: Its thickness is approximately 0.1 - 0.25 pm and is mainly made of Meibom

glands, followed by Zeiss and Moll glands. It contains esters, triacylglycerols, non-polar sterols, free
sterols and free fatty acids. The main task is to prevent the evaporation of the water layer, further
increases the surface tension of the tear film - thanks to this, it contributes to the stability of the tear

film and prevents tears over the edge of the lower lid.

2) Aqueous layer: Its thickness is 4 - 8.5 um and from 95% is produced by the tear gland, the

remaining 5% belongs to the accessory glands Krause and Wolfring. It consists of electrolytes (NA
+, Cl-, K +), enzymes, proteins (lysozyme, immunoglobulins, albumin, lactoferrin) and minerals. The
aqueous component produces a smooth surface of the cornea by balancing minor inequalities, washing
off the remains of dead cells and bacteria, acting antibacterially, and last but not least, providing

oxygen to the corneal epithelium.
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3) Mucus layer: - Its thickness is approximately 0.02 - 0.05 um and is the product of Becher cells

found in the conjunctiva. It is a corneal layer that contains electrolytes, glycoproteins, and pegylated
cells. The main task of the inner layer is to change the hydrophobic surface of the corneal epithelium

to hydrophilic.

vzduch

zevni lipidova vrstva

stfedni vodna vrstva
rozpustény mucin

Picture 1: The individual layers of tear film

Functions of tear film
The tear film has the function of flame, optic and lubrication. The main features of tear film include :

Ensuring moisture of the surface of the eye, Corneas and conjunctivae, allowing smooth movement
of the eyelids

Ensuring eye sterility and removal of dead corneal and bacterial epithelial cells

Smooth surface of eye allows a sharp image on the retina

Has an antibacterial effect

Contribute to nutrition of the surface of the cornea

Dynamics of tear film
The production of tear film is a very complicated process. It is controlled by a lacrimal functional
unit, which consists of tear glands, the surface of the eye, eyelids and related nerves.The rate of basal

tear secretion is around 1-2 pl / min in healthy subjects.Increased secretion occurs with irritation of

106



the trigeminal nerve, strong retinal illumination or emotional effects.Tears can be eliminated in

several ways through the excretory system (tear pump, drainage system), evaporation and absorption.

Examination of tear film
We evaluate quantity and quality. There are many tests and examinations for detecting the tear film
properties, some of them are described in the following text.

Quantitative examination

Schirmer's Test - This test was described by Schirmer in 1903. It is the oldest but still used clinical
test. We use filter paper to collect patient tears and the we evaluate the agueous component of tear
film. The filter paper is 35 mm long and 5 mm wide. We fold one end over 5 mm and then we put it
at the middle and outer third of the lower lid. The patient has open eyes for the duration of the

examination and naturally blinks. After 5 minutes, remove the filter paper and measure the moistened

portion. The examination is performed on both eyes simultaneously.

Picture 2: Schirmer’s test

Schirmer test | (no anesthetic) - The test is used to measure the total secretion of tears,at the same
time basal and reflex components. Normal total secretion values are when the filter paper is moistened
in length > 15 mm, length 10-15 mm indicates initial tear deficiency, values 5-10 mm show advanced

tear deficiency and heavy tear deficiency is given <5 mm.

Schirmer Test | (whit an anesthetic) - This test can detect basal secretion only because the reflex
component is discarded by application of anesthetics to the eye cap. The examination procedure is the
same as in the previous tests. Normal values for people younger than 40 years are considered as

moisture filter paper up to 10 mm, for persons over 40 years of age by 5 mm.

Schirmer test 1l (with an anesthetic) - This test can detect reflex secretion. Apply the anesthetic to the
eye socket as in the previous test. After a moment, we irritate the non-anesthetized nasal mucosa with
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a cotton bud and stimulate reflex stimulation. The resulting values are measured after about 2 minutes.
Values less than 15 mm indicate a reflex secretion failure.

Phenol red thread (PRT) test - This is a modification of the Schirmer test, which uses a fine cotton
thread ribbed with phenolic red instead of a filter paper. Phenol red is a pH-sensitive dye, so when
the base tears are absorbed, the color changes from yellow to red. The colored portion of the yarn
should normally reach 9-20 mm. Values below 9 mm are classified as a dry eye.

Tearless Meniscus Height - The torn strip marked by the meniscus is formed along the upper and
lower eyelids. This can be seen through the slit, pachymetry, optical coherence tomography,
Tearscope plus and topographers. Lower meniscus is more often observed. The height of the tiny
meniscus between 0.25 and 0.35 mm is taken as physiological, with lower values being dry eyes.

Picture 3:Measuring the hight of a tearful meniscus

Qualitative examination

Break-up-time test - The test measures the time required to break the tear film. So we can evaluate
the stability of the tear film. If there is no blinking that causes tears to wrinkle and wet the eye, the
tear film decays within 15-40 seconds. In the eye we will feel an uncomfortable feeling with the need
to blink.

Fluorescein break-up-time test - The test uses fluorescein, which is applied either as a drop in the
lower lid fornix or with a wetted strip. Subsequently, the patient is asked to blink several times. Then
we see the stained tear film through the slit lamp over the blue cobalt filter. The time elapsed since
the last blink of the first violation of the movie is recorded with stopwatch. The physiological values
are usually 15 to 30 s. FBUT values <10 s indicate a significant instability of the tear film. The

disadvantage of this test is that only the presence of fluorescein tears can significantly affect their
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properties, along with the application of fluorescein by contacting the conjunctiva is subsequently
induced by the reflex component, which can also somehow affect the resulting values

Non-invasive break-up-time test - This is a non-invasive method of examining a tear film without the
use of fluorescein when a grid is projected onto the surface of the open eye. Grid distortion is the local
tear of the tear film and the discontinuity of the broken tear film. Instruments such as keratometer,
hand keratoscope or Tearscope are used to measure. When examining the NBUT using the Oculus
Keratograph Topography System, it is accurately measured BUT all over the surface so that the
computer analyzes the reflected Placid’s circles from the surface of the eye. Values greater than 14 s
are considered normal, a range of 13-8 s is boundary, and lower values are considered pathological
and correspond to the dry eye
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Oc¢ni dominance vztazena na funkc¢ni kvalitu binokularniho vidéni
Bc. Martina Cvrkalova, Mgr. Pavel Ktiz

Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Fyziologické jednoduché binokularni vidéni je zakladem pro vznik kvalitniho vjemu, proto by jeho
vySetieni nemélo byt podcenovano a to hlavné v détském véku, kdy je jesté mozno urcité slozky
tvarovat. Pro zkvalitnéni vySetfeni zraku by neméla byt opomijena ani zkouska o¢ni dominance.

Mize byt velmi ndpomocna v prubehu subjektivni korekce.

Binokularni vidéni

Jedna se o stav, kdy jsme schopni pouzivat obé€ o¢i soucasné. Dokonald souhra pohybového o¢niho
aparatu, rovnovazné postaveni o¢i a normalni retinalni korespondence je predpokladem pro kvalitni
binokularni vidéni. Binokularni vidéni neni vrozené, po narozeni se jednotlivé slozky vyvijeji a

V pribéhu nasledujicich let upeviuji.

Tab - Fyziologicky vyvoj vidéni

Po porodu Skotopické vidéni, pohyb nekontrastniho podnétu, stejnosmérné, skenovaci
pohyby oci (verse)

2. tyden Pocatek fotopického vidéni

1. mésic Pocatek monokuldrni fixace (primitivni senzoricka)

2. mésic Pocatek binokuldrni fixace

3 mesic Pocatek centrdlni (foveolarni) fixace, pocatek protismérnych, diskonjungovanych
pohybU oéi (vergence)

4 mésic Centralni fixace, pInd akomodace (sila i rychlost), pfevaha fotopickéo vidéni nad
skotopickym

5. mésic Trvala centrdlni fixace

6. mésic Dokonceni vyvoje makuly, pocatek fuze

9. -12. mésic Upevnéni binokularnich reflexd

3. roky Dokonceni akomodacné-konvergencéniho reflexu

5.-6. let Stabilizace reflexd

Binokularni vidéni mizeme rozdélit na tii stupné: superpozice, fize a stereopse. Superpozice je
obou sitnic. Druhym stupném je fize, coz je schopnost spojeni stejnych obrazti obou o¢i v jeden vjem.
Fuzi dale mizeme rozdélit dle rozsahu sitnice na paramakularni (periferni, obrazky spojuje oblast

vétsi neZ makula), parafoveolarni (obrazky spojeny makulou) a foveolarni (nejhodnotnéjsi, obrazky
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spojeny ptimo foveou). Nejvyssim stupném je stereopse, ktera ndm umoziuje vnimat hloubkovy vjem
obrazt, které dopadaji na lehce disparatni mista sitnice (prostorové vidéni). Stereopse je mozna jen

za pritomnosti jednoduchého binokularniho vidéni.

Mezi patologie binokularniho vidéni se fadi suprese, amblyopie, anomalni retinalni korespondence a

strabismus.

Oc¢ni dominance

Ve velmi obecné roviné by se o¢ni dominance dala povazovat jako preference jednoho oka pied
druhym. RozliSujeme tfi typy oc¢ni dominance: senzorickou, okulomotorickou a smérovou.
Z historického hlediska prvni objevy sahaji do roku 1861, kdy G. M. Humphrey zjistil ur¢itou

nesoumernost mezi vjemem pravého a levého oka.

Ptedpokladem je, Ze kazdy jedinec ma jedno oko dominantni. Lisi se od sebe pouze v mife, ve které
je toto oko prosazovano pii binokuldrnim vidéni. Neni pravidlem, Ze by dominantni oko muselo mit
vzdy lepsi vizus, ani ze pro vidéni do blizka a dalky mame stejné vedouci oko. Existenci dominantniho

oka musime brat na zietel pii1 subjektivni refrakci a to konkrétné pti binokularni korekci.

Senzoricka ocni dominance je stav, kdy zrakovy systém uptednostiuje jedno oko pied druhym nebo

druh¢ oko Iépe a snadnéji utlumi.
Okulomotoricka dominance se projevuje lepsi fixaci jednoho oka pii binokularnim vidéni.

Smérova dominance se fadi mezi nejvice vyuzivanym druhem o¢ni dominance. Zkoumame ji pfi
binokularnim vidéni a uzivame ji napiiklad u binokularni dokorekce, kde uprednostiiujeme ostiejsi
vjiem pro oko dominantni. PInd monokularni korekce nedominantniho oka u binokularniho vidéni

nemusi byt vzdy snesitelna.

VySetieni

Senzorickd dominance Ize vySettit pomoci monokularni mikroskopie. Pti vyzvani vySetfovaného, aby
nahlédl do okularu mikroskopu, upfednostni jedno oko a to druhé vétSinou pfivie. Dale miZeme
vyuzit zamlZovaci metody, kdy nedominantni oko zvlada zamlzeni pfedkladanim spojnych ¢ocek Iépe
nez dominantni. Pro vySetfeni okulomotorické dominance vyuzivame MKH testy s fixacni znackou.

Smérovou dominanci zjistime napiiklad pomoci metody hrany a palce, kdy si vySetfovany vybere
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bod, na ktery fixuje a pted n¢ho piedlozi sviij vztyceny palec. Nésledné stiidave zavira pravé a levé

oko. Pfed nedominantnim okem pozorovany objekt uskoc¢i vice nez pfed okem dominantnim.
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The eye dominance in relation with binocular vision
Bc. Martina Cvrkalova, Mgr. Pavel Ktiz

Katedra optometrie a ortoptiky LF MU, Brno

Introduction

Physiological simple binocular vision is the basis for the emergence of quality perception, so its
examination should not be underestimated, especially in childhood, when it is still possible to shape
certain components. In order to improve the visibility of the eye, the eye dominance test should also
be omitted. It can be very helpful during subjective correction.

Binocular vision

This is a conditions where we are able to use both eyes at the same time. The perfect combination of
the locomotor system, the equilibrium of the eyes and the normal retinal correspondence is a
prerequisite for good binocular vision. Binocular vision is not congenital, after birth the individual

components develop and consolidate over the next few years.

Tab - Physiological development of vision

After birth Scotopic vision, movement of non-contrasting stimulus, DC, scanning eye
movements (verse)

2. week The beginning of photopic vision

1. month The beginning of monocular fixation (primitive sensory)

2. month The beginning of binocular fixation

3. month The beginning of central (foveolar) fixation, the onset of the opposite,
discontinuous eye movements (vergence)

4 month Central fixation, full accommodation (strength and speed), predominance of
photopic vision over the scotopic

5. month Permanent central fixation

6. month Completion of the development of the macula, the beginning of the fusion

9.-12. month Fixing of binocular reflexes

3. years Completion of the acomodation-convergence reflex

5. -6. years Stabilization of reflexes

Binocular vision can be divided into three stages: superposition, fusion and stereopse. Superposition
is the lowest degree of simple binocular vision and it is the ability to overlap uneven images of both

retina. The second degree is fusion, which is the ability to connect the same images of both eyes in

113



one sensation. The fusion can also be divided according to the extent of the retina to the paramacular
(peripheral, the pictures linking the area larger than the macula), parafoveolar (pictures joined by the
macula) and foveolar (the most valuable, pictures connected directly with the foveu). The highest
level is a stereopse that allows us to perceive the deep impressions of images that affect the slightly
disparate sites of the retina (spatial vision). Stereopse is possible only in the presence of simple

binocular vision.

Pathology of binocular vision includes suppression, amblyopia, anomalous retinal correspondence

and strabismus.

Eye dominance

At a very general level, eye dominance could be considered as a preference for one eye before another.
We distinguish three types of eye dominance: sensory, oculomotor and directional. From the historical
point of view, the first discoveries date back to 1861 when G. M. Humphrey found a certain
incoherence between the perception of the right and left eye.

The premise is that each individual has one eye dominant. They differ only to the extent that this eye
is enforced by binocular vision. It is not the rule that the dominant eye must always have a better
vision, or that for the close and distant vision we have the same leading eye. We have to take into

account the existence of the dominant eye in subjective refraction, namely binocular correction.

Sensory eye dominance is the condition where the visual system prefers one eye to the second or

second eye better and easier to attenuate.
Ocular motor dominance is reflected by better fixation of one eye in binocular vision.

Directional dominance is one of the most used types of eye dominance. We examine it in binocular
vision and we use it for example in binocular procreation, where we prefer a sharper sensation for the
dominant eye. Full monocular correction of non-dominant eye in binocular vision may not always be

tolerable.

Examination
Sensory dominance can be investigate using monocular microscopy. When asked to look into the
eyepiece of the microscope, he prefers one eye and the other usually nods. In addition, we can use a

fogging method where the non-dominant eye can handle misting by presenting plus lenses than
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dominant lenses. For examining ocular motor dominance, we use MKH tests with a fixation mark.
We determine the directional dominance using the Edge and Inch method, where the investigated
person selects a point on which he fixes and presents his upright thumb in front of him. Subsequently,
it alternately closes the right and left eye. Before the non-dominant eye, the observed object leaps
more than the dominant eye.
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Porovnani rozsahu fazni vergence pri vyuziti plynulé a krokové
metody méreni

Bc. Sarka Hajkova, Mgr. Pavel Kiiz

Katedra optometrie a ortoptiky LF MU, Brno

Uvod
Vergencni systém ma za ukol nastavit pohledové osy obou oci tak, aby se protnuly ve fixovaném
predmétu. Tato spoluprace o¢i ndm umoznuje binokularni vidéni, diky kterému jsme schopni vnimat

svet kolem nas jednoduse a prostorove.

Jednoduché binokularni vidéni (JBV)
Jednoduché binokularni vidéni je definovano jako koordinovana senzomotorickd ¢innost obou o¢i,

ktera slouzi k vytvoteni jednoduchého obrazu pozorované¢ho predmétu.

Na realizaci binokularniho vidéni se podileji ti1 slozky. Opticka slozka zajisStuje vytvoteni ostrého
obrazu na sitnici. Motorickd slozka nastavuje oci tak, aby obraz dopadal do optickych center.

Posledni sloZka je senzoricka, prevadéjici podrazdéni sitnice obou oc¢i do korovych center mozku.

Vergence

Vergence jsou nekonjugované binokularni pohyby obou o¢i v opa¢ném sméru kolem vertikalnich os.
Jsou soucasti motorické slozky jednoduchého binokularniho vidéni, ktera zajistuje takové postaveni
oCi, aby obraz pozorované¢ho piredmétu dopadl do fovey obou o¢i. RozliSujeme konvergenci a
divergenci. Pfi konvergenci (rotace bulbi smérem dovnitf) se osy vidéni sbihaji. Pti divergenci (rotaci
bulbii smérem zevné) se osy rozbihaji. Existuje i1 vertikdIni divergence, ktera napomaha zachovat BV

pti pohybech hlavy do stran.

Slozky vergence

Tonickd vergence predstavuje tonus extraokuldrnich svalli, zejména vnitinich ptimych svali, které
udrzuji paralelni postaveni o¢i bez fuznich podnétl. Je potfebna v bdélém stavu k rovnobéznému
postaveni obou ocnich os. Tato slozka nefunguje ve spanku, proto dochézi ke stoceni bulbli zevné a

nahoru (Belliv fenomén).

Proximalni vergence, n€kdy ozna¢ovana jako psychické vergence, je navozena vnimanim vzdalenosti

pfedmétu. Napt. konvergence je psychogenné spusténa pii potiebé fixace blizkého bodu.
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Akomodacni vergence je navozena akomodaci, kde akomodace je podnétem ke konvergenci. Vztah
mezi akomodaci a akomodacni vergenci vyjadiuje pomér AC/A, akomodacéni konvergence vyvolana

akomodaci, a pomér CA/C, konvergencni akomodace vyvolana konvergenci.

Fuzni vergence neboli fuzni rezervy popisuji schopnost motorického systému nastavit pohledové osy
tak, aby byla mozna fiize. Pomoci FV miizeme do znaéné miry kompenzovat heteroforie. Reseni
heteroforii prizmatickymi ¢ockami na zaklad¢ rozsahu fizni rezervy stanovuji ur¢ité podminky a
pravidla. Pfedev§im Scheardovo a Percivalovo kritérium. U fiznich vergenci rozliSujeme fuzni
konvergenci (pozitivni fuzni vergenci), ktera kompenzuje exoforii, fizni divergenci (negativni fuzni
vergenci), kterd naopak kompenzuje esoforie, vertikdlni fuzni vergenci, kontrolujici hyperforii a

hypoforii, a torzni fizni vergenci, jenz kontroluje incykloforie a excykloforie.

Poruchy vergence
Insuficience konvergence je neschopnost vytvofit a udrzet ur¢itou trovent konvergence pro pohodIné
vidéni do blizka. Jedna se o exoforii do blizka a ortoforii, ptipadné lehkou exoforii na dalku. Typicke

pro tuto poruchu je vzdéaleny blizky bod konvergence, niz$i pozitivni fizni vergence, nizka

akomodacni snadnost 1 AC/A pomér.

Insuficienci divergence muzeme rozdélit na primarni a sekundéarni. Primérni je charakterizovdna
esoforii na dalku a malou esoforii do blizka. U sekundarni insuficience je esoforie na blizko vétsi nez

na dalku. Celkove je snizeny AC/A pomér 1 negativni fizni vergence do dalky.

Nadmérna konvergence neboli exces konvergence se vyznacuje esoforii na blizko a ortoforii nebo
nizkou esoforii do dalky. Je pfitomna nizsi negativni fiizni vergence a vyssi AC/A pomér. Exces se

casto objevuje napiiklad u nekorigované hypermetropie nebo ptrekorigované myopie

Exces divergence je klinicky definovan jako znac¢na exoforie na dalku (vice nez 10pD) se stejnou
nebo mensi exoforii do blizka. Vé&tSinou je sniZena negativni fizni vergence a zvySeny AC/A pomér.
RozliSujeme pravy a nepravy exces divergence na zéklad¢ reakce na okluzi. U nepravého se hodnota

uchylky zvysi do blizka, u pravého je hodnota uchylky do blizka bez vyznamného zvétSeni.

Zakladni esoforie se vyznacuje stejnou esoforii do dalky i blizka, vySs§i tonickou vergenci, niZsi
negativni fuzni vergenci, normalnim AC/A pomérem a niz$i pozitivni relativni akomodaci. Vyskytuje

se obvykle u hypermetropie.

U zékladni exoforie je pfitomna stejna exodeviace na dalku a blizko, niz$i tonicka vergence, normalni

AC/A pomér, nizsi pozitivni fiizni vergence 1 negativni relativni akomodace. Je ¢ast&jSi u myopie.
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Porucha fuzni vergence predstavuje normalni heteroforie do dalky i do blizka, vétSinou bez refrakéni

A4

akomodace.

Meéfeni fuzni vergence

Me¢éfeni rozsahu fuzni vergence umoznuje komplexnéjsi pohled na stav binokularniho systému. Pti
méfeni ur€ujeme pozitivni (kladnou), negativni (zapornou) a vertikalni fuzni vergenci. Podle zptsobu,
navozeni fuzni vergence rozliSujeme dvé skupiny ptistroji. Prvni skupina zahrnuje ptistroje, u nichz
vychyleni fixované¢ho pfedmétu je navozeno nataCenim tubusi. Patii sem troposkop, synoptofor a
amblyoskop. Druha skupina pfistroji vyuziva prizma. Jednd se o prizmatické listy, Herschelovo
(Risleiho) prisma a sadu prizmatickych skel. RozliSujeme také, jestli je méteni plynulé nebo krokové.

Pro plynulé méfeni se pouziva Herschelovo prizma bud’ ruéni nebo jako soucast foropteru. Krokové

meéfeni se provadi pomoci prizmatickych list nebo sady prizmatickych skel.

Obr. 1: Pfistroje pro méreni fuznich vergenci

Naméiené hodnoty rozsahu faznich rezerv jsou ovliviiovany nékolika faktory. Mezi tyto faktory
fadime pfistroj, ktery se pouzije k méfeni, velikost fixacniho pfedmétu, ptitomnost heteroforii,
rychlost a posloupnost méteni. Naméiené hodnoty Herschelovym prizmatem, prizmatickymi liStami
nebo synoptoforem budou vzdy odlisné. Velikost predmétu, ktery pacient fixuje, ovliviluje méteni
tak, ze ¢im je fixa¢ni predmét vEtsi, tim vEtsi je potom rozsah fuzni vergence. Diisledkem heteroforie
byva, Ze poméry negativni a pozitivni fizni vergence si neodpovidaji. Tedy u esoforie namétime vyssi
pozitivni fizni vergenci a niz8i negativni, u exoforie naopak. Proto je podstatné pfed métenim faznich
rezerv heretoforie vykorigovat. Rychlost méfeni neboli rychlost zmény pfedkladaného prizma pied
okem vySetfovaného je doporucovéana v rozsahu 2 pD za sekundu. DalSim zasadnim faktorem je

posloupnost méteni ve smyslu, v jakém potadi budou méfeny jednotlivé typy vergencnich amplitud.
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Pokud budeme jako prvni méfit pozitivni fiizni vergenci a potom negativni, bude rozsah negativni
fuzni rezervy nizsi, jelikoz vergence navozené fuzi maji nasledny pretrvavajici u€inek, ktery je siln¢jsi
po navozeni konvergence nez po divergenci nebo vertikdlni vergenci. Tedy ¢im delsi je doba trvani
vergenéniho Usili, tim delsi je doba zotaveni. Proto je navrhovano zacit méfeni negativni fuzni

vergenci, pfi které nalezneme bod rozdvojeni a opétovného spojeni rychleji.

Podstatou mefeni fizni vergence je postupné zvySovani sily predlozenych prizmat pfed okem
vySetfovaného, zatimco vysetfovany fixuje predmét, fixa¢ni ty¢inku nebo optotypovy znak. Testovani
muzeme provadét jak do blizka (40 cm), tak 1 do dalky (5 - 6 m). VySetfovany ma za tkol udrzet, co
nejdéle predmét spojeny a nahlasit, az se pfedmét zacne rozmazavat (blur point) a poté az se rozdvoji
(break point). Nasledn¢ silu prizmat naopak snizujeme a hledame bod opétovného spojeni obrazu

(recovery point). Pozitivni fizni vergenci méfime prizmaty bazi zevné, negativni bazi dovniti a

vertikdIni fizni vergence métime bazi nahoru a doli.

Obr. 2: Méfeni pozitivni fuzni vergence Obr. 3: Méfeni negativni fuzni vergence

8t 1§

Obr. 4: Méreni vertikalnich fuznich vergenci

Hodnoty pozitivni fizni vergence jsou vétSinou vyssi nez u negativni a rozsah vertikdlni fuzni
vergence je men$i neZ u obou horizontalnich. Normalni hodnoty na dalku se pohybuji kolem 20 pD
pro pozitivni fuzni vergenci, 6 — 8 pD pro negativni a 3 — 4 pD pro vertikalni fuzni vergenci.

Ocekavané hodnoty se vSak v riznych literaturach lisi.
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Zaver

Diplomova préace se zabyva porovnanim dvou metod méteni fuznich vergenci, plynulé a krokové.
V tomto prispévku jsem ve strucnosti uvedla nékteré poznatky z teoretické ¢asti, vyznam mefeni
fuznich vergenci, co méfeni miize ovlivnit a nakonec také popis principu méfeni rozsahu fiznich
vergenci. Metodika prace a vysledky mého méfeni budou konkrétnéji popsany a vysvétleny

V prezentaci.
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Comparison of fusional vergence ranges using smooth and step
method of measurement

Bc. Sarka Hajkova, Mgr. Pavel Kiiz
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Introduction

The vergence system has the task of adjusting the axes of both eyes so that they intersect in a fixed
object. This eye cooperation allows binocular vision, which makes us able to perceive the world
around us simply and spatially.

Binocular single vision
Binocular single vision is defined as the coordinated sensomotoric activity of the eyes, which creates
a simple image of the observed subject.

Three components are involved in the realization of binocular vision. The optical component provides
a sharp image on the retina. The motor component adjusts the eyes so that the image turns into the
optical centers. The last component is sensory, which is transferring the retinal irritation of both eyes

to the cortical centers of the brain.

Vergence

Vergences are binocular movements of both eyes in the opposite direction around the vertical axis.
They are part of the motor component of a binocular single vision that ensures the position of the eyes
so that the image of the observed object falls into the fovea of both eyes. We differentiate between
convergence and divergence. With convergence (rotation of the bulbs inward), the axes of vision
converges. With divergence (rotation of the bulbs externally), the axes diverges. There is also a

vertical divergence that helps keep binocular vision when head is moving to side.

Vergence components
Tonic vergence represents the tonus of extra ocular muscles, especially the inferior rectus, which
maintain the parallel position of the eyes without fusion stimuli. It is necessary in the waking state,

but it does not work in sleep, therefore bulbs turn outwards and upwards (Bell's phenomenon).

Proximal vergence, sometimes called psychological vergence, is induced by perceiving the distance

of the subject. For example convergence is activated when close-point fixation is needed.
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Accommodative vergence is induced by accommodation, when accommodation is a stimulus for
convergence. The relationship between accommodation and accommodation vergence is expressed
by the AC / A ratio, accommodative convergence induced by accommodation, and the CA / C ratio,
the convergence accommodation induced by the convergence.

Fusional vergence or fusional reserves describe the ability of the motor system to adjust the viewing
axes so that fusion is possible. Using fusional vergence, we can compensate heterophorias to a large
extent. Some conditions and rules determine solutions to heterophories by prismatic lenses, based on
the range of the fusional reserves, especially the Scheard and Percival criteria. We distinguish fusional
convergence (positive fusional vergence), that compensate exophoria, fusional divergence (negative
fusional vergence) which compensate esophoria, vertical fusional vergence, which controlled
hyperphoria and hypophoria, and torsional fusional vergence controlling incyclophoria and

excyclophoria.

Vergence disfunction

Convergence insufficiency is the inability to create and maintain a certain level of convergence at
near distances. It is exophoria at a near distance and orthophoria, or a light exophoria at a distance.
Typical for this disorder is reduced near point of convergence, lower positive fusional vergence,

accommodative facility and AC / A ratio.

Divergence insufficiency can be divided into primary and secondary. Primary is characterized by
esophoria at a distance and a small esophoria at a near distance. In secondary insufficiency, esophoria
at a distance is greater than the near deviation. Overall, there is a reduced AC / A ratio as well as a

negative fusional vergence at the distance.

Excess convergence is characterized by near esophoria and orthophoria or low esophoria at the
distance. Lower negative fusion vergence and higher AC / A ratio are present. Excess is often seen

for example in uncorrected hypermetropia or over-corrected myopia.

Excess divergence is clinically defined as a significant exophoria at a distance (more than 10 pD) with
the same or less exophoria at a near distance. Mostly, negative fusion vergence is reduced and AC /
A ratio is increased. We distinguish the true and false excess of divergence based on the occlusion
response. In the case of the false excess of divergence, the deviation value is increased at a near

distance; values with true excess of divergence are without significant increase at a near distance.
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Basic esophoria is characterized by the same esophoria at a distance and near, higher tonic vergence,
lower negative fusion vergence, normal AC / A ratio and lower positive relative accommodation. It

usually occurs with hypermetropia.

In the basic exophoria, the same exophoria is present at a distance and near, lower tonic vergence,
normal AC / A ratio, lower positive fusion vergence and negative relative accommodation. It is more

common with myopia.

The fusional vergence dysfunction represents normal heterophoria, mostly without refractive defects.

Vergence facility is reduced; values of fusional vergences and relative accommodation are lower.

Fusional vergence measurement

Fusional vergence range measurement allows a more comprehensive view of the state of the binocular
system. We measure positive, negative and vertical fusional vergence. According to the method of
induction of fusional vergence we distinguish two groups of instruments. The first group includes
instruments in which the deflection of the fixed object is induced by rotating the tubuses. This includes
a troposcope, a synoptophor and an amblyoscope. The second group of instruments uses the prism.
These are prism bars, Herschel's prisma and a set of prismatic glasses. We also distinguish whether
the measurement is smooth or step. The Herschel prism, which may be either hand-held or as part of
a phoropter is used for smooth measurement. The step measurement is performed using prism bars or

set of prismatic glasses.

Picture 1: Instruments for measuring fusional vergence

Values of the range of fusional reserves are influenced by several factors. These factors include the
instrument, which was used for measurement, the size of the fixation object, the presence of the

heterophoria, the velocity and the sequence of measurements. The measured values with Herschel's
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prism, prism bars or synoptophore will be different. The size of the subject that the patient fixated
affects the measurement so that the larger the object, the greater the extent of the fusional vergence.
The consequence of heterophoria is that the ratios of negative and positive fusion vergence do not
match. In the case of esophoria, we will measure the higher positive fusion vergence and the lower
negative. Therefore, it is essential to correct the heretophoria before measuring the fusional reserves.
The speed of measurement or the speed of change of the prism in front of the examiner eye is
recommended in the range of 2 pD per second. Another important factor is the sequence of
measurements, it mean the sequence in which the individual types of vergence amplitudes will be
measured. If we measure positive fusional vergence first and then negative, the range of the negative
fusional reserve will be lower, because fusion-induced vergence has a aftereffect that is stronger after
sustained convergence than after divergence or vertical vergence. So the longer the duration of the
vergence effort, the longer the rate of recovery time. Therefore, it is proposed to begin measuring the
negative fusional vergence, in which we find the break and the recovery point faster.

The essence of fusional vergence measurement is that prism strength is increase in front of the eye of
the patient, while he/she fixes object. Testing can be done at a near (40 cm) and at a distance (5 - 6
m). The patient has the task of keeping the subject single as long as possible and reporting when the
fixation object starts to blur and then double. Subsequently, the prism power is reduced to find the
recovery point. Positive fusional vergence we measure with base-out prism, negative with base-in

prism and vertical fusional reserves we measure with base-up and base-down prism.

Picture 2: Measurement of positive fusional vergence Picture 3: Measurement of negative fusional vergence
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Picture 4: Measurement of vertical fusional vergence

Positive fusional vergence values are usually larger than negative and vertical fusional vergence.
Normal values for distance fixation are given around 20pD for positive fusional vergence, 6 to 8 pD
for negative and 3 to 4 pD for vertical fusional vergence. However, the expected values are different

in various literatures.

Conclusion

My thesis deals with the comparison of two methods of fusional vergence measurement, smooth and
step. In this article I have briefly introduced some findings from the theoretical part, the meaning of
measurement of fusional vergence, factors that affect measurement and the description of measuring
the fusional vergences range. The methodology and the results of my measurement will be more

specifically described and explained in my thesis.
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Sekce posterti:

Neinvazivni metody hodnotici predni segment oka
Bc. Jana Jurcikova, Mgr. Dana Albrechtova

Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Znat aktualni stav pfedniho segmentu oka klienta je dilezité jak pro oftalmologa, tak i pro
optometristu. V optometristické praxi je primarné dilezita rohovka, ktera je napiiklad vyuzivana
k aplikaci kontaktnich Coéek. Dale muze optometrista jako prvni zachytit na pfednim segmentu
jakykoliv problém a bez odkladu odeslat klienta na vySetfeni k oftalmologovi a pfedejit tak naslednym

sloZitéj$im komplikacim.

Ke kontrole se dnes vyuzivaji hlavné¢ neinvazivni metody hodnotici pfedni segment, které jsou

zaméteny bud’ jen na urCitou ¢ast, nebo na cely predni segment oka.

Stavba predniho segmentu

Pfedni segment je kryt o¢nimi vic¢ky, ty chrani celé oko pfed poranénim, necistotami a oslnénim.
Ptedni plochu vicek tvoii jemna klize s podkozim, na zadni ploSe vicek je vickova spojivka a mezi
témito vrstvami je vazivova ploténka (tarsus), ktera vicka zpevnuje. Z okraji vicek vyristaji fasy,

které zachytavaji necistoty a pii okraji jsou navic umistény mazové a hlenové zlazky.

Spojivka je tenka a pruhledna blanka, ktera pokryva vnitini plochu vi¢ek a pies pifechodnou fasu

prechazi na piedni plochu bulbu a upina se k limbu rohovky.

Slzny aparat je tvofen slznou Zlazou ulozenou v zevnim hornim kvadrantu oka. Ve Zl1aze se produkuji
slzy a vyvody se dostavaji do spojivkového vaku, kde stékaji po povrchu oka a pokracuji do vnitiniho
koutku. Na okraji vicek jsou slzné body, kudy slzy odtékaji dale do slzného kanalku, vacku, poté

slzovodem az do dolnich nosnich praducht.
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Samotny slzny film je tvofen tfemi vrstvami. Nejspodnéji u rohovky je mukdzni vrstva, stiedni Cast
tvoii vodnaté vrstva a nahote ji pokryva olejova vrstva, ktera hlavné brani rychlému odpatovani slz.

Vyska slzného filmu je cca 10um a denni sekrece je okolo 6,5ul.

Bélima je bily neprithledny obal oka, ktery obsahuje malé mnozstvi cév. Zevni plocha bélimy je kryta
Vv piedni ¢asti spojivkou. Upinaji se do ni okohybné svaly, ve stén¢ jsou otvory pro cévy a nervy a na

zadnim p6lu oka z ni vystupuje zrakovy nerv.

Rohovka je hladka leskla, pruhledna ¢ast oka ve tvaru horizontaln€ ulozené elipsy. Jeji tloustka je ve
sttedu nejmensi (550 pm) a smérem k limbu se ztluSt'uje. Polomér zakiiveni pro ptedni plochu je
udavan 7,8 mm a pro zadni plochu 7,0 mm. Pro vysoky obsah nervovych vlaken je nejcitlivéjsi tkani
lidského te€la. Na prifezu ma rohovka pét vrstev — epitel, Bowmannovu membranu, stroma,
Descemetovu membranu a endotel. Za normalnich okolnosti nema zadné cévy a vyzivu zajistuje
cévni pletent okolo limbu, komorova voda a ¢astecné i slzy. Vzhledem ke své optické mohutnosti je

nejdiilezitéjsi slozkou optického systému oka, z celkové lomivosti oka piipadd na rohovku +43 D.

Predni a zadni o¢ni komora jsou spojeny zornici a vyplnény komorovou vodou. Komorova voda
je c¢ira tekutina, ktera vyzivuje rohovku a ¢ocku a jeji tvorbu zajiSt'uje fasnaté télisko. Ma diilezitou

ulohu pfi udrzovani nitroocniho tlaku a je soucasti optického systému oka.

Komorovy thel je umistén mezi zadni plochou rohovky a piedni plochou duhovky. Jeho hlavni

ulohou je umoznit odtok komorové vody pies Schlemmiiv kanal.

Rasnaté télisko je umisténo pfi zevnim okraji duhovky. Do nitra oka z n¢j smétuji vlakna zavésného
aparatu, na nichz je zavéSena ¢ocka. Pomaha vyklenovat a oplostovat ¢ocku, méni tak jeji optickou

mohutnost a umoznuje akomodaci.

Duhovka ma tvar mezikruzi, vnitini okraj se oznacuje jako zornice a vnéjsi jako kotfen duhovky.
Zornice se pti osvétleni zuzuje a v Seru rozsifuje. MnozZstvi pigmentu urcuje barvu o¢i a chrani oko

pied oslnénim.

Codka je dvojvypuklé prithledné télisko. V klidovém stavu je polomér zakiiveni ptedni plochy 10
mm a zadni plochy -6 mm. Sklada se z pouzdra, stromatu a jadra, rozliSujeme na ni pfedni a zadni pol
a mezi nimi ekvator cocky. Ve své poloze je cocka udrzovana zavésnym aparatem ¢ocky. Prihlednost
cocky klesa s vékem a jadro se stava zlutym. Z celkové lomivosti oka ptipada na co€ku piiblizn€ +16
az +20 D.
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Ptistroje hodnotici predni segment

Reflexni metody — metody pro méteni parametrii rohovky

Prvni skupinu tvofi pfistroje zvané keratometry, kterymi se nejcastéji méfi poloméry kiivosti predni
plochy rohovky v jeji centralni ¢asti. Zname manualni keratometry, kdy analyzujeme odrazy
testovych znacek, které se odrazeji od povrchu rohovky. Vyuziva se zde zdvojovaci soustava, ktera
zabranuje ovlivnéni méfeni pohybem o¢i. Vyuzivaji se k zjiSténi parametra pro aplikaci kontaktnich
cocek a v predoperacni diagnostice. Piikladem téchto pfistroji jsou Helmholtziiv keratometr, ktery
vyuziva ke zdvojeni obrazu planparalelni desticku. Litmanniv keratometr je modifikaci Helmholtze
a zdvojeni je dosazeno pomoci prizmatu. Javal-Schidtztiv keratometr ma dvé testové znacky
umisténé na obloukovité stupnici a jeho obdobou je Krahnlv keratometr. Hartingertiv keratometr
pouziva pevné testové znacky a jejich zdvojeni a posunuti je dosazeno diky soustavé Herschelova
otocného dvojprizmatu. Optoelektronicky keratometr vyuziva jako testové znacky LED diody

uspotfadané do kruhu, CCD kamera poté vysetteni vyhodnocuje.

Rohovkovy topograf s Placido kotoucem je tvofen kotoucem s koncentrickymi kruznicemi.
Zatizeni se uplatiiuje v refrakéni rohovkové chirurgii, zjisténi parametrii pro aplikaci kontaktnich
cocek, orthokeratologii a screeningu keratokonu. Principem topografu je projekce kruznic na povrch
rohovky, jejich sniméni CCD kamerou a vyhodnoceni pocitatovou analyzou. Topograf je schopen

zmétit centralni ¢ast 1 periferii rohovky.

Stérbinova lampa je nezbytnym vybavenim kazdé vysetfovny. Pouzivé se k posouzeni a hodnoceni
stavu pfedniho segmentu oka a s pouzitim ptidatnych zafizeni je mozné zjistit hodnotu nitroo¢niho
tlaku, optickou pachymetrii, gonioskopii a vyuzit laserovou terapii. Zakladnimi ¢astmi Stérbinové
lampy jsou osvétlovaci zatizeni a stereo mikroskop. A oko mizeme vySetfovat tiemi zplisoby, pii

osvétleni difiznim, pfimém a nepiimém.

Pachycam je samostatny pfistroj urCeny k méfeni tloustky rohovky. Jedna se v podstaté o

bezkontaktni pachymetr s vestavénym keratometrem.

Tonometrie je metoda zjistovani velikosti nitroo¢niho tlaku. Nejjednodussi metodou je palpace, coz
je ale pouze orientacni vySetfeni. Mezi tradicni zafizeni patii Schidtziiv impresni tonometr, ktery méfi
tlak pomoci hloubky vnofeni pelotky zatizeni do rohovky. Za standart se dnes povazuje Goldmanniv
aplana¢ni tonometr, ktery se instaluje na Stérbinovou lampu. Sila, ktera pisobi na povrch rohovky, se

pfevadi na vyslednou hodnotu nitroo¢niho tlaku. Dynamické4 konturni tonometrie je novou metodou
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méfeni nitroo¢niho tlaku. Zde je méficim prvkem piezoelektricky tlakovy senzor zabudovany
v konkavni plose, ktery se dotykéa rohovky. Tono-pen je pfenosny ptistroj k méteni nitroo¢niho tlaku
ve tvaru pera. Poskytuje rychlé a piesné méfeni. ICare vyuziva pro méteni tlaku pohybu sondy
ptistroje, kterd se odrazila od rohovky. Pfes vicka mizeme méfit nitroo¢ni tlak pomoci pfistroje
zvaného Diaton. Pneumatonometr je piistroj kombinujici impresni a aplanacni tonometrii, kdy sonda
pristroje je ptfiloZena na rohovku a zjist'uje se sila pottebna k jejimu oplosténi. Velice ¢asto vyuzivané
jsou bezkontaktni tonometry, kdy je k oplo§téni rohovky vyuZivan proud vzduchu. Casto byvaji
soucasti dalSich pristroji jako autorefraktometru, pachymetru a keratometru. Méfeni je velice
bezpecné, probiha bez doteku a anestezie rohovky. Ruc¢ni, ptenosny bezkontaktni tonometr je ptistroj

zvany Pulsair.

Projekéni metody — Slit-scanning — VysSetieni celého pfedniho segmentu

Prvnim zastupcem je piistroj Orbscan, jeho soucasti je Placidiv kotou¢ a z bocnich ¢asti jsou
promitany na povrch rohovky uzké svételné paprsky. Vysledné zobrazeni zahrnuje keratometrii,

topografii rohovky, pachymetrii a pupilometrii.

Skenovaci metody — fadime zde skeny pomoci §térbiny promitané na rohovku a zatizeni pracujici na
principu Scheimpflugovy kamery. Zastupcem je ptistroj Pentacam, ktery vyuziva Scheimpflugovo
zobrazeni rotacnim svazkem paprski, jde o osvétleni jednotlivych sektorovych ¢asti. Méteni probiha
Vv oblasti celého pfedniho segmentu a poskytuje trojrozmérny obraz. Systém Galilei je dualni
Scheimpfluguv analyzator, obrazy zachycuji dvé kamery a ma zakomponovan Placidiiv kotou¢. OCT
piredniho segmentu se vyuziva hlavné pro biometrii oka, méfeni a kontrolu komorového thlu a pii
rohovkové chirurgii. Biometrie je metoda vyuzivana pro diagnostiku piedni komory, piedev§im
Vv ptipad¢ kataraktové chirurgie. Zjistuje se axialni délka oka, hloubka piedni komory a poloméry
kiivosti pfedni plochy rohovky. Tyto hodnoty miizeme ziskat za pouZiti laserové interferometrie nebo
ultrazvuku. Endoteliarni mikroskop je bezkontaktni pfistroj, slouzici ke zjisténi stavu endotelu

rohovky, zejména tvaru a poctu bunck.

Vyzkumna ¢ast
V této Casti jsou porovnavany piistroje hodnotici pfedni segment oka, které jsou dostupné na naSem
trhu. Vysledna tabulka bude obsahovat popis funkci, které pfistroje zastanou a jejich technické

parametry (rozsahy méfeni, pocet testovacich bodl, min primér zornice, odchylky méteni, aj.)
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Ve vlastnim vyzkumu jsou poté vyuzity dostupné piistroje k hodnoceni ptredniho segmentu oka, kdy
na kazdém pfistroji probehne n€kolik méfeni téhoz oka a vysledky budou zprimérovany a porovnany

mezi sebou.

Zaver

Tento prispévek je malym ndhledem do tématu mé diplomové prace. Moderni technologie se posunuji
stale kuptedu a snazi se vyhovét narokiim dne$niho Clovéka na kvalitu vidéni. Vyuziti téchto
neinvazivnich metod se stdle rozSifuje, pro optometristy lezi jeho zakladna v dokonalé korekci

refrakénich vad a u oftalmologtli zase v co nejlepsim provedeni o¢nich chirurgickych zakrok.
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Non-invasive methods evaluating the anterior segment of the eye
Bc. Jana Jur¢ikova, Mgr. Dana Albrechtova

Katedra optometrie a ortoptiky LF MU, Brno

Introduction

Knowing the current state of the anterior eye segment of the client is important for both the
ophthalmologist and the optometrist. In optometry practice, the cornea is primarily important, which
is used, for example, to apply contact lenses. In addition, the optometrist may first be able to capture
any problem on the front segment, and without delay send the client for an ophthalmologist

examination to avoid complications that are more complicated.

Currently, non-invasive front-segment evaluation methods that focus only on a particular part or on

the entire anterior segment of the eye are used to control today.

Construction of the anterior segment of the eye

The entire anterior segment is covered by eye lids, protecting the whole eye from injury, dirt and
glare. The front surface of the eyelids is a fine skin with a subcutaneous tissue, a lid conjunctiva is
the back of the eyelids, and between these layers is a vascular disc (tarsus) which reinforces the
eyelids. From the edges of the eyelids grow algae that trap impurities and at the edge are additionally

sebaceous and mucous glands.

The conjunctiva is a thin and transparent membrane that covers the inner surface of the eyelids and
passes through fornix conjunctiva the anterior surface of the globe and is clamped to the limbus of

the cornea.

Lacrimal apparatus consists of the lacrimal gland located in the outer upper quadrant of the eye.
Tears are produced in the gland and the outlets enter the conjunctival sac, where they run down the
surface of the eye and continue into the inner cortex. At the edge of the lids there are tear points
where the tears flow out into the tear canal, the pouch, then through the teardrop to the lower nasal

passages.
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The actual tear film consists of three layers. The lower part of the cornea is a mucosal layer, the
middle part is a watery layer and above it covers the oil layer, which prevents the rapid evaporation
of tears. The height of the tear film is about 10 um and the daily secretion is about 6.5 pl.

Sclera is white opaque coat of the eye, which contains a small amount of blood vessels. The outer
surface of the sclera is covered in the front of the conjunctiva. The muscles are clamped in it, there
are openings for the vessels and nerves in the wall, and the optic nerve protrudes from the back pole
of the eye.

The cornea is smooth, shiny, transparent part of the eye in the shape of a horizontally placed ellipse.
Its thickness is the smallest in the center (550 um) and thickens towards the limbus. The radius of
curvature for the front surface is 7,8 mm and for the back surface 7,0 mm. For the high content of
nerve fibers, it is the most sensitive tissue of the human body. The cornea has five layers - epithelium,
Bowmann membrane, stroma, Descemet membrane and endothelium. Normally, it does not have any
blood vessels and nourishment is provided by the vascular knitting around limbus, aqueous humor
and, in part, tears. Due to its optical power, the most important component of the eye's optical system

is the cornea + 43 D.

Anterior and posterior chambers of the eye pupil are connected and filled with aqueous humor.
Aqgueous humor is a clear fluid that nourishes the cornea and lens and the ciliary body ensures
formation. It plays an important role in maintaining intraocular pressure and is part of the eye's optical

system.

Chamber angle is placed between the posterior surface of the cornea and the anterior surface of the

iris. Its main task is to allow vent water to flow through the Schlemm channel.

Ciliary body is positioned at the outer edge of the iris. Into the inside of the eye are the fibers of the
hanging apparatus on which the lens is hinged. It helps to flatten and refine the lens, changing its

optical power and allowing it to accommodate.

The iris has an annular shape, the inner edge is referred to as the pupil and the external as the root of
the iris. The pupil narrows in the light and extends in the dim light. The amount of pigment

determines the eye color and protects the eye from dazzle.

The lens is a transparent biconvex body. In the idle state, the radius of curvature of the front surface
is 10 mm and the rear surface is -6 mm. It consists of a case, a stroma and a core, distinguishing the

front and back poles, and between them the equator of the lens. In its position, the lens is maintained
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by a lens hinge apparatus. The transparency of the lens decreases with age and the nucleus becomes
yellow. The lens's overall fracture rate is approximately + 16 to + 20 D.

Devices evaluating the anterior segment

Reflection methods - methods for measuring parameters of the cornea

The first group consists of devices called Keratometers which is typically measured radii of
curvature of the anterior corneal surface in its central part. We know manual keratometers when we
analyze the reflections of test labels that are reflected from the surface of the cornea. A duplication
system is used to prevent measurement by eye movements. They are used to determine the parameters
for the application of contact lenses and preoperative diagnostics. An example of these devices is that
Helmholtz's keratometer uses a planar plate to duplicate the image. Litmann's keratometer is a
modification of Helmholtz, and duplication is achieved by means of a prism. Javal-Schiétz's
keratometer has two test marks placed on an arc-scale scale and is similar to Krahn's keratometer.
Hartinger's keratometer uses fixed test marks, and their duplication and displacement is achieved
through the Herschel rotary double-prism system. An optoelectronic keratometer uses ring-shaped

LEDs as test leads, the CCD camera then evaluates the examination.

Corneal topographer with Placido disc is a disc with concentric circles. The device is used in
refractive corneal surgery, detection of parameters for application of contact lenses, orthokeratology
and keratokon screening. The principle of topography is the projection of circles on the surface of
the cornea, their CCD scanning and computer analysis evaluation. The topographer is able to measure

the central part and the periphery of the cornea.

Slit lamp is necessary equipment for every examination room. It is used to assess and evaluate the
condition of the anterior segment of the eye, and using the added devices, it is possible to determine
the value of the intraocular pressure, optic pachymetry, gonioscopy, and laser therapy. The basic
parts of the slit lamp are lighting equipment and a stereo microscope. And we can investigate the eye

in three ways, with diffuse, direct and indirect illumination.

Pachycam is a separate device designed to measure corneal thickness. It is essentially a non-contact

pachymeter with a built-in keratometer.

Tonometry is a method of measurement the size of an intraocular pressure. The simplest method is

palpation, but this is only an orientation test. Traditional equipment includes the Schiétz Impression
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Tonometer, which measures the pressure through the depth of nesting of the device's pelot into the
cornea. Goldman's Apparatus Tonometer, which is installed on the slit lamp, is now regarded as the
standard. The force acting on the surface of the cornea is converted to the resulting intraocular
pressure. Dynamic Contour Tonometry is a new method of measuring intraocular pressure. Here the
measuring element is a piezoelectric pressure sensor built into a concave surface that touches the
cornea. Tono-pen is a portable device for measuring intraocular pressure. Provides fast and accurate
measurement. ICare uses the device's probe pressure to measure the pressure of the instrument, which
bounced off the cornea. Through the lids we can measure intraocular pressure using a device called
Diaton. A pneumatonometer is a device combining impressive and aptitude tonometry, where the
probe is attached to the cornea and the force required to friction is determined. Frequently used are
non-contact tonometers, where the airflow is used to corneal corrosion. They are often part of other
devices such as autorefractometer, pachymeter and keratometer. Measurement is very safe, without
touching and corneal anesthesia. A hand-held portable non-contact tonometer is a device called

Pulsair.

Projection methods - Slit-scanning - Examination of the entire anterior segment

First representative device is Orbscan, it includes Placid’s disc and the side portions are projected on
the surface of the cornea narrow light beams. The resulting imaging includes keratometry, corneal

topography, pachymetry and pupilometry.

Scanning methods - here are scans using a corneal projection slit and devices based on the

Scheimpflug camera principle. A representative device is the Pentacam which uses Scheimpflug
rotating display beam, in terms of lighting portions of the individual sector. Measurement takes place
across the entire front segment and provides a three-dimensional image. The Galileo system is a dual
Scheimpflug analyzer capture images of two cameras and has incorporated Placido disc. OCT
anterior segment is used mainly for ocular biometry, measurement and control chamber angle during
corneal surgery. Biometrics is a method used to diagnose the anterior chamber, especially in the case
of cataract surgery. The axial length of the eye, the depth of the anterior chamber, and the curvature
radii of the anterior corneal surface are determined. These values can be obtained using laser
interferometry or ultrasound. Endothelial microscope is a contactless device serving to determine

the status of the corneal endothelium, in particular the shape and number of cells.
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Research part

This section compares devices that evaluate the anterior segment of the eye that are available on our
market. The resulting table will include a description of the functions of the instruments and their
technical parameters (measuring ranges, number of test points, min diameter of the pupil,

measurement deviations, etc.)

In their own research, the available devices are used to evaluate the anterior segment of the eye, with
several measurements of the same eye on each instrument, and the results will be averaged and

compared with each other.

Conclusion

This post is a small insight into the topic of my diploma thesis. Modern technologies are moving
forward and strive to meet the demands of today's people on the quality of vision. The use of these
non-invasive methods is constantly expanding, for optometrists its base lies in perfect correction of

refractive defects and ophthalmologists in turn, in the best possible eye surgery.
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Stanoveni denni odchylky keratometrickych hodnot
Bc. Eliska Hanzalova, Mgr. Dana Albrechtova

Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Rohovka, prvni medium, do kterého vstupuje svétlo pii své cesté na sitnici, zasadné ovliviiuje jeho
dal8i prostup okem. Jeji vlastnosti, jsou urceny individualnimi parametry, mezi néz jsou fazeny
prumér, tlouStka a zejména pak polomér kiivosti. Ten, jako faktor, ktery udava jak moc je rohovka
plocha ¢i strma, hraje vyznamnou roli pfi nasledném lomu svétla v oku. Z hlediska diagnostiky
riznych o¢nich onemocnéni a aplikace kontaktnich ¢ocek je nutné parametry rohovky stanovovat a
urcovat jejich normalové hodnoty, ¢i piipadné vychylky. K tomuto méfeni je vyuzivano zejména
metod keratometrie a topografie. Tyto metody jsou zasadni pro diagnostiku a naslednou terapii. Tato

prace si klade za cil pozorovani toho, k jaké zméné dochazi v parametrech rohovky.

Rohovka

Lidska rohovka je prvni vrstvou oka. Tvofi jakousi hranici mezi nitroocnim prostiedim a okolnim
svétem. Je tvofena vazivem a neobsahuje zadné cévy. Jeji dulezitost je vSak zdiraznéna mnoZzstvim
nervovych vlaken, které ji prochazeji. Rohovka jako takova, se skldda z péti vrstev, které vzajemné
spolupracuji a udrzuji tak rohovku v prithledném stavu a stavu stejné tloustky. Kazda z téchto vrstev
je stejn¢ jako celd rohovka charakterizovana urcitymi parametry. Hovofime zejména o tloustce
jednotlivych vrstev a jejich zakiivenich. Tyto konkrétni parametry byly po vypoctech stanoveny
Allvarem Gullstrandem. Mimo vyse uvedené parametry Gullstrand popsal indexy lomu jednotlivych
prostiedi oka, stanovil polohu hlavnich rovin a uzlovych bodt, polohu predmétovych a obrazovych
ohnisek a optické mohutnosti jednotlivych ¢asti oka. Oko podle néj pfedstavuje systém Sesti hranic,
které odd€lovaly prostfedi rohovky, pfedni komory, Cockového obalu a o€ni cocky. Odlisil také stav,

kdy oko neakomoduje od stavu akomodace. Piesné hodnoty jsou uvedeny v tabulce nize.
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Dals$i moznosti jak popsat parametry rohovky je popis z hlediska matematického. Rohovka je sférou,
avSak jen ve své centralni ¢asti. Jiz v oblasti 3-4 mm od stfedu rohovky, lze pozorovat asférické
vlastnosti. Rez plochou rohovky si Ize zjednodusené predstavit jako &ast elipsy. Jde o rotaéni plochu

druhého stupné charakterizovanou dvéma astigmatickymi kfivkami. Je ur¢ena polomérem ktivosti a

tvarovou konstantou. Pro tvarovou konstantu plati tyto pravidla:
12 3456

rohovka
{n=1,376) sklivec
(n=1,336)
predni komora
(n=1,336)

jadro éocky

tocka (n=1,4086)
(n=1,386)

Obrdzek 2 Grafické zndzornéni jednotlivych systému oka

Tabulka 2- Tvarovad konstanta K

K<0 Hyperbola
K=0 Parabola
O<K<1 Protahla elipsa
K=1 KruZnice

K>1 Siroka elipsa

Na druhé¢ strané stoji excentricita, ktera stanovuje typ kiivky. Neboli, jak se rohovka li§i svym tvarem

od kruznice. Platt:

Tabulka 3- excentricita rohovky

e>1 Hyperbola e=0
e=1 Parabola
O<ex1 Elipsa

e=0 KruZnice

Cim je excentricita v&t§i tim je rohovka plogsi. Normélni hodnoty rohovky jsou v rozmezi 0,3-0,5.

Rohovka ma tedy tvar elipsy.

stanovuje ez plochou rohovky:

139



y2=2'p-x+K-x?
X — soufadnice se sméru osy rotace
y — soufadnice kolma k ose x

Matematicky popis modelu rohovky tedy nachazi uplatnéni zejména pti topografii, coz je metoda
popisujici cely povrh rohovky na rozdil od keratometrie, métici polomér kfivosti pouze v centralni

¢asti.

Keratometrie a Autokeratometrie

Metoda Keratometrie pracuje na zakladé obecného piedpokladu, Ze rohovka se chova jako konvexni
zrcadlo- cast paprski se od ni odrazi a ¢ast postupuje dal do prostoru za rohovkou. Tim vznika
zdanlivy zmenseny a piimy obraz. Velikost tohoto obrazu je dédna zaktivenim rohovky. V této praci,
je a bude pouzito Autokeratometrie. Ta stanovuje presné hodnoty maximalniho a minimalniho fezu v
centrdlni ¢asti rohovky. Méfi rohovku v priméru az 7,5 mm. Zékladem je pocitacovy systém, ktery
provede centraci a méteni poloméru kiivosti rohovky. Vyuziva pii tom piirozeného odrazu od
rohovky a diky roviné¢ polarizovaného svétla je na rohovku promitdna testova znacka. Toto je
zajistovano infracervenou laserovou diodou (830 nm). Déle se porovnava testova znacka s odrazenym
obrazem. Jako detektor zafeni se vyuziva CCD kamera, poté nasleduje pfevedeni informace do
digitalni podoby. Pocita¢ vyhodnoti odchylky poloméru kiivosti viici referencni rovin€. Vyhodou je,

ze koincidenci znacek piestava hodnotit lidské oko, ¢imz se zvySuje piesnost a objektivnost méieni.

Topografie

Rohovkova topografie je pokrocilejsi metodou, mapujici predni plochu rohovky v celém jeji pritbéhu.
Na zédklad¢ odrazu od rohovky je pocitacovym systémem vyhodnoceno nékolik set datovych bodi.
Topograf, vyuZzivajici systému Placidova kotouce, obsahuje ve stiedu tohoto kotouce videokameru,
ktera prevadi obraz rohovky, na obrazovku. Nasledn¢ lze diky deformace kruZznic urcit polomér
kiivosti rohovky, typ astigmatismu a jeji tvar a optickou mohutnost v jakémkoli z rohovkovych bodu.

Topograf ma ale 1 jiné funkce, jako je méfeni slzného menisku ¢i neinvazivni Break up time test.

Slzny film

Slzny film- nezbytna mobilni soucast povrchu rohovky. Jak zndmo, s mnozZstvim funkei podporujici
jeji spravnou funkci a integritu. Plni zde svou lubrikaéni funkci a svlazuje rohovku i spojivku,
odplavuje bakterie a odumfelé buniky na rohovce, ¢imz plni svou Cistici funkci. Okysliuje epitel

rohovky a vyzivuje jej. Chrani oko proti infekci, obsahuje totiz lysozym, lactiferin a Ig protilatky. A
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V neposledni fad€ vykryva ptipadné nerovnosti v povrchu rohovky, a zajistuje optimalni refrakci oka.

Slzny film jako celek obsahuje tfi ostie neohrani¢ené vrstvy.

Stabilita nejvrchnéjsi, tukové, vyznamné ovliviiuje kvalitu dalsi, vodné vrstvy. Nestabilita slzného
filmu je problém, ktery je spolu s nedostatkem mrkani, pfitomnosti klimatizace, nadmérnou praci na

blizko v dnesni populaci velmi Casty a je oznacovany jako Syndrom suchého oka.

Vyzkumna ¢ast
Zakladni hypotézou této prace je predpoklad, Ze po probuzeni, rano, bude polomér kiivosti rohovky
vy$§i, rohovka tedy bude plossi. Behem dne, jsou pak méfeny priumérné hodnoty poloméru kiivosti a

vecer, ¢1 pozdéji odpoledne jsou hodnoty naopak nizsi a rohovka se tak jevi jako strmé&;si.

Druha hypotéza se zamétuje na v€k, mladsi klienti maji stabilnéjSi hodnoty slzného filmu, oproti
klientim star§im. Zakladem pro tuto hypotézu je jedna ze zdkladnich funkci slzného filmu- totiz
vytvafet na povrchu rohovky hladkou plochu. U starSich klientt je predpoklad pro niZsi stabilitu
slzného filmu a proto i pro rychlej$i zménu poloméru kiivosti. Oko star§iho klienta vykazuje niz§i

elasticitu, mensi tlak horniho vic¢ka na oko.

Na zakladé této vekové diferenciace byly vytvoreny tii vékové skupiny- do 25 let, od 25 do 40ti let
a od 40ti let do 60ti let. Zasadni je méfeni poloméru kiivosti, které probiha jak na topografu, tak na
keratometru. Dale je méfen neinvazivni Break up time test, vyska slzného menisku a je provadén
Schirmertiv test slzivosti I bez anestetika. Na zaklad¢ téchto méfeni je stanovena kvalita slzného
filmu. VSechna méfeni probihaji dvakrat denné, nejdiive v rannich hodinach a poté v hodinach

odpolednich.
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Dosavadni vysledky
Topografie
Tabulka 4- Topografické vysledky

Slzny Slzny
meniskus- meniskus-
R,veter rano veter NBUT-rdno NBUT-veéer

Hodnoty poloméru kiivosti subjektd prozatim ve vétsing ptipadd potvrzuji hypotézu. Vyska slzného

a4 4

menisku je dle ocekavani vyssi rano nez vecer, v jednom piipad¢ stejnd. Neinvazivni Break up time
test je u vSech klientl prokazatelné horsi vecer, nez rano. I tak je jsou vSak u nékolika subjekti patrné

A4

abnormalni hodnoty, to znamena hodnoty nizsi nez 15 s.
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Autokeratometrie

Tabulka 5- Autokeratometrické vysledky

r,-rano r,-vecer
Muz, 25
oD 7,98 7,96
0S 8,01 7,99
Zena, 25
oD 7,74 7,74
os 7,73 7,71
Zena, 25
oD 7,41 7,42
(OX) 7,45 7,54
Zena, 26
oD 7,68 7,66
os 7,71 71
Zena, 25
oD 7,76 7,72
0S 751 7,69

Kontrolni méteni poloméru kiivosti pomoci autokeratometrie.

Schirmeruav test slzivosti

Tabulka 6- Viysledky Schirmerova testu slzivosti

OP- Ranni hodnoty |OP- Vecerni hodnoty |OL- Ranni hodnoty|OL- Vecerni hodnoty
(mm) (mm) (mm) (mm)
Muz, 25
let 12 7 10 8
Zena, 25
let 20 15 22 18
Zena, 25
let 15 10 18 17
Zena, 25
let 10 6 10 8
Zena, 26
let 16 11 14 8
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Determination daily deviation of keratometric values
Bc. EliSka Hanzalova, Mgr. Dana Albrechtova

Katedra optometrie a ortoptiky LF MU, Brno

Introduction

Cornea, first medium, where the light is entering during the way to retina, affects his next permeation
thought eye. Characteristics of cornea are individual parameters, like a diameter, thickness and
especially radius of curvature.

Radius of curvature determinates how much is cornea flat or steep. It is important factor, during next
refraction of the light in the eye.

It is important to determinate and examines values of cornea parameters, or their deviations, especially

because of application of contact lenses, diagnostics of eye diseases.

For this measurement we use Keratometry and topography. These methods are essential for diagnostic

and therapy. Point of this thesis is determination of the changing of cornea parameters.

Cornea

Human cornea is the first layer of the eye. It create border between intraocular environment and other
environment. It is formed by ligament and there are no blood vessels. The importance is emphasizing
by many nerves fibers. Cornea is formed by five layers, which together cooperate. They maintain

cornea in transparent condition and condition of the same thickness.

Each of these layers is, as cornea, characterized by special parameters. We are talking about thickness
of each layer and about radius of curvature. These concrete parameters were, after calculation
determinate by Allvar Gullstrand. Except of these parameters, Gullstrand described refractive index
of each environment. He determinate, where the mains planes are, node points are, also focal distances

and diopters values of each part of the eye environments.

The eye is the system of six "borders"”, which separate cornea medium, anterior chamber, eye lens
cover and lens.He also described the change in parameters when the eye accommodate, and when it’s

not.

Next option how to describe the parameters of cornea is description by the math model. Cornea is

sphere, but just at the central part. Already at the area of 3-4 mm from the middle of the cornea we
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can observe aspheric characteristic. We can image the incision of corneal surface, like a part of the
ellipse. It is rotating area of second degree. It is characterized by two astigmatic curves. It’s also

characterized by radius of curvature and shape factor.

12 3456

Cornea -
in = 1.376) Skimmer

(n=1336)
Antericr chamber
n=1,336)

Mucleus of lens

Lens e 1 A06)
(n= 1386

For the shape factor applies this rules:

K<0 Hyperbola

K=0 Parabola

0O<K<1 Elongated ellipse
K=1 circle

K>1 Wide ellipse

Table 1- Shape factor 1

In the other side, eccentricity is and it determinates type of the curve. Or "How is shape of cornea

different from circle:

e>1 Hypoerbola
e=1 Parabola
O<e< Ellipse

e=0 Circle

Table 2- Excentricity 1

Bigger value of the eccentricity means flatter cornea. Normal values are between 0,3-0,5. Normal

cornea has shape of ellipse.
Math description of the cornea, is more complicated. It comes from equation (bellow).

X- Coordinate in direction of axis of rotation
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y- Coordinate perpendicular to axis x

Mathematically description of the corneal model is applied in topography. Topography describes all

surface of cornea unlike of keratometry, which measure radius of curvature just at the central part.

Keratometry and autokeratometry

Method Keratometry, is based on general hypothesis, that cornea works like convex mirror. Some
beams are reflexed, and some beams continue into the space behind cornea. This is formation of
seemingly diminished and direct image. Size of this image depends on corneal radiation of curvature.
In this thesis will be use autokeratometry. Autokeratometry determinate exact values maximal and

minimal incision, in central part of cornea.

And corneal diameter up to 7,5mm is measured. Basement is computer system, which makes
centration and measurement of radiation of curvature of cornea. It use natural reflexing from the
cornea and because of plane of polarized light, is on cornea projected testing point. There is also infra-
red laser diode (830 nm) which provide the projection. Next step is compaction of testing point with
reflected plane. Advantage is, that coincidence of the marks id not rated by human eye, which increase

exactness and objectivity.

Topography
Corneal topography is high level method, mapping all corneal surface. Based on reflection from

cornea are hundreds of data points evaluated.

Topograph, use system of placidos disc. In the middle of Placido disc, is video camera, which convert
image of cornea into the display. Then, is possible thanks to deformation of circles, determinate
radiation of curvature of cornea, type of astigmatism and shape and also refractive power at any of
corneal point. Topograph has also other functions, like a measurement of the tear meniscus or

noninvasive break up time test.

Tear film

Tear film- necessary part of the corneal surface. It’s well know that it has many functions, which
support right function of cornea and integrity. It has lubrication function and dampen cornea and
conjunctiva. It is washing away death cells and bacteria. It’s his clearing function. Next is
oxygenation of the corneal epithelium, and also his nutrition. Tear film also protect corneal against to

infection, because includes lysozym, lactiferin and Ig antibodies.
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Important function is also covering up small holes and inequality of corneal surface. Tear film
contains three unlimited layers. Stability of the first one, fatty, affects quality of the other one, aquatic
layer. Instability of the tear film is problem, which is together with lack of blinking, air condition and

excessive work for near distance, very well known in current population.
It is known like a Dry eye syndrome.

Research
Basic hypothesis of this thesis is expectation that, after awaking, in the morning, will be radius of
curvature higher. Cornea will be more plane. During a day, are measured average values radiation of

curvature. In the evening, or later in the afternoon, are values lower, and cornea seems to be steeper.

Second hypothesis is focused for age. Younger subjects have more stable values of the tear film,
against to older subjects. Basement of this hypothesis is one of the tear film function - Making on the
surface of cornea smooth layer. Here is expectation of lower stability of tear film, and because of that
faster changing of the radius of curvature. The eye of the older subject is less elastics, there is also
lower pressure of the eye lid on eye.

Pursuant on this age distinction were created three groups. Up to 25 years, from 25 up to 40 years,
and from 40 years up to 60 years. Important is measurement of radial of curvature. Topography and

keratometry is used.

Break up time test, height of tear meniscus, and Schirmer | is also measured. Based on the
measurements is determinated tear film quality. All measurements are making twice a day, first during

the morning time and after that during late afternoon time.
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Results
Topography

Table 3- Topography 1

Changing of radiation of curvature values confirm the hypothesis so far. But not at all cases.

Height of tear meniscus is, as was expected, higher in the morning then in the evening, it is the same
just at one case. Noninvasive Break up time test is clearly worse in the evening than in the morning,
in all cases.

There are also some abnormal values, lower that 15s.
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Autokeratometry

Man, 25
oD
05
Woma 75
oD
s
Woman 55
oD
0S5
Woman, 26
oD
s
Woman 35

oD
05

Table 4- Keratometry 1

7,41

7,68

7,71

7,76

7,91

7,96
7,99

7,74
7,71

7,42
7,54

7,66
7,71

7,72
7,69

Controlling measurement by the auto keratometer.

Schirmer test

OD-Morning values | OD- Evening values|OL- Morning values|OL- Evening values
(mm) (mm) (mm) (mm)
Man, 25
let 12 7 10 8
Woman,
25 let 20 15 22 18
Woman,
25 let 15 10 18 17
Woman,
25 let 10 6 10 8
Woman,
25 let 16 11 14 8

Table 5- Schirmer test 1
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Opticka versus automaticka pachymetrie
Bc. Markéta Surariova, Mgr. Pavel Benes, Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

Tato prace se zabyva porovnanim optické versus automatické pachymetrie. Detailn¢ jsou popsany
metody mozného méteni tloustky rohovky, jeji vyznam a historie. Zjisténi tloustky rohovkové tkané
je dilezité pro v€asnou detekci ektatickych respektive degenerativnich onemocnéni rohovky a je
nedilnou soucasti pro zjiSténi stavu pfed a po operacich rohovkové tkang, a to pfedevSim u laserovych

zékrokll. Ve vyzkumné €asti prace je jiz popsano ptimé srovnani vySetfovanych metod.

Uvod

Tloustka rohovky je jednim z nejdtlezitéjSich parametri pro posouzeni zivé tkané. Jakdkoliv jeji
zména muze mit dopad na kvalitu vidéni. Jeji pribéh se méni vlivem ektatickych a degenerativnich
onemocnéni jako jsou keratokonus, pelucidni marginalni degenerace a dalsi. Dale je nezbytnym
udajem pii planovani laserovych refrakénich operaci, nebot’ tyto zakroky jsou provadény vétSinou
piimo na rohovkové tkani a jejich provedeni je na dostateCné tloustce rohovky zavislé.
V optometrické praxi se vyuziva predevs§im pii zjisStovani vlivu noseni kontaktnich ¢ocek z riiznych
materialt. Je dulezita i1 pti méfeni hodnot nitroo¢niho tlaku. Pfistroje jsou nastaveny na priimérnou
tloustku rohovky, a pokud je rohovka siln€jSi nebo naopak tenci nez primérna hodnota, je nutné
naméfené hodnoty nitroo¢niho tlaku v této souvislosti pfepocitat a piehodnotit.

Tloustku rohovky méfime pomoci pachymetri napiiklad optického pachymetru a automatického,
respektive ultrazvukového. Optickd pachymetrie je metoda méfend pomoci Stérbinové lampy za

pomoci piidatného zatizeni - pachymetru. Automaticka pachymetrie je metoda rychla a bezkontaktni.

Obecné vlastnosti rohovkové tkané

Rohovka je bezbarva, zcela pruhledna a bezcévna tkan, ktera zaujima ptiblizné 20 % povrchu oéni
koule a se sestava z péti vrstev. Na jejim povrchu se nachazi epitel, pod nim je Bowmanova
membrana. Jedna se o tenkou bazalni membranu. Je-1i porusena, nema schopnost regenerace, vznikaji
tak rohovkové jizvy. Tteti vrstvou je stroma, které predstavuje 90 % tloustky rohovky a vyznacuje se

pomalou regeneraci. Dal§i membranou je Descemetska. Tato vrstva je relativné pevna a ma schopnost
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regenerace pomoci funkénich endotelidlnich bunék. Nejvnitingj$i vrstvou je endotel rohovky,

zodpovédny za pruhlednost a za konstantni hydrataci.

Tvarem je rohovka podobna horizontaln¢ protahlé elipse. Horizontalné méti 11,5 — 12,00 mm,
vertikalné ptiblizné 11,00 mm. Je-li horizontalni primér rohovky mensi nez 10,00 mm, jedna se o
malou rohovku tzv. mikrokornea, naopak je-li vétsi nez 13,00 mm, pak je to velka rohovka tzv.
makrokornea. Rohovka své konecné velikosti dosahuje jiz v Sestém meésici zivota. Rohovka byla
popsana uz diive, naptiklad Gullstrandem, Emsleyem a Graffem. Nejpouzivanéj$Sim modelem oka je

Gullstrandoviiv schematicky model.

Rohovka mé bohaté zasobeni nervy, jednd se tak o nejcitlivéjsi tkan v téle. Nervova vldkna lezi
zejména v prednich vrstvach a v centrdlni oblasti rohovky. Vychazeji z ciliarniho plexu, coz je husta

pleteii nervovych vlaken.

Rohovkova tkan je avaskularni a spole¢né s ¢ockou a sklivcem patii mezi tzv. bradytrofické tkang.
To znamena, Ze je to struktura bez krevniho zasobeni. Metabolismus je pomaly, coz vede i
k pomalému hojeni ran. Rohovka ziskava vyzivné metabolity, jako naptiklad aminokyseliny a
glukézu, tremi zplisoby. Prvnim zptsobem je difiize z kapilar limbu. Druhy zptisob je pomoci difuze
a aktivnich transporti z komorové tekutiny. A tietim zplisobem je moznost difize z nekorneéalniho

slzného filmu.

Tloustka rohovky
Tloustka rohovky je velmi vyznamnd pro dalSi chirurgické zékroky a i pro spravnou interpretaci

nitroo¢niho tlaku.

Hodnoty tloustky rohovky se li§i mezi jednotlivymi rasami. Naptiklad Cernosi maji vyrazné ten¢i

centrdlni rohovky nez bélosi, Asiatové nebo Hispanci.

Hodnoty rohovky se neméni jen mezi rasami, ale méni se i v dobé dospivani. Primérna hodnota CCT
centrdlni tloustky rohovky bilych kojencli mlads$ich 6 mésict byla 563 um, tedy v rozmezi 468 pm
az 687 um a u afroamerickych déti mladsich 6 mésict byl hodnota 544 um v rozsahu 517 pm az 666
pum. Stfedni hodnota tloustky rohovky u bilych kojencii ve véku 6 az 11 mésic byla 548 pm v
rozmezi 471 pm az 627 pm a u afroamerickych déti ve v€ku 6 az 11 mésict byl 551 pm v rozmezi

483 um az 629 um. Centralni tloustka se tedy zvySuje s vékem od 1 do 11 let.
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U dospélych se jedna o rozdil mezi obéma pohlavimi. Primérna hodnota tloustky rohovky u muzi je
557,3 um+34,3 um a u zen se jednd o hodnotu 551,6 um £35,2 um. Je tedy ziejmé, ze zeny maji

mensi tloustku rohovky.

Centralni tloustka rohovky tedy neni spojena s refrakéni vadou, zakiivenim rohovky, hloubkou piedni
komory a axialni délkou. Centralni tloustka rohovky je nezavisly faktor nesouvisejici s jinymi ocnimi

parametry.
Ani primérnd hodnota centralni tloustky rohovky nema vliv na ametropii.
Tloustka rohovky se méni i béhem dne. Bylo zjisténo, Ze tloustka rohovky pfes noc stoupa.

Goldmann a Schmidt vétili, Ze centralni tloustka rohovky je u zdravé populace podobna, ptiblizné
kolem 560 um. Rohovky, které byly tlustS$i nez normalni, vyzadovaly pfi métfeni nitroo¢niho tlaku
vetsi silu k oplosténi a ten¢i rohovky vyzadovaly mensi silu. To znamena, Ze pokud je rohovka velmi
tenkd, priblizné kolem 400 pm, nitroo¢ni tlak mtiZe byt faleSn€ nizky, okolo 10 mmHg. Ale skute¢ny
nebo ekvivalentni tlak by 16 mmHg.

Tloustka rohovky je téz velmi dilezitd v refrakéni chirurgii. Jednd se o samostatny obor o¢niho
I€katstvi zabyvajici se chirurgickou korekci refrakénich vad. Zakladnim a zasadnim pravidlem

laserové fotoablace je ponechani 250 um intaktni rohovkové tkan¢.

Vysledky vyzkumu

Vyzkumem je srovnani metod optické a automatické pachymetrie. Optickd pachymetrie vyuziva
optického fezu rohovky pozorované pomoci Stérbinové lampy. Automaticka pachymetrie je soucasti
sofistikovanéjSich pftistrojii pro oftalmologii a optometrii, které dovedou méfit vice parametri

najednou.

Vyzkumem byla zjiSténa primérna tloustka rohovky, automatickou pachymetrii bylo naméteno
pramérné 545 pm a optickou pachymetrii 550 pm. Primérné hodnoty automatické pachymetrie se

1isi 0 5 pm od optické pachymetrie.
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hodnota pachymetrie v um

551 um

Zeny (opticka
pachymetrie) Zeny (automaticka
pachymetrie) muzi (opticka

pachymetrie)

muZi (automaticka
pachymetrie)

Graf ¢. 1: Porovnani namétenych hodnot obou metod a rozdé€leni na pohlavi

Z grafu 1 je patrné, ze se ob¢ metody lisi. Hodnoty namétené optickou pachymetrii jsou nepatrné

vyssi. Rozdil je i mezi jednotlivymi pohlavimi. Zeny maji podle tohoto vyzkumu vy$si hodnoty.

Hodnoty pachymetrie

552 pm

550 um

hypermetropie  hypermetropie myopie (opticka myopie emetropie emetropie
(opticka (automaticka pachymetrie) (automaticka (opticka (automaticka
pachymetrie) pachymetrie) pachymetrie) pachymetrie) pachymetrie)

Graf €. 2 : Srovnani obou metod a srovnani jednotlivych refrakénich vad
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Z grafu ¢islo 2 vyplivd, ze hodnoty naméfené optickou pachymetrii jsou opét vyssi nez hodnoty
naméefené automatickou pachymetrii. Primérna tloustka rohovky u hypermetropt métena optickou
pachymetrii je vys$si nez méfena automatickou pachymetrii. U myopie to plati taktéz. Podle grafu je

tloustka rohovky silnéj$i u hypermetropti nez u myopu a nez u emetropti.

Zaver
Tloustka rohovky je jednim z nejdilezitéjSich parametrii pro posouzeni zivé tkané. Je vyznamna pro
klinickou praxi, jelikoz mize znacné ovlivnit jind méteni, naptiklad tonometrii. Hraje diilezitou roli

Vv refrak¢ni chirurgii.

Tato prace ma zhodnotit obé metody méteni tloustky rohovky. Vysledky ukazuji, Ze optickd metoda

vykazuje vy$si hodnoty tloustky rohovky nez automatickd pachymetrie.
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Optical versus automatic pachymetry
Bc. Markéta Suranova, Mgr. Pavel Benes, Ph.D.

Katedra optometrie a ortoptiky LF MU, Brno

This study deals with the comparison of optical and automatic pachymetry. This word is described
methods of measuring thickness of cornea, its significance and its history. The detection of cornea
thickness is important for the early detection of ecstatic or degenerative diseases and is an important
before and after corneal operations, especially in laser procedures. In the research parts of the thesis,
a direct comparison of the investigated methods is already described.

Introduction

Corneal thickness is one of the most important parameters for the assessment of living tissue.
Whichever change may affect the quality of the vision. Its course changes with the influence of ectopic
and degenerative diseases such as keratoconus, pellucid marginal degeneration and others. It is also
an indispensable factor in the planning of laser refractive operations, these operations are mostly
performed directly on corneal tissues and their performance is dependent on sufficient corneal
thickness. In optometric practice, it is mainly used to determine the effect of wearing contact lenses
from different materials. It is also important when measuring intraocular pressure. The device is set
to average corneal thickness, and if the cornea is stronger or thinner than the average, the intraocular

pressure values need to be recalculated.

The corneal thickness is measured with pachymeters on the optical pachymeter and the automatic
pachymeter. Optical pachymetry is a method measured by a slit lamp with the aid of additional

devices. Automatic pachymetry is a fast and non-contact method.

Characteristics of corneal tissue
The cornea is colourless, completely transparent and occupying approximately 20 % of the surface of

the eyeball.

The cornea consists of five layers. On its surface is an epithelium, under it a Bowman membrane. It
is a thin basal membrane. If it is broken, it does not have the ability to regenerate, creating a scar. The

third layer is substantia propria corneae and represents 90 % of skin thickness and is characterized by
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slow regeneration. The next membrane is Descemet. This layer is relatively solid and has the ability
to regenerate with functional endothelial cells. The innermost layer is the endothel, responsible for
transparency and constant hydration.

The corneal shape is a horizontal ellipse. Horizontally measures 11.5 - 12.00 mm, vertically
approximately 11.00 mm. If the crown's horizontal of cornea is less than 10.00 mm, it is a small
cornea called mikrocornea, on the second hand when the average is 13.00 mm, the cornea called
makrocornea. The final size of cornea its reaches on sixth month of life. The cornea was described
for example by Gullstrand, Emsley and Graff. The most eye model used is Gullstrand's schematic
model.

The cornea has a rich supply of nerves; it is the most sensitive tissue in the body. The nerve fibers are
especially present in the front layers. They originate from the ciliary plexus, which is a dense knit of

nerve fibers.

Nutrition of cornea is by avascular tissue. Metabolism is slow and result in slow wound healing. The
cornea acquires nutritious metabolites as amino acids and glucose by three ways. The first way is
diffusion from limb capillaries. The second way is diffusion and active transport from ventricular

fluid. And third way is the possibility of diffusion from non-corneal tear film.

Thickness of the corner
The thickness of the cornea is very important for further surgical interventions and for correct

interpretation of intraocular pressure.

The corneal thickness values vary between races. For example, black people have significantly thinner

cornea than white.

The values of the cornea do not change only between the races, but it also change during adolescence.
The central thickness of cornea of white children less than 6 months old is 563 pum it is between 468
and 687 pum and children from afro- american has thickness of cornea is 544 um in the range 517 to
666 um. The central thickness of cornea at white children between 6 to 11 months is 548 pum in the
range of 471 to 627 um and at afro-american children aged 6 to 11 months is 551 pm in the range 483

to 629 um. The central thickness increases with the age from 1 to 11 years.

In adults, there is a difference between the two sexes. The men have 557.3 pm+34.3 pm and in females

has 551.6 um+35.2 um. It is obvious, therefore, that women have a lesser cornea thickness.
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The central corneal thickness is not associated with a refractive defect, a cornea curve, a front chamber
and an axial length. The cornea thickness of the root is an independent factor unrelated to other ocular

parameters.
Even the average value of the central corneal thickness does not affect ametropia.
The corneal thickness changes over the day. Corneal thickness increases overnight.

Goldmann and Schmidt believed that the central corneal thickness is similar in a healthy population,
approximately 560 um. The cornea that is thicker than normal required higher force for implantation
when measuring the intraocular pressure and thinner cornea required less force. If the cornea is very
thin, about 400 pum, the intraocular pressure may be falsely low, about 10 mmHg. But actual or
equivalent pressure would be 16mmHg.

The thickness of the cornea is also very important in refractive surgery. It is a separate branch of
ophthalmology dealing with surgical correction of refractive defects. The basic and fundamental rule

of laser photoablation is to leave 250 um of intact corneal tissue.

Research results

The research is based on a comparison of methods of optical pachymetry and automatic pachymetry.
Optical pachymetry is a method measured by a slit lamp with the aid of additional devices. Automatic
pachymetry is a fast and non-contact method. It is a part of the refractometer. The research revealed
an average corneal thickness. The automatic pachymetry was found to be an average of 0.545 mm

and an optical pachymetry of 0.550 mm. The different between optical and automatic is 0.005 mm.
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Pachymetry values

B Pachymetry values

551 um
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pachymetry) women (automatic
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pachymetry) men (optical
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Graph 1: Comparison of measured values of both methods and gender breakdowns

From graph 1 it can be seen that both methods are differ. The values measured by optical pachymetry

are slightly higher. The difference is also between the sexes. Women have higher values according to

this research.

Pachymetry values

550 um

545 pm

hypermetropia hypermetropia myopia myopia emetropia emetropia
(optical (automatical (optical (automatic (optical (automatic
pachymetry) pachymetry) pachymetry) pachymetry) pachymetry) pachymetry)

Graph 2: Comparison of both methods and comparison of individual refractive defects

160



Graph 2 shows that the values measured by the optical pachymetry are again higher than the values
measured by the automatic pachymetry. The average corneal thickness in hypermetropia measured
by optical pachymetry is higher than measured by automatic pachymetry. According to the graf,
corneal thickness is stronger in hypermetropes than in myopes and than in emetropes.

Conclusion

The corneal thickness is one of the most important parameters for the assessment of living tissue. It
is important for clinical practice as it can significantly affect other measurements, such as tonometry.
It plays an important role in refractive surgery.

This work is to evaluate both methods of measuring corneal thickness. The results show that the
optical method exhibits higher corneal thickness than automatic pachymetry.
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Screeningova vySetreni v optometrické praxi
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Uvod

Screeningovymi vysetfenimi v praxi optometristy mame na mysli jednoduché orientacni testy, jejichz
vysledek je mozno porovnat s pevné stanovenymi a zndAmymi hodnotami. Ziskané vysledky umoznu;ji
stanovit skute¢ny stav pacienta a moznost poskytnout doporuceni k dalsimu vySetieni. Mezi
screeningové metody miizeme zatadit i testy, které se v bézné praxi nepouzivaji tak casto, ale mohou
véas rozeznat rizné patologické zmény. Jedna se o o¢ni onemocnéni, ale i stavy celkového organismu
vcetné¢ diabetes mellitus, hypertenze a dalSi. Vyhodou téchto testl je nizSi narocnost na potiebné
vybaveni. Ditlezitou soucasti je pifedevsim korektni vyhodnoceni profesiondlniho screeningu, aby
nedoSlo k nespravné diagnostice a Uniku pfipadného hrozicitho onemocnéni nebo na druhé strané
nedochazelo k faleSnému poplachu u zdravych pacient s pozitivnim vysledkem testu z divodu

nespravné interpretace dat nebo piehlédnuti diilezité informace ze screeningovych testt.

Zrakova ostrost, zorné pole a vySetfeni barvocitu patfi mezi screeningové metody, které muze
optometrista ve své praxi vyuzit a zhodnotit po srovnani naméfenych dat se stanovenymi hodnotami
pro kazdy konkrétni test. Pravé vySe zminéné screeningové metody budou predmétem zkoupani

V experimentalni ¢asti prace, kterd se zamétuje na fidice jihoceského kraje.

vvvvv

Pocet obyvatel Ceské republiky dle Ceského statistického wifadu (1) ke dni 31. prosince 2016
predstavoval 10 578,8 tisic. Ke stejnému dni bylo zaznamenano 6 733 tisic fidicd na Uzemi
Ceské republiky. Narist poétu ¥idiét oproti roku 2004 byl 94 664. Zaroveir u obyvatelstva Ceské
republiky dochézi k prodlouzeni nadéje na doZiti u narozenych jedincl a s tim souvisejici zména
vékové struktury obyvatelstva. Cesky statisticky tfad publikoval graf (2), z néhoz je patrné, Ze
predstava o procentudlnim zastoupeni obyvatelstva ve véku 15-64 let bude v roce 2050 o 13,5 % nizsi
a vice obyvatel bude seniorti ve véku 65 let a vice a to tedy 32,2 % oproti stavu v roce 2013, kdy
zastoupeni této skupiny piedstavovalo 16,8 % z celkové populace Ceské republiky. Vétsi zastoupeni
seniorti vSak predstavuje 1 vétsi riziko pro ucastniky silni¢niho provozu, a to pfedevsim z diivodu

postupného poklesu zrakové ostrosti u starSich ucastnikii a vyskyt o€nich onemocnéni, v disledku
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nichz maze dojit k ovlivnéni zrakovych funkci. Dle zahrani¢ni publikované studie (3), jiz se
zGcastnilo celkem 810 ucastnikl silni¢niho provozu, jejichz primérny veék byl 71,3 + 8,8, bylo
zjisténo, ze 732 respondentd dosahovalo binokularni zrakové ostrosti vétsi nez 0,89, ale zaroven 9,6
% zucastnénych nedosahlo binokularni zrakové ostrosti odpovidajici hodnoté 0,36 a predstavuji tim

velmi nebezpecnou skupinu fidici.

VEKOVA STRUKTURA OBYVATEL
déti ve vaky
0-14

dospéli ve wiky
® 15-64

™y saniofi ve véku
-
&5+

2013 2050

Obr. 1 Vékova struktura obyvatel Ceské republiky

Metodika diplomové prace

Analyza screeningovych vySetfeni Fidi¢i probihd na optometrickém pracovisti v Ceskych
Budgjovicich od biezna 2017. Podrobné provedeni rozhovoru s respondentem s cilem ziskani
anamnézy predchazi celému vySetieni. Pro vySetfeni zrakové ostrosti a dalSich testli na vySetfeni
refrakéni rovnovahy je vyuzivano LCD optotypu Topcon CC - 100X ve vzdalenosti 6 metrti od
vySetiovaci jednotky. Objektivni refrakce respondentti je diagnostikovana pomoci DNEye® Scanner
2. Vysetteni zrakové ostrosti na LCD optotypu Topcon CC-100XP je zjisténo po precteni na
Snellenové optotypu a nasledné zapsano, véetn€ poctu korektné rozpoznanych znakt v kazdém radku.
Vysledna zrakova ostrost je prepocitdna na skuteCny pocet preCtenych znakil. Po zjiSténi visus
naturalis, je proveden standardni postup subjektivniho vySetfeni refrakénich vad pro zjisténi plné
korekce refrakéni vady klienta. Pro ndslednou analyzu jsou potfebna data poskytujici informace o
visus naturalis, sférocylindricky zapis vlastni korekce se soucasnym zjisténym vizem s touto korekci
a vysledny sférocylindricky zdpis optimélni korekce se zdznamem hodnoty vizu s touto korekci.
Vysetieni zorného pole a barvocitu je provedeno u respondentl s vlastni i optimalni korekei ziskanou

pomoci subjektivni refrakce, nasledné jsou tyto udaje vyhodnoceny.
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Obr. 2 Vybaveni pottebné k realizaci experimentélni ¢asti diplomové prace

Statistické vyhodnoceni vlastni korekce S/C X 6 a optimalni korekce S'/C’ X 6' je mozné po
provedeni astigmatické dekompozice sférocylindrického zapisu do slozek vektoru lamavosti
M, ]y, J4s. Vyslednd zpétna transformace sférocylindrického zapisu umoziiuje zhodnoceni refrakéniho

deficitu vzniklého mezi vlastni korekci respondenta a optimalni korekei.
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Obr. 3 Zaznam vlastni a optimalni korekce respondenta
Pracovni hypotézy
Hypotézy diplomové prace jsou prozatim stanoveny tfi, kdy prvni z nich pfedpoklada binokularni
zrakovou ostrost s vlastni korekci u 75 % zGcastnénych vétsi nez 0,8. Druha hypotéza zni, ze jako
nejzodpovédnéjsi skupinou fidi¢h budou ti ve stfednim véku mezi 25-45 lety. Posledni hypotéza,
ktera je stanovena je zaméfena na uvedeni harmoniza¢nich kodil v fidicském prikazu se znénim, Ze

maximalné 15 % tidi¢t nebude mit uvedeny kod ve svych dokumentech.

Vysledky diplomové prace
Tabulka 1 zobrazuje prozatimni vysledky diplomové préace tykajici se deseti respondentt. Primérny

vék ve vybraném vzorku je 41,5 let. Analyza ukézala, Zze vSichni respondenti dosahuji s vlastni
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korekci zrakové ostrosti dané zadkonem pro fidice 1. skupiny, kdy je pozadovana binokularni zrakova
ostrost lepsi ¢i rovna 0,7. Mezi respondenty se nachazi i taci, ktefi tento limit spliuji, ale zvazime-li
fizeni za mezopickych podminek, tedy stav kdy dochazi ke zméné velikosti pupily a to za Sera nebo
situace za tmy, dochazi u téchto respondentl k poklesu zrakové ostrosti a dostavaji se tedy pod tuto
hranici. Respondent ¢islo 2 jako jediny nema uvedeny harmoniza¢ni kod i pfesto, ze bryle na fizeni

nosi a bez aktudlni korekce by nesplioval podminky dané zakonem.

Respondenti dosahuji se svou aktualni korekci podminek, jez jsou dany zakonem, ale i z tabulky je
viditelné, ze u vSech zucastnénych se s optimalni korekci hodnota binokularniho vizu zlepSila, u

nékterych témef o polovinu.

Tabulka 1 Respondenti diplomové préace

. . ) aktualni korekce optimalni korekce Harmonizaéni |
cislo | vék | pohlavi | oko .
kod
5 OP [-1,25 1,0 -1,50(-0,25| 10 1,20
1 (28 Z 1,20 1,50 Ano
OL | -1,0 1,0 -1,0 |-0,50| 105 1,20
. OP| -1,0 0,9 -0,50 |-0,50| 15 1,20
2 |61 Z 1,0 1,50 Ne
oL [-0,75 0,9 -0,50 |-0,50| 15 1,20
< OP |-1,75|-0,50| 64 0,9 -1,75-0,50| 65 1,20
3 |55 Z 1,2 1,50 Ano
OL (-2,25|-0,50| 103 1,0 -2,251-0,50| 10 1,20
< opP - 0,5 -0,75-0,25| 90 1,50
4 |24 z 0,8 1,50 Ne
oL - 0,7 -0,75 1,50
OP | -1,0 0,8 -1,0 | -1,0 | 100 1,20
5 |34 M 1,0 1,20 Ano
OL | -1,0 0,8 -0,75| -1,0 920 1,20
oP - 0,8 1,25 |-0,25| 60 1,2
6 |54 M 0,9 1,20 Ne
oL - 0,9 1,0 | -1,0 | 140 1,2
opP - 1,2 0,50 |-1,25| 85 1,2
7 |54 M 1,2 1,50 Ne
oL - 0,9 0 |-1,25| 65 1,2
s OP |-5,25 0,5 -6,75|-0,50| 20 1,2
8 |29 Z 0,7 1,20 Ano
OL | -55 0,5 -7,0 |-0,25| 125 1
< oP - 0,8 0,25 |-0,50| 75 1
9 |52 Z 0,9 1,20 Ne
oL - 0,7 -0,50 |-0,50| 75 1
opP - 0,4 -1,0 |-0,50| 90 1,2
10 | 24 M 0,8 1,50 Ne
oL - 0,8 -0,25 |-0,50| 40 1,2

Publikované studie

Portal s nazvem Slepi vrazi se zabyva problematikou zraku fidi¢l a nebezpec¢im tizeni za zhorSené
viditelnosti. Poukazuji na skute¢nost, ze v roce 2016 se stalo celkem 98 864 dopravnich nehod, pti
nichz bylo usmrceno 545 osob, ale pocet nehod zplisobenych fidicem se Spatnym zrakem neni

evidovan. Dle statistického vySetieni bylo zjiSténo, Ze 40 % fidicl bylo na o¢ni prohlidce pred péti a
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vice lety Kazdy paty fidi¢ ma vadu zraku a bud’ o tom nevi, nebo nevyuziva kompenzacni pomicky,

tedy 8 % fidicu by z téchto divodu nemélo usednout za volant, tedy pfiblizn¢ 500 000 osob.

Kampai s ndzvem Bezpecnost za volantem, ktera se konala v roce 2016, poukazala na skutecnost, ze
z celkového poctu 346 zucastnénych osob 4,04 % nedosahuji zrakové ostrosti 0,5 a 17,05 % ucastnika
dosahuje zrakové ostrosti odpovidajici 50-80 %. Tedy kazdy paty respondent ma hodnotu zrakové

ostrosti niz8i nez 0,8.
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Screening methods in practice of optometrists
Bc. Michaela Davidova, Mgr. Simona Bramborova, DiS.

Katedra optometrie a ortoptiky LF MU, Brno

Introduction

Examination tests which give us result and then we are able to compare it with known values we
called screening methods. The obtained results make it possible to determine the actual condition of
the patient and the possibility to provide recommendations for further examination. Among the
screening methods we can include tests that are not used in common practice, but they can detect
different pathological changes in a timely manner. We can determine ocular disease, but also states
of the general organism including diabetes mellitus, hypertension and many others. The advantage of
these test is the lower demand for the necessary equipment. Correct evaluation of professional
screening is an important part of this. We have to avoid misdiagnosis and leakage of potential
impending illness or on the other hand to avoid false alarm in healthy patients with a positive test

result due to misinterpretation data or omission of important information from screening tests.

Visual acuity, field of view and color examination are included in screening methods that the
optometrist can use and evaluate in their practice after comparing the measured data with the set
values for each specific test. The above-mentioned screening methods will be the part of the
examination in the experimental part of the thesis which focuses on drivers in the South Bohemian

region.

Statistical information about drivers and information about population of the Czech Republic

The population of the Czech Republic according to the Czech Statistical Office of December 31, 2016
(1) was 10 578,8 thousand. As of the same day 6 733 thousand drivers were recorded in the Czech
Republic. The increase in the number of drivers compared to 2004 was 94 664. Simultaneously the
population of the Czech Republic has been prolonging the life expectancy of the born-up individuals
and the related change in the age structure of the population. The Czech Statistical Office has
published a graph (2) showing the perception of the percentage of the population aged 15-64 will be
13,5 % lower in 2050 and more of the population will be 65 years old or older, and that is 32,2 %
compared to the situation in 2013, when the representation of this group represented 16,8 % of the

total population of the Czech Republic. However, older seniors represent a greater risk to road users,
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mainly due to the gradual decrease of visual acuity in older participants and the incidence of ocular
ilnesses as a result of which visual impairment may be affected. According to a foreign published
study (3) involving a total of 810 road users whose average age was 71,3 = 8,8, 732 respondents had
a binocular visual acuity greater than 0,89 but 9,6 % of the participants did not achieve binocular
visual acuity 0,36 and represent a very dangerous group of drivers.

VEKOVA STRUKTURA OBYVATEL
déti ve vaky

0-14 16,8 %
Y dospéli ve viky
15-64

@) seniofi ve véku
-
&5+

1“ 32,2%

2013 2050

Picture 1 The age structure of the population of the Czech Republic

Research methodology
Analysis of screening examinations of drivers takes place since March 2017 at the optometric

examination room in Ceské Bud&jovice. In the beginning of the examination is important to get some
information about the patient including previous diseases, examinations, problems etc. The Topcon
CC-100X LCD is used to determine visual acuity and other refractive balancing tests. Objective
refraction is diagnosed using DNEye®Scanner 2. The visual acuity is detected after reading on the
Snellen optotype and subsequently written, including the number of correctly recognized letters in
each row. The resulting visual acuity is converted to the actual number of characters read. Subjective
examination of the refractive defects is performed to determine the full correction of the refractive
error of the client. For the subsequent analysis is used visus naturalis, spherocylindrical combination
of the actual correction with the current vizus and then is important to know resulting
spherocylindrical combination of the optimal correction and vizus with this prescription. The field of
view and color examination is examined by respondents with their own and optimal correction

obtained by subjective refraction, where these values are subsequently diagnosed.
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Picture 2 Equipment required for the experimental part of the thesis

The statistical evaluation of current correction S/C x 6 and optimal correction S'/C’ x 6’ is possible
after the astigmatic decomposition of the spherocylindrical prescription into the Cartesian
astigmatism J, and oblique astigmatism J,. components of refractive, corneal and internal
astigmatism. The resulting spherical cylindrical regression transformation allows for the assessment
of the refractive deficit between the respondent’s actual correction and the optimal correction.
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Picture 3 Recording of the respondent’s actual correction and optimal correction

Hypotheses

The hypotheses of the thesis are currently set at number three. The first hypothesis assumes binocular
visual acuity with a self-correction will be in 75 % of participants greater than 0,8. The second
hypothesis is that the most responsive group of drivers will be middle-aged 25-45. The last hypothesis
that is set is aimed at introducing harmonizing codes in the driving license, saying that a maximum

of 15 % of drivers will not have the code in their documents.
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Research results

Table 1 shows the provisional results of thesis related to 10 respondents. The average age in the
selected sample is 41,5 years. The analysis showed that all respondents achieve a visual acuity which
is given by law for group 1 drivers, where the required binocular visual acuity should be better or
equal to 0,7. Among the respondents, there are also those who meet this limit, but considering the
management under mesopic conditions, driving in the dark or in the dark, these respondents have a
decrease in visual acuity and are therefore below this limit. Harmonization code was not written only
in one case — respondent number two, but this participant wear spectacle glasses for driving and
without them he would not meet the conditions of the law.

Respondents reach with their actual correction condition provided by law, but also from the table 1 it
is evident that the value of binocular visual acuity with optimal correction has improved.

Table 1 Participants

. . ) aktualni korekce optimalni korekce Harmonizaéni '
cislo | vék | pohlavi | oko .
kod
. OP |-1,25 1,0 -1,50(-0,25| 10 1,20
1 |28 z 1,20 1,50 Ano
oL | -1,0 1,0 -1,0 |-0,50| 105 1,20
s OP | -1,0 0,9 -0,50|-0,50| 15 1,20
2 |61 Z 1,0 1,50 Ne
oL |-0,75 0,9 -0,50 (-0,50| 15 1,20
< OP |-1,75|-0,50| o4 0,9 -1,75(-0,50| 65 1,20
3 |55 z 12 1,50 Ano
oL |-2,25|-0,50| 103 1,0 -2,25(-0,50| 10 1,20
< oP - 0,5 -0,75(-0,25| 90 1,50
4 |24 z 0,8 1,50 Ne
oL - 0,7 -0,75 1,50
OP| -1,0 0,8 -1,0 | -1,0 | 100 1,20
5 |34 M 1,0 1,20 Ano
oL | -1,0 0,8 -0,75| -1,0 90 1,20
oP - 0,9 1,25 (-0,25| 60 1,2
6 |54 M 0.° 1,20 Ne
oL - 0,9 1,0 | -1,0 | 140 1,2
oP - 1,2 0,50 |-1,25| 85 1,2
7 |54 M 12 1,50 Ne
oL - 0,9 0 |-1,25| 65 1,2
< OP |-5,25 0,5 -6,75(-0,50| 20 1,2
8 |29 z 0,7 1,20 Ano
oL | -55 0,5 -7,0 [-0,25| 125 1
~ OP - 0,9 0,25 |-0,50| 75 1
9 |52 z 0.° 1,20 Ne
oL - 0,7 -0,50(-0,50| 75 1
op| - 0,4 -1,0 |-0,50 | 90 1,2
10 | 24 M 0,8 1,50 Ne
oL - 0,8 -0,25(-0,50| 40 1,2

Results of studies

Website called Blind Whores deals with deficient value of visual acuity drivers and the risk of driving
under impaired visibility. They point to the fact that in 2016 there were 98 864 traffic accidents in
which 545 people were Killed, but the number of accidents caused by the driver with poor vision is
not recorded. According to the statistical research it was found that 40 % of the drivers were in
optometrist or ophthalmologist five or more years ago. Every fifth driver is blind and either dost not

know or does not use compensatory aids. That is 8 % of the drivers would not drive a car it is
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something about 500 000 people. In 2016 campaign called Bezpecnost za volantem highlighted the
fact that 4,04 % of the 346 participants did not achieve visual acuity 0,5 and 17,05 % of participants
achieved a visual acuity of 50-80 %. Thus, every fifth respondent has a value of visual acuity lower
than 0,8.
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Vliv presbyopie pri pouzivani soucasnych mobilnich zarizeni
Bc. Irena Jungova, Mgr. Simona Bramborova, DiS.

Katedra optometrie a ortoptiky LF MU, Brno

Digitalni zafizeni jako jsou pocitace, mobily, tablety a jiné se staly béZznou soucasti nasSeho zivota a
jejich pouzivani at’ uz v praci nebo doma bereme jako samoziejmost. Usnadniuji a urychluji ndm praci
v mnoha ohledech, avSak nékdy se s jejich pouzivinim mizeme setkat s namahanim celé zrakové

soustavy a to z mnoha pficin.

Akomodace a presbyopie
Soucasné pochopeni anatomie, funkce a vykonu akomodac¢niho systému oka mladého a dospélého

jedince bylo mnohokrat nastinéno. VétSina hlavnich souc¢asnych modelt akomoda¢niho mechanismu
je zalozena na ptivodnich myslenkach Helmholtze, ale navzdory rostoucimu objemu souvisejicich
vyzkumil pokracuje nejistota nad relativnim piinosem, ktera prispiva ke zkoumani vlivu celkového
mechanismu akomodace rliznymi o¢nimi strukturami. Zmény s vékem jsou pak diskutovany.
Akomodacni §ife od pozdé¢jSiho détstvi postupné klesd, avSak rychlost a ptesnost systému v rdmci
dostupné amplitudy mizeme vnimat i diive nez je bézn¢ udavana veékova hranice 40 let, kdy

akomodac¢ni amplituda klesne pod troven potifebnou k bézné praci.

Nastup presbyopie je primarné ovlivnén tfemi faktory: schopnosti zaostfovat, obvyklou cteci
vzdalenosti (nebo preferovanou vzdalenosti pro blizké tkoly) a hloubkou zaostfeni (tolerance
optického systému rozostfeni). Mezi dalsi faktory, které mohou ovlivnit nastup presbyopie, patii
refrak¢ni vada a jiné o¢ni odchylky, délka paze, velikost zornicky a mozné rozdily v optické hustot¢
o¢ni ¢ocky. Jinymi faktory, které by mohly vést k rozdilné dob¢ nastupu presbyopie, mohou patfit
ucinek slune¢niho zéfeni, slozitost provadénych Cinnosti na blizkou vzdalenost, Giroven osvétleni ve

vnitinich prostorach a dalsi faktory specifické pro danou tlohu.

Ubytek akomodaéni $ife s vékem je znamy dtisledek starnuti So&ky, zajimavé ale je i poukéazat na jiné
faktory, jako je zména rychlosti a pfesnosti akomodac¢ni odpovédi s vékem. Je pozoruhodné zjisténi,
ze ackoli se amplitudy akomodace vyrazné méni mezi 20-40 lety, reakce a doba odezvy vykazuji
pouze nepatrné zmény. Dale je zajimavy fakt, Ze rychlost relaxace svalli béhem desakomodace je
nizs8i u starSich nez u mladSich subjektii, avSak velmi vysoké odchylky vykazuje schopnost o¢nich
cocek ménit svou optickou mohutnost, obzvlasté kdyz ¢lovek starne. Tato zména je zplisobena vice
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faktory, ale pfedev$im je to ztencovéani jednotlivych vrstev cockovych vldken za soucasného

zvySovani se poctu elementarnich vlaken.

Digital Eye Strain - Syndrom tUnavy zraku

Mnohé zdroje uvadéji, ze ¢teci vzdalenost je ptiblizné 40 cm, avSak nynéjsi doba chytrych telefon,
tablett a notebooki tuto vzdalenost znatelné pozménila a tim i naroky na vidéni. Vyzkumy dokazuji,
ze uzivatelé chytrych telefonil drzi tato zafizeni v blizsi pracovni vzdalenosti (pfiblizn€ 32 az 36 cm)
nez u standardnich tiskovin (40 az 45 cm). Tato blizka pracovni vzdalenost zplisobuje, Ze naSe oci
musi vynaloZit vétsi akomodacni Gsili a vice konvergovat. Zaroven pfi sttidani pouzivani vice zatizeni
nutime oci intenzivnéji a opakovang zaostfovat na stale se ménici vzdéalenosti a velikosti pisma. To
muze mit za nasledek lokéalni symptomy je jako o¢ni tinava, tah okolo o¢i, paleni, fezani, podrazdéni,
také rozmazané az dvojité vidéni, zmény ve vnimani barev nebo citlivost na prudké svétlo. Tyto
ptiznaky mohou byt doprovazeny i celkovymi obtizemi jako je bolest hlavy, tlak a bolest v oblasti
kréni patete, nadmérna tinava, podrazdénost, nervozita. Diky tomu se mlize vyrazné snizovat pracovni
produktivita a nemalé procento lidi pracujicich hlavné s pocitaci trpi prave timto problémem. S témito

symptomy se setkavame stale Castéji, a proto se zavedlo souhrnné oznaceni ,,Digital Eye Strain*

(DES), coz miizeme pielozit jako syndrom unavy zraku.

Dalsim podilem na vznik symptomi DES mize mit také vliv nepatrného kolisani v prib&hu
akomodace, protoze zvlasté digitdlni obrazovka se pro oko velmi lisi od tisténé formy papiru.
Monitory nebo displaye jsou vyrabény z miniaturnich tecek, pixeld, na které se oko obtiznéji
soustiedi, aby udrzelo nepietrzitou pozornost. V porovnani s papirem musi oko pii ¢teni na monitoru
vykonavat vEét§i a narocnéjsi praci. Z neustalého zaostfovani namahadme vSechny ocni svaly stale
dokola. Je to podobné jako natazeni svalu kdekoliv jinde na téle z nadmérného pouzivani a ptetizeni.
Dulezita je 1 zména kontrastu. V porovnani s tiSt€énym textem je oko vystaveno zvySenému jasu a

oslnéni z obrazovek, ale také je vystaveno vyS$imu podilu vysokoenergetického modrého svétla.

Hodné& uZivatell si stéZuje na suchost o¢i, obzvlaste lidé nosici kontaktni ocky. Pfi normalnim ¢teni
papiru nebo pfii praci do blizka drzime hlavu sklonénou a vétsi €ast povrchu oka je chranéna o¢nim
vickem. Slzny film se nevypatuje tak rychle a vydrZzi po del§i dobu. Zv1asté pozorovani poc¢itatového
monitoru obvykle znamena divat se pfimo pted sebe, ne dolii. VéEtsina oka je tedy nechranéna a slzny

film se rychleji vypatuje, coz zptsobuje suchost o¢i a paleni.
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Také frekvence mrkani mize ovlivnit naSe pohodli. Primérnd hodnota se pohybuje okolo 22 mrknuti
za minutu, pfi ¢teni papiru je to 10 mrknuti za minutu a pfi pouzivani napt. pocitace je to pouze 7
mrknuti za minutu. Pokud se syndrom nelé¢i, mize zpiisobit i vaznéj$i problémy v jinych c¢astech
téla. Abychom vidéli jasnéji, snazime se pfisunout svoje ramena, hlavu a krk blize k po¢itagi. Casto
si tuto chybu Spatného drZeni téla uvédomime az pii zacinajicich potizich v oblasti zad a svalovém

napéti.

Zavér

Presbyopicti ,,digitalni* uzivatelé se setkdvaji s mnoha vizudlnimi a ergonomickymi komplikacemi
zpusobenymi omezenou akomodacni §if1 a potfebnou korekci na danou vzdalenost. Zatimco se bézné
provadeji riizna o¢ni vySetteni, mély by se bézn¢ klast 1 otazky tykajici se poctu a typti zatizeni, ktera
pacienti pouzivaji, zvlasté pti feSeni ptiznakt syndromu digitalniho oka. Zvlastni pozornost by méla
byt vénovana zejména riiznym pracovnim vzdalenostem a zvySenym piizpiisobivym poZadavkim,

které se vyskytuji u ptislusnych zatizeni.

Optometrie poskytuje celou fadu raznych typt cocek, dnes dokonce i1 kontaktnich Cocek, z nichz
nékteré jsou urceny pro konkrétni podminky na pracovisti. Kritéria pro optimalni korekci presbyopie
na pracovisti jsou vsak stale pfedmétem debaty a vyzaduji dalsi vyzkum, protoze design cocek a

ergonomické podminky se neustdle méni s technologickym vyvojem.
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Influence of presbyopia on using current mobile devices
Bc. Irena Jungova, Mgr. Simona Bramborova, DiS.

Katedra optometrie a ortoptiky LF MU, Brno

Digital devices such as computers, mobile phones, tablets and others have become a common part of
our lives and their use at work or at home is already take for granted. They make it easier and quicker
to work in many ways, but sometimes with their use, we can meet the stress of the entire visual system

for many reasons.

Accommodations and presbyopia
The current understanding of the anatomy, function and performance of the accommodating system

of the eye of the young and adult individual has been outlined many times. The majority of the current
models of the accomodation mechanism are based on Helmholtz's original ideas, but despite the
increasing volume of related research, uncertainty over relative benefits continues to contribute to the
investigation of the effect of the overall mechanism by different eye structures. Changes with age are
discussed. Amplitude of accommodation of later childhood gradually decreases, but the speed and
accuracy of the system within the available amplitude can be perceived even before the currently
specified age limit of 40 years, when the accommodation amplitude drops below the level required

for routine work.

The onset of presbyopia is primarily influenced by three factors: focusing ability, usual reading
distance (or preferred distance for close tasks), and depth of focus (tolerance of the optical blur
system). Other factors that may influence the onset of presbyopia include refractive errors and other
eye deviation, arm length, pupil size, and possible differences in the optical density of the lens. Other
factors that could lead to a different time of presbyopia could include the effect of sunlight, the
complexity of near-distance activities, the level of indoor lighting and other factors specific to the
task.

Loss of amplitude of accommodation with age is a known consequence of the aging of the lens,
however, it is interesting to point out other factors such as changing the speed and accuracy of the

accommodative response with age. It is noteworthy findings that although the amplitude of
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accommodation varies considerably between 20-40 years, reaction and response time showed only
slight changes. It is also interesting that the rate of relaxation of muscles during discomodation is
lower in the elderly than in younger subjects, but especially the ability of the eye lens to change its
optical power has a very high excursion when we get older. This change is due to the fact that
individual layers of lenticular fibers are thinned, but the number of elementary fibers increases.

Digital Eye Strain
Many sources state that the reading distance is approximately 40 cm, but the current period of

smartphones, tablets and laptops that distance considerably modified and thus needs to vision.
Research shows that smartphone users hold these devices at closer working distances (32 to 36 cm)
than standard prints (40 to 45 cm). This close working distance causes that our eyes must make a
greater effort and more accommodative converge. At the same time when we changing the use of
multiple devices, we force our eyes intensely and repeatedly focus on the ever-changing distance and
font size. This may result in local ocular symptoms, such as fatigue, tension around the eyes, burning,
tingling, irritation, blurred or double vision, changes in color perception and sensitivity to glare. These
symptoms can be accompanied by general difficulties such as headache, pressure and pain in the
cervical spine, excessive fatigue, irritability, nervousness. This can significantly reduce work
productivity, and a large percentage of people working mainly with computers suffer from this
problem. With these symptoms, we are getting more and more frequent, and therefore it was
introduced the concept of "Digital Eye Strain” (DES).

Another contribution to the development of DES symptoms can also be due to slight fluctuations
during accommodation, especially since the digital screen is very different from the printed paper for
the eye. Monitors or displays are made from miniature dots, pixels, to which the eye is more difficult
to focus on, to keep constant attention. In comparison with paper must the eye while reading the
monitor perform larger and more demanding work. From constant focusing, we strain all eye muscles
all the time. It is similar to stretching the muscle anywhere else on the body from overuse and
overload. It is also important to change the contrast. Compared to the printed text, the eye is exposed
to increased brightness and glare from the screens, but is also exposed to a higher proportion of high

energy blue light.

Many users complain about eye dryness, especially people wearing contact lenses. With normal paper

reading or when working closely, we keep the head tilted, and most of the surface of the eye is
176



protected by the eyelid. The tear film does not evaporate so fast and lasts for a long time. Particular
observation of a computer monitor is usually to look straight ahead, not down. Most eyes are therefore
unprotected and the tear film evaporates faster, causing eye dryness and burning.

Also the blink frequency can affect our comfort. The average value is around 22 blinks per minute,
while reading paper is 10 blinks per minute, and when using a computer, it's only 7 blinks per minute.
If the syndrome is not treated, it can cause more serious problems in other parts of the body. In order
to see more clearly, we try to push our shoulders, head and neck closer to the computer. We often
realize this error of bad posture when starting problems in the back and muscle tension.

Conclusion
Presbyopic “digital” users encounter many visual and ergonomic complications due to limited

accommodative amplitude and necessary correction over a given distance. While different eye
examinations are commonly performed, questions about the number and types of devices that patients
use, especially when dealing with symptoms of digital eye syndrome, should be routinely asked.
Particular attention should be paid to different working distances and higher adaptive requirements

that occur across devices.

Optometry provides a variety of different types of lenses, nowadays even contact lenses, some of
which are designed for specific workplace conditions. However, the criteria for optimal correction of
presbyopia in the workplace are still being debated and require further research, because lens design

and ergonomic conditions are constantly changing with technological developments.

References
The eye in focus: accommodation and presbyopia. Clin Exp Optom [online]. 2008. Dostupné z:

https://www.ncbi.nIm.nih.gov/pubmed/18336584

Computer vision syndrome in presbyopia and beginning presbyopia: effects of spectacle lens

type. Clin Exp Optom[online]. 2015.

Some Ocular Symptoms Experienced by Users of Mobile Phones. Electromagnetic Biology and
Medicine [online]. 2008.

Computer Vision Syndrome: Growing Crisis in the Workplace, PR Newswire [New York], 1998

Understanding computer vision syndrome, Torrey, Jon. Employment Relations Today; 2003: 45-51

177



Vliv materiali kontaktnich ¢ocek na integritu slzného filmu

Bc. Michaela Novakova, Mgr. Simona Bramborova, DiS.

Katedra optometrie a ortoptiky LF MU, Brno

Uvod

PoruSeni nékteré slozky slzného filmu je nejcastéjsi pti¢inou problematického noseni kontaktnich
cocek. Po nasazeni kontaktni ¢ocky na oko je obklopena slznym filmem. Slzny film musi v jeji
pritomnosti udrzovat svoji integritu — to je zakladnim piedpokladem uspésného a pohodIného noSeni
kontaktnich ¢ocek. Slzny film u lidi nepouzivajicich kontaktni Co€ky je silnéjsi a stabilngjsi nez u
nositelli. Suchost, paleni, Skrabani, pocit ciziho téliska. To jsou nejcastéji uvadéné symptomy nositeli
kontaktnich ¢ocek, ktefi maji n&jaky deficit slzné¢ho filmu. V dnesni dobé€ je na trhu nespocet druht
kontaktnich Cocek, vyrobci se snazi stale zdokonalovat technologie materidli a zlepSovat nové
vlastnosti, aby si 1 nositelé se syndromem suchého oka mohli uzivat bezproblémového komfortniho

noSeni kontaktnich ¢ocek.

Struktura slzného filmu:
Slzny film ma tloustku asi 7 — 10 um a miZeme jej rozdélit do tii vrstev: mukozni, vodnd a tukova.
JiZ je znamo, Ze se vSechny tfi vrstvy vzajemné prolinaji, konkrétné mucinova vrstva prochazi vrstvou

vodnou az k lipidové. Podle novéjSich poznatkl je mucinova vrstva vétsi, nez se predpokladalo.

Tukova vrstva (0,1 — 0,25 um) — je tvoiena sekreci lipidi z meibomskych Zlazek a jeji hlavni funkci
je branit vypafovani vodné slozky a branit pretékani slz pres okraj vicka. Obsahuje volné mastné

kyseliny.

Vodna vrstva ( 4 - 8 um) — tvofena bazalni sekreci akcesornich slznych zlaz ulozenych ve spojivce,
hlavni sekrece je zajiStovdna ze slzné Zlazy. Obsahuje mineraly, elektrolyty, bilkoviny,
imunoglobuliny IgA, IgG, IgM, IgE, lysozym, dodava O epitelu rohovky, odplavuje odumielé bunky

a bakterie.

Mukézni vrstva (0,02 — 0,05 um) — produkovana Becherovymi buikami, jeji funkei je upravit

hydrofobni povrch piechazejici na epitel rohovky na hydrofilni, ¢imz zajist'uje ptisun O2 k rohovce.
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Slznd #l4za - - Meibomské Zldzky

Mucinova vrstva
Vodna vrstva Slzny film

Tukovd vrstva

Funkce slzného filmu

Opticka — Slzny film kompenzuje nerovnosti rohovky a vytvari tak hladké rozhrani mezi vzduchem

a rohovkou, kter¢ je dulezité pro ostré zobrazeni obrazu na sitnici.

Ochranna — Diky obsahu antibakteridlnich latek ve vodné vrstvé chrani povrch oka. Odstrafuje
odumfielé bunky, odpadni latky a prachové Castice, obsahuje riistové faktory pro spravné hojeni ran

epitelu.

Lubrikacni — zajistuje klouzavy pohyb vicek a tim rovnomérné rozprostieni slzného filmu po

povrchu.

Vyzivna — distribuce Oz a malého mnozstvi glukozy potiebné pro vyzivu epitelu rohovky.

Vysetteni slzného filmu

UZivatelé¢ kontaktnich ¢ocek by méli pravidelné navstévovat svého kontaktologa, aby predesli
moznym komplikacim spojenych s jejich noSenim. VySetieni slzného filmu by mélo byt spole¢né s
vySetfenim pfedniho segmentu provadéjicim se na Stérbinové lampé soucasti ndvstévy kontaktologa.
Mezi diagnostické metody vySetieni kvantity slz patii Shirmertiv test a novéjsi Phenol red thread test
(PRT). Kvalitu slz miizeme vysettit pomoci Break up time testu (BUT) s fluoresceinem, lissaminovou
zeleni, nebo bengélskou cerveni, kterd se jiz dnes témef nepouzivd kvili draZzdéni suchych oci.
DalSimi testy urCujicim kvalitu slzného filmu je NIBUT test (neinvazivni doba pieruSeni slzného

filmu), vySetfeni slzného menisku, zrcadlovy odraz uzkého pole a vySetieni pomoci Tearscope.
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Kromeé slzného filmu je dalezité vySettit i okolni struktury, jako jsou fasy, vicka, vnitini a vnéj$i o¢ni

koutky a Meibomské z1azy. Tato prohlidka se taktéz provadi pomoci §térbinové lampy.

Mékké kontaktni Cocky a slzny film

Hodnotny slzny film je zékladnim ptedpokladem pro dobrou snasSenlivost kontaktnich cocek. Po
naaplikovani kontaktni ¢ocky je potieba cocku udrzovat hydratovanou a stejné tak zajistit smacivost
predniho povrchu. Studie ukézaly, ze vice lipidi se ukladd na povrch silikon-hydrogelovych
materiald, nez na hydrogelové, naopak je tomu u proteind, které se vice ukladaji v hydrogelech. Zde
hraje dulezitou roli hygiena. Dikladné cisténi v podobé promnuti ¢ocky a nasledné oplachnuti
vhodnym roztokem snizuje tvofeni usazenin na povrchu ¢ocek. Cocka nasazena na oku je do uréité
miry dehydratovand. Obecné plati, ¢im vySsi je obsah vody v €occe, tim vice se zvySuje mira
dehydratace. Dehydrataci miZeme zaznamenat V podobé teCkovitych skvrn na rohovce. Proti
vysychani slzného filmu existuje fada o¢nich lubrikacnich ptipravk, které ulevi pocitu suchych oc¢i,
avSak v prizkumech nebylo prok4zano vyrazné zlepsSeni kvality ani kvantity slzného filmu. Firmy
nyni stale vylepSuji materidly silikon-hydrogelii 1 hydrogeli ve snaze udrzet hydratovanou ¢ocku co

nejdéle a to pridanim zvlhcovadel do kontaktnich ¢ocek a jejich roztokd.

1. zahrani¢ni studie:

Comparison of tear-film osmolarity in different types of contact lenses

Ugel: V této studii se vysetiovala osmolarita slzného filmu nositeltt kontaktnich oéek u riiznych typt

kontaktnich ¢ocek.

Metodika: Zkoumano bylo 56 o¢ipo ¢tyfech odlisnych skupinach rozdélenych podle typt kontaktnich
cocek. V kazdé skupiné bylo méfeno 14 o¢i. Skupina 1 a 2 sestavaly ze subjektii nosicich jednodenni
mékké kontaktni Cocky s castou vyménou. Obsah vody ve skupiné 1 byl 58 %, ve skupin€ 2 potom
38 %. Subjekty ve skupinach 3 a 4 méli aplikované tvrdé plynopropustné kontaktni Cocky. Ve skupiné
3 mély RGP ¢ocky propustnost pro kyslik 90 a 52 ve skupiné 4. Hodnoty osmolarity (jednotka
miliosmol) poruseného slzného filmu byly méfeny automatickym osmometrem Orstat 6030 vzdy pied
nasazenim a po sundani kontaktnich cocek a vysledky byly statisticky zpracovany pomoci ANOVA

testu.

Vysledky: Pfed nasazenim kontaktnich cocek byly vysledky pro jednotlivé skupiny v potadi 1, 2, 3 a

4 nasledujici: 283.61 +/- 12,83 mosm, 285,23 +/- 8,94 mosm, 285,57 +/- 11,39 mosm a 280,15 +/-
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12,07 mosm. Po sundéani kontaktnich ¢ocky byly hodnoty osmolarity nasledujici: 312,15 +/- 16,03
mosm pro skupinu 1, pro skupinu 2 316,54 +/- 12,14 mosm, ve skupin¢ 3 313,14 +/- 9,66 mosm a
316,38 +/- 11,60 mosm pro skupinu 4. A¢koliv byl rozdil naméfenych hodnot pted nasazenim a po
sundani kontaktnich ¢ocek pro kazdou skupinu statisticky vyznamny, celkoveé rozdil mezi skupinami

nebyl statisticky vyznamny.

Shrnuti: Aplikovana ¢ocka méni strukturu slzného filmu a ovlivituje jeho odpafovani, v diisledku toho
se zvySuje osmolarita slzného filmu. V této studii mély na osmolaritu vSechny typy kontaktnich cocek

podobny ucinek.

2. zahrani¢ni studie
Comparison of tear film surface quality measured in vivo on water gradient silicone hydrogel and

hydrogel contact lenses.

Pted touto studii byl na trh uveden material jednodennich silikon-hydrogelovych ¢ocek s novym
obsahem vody. Cilem této studie bylo vyhodnotit kvalitu prelentikularniho slzné¢ho filmu (TFSQ) této

nové Cocky v porovndni s jinou jednodenni kontaktni cockou od stejného vyrobce.

Metodika: Jedenact subjektti mélo za ukol nosit po dva dny 2 pary hydrogelovych ¢ocek nelfilcon A
a silikonhydrogelovych ¢ocek delefilcon A. Druhy typ ¢ocek nesmél byt nosen nasledujici den po
vyndani prvniho. K analyze prelentikularniho filmu odlisSnych cocek bylo pouzito neinvazivni
laterdlni interferometrie. Méfeni byla provedena za piirozenych podminek mrkéani po 6 hodinach

noseni. Byl také hodnocen subjektivni pocit komfortu.

Vysledky: V obou piipadech méla piitomnost Cocek za nasledek snizeni TFSQ v porovnani
s méfenim pied nasazenim kontaktnich cocek. Statisticky mensi odchylka v TFSQ byla naméfena u
cocek s niz§im obsahem vody oproti nové uvedenym cockam. Zjisténa byla statisticky vyznamna
korelace mezi vysledky TFSQ obou cocek (Pearsonliv korelacni koeficient R = 0,8, P <0,003), coz
znaCi vysokou linearitu metodiky meétfeni vzhledem k testovanému materialu cocek. Korelace

subjektivniho komfortu v ¢ockach byla nizsi a statisticky nevyznamna (R = 0,6, P> 0,05).

Shrnuti: Ackoliv je prelentikularni TFSQ nepfimo umérny obsahu vody Vv ¢occe, vysledky studie

ukazaly, ze novy silikon-hydrogelovy material ovliviiuje TFSQ v porovnani s jeho pfedchiidcem.

181



Zdroje:
KOLIN, Jan. Ocni lékarstvi. 2., pieprac. vyd. Praha: Karolinum, 2007. ISBN 978-80-246-1325-3.

KUCHYNKA, Pavel. Ocni lékarstvi. 2., piepracované a doplnéné vydani. Praha: Grada Publishing,
2016. ISBN 978-80-247-5079-8.

ROZSIVAL, Pavel. Ocni lékaistvi. Praha: Galén, c2006. ISBN 80-726-2404-0.

Vysetieni slzného filmu. The Vision Care Institute [online]. [cit. 2017-07-07]. Dostupné z:
http://www.thevisioncareinstitute.cz/sites/default/files/content/cz/\VVysetreni_slzneho_filmu.pdf

Comparison of tear-film osmolarity in different types of contact lenses [online]. [cit. 2017-03-16].
Dostupné z: https://www.ncbi.nlm.nih.gov/pubmed/12394541

SZCZESNA-ISKANDER, Dorota H. Comparison of Tear Film Surface Quality Measured In Vivo
on Water Gradient Silicone Hydrogel and Hydrogel Contact Lenses. Eye [online]. 2014, 40(1), 23-27
[cit. 2017-03-16]. DOI: 10.1097/1CL.0000000000000008. ISSN 1542-2321. Dostupné z:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage

182


https://www.ncbi.nlm.nih.gov/pubmed/12394541

The influence of contact lens materials on the tear film integrity

Bc. Michaela Novakova, Mgr. Simona Bramborova, DiS.

Katedra optometrie a ortoptiky LF MU, Brno

Introduction

Breaking some of the tear film component is the most common cause of problematic wearing contact
lenses. After the contact lens is attached to the eye, it is surrounded by a tear film. Tear film must
maintain its integrity in its presence - this is a prerequisite for successful and comfortable wearing
contact lenses. Tear film of people not using contact lenses is stronger and more stable than the
wearer’s. Dryness, burning, scratching, feeling of a foreign body. These are the most commonly
reported symptoms of contact lens wearers who have some tear film deficiency. Nowadays, there are
many types of contact lenses on the market, manufacturers are constantly trying to improve the
technology of materials and improve new features so that even dry eye users can feel good with

contact lenses.

Structure of tear film

The tear film thickness is about 7 - 10 pum and it is divided into three layers: mucous, water and lipid.
It is already known that all three layers are interconnected with one another, especially the mucin
layer passes through the aqueous layer to the lipid layer. According to newer findings, the mucin layer

is larger than expected.

Fat layer (0.1 - 0.25 um) - consists of lipid secretion from meibomic glands and its main function is

to prevent evaporation of the aqueous component and to prevent tear over the lid.

Water layer (4 - 8 um) - formed by the basal secretion of the accessory tear glands stored in the
conjunctiva, the main secretion being provided by the tear gland. It contains minerals, electrolytes,
proteins, immunoglobulins 1gA, 1gG, IgM, IgE, lysozyme, adds O to epithelium of the cornea,

washing away dead cells and bacteria.

Mucosal layer (0.02 - 0.05 um) - produced by Becher cells, its function is to adjust the hydrophobic

surface to the corneal epithelium to hydrophilic, thus providing oxygen to the cornea.
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Slznd Zlaza Meibomské Zlazky

Mucinova vrstva
Vodné vrstva Slzny film

Tukovd vrstva

Mean function of tear film
Optical - The tear film compensates for corneal unevenness to create a smooth interface between the
air and the cornea, which is important for the sharp image of the retina.

Protective - Due to the content of antibacterial substances in the aqueous layer it protects the surface
of the eye. Removes dead cells, waste materials and dust particles, contains growth factors for proper
epithelial wound healing.

Lubricating - Provides a sliding movement of the lids and a uniform spread of tear film over the

surface.

Nutrient - The distribution of O, and the small amount of glucose required for nutrition of the corneal

epithelium.

Examination of tear film

Contact lens users should regularly visit their contact specialist to avoid possible complications
associated with wearing them. Examination of the tear film should be part of the contactologist's visit
with the examination of the front segment performed on the slit lamp. Diagnostic methods for
examinate the amount of tear include the Schirmer test and the newer Phenol red thread test (PRT).
The quality of tears can be investigated using the Break Up Time Test (BUT) with fluorescein,
lissamin green, or Bengal red, which is now almost unused due to dry eye irritation. Other tests to
determine the quality of tear film are the NIBUT test, non-invasive tear film interruption, tear
meniscus, narrow field mirror, and Tearscope. In addition to tear film, it is important to examinate
surrounding structures such as lashes, eyelids, inner and outer eye corners, and Meibom glands. This

inspection is also performed with a slit lamp.
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Soft contact lenses and tear film

Valuable tear film is a prerequisite for good tolerance of contact lenses. After applying the contact
lens it is necessary to keep the lens hydrated and also ensure the wetness of the front surface. Studies
have shown that more lipids are deposited on the surface of silicone-hydrogel materials than on
hydrogel but on the contrary they are more stored in hydrogels. Hygiene is the important role here.
Thorough cleaning in the form of lens leakage and subsequent rinsing with a suitable solution reduces
the formation of deposits on the surface of the lenses. The lens attached to the eye is to some extent
dehydrated. Generally, if water gradient is higher, the rate of dehydration is higher too. We can detect
dehydration in the form of dots on the cornea. There are a number of eye lubrication products available
to help dry out the tear film, which relieves the feeling of dry eyes, but no significant improvement in
the quality or quantity of tear film has been proven. Companies are now improving silicone-hydrogel
and hydrogel materials in an effort to keep the hydrated lens as long as possible by adding moisturizers

to contact lenses and their solutions.

1. study

Comparison of tear-film osmolarity in different types of contact lenses

Purpose: To investigate the tear-film osmolarity of contact lens wearers for different types of contact

lenses.

Methods: Fifty six eyes of 56 cases were evaluated in four different groups according to the type of
contact lens worn, with 14 eyes in each group. Groups 1 and 2 consisted of subjects who wore
frequent-replacement daily wear soft contact lenses; group 1 lenses had 55% water content, and lenses
in group 2 had 38% water content. Groups 3 and 4 consisted of subjects who wore rigid gas-permeable
contact lenses, with a Dk value of 90 in group 3 and a Dk value of 52 in group 4. Tear-film osmolarity
values in milliosmole (mosm) units were determined by auto-osmometer (Orstat 6030, Daiichi
Kagacu, Kyoto, Japan) before and after contact lens wear for each group, and the results were
compared statistically by ANOVA test.

Results: Before the period of contact lens wear, the tear-film osmolarity values of group 1, 2, 3, and
4 were 283.61+/-12.83 mosm, 285.23+/-8.94 mosm, 285.57+/-11.39 mosm, and 280.15+/-12.07
mosm, respectively. After the period of contact lens wear, these values were measured at 312.15+/-

16.03 mosm in group 1, 316.54+/-12.14 mosm in group 2, 313.14+/-9.66 mosm in group 3, and
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316.38+/-11.60 mosm in group 4. Although the difference between the values before and after the
period of contact lens wear was statistically significant for each group (F=291.45; P=0.0005), there
was no statistically significant difference among the groups.

Conclusion: When a contact lens is placed in the eye, the lens alters the normal structure of the tear
film and affects its rate of evaporation; therefore tear-film osmolarity may increase. In our study, all
contact lenses produced a similar effect on tear-film osmolarity.

2. Study
Comparison of tear film surface quality measured in vivo on water gradient silicone hydrogel and
hydrogel contact lenses.

Objective: Recently, a new water gradient silicone hydrogel material has been introduced for a daily
disposable lens. The aim of this study was to assess, in vivo, the prelens tear film surface quality
(TFSQ) of this new lens in comparison with that of another daily disposable lens from the same

manufacturer.

Methods: Eleven subjects wore two pairs of hydrogel nelfilcon A and silicone hydrogel delefilcon A
lenses in two nonconsecutive days. The noninvasive lateral shearing interferometry was used to
analyze the prelens tear film and distinguish between different contact lens materials. Measurements
were taken in natural blinking conditions after 6 hours of wear. Additionally, the subjective comfort

was evaluated.

Results: The presence of both lenses resulted in a TFSQ reduction as compared with the bare eye
condition. Statistically significant (Wilcoxon rank sum test, P<0.012) smaller change in TFSQ was
introduced by the water gradient material than the high water content material. A statistically
significant correlation between the TFSQ results of the two lenses was found (Pearson correlation
coefficient R=0.8, P<0.003), indicating high linearity of the measurement methodology with respect
to the tested lens material. The correlation of subjective comfort in lenses was lower and found to be
insignificant (R=0.6, P>0.05).

Conclusion: Although the prelens TFSQ is not always directly proportional to the lens water content,
the results of the in vivo study showed that the new water gradient silicone hydrogel material impact

less TFSQ as compared with its predecessor.

186



Sources:
KOLIN, Jan. Ocni lékarstvi. 2., pieprac. vyd. Praha: Karolinum, 2007. ISBN 978-80-246-1325-3.

KUCHYNKA, Pavel. Ocni lékarstvi. 2., piepracované a doplnéné vydani. Praha: Grada Publishing,
2016. ISBN 978-80-247-5079-8.

ROZSIVAL, Pavel. Ocni lékaistvi. Praha: Galén, c2006. ISBN 80-726-2404-0.

Vysetieni slzného filmu. The Vision Care Institute [online]. [cit. 2017-07-07]. Dostupné z:
http://www.thevisioncareinstitute.cz/sites/default/files/content/cz/\VVysetreni_slzneho_filmu.pdf

Comparison of tear-film osmolarity in different types of contact lenses [online]. [cit. 2017-03-16].
Dostupné z: https://www.ncbi.nlm.nih.gov/pubmed/12394541

SZCZESNA-ISKANDER, Dorota H. Comparison of Tear Film Surface Quality Measured In Vivo
on Water Gradient Silicone Hydrogel and Hydrogel Contact Lenses. Eye [online]. 2014, 40(1), 23-27
[cit. 2017-03-16]. DOI: 10.1097/1CL.0000000000000008. ISSN 1542-2321. Dostupné z:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage

187


https://www.ncbi.nlm.nih.gov/pubmed/12394541

Vyznam metody MKH pri méreni HTF a optimalizaci binokularni
korekce

Bc. Eva Kubtl, Mgr. Pavel Kiiz
Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Metody méfeni binokularni korekce a pravidla pro jeji pfedpis nemaji dodnes normovanou podobu.
Mezinarodni sdruzeni pro binokularni korekci (IVBS - z némeckého originalu Internationale
Vereinigung fiir binokulares Sehen) vSak podporuje jednotné a spravné pouziti metodiky MKH. Podle
jejich zkuSenosti je obvykle u lidi s heteroforii navozeno bezproblémové binokularni vidéni pomoci

plné prizmatické korekce ziskané touto metodou.

Jednoduché binokularni vidéni (JBV)

Jednoduché binokularni vidéni je definovano jako schopnost vidét pfedmét pozorovany obéma o¢ima
jednoduse. Tato dovednost neni vrozend, ale u¢ime se ji v pribchu détstvi. RozliSujeme 3 stupné
obou oc¢i, dale je schopnost flze, pti které se propoji obraz pravého a levého oka v jeden smyslovy
vjem. Nejvyssim stupném JBV je stereopse, kdy propojenim obrazii dopadajicich na lehce disparatni

mista sitnice vznika hloubkovy vjem pozorovaného prostoru.

Poruchy JBV

Nespravny vyvoj o¢i a okohybného aparatu miize vést k celé fad€ patologii, pro piehled nasleduje

vvvvvv

Suprese zabraiiuje vzniku dvojitého vidéni tim, Ze obraz uchylené¢ho oka se nedostane do zrakového

centra a netcastni se proto vidéni.

Pii amblyopii je v rizném rozsahu sniZzena zrakova ostrost, ale anatomicky nalez na oku odpovida

norme.
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Strabismus (heterotropie, Silhani) je definovan jako stav, kdy se osy vidéni pii fixaci predmétu

neprotinaji v jednom bod¢. Zevné se projevuje asymetrickym postavenim o¢i.

Oproti tomu heteroforie (skryté $ilhani) se manifestuje pii nerovnovaze o¢nich svali pouze pii

zruSeni fuze.

Pokud se postaveni o¢i nezméni ani po zruseni flize, mizeme hovoftit o ortoforii, neboli rovnovazném

stavu okohybnych svali.

Heteroforie (HTF) x Uhlova odchylka fixace (UOF)

Binokularni vySetfeni o¢i mtizeme provadét za i bez pritomnosti fuznich podnétti. Pokud budeme oko
testovat za absence fizniho podnétu, kdy o¢i nefixuji, (napi. Maddoxtv kiiz, von Graefeho prizma
nebo Schobertv test) ziskame hodnoty HTF. V piipadé piitomnosti centralnich a/nebo perifernich
faznich podnétii o¢i v odchyleném postaveni fixuji (napt. MKH nebo Malletiiv test), a testujeme tedy
UOF. Podminky testovani UOF vice odpovidaji pfirozenému prostiedi, které vzdy fuzni podnéty
obsahuje. V anglické literatufe se spiSe pouzivaji pojmy disociovana forie (pro HTF) a asociovana

forie (pro UOF).

Fixac¢ni disparita (FD)

Fixacni disparita je oznaceni pro malou senzoricky kompenzovanou odchylku, kterd se projevuje pii
normalni binokularni fizi. Fixa¢ni linie se nezobrazi v jednom bod¢, ale na lehce disparatnim bodé
Vv ramci Panumova prostoru. Tato odchylka je tedy tak nepatrna, Ze nezpusobuje pozorovatelné
odchyleni o¢i, a je dostatecné kompenzovana senzoricky. Miize byt pfitomna na jednom nebo obou

ocich.

Metoda MKH

Metoda MKH (z némeckého originalu Mess- und Korrektionsmethodik nach H.- J. Hasse) se zabyva
méfenim a korekei motorické odchylky a fixac¢ni disparity. Dle autora H.- J. Hasse ma byt senzoricka
i motoricka odchylka korigovana pIng€. Dnes se od tohoto nazoru ustupuje a je bézna pouze ¢aste¢na

korekce odchylky, v zavislosti na individudlnich potfebach daného klienta.

Meéteni metodou MKH

Monokularni korekce
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Pted samotnym zahijenim binokuldrni korekce je nutné, aby se obraz predmétu oka s uvolnénou
akomodaci nachézel na sitnici. Tuto idedlni polohu obrazu v podélném (axialnim) sméru k fixaéni
linii ziskdme sférickou nebo torickou korekéni ¢ockou, jejiz hodnotu ziskdme mefenim subjektivni
refrakce na dalku. V pribéhu monokularniho vysetfovani dochazi k motorickému uvolnéni o¢i, které

by mélo pfetrvat i v prub&hu binokularniho testovani.
Binokularni korekce

V ptipadé€ binokularni korekce je snaha o nalezeni takového postaveni o¢i, pti kterém se obrazy obou
oc¢i nachazi ve foveole. Tato poloha v pficném (vergenénim) sméru k fixacni linii by méla zajistit

vergencni klidovou fazi a tedy i nejmensi ndmahu okohybnych svalt.

MKH testy

Meéfieni probihé na testech s pozitivni polarizaci (tmavy znak na svétlém pozadi) a s pevné urCenym
potadim jednotlivych testi. Kazdé oko vidi jinou cCast testu a pouze pii neporuseném JBV je test
vniman spravné. Hodnotime, zda vySetfovany vidi cely test obéma oCima soucasné, stejné kontrastne,

ve spravném postaveni a zda nedochazi k ¢asové proménlivosti obrazu.
Kiizovy test ("K", angl. Cross test -"'C"")

Kiizovy test je vzdy prvnim testem. Levé oko vidi horizontdlni, pravé vertikdlni ramena kiize.
Vysetfovanému nejprve ukdzeme podobu testu bez analyzatorti ihned po ukonceni monokularni
refrakce levého oka, nasledn¢ piedfadime analyzatory a odkryjeme pravé oko. Tento postup nedovoli
zahajit motorickou fuzi, ktera je stimulovana i okolnimi podnéty. Je proto nutné vySetfovaného
nabadat k fixaci pfedkladaného kiize. Tento test bez fuznich podnétt slouzi k diagnostice motoricky

kompenzovanych odchylek (Fixacni disparity I. stupn¢).
Rucickovy test (""R", angl. Pointer test -"'P"")

Stfedové mezikruZi a ordmovani testu jsou viditeIné obéma ocima a umoznuji tak fuzi, pravé oko vidi
rucicky, levé stupnice. Kromé horizontalnich odchylek tento test umoziuje diagnostiku vzajemného
stoceni oc€i (cykloforie). Pacient fixuje mezikruzi a porovndva polohu ruciek oproti stupnicim

v zdkladnim 1 invertovaném postaveni.

Dvojity ruci¢kovy test ("DR", angl. Double pointer test - ""DP"")
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DR test slouzi ke zjisténi horizontalnich i vertikalnich odchylek a k rozliSeni zkresleni obrazu od jeho
stocCeni (pravy thel mezi ru¢ickami zachovan). V zékladnim postaveni vidi pravé oko rucicky, levé

stupnice. Vysetfovanému predkladame ob¢ postaveni testu.
Hakovy vertikalni test ("HV"', angl. rectangle test - "'R"")

Tento test byva nazvan také anizeikonicky, jelikoz slouzi k odhaleni rizné velikosti sitnicovych
obrazii. Vyhodnocuje také vertikalni odchylky. Nepolarizovany stfed vidi obé o¢i, kazdé oko zvIast
vidi jeden hak na ptislusné strané. Vysetfovany fixuje centralni znacku a porovnava velikost a polohu

hakt. V ptipadé nejasného vjemu miizeme postaveni prevratit.
Stereo testy

Stereotesty slouzi k provéteni stereoskopického vidéni. Musi byt vzdy ukdzany v obou typech
postaveni, kdy v zdkladnim postaveni jsou znaky vidény pied centralni fixacni znackou (zkiizené

vnimani) a v postaveni invertovaném za fixacni znackou (nezkiiZené vnimani).
Stereo trojuhelnikovy test ("S", angl. Stereo triangle test - "'ST?)

Centralni nepolarizovana kruhova znacka je sledovana obéma oc¢ima zaroven, kazdé oko zvlast’ vidi
lehce posunuty trojuhelnik nad a pod centralni znackou a po zfiizovani se trojuhelniky jevi pred/za
touto znackou. Pfi zméné postaveni by mélo dojit k okamzité reakci vySetfovaného, ze doSlo
Kk ptesunu trojuhelniki. Pii heteroforii se objevuje vétsi Casova prodleva. Stiidavé pozorovani S testu
také prispiva k motorickému uvolnéni a miizeme ho proto vlozit i mezi vyse jmenované testy. Pokud
dochazi k diplopii v disledku redukovanych Panumovych aredlli, je moZzno pouzit testy

s redukovanou bazi 1 1mm oproti pivodnim 20mm.

Dalsim typem je napiiklad Pétifady diferencovany stereotest (""DS5", angl. Differentiated stereo

test - ""Dx"', x- po€et radkii), ve kterém mizeme testovat stereoskopickou paralaxu odstupnovanou
4°;37:2°:17,0,5".

Stereovalenéni testy (""SV", angl. Stereo-balance tests - "'SB**"")

Testy stereoskopického vyvazeni jsou poslednim krokem korekce UOF (resp. HTF). Ukazuji, zda se
oc¢ni systém nachazi v ortopostaveni nebo se vyskytuje prevalence jednoho oka, tj. jedno oko je pti
stereoskopickém vidéni dominantni. Vjem obou o¢i je velmi podobny trojiihelnikovému stereo testu.

K centralni znacce je navic pfiddna nepolarizovana stupnice, kterd zhruba hodnoti ptfitomnou

prevalenci.
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Prizmaticka korekce

Aplikuje se vZdy nejmensi prizmatické korekce, ktera navodi ortoforii. Hodnoty prvnich vkladanych
prizmat jsou doporucovany 1pD v horizontadlnim sméru a 0,5pD ve sméru vertikdInim. Korekéni ¢leny
by se mély rovnomérné rozdélit pred ob€ o€i. Korekeni klin se vklada bazi proti sméru odchylky.
V ptipad€ kombinované horizontalni a vertikalni odchylky je preferovano nevkladat bazi do Sikmého
sméru, ale zacit pacientem vice vnimanou slozkou, a pokud odchylka ptetrvava, korigovat zbyvajici

cast.
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Zaver

Mcéteni a korekce heteroforii je velmi obséhla problematika, jejiz cilem je zvysit komfort a kvalitu
binokularniho vidéni. Pti stale nartistajicich narocich na pfesné a pohodIné vidéni se tedy jevi jako
vhodnd cesta k maximalnimu individudlnimu pfizpisobeni korekénich ¢lent kazdému jedinci.
Metoda MKH je jedna z moznosti jak ziskat hodnoty prizmatické korekce. Diplomova prace nebude
slouzit jako manudl pro ptredpis prizmatické korekce touto metodou, ale mé za cil porovnat hodnoty
asociacnich forii do dalky za pouziti riznych metod testovani a také rozlozeni téchto odchylek

Vv populaci.
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The importance of the MKH method for HTF measurement and
optimalization of binocular correction

Bc. Eva Kubtl, Mgr. Pavel Kiiz
Katedra optometrie a ortoptiky LF MU, Brno

Introduction

Binocular correction measuring methods and its prescription rules haven't been standardized yet.
However, The International Association for Binocular Vision (IVBS - from German Internationale
Vereinigung flir binokulares Sehen) supports uniform and correct application of the MKH. Based on
their experience, unimpaired binocular vision is usually achieved in heterophoric people by prismatic

fullcorrection obtained by this method.

Simple binocular vision (SBV)

Simple binocular vision is defined as the ability to see the subject observed with both eyes simply.
This skill is not congenital but we learn it during childhood. We differentiate 3 grades of binocular
vision. The lowest grade is the superposition. Unequal images of both eyes are superposed in this
case. The next one is the fusion, which combines the image of the right and left eye in one sensual
perception. The highest grade of the SBV is a stereopsis, when a deep perception of the observed

space is developed due to the connection of images falling on the retinal slightly disparate positions.

SBV disorders
Incorrect development of the bulbus and other eye additional structures can lead to a wide range of

pathologies. Here is an overview of some of the most important of them.

A suppression prevents double vision by stopping image from the deviated eye before it can reach

the visual cortex. So the eye is not participate in the vision.

The visual acuity is reduced in the different extent but the anatomical finding corresponds to the norm

in amblyopia.

Strabismus (heterotrophy, squint) is defined as a state where the axis of vision are not crossed in one

point during the fixation. It externally manifests itself as an asymmetric eye position.
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On the other hand, heterophoria (hidden squint) manifests itself as the imbalance of the extraocular

muscles only when the fusion is not present.

If the position of the eyes does not change even after the fusion is cancelled, we can talk about

orthophoria, or the balance state of the extraocular muscles.

Heterophoria (HTF) x Angle visual defect (AVD)

Binocular eye examinations can be performed with or without the presence of fusion stimuli. If we
test the eye in the absence of a fusion stimulus, when the eyes do not fix (such as Maddox’s Cross,
von Graefe’s Prism or Schober's test), we get HTF values. In the presence of central and/or peripheral
fusion stimuli the eyes are fixing in a deviated position (e.g., MKH or Mallet test), and we test the
AVD. Testing conditions for the AVD more closely correspond to the natural environment when the
fusion stimuli is always present. In English literature the terms dissociated phoria (for HTF) and
associated phoria (for the AVD) are used.

Fixation disparity (FD)

Fixation disparity is a term for a small sensorically compensated deviation that occurs during normal
binocular fusion. The fixation line does not appear at one point but at a slightly disparate position
within Panum'’s space. This deviation is therefore so slight that it does not cause observable eye
deviation and is sufficiently compensated by the sensory system. It can be present on one or both

eyes.

Measuring and Correcting Methodology after H.-J. Haase (MKH)

The MKH method (from the German original Mess- und Korrektionsmethodik nach H.-J. Hasse)
deals with measurement and correction of motoric deviation and fixation disparity. According to the
author H.-J. Hasse both sensory and motoric deviation should be fully corrected. Nowadays, only a

partial correction of the deviation is normally used, depending on the individual needs of the client.
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MKH measurement

Monocular correction

Before the binocular correction is initiated, the image of the subject in the eye with release
accommodation must be located on the retina. This ideal position of the image in the longitudinal
(axial) direction to the fixation line is obtained by a spherical or toric correction lens whose value is
gained by distance subjective refraction measuring. During the monocular examination, a motoric

relaxation of the eye occurs and should persist during binocular testing.
Binocular correction

There is an attempt to find such an eye position where the images of both eyes are in the foveole in
the binocular correction. This position in the transverse direction to the fixation line should ensure

the vergence resting phase and thus the smallest strain on the muscular muscles.

MKH tests

The examination is carried out on tests with positive polarization (dark sign on a light background)
and with fixed sequence of tests. Each eye sees another part of the test and only when the SBV is
intact, the test is perceived correctly. We evaluate whether the patient sees the whole test with both
eyes at the same time, in the same contrast, in the correct position, and whether the image is time-

varying.
Cross test (czech K™, english "'C"")

The cross test is always the first one. The left eye sees the horizontal, right vertical arms of the cross.
We show the appearance of the test without the analyzers immediately after the monocular refraction
of the left eye, then put on the analyzers and uncover the right eye. This procedure does not allow
motor fusion to be initiated. It is necessary to urge the patient to fix the cross. This test without fusion

stimuli is used to diagnosis of the motor-compensated deviations (Fixation Disparity 1.).
Pointer test (""R", "'P"")

The centre ring and test frames are visible to both eyes, allowing for fusion, the right eye sees the
pointers, the left eye sees a scale. In addition to horizontal deviations, this test allows diagnosis of eye
vertical axis twisting (cyclophoria). The patient fixes the ring and compares the position of pointers

against the scales in the basic and inverted positions.
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Double pointer test (*"'DR",""DP"")

DR test is used for detection both horizontal and vertical portion of the deviations and for
differentiation if the image is distorted or twisted (the right angle between the hands is retained). In
the basic position the right eye sees pointers, the left one sees scale. We present both test position to
the patient.

Rectangle test (""HV", "R")

This test is also called aniseiconic because it serves to reveal different sizes of retinal images. It also
detects vertical deviations. The unpolarized centre is seen by both eyes, then each eye sees a single
hook on the appropriate side. The patient fixes the central tag and compares the size and position of

the hooks. In case of unclear perceptions, we can overturn the position.
Stereo tests

Stereotests are used to stereoscopic vision testing. They must always be shown in both types of
positions. In the basic position the symbols are seen before the central fixation mark (crossed

perception) and in the inverted position behind the fixation mark (uncrossed perception).
Stereo triangle test ("'S™, "'ST)

Central non-polarized circular mark is seen by both eyes at the same time, each eye sees a slightly
shifted triangle above and below the central mark and after fusion triangles appear before/behind that
mark. When we change the position, the patient should immediately reply that triangles moved
themselves. There is a longer lag in the heterophoric people. A test observation in the alternating
modes also contributes to motor relaxation and can be also inserted between the above-mentioned
tests. If there is a diplopia due to reduced Panum'’s Areas, tests with a reduced base of 11 mm can be

used compared to the original 20 mm.

Another type is the "Differentiated Stereo Tests" ("Dx", x- number of rows) in which we can test

graded stereoscopic parallax. (For example D5 - parallax4';3"2;1"0.5")
Stereo-balance tests ("'SV"', ""SB*?")

Stereoscopic balancing tests are the last step of the AVD (or HTF) correction. They show whether the
eye system is in orthoposition or the prevalence of one eye is present (that means that one eye is

dominant in stereoscopic vision). Perception of both eyes is very similar to a stereo triangle test.
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Additionally, a non-polarized scale is added to the central tag, which roughly measures present

prevalence.

Picture 5 Cross test Picture 2 Pointer test Picture 3 Double pointer test
O "

Picture 4 Rectangle test Picture 5 Stereo triangle test ~ Picture 6 Stereo-balance test

Obrazek 7 D5 test (parallax) 5'4'3°2°1"

Prism correction

The smallest prism correction which leads to orthophory is always applied. Values of the first inserted
prisms are recommended 1pD for the horizontal direction and 0.5pD for the vertical direction.
Correction lenses should be evenly distributed before both eyes. The base of the correction lens is

inserted against the direction of deviation. In the case of combined horizontal and vertical deviations,
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it is preferable not to place the base in an oblique direction but to start with the patient more perceived
component, and if the deviation persists, correct the remaining part.

Conclusion

Heterophoric measurement and correction is a very comprehensive issue which aim is increase the
comfort and quality of binocular vision. With growing demands for precise and comfortable vision it
is a good way to maximally individually customize the correction lenses to every patient. The MKH
method is one possible way to get prismatic correction values. The diploma thesis will not serve as a
manual for prismatic correction prescription by this method, but it aims to compare the values of
distance associative phoria using different methods of testing as well as the distribution of these

deviations in population.
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Komparace testovani zrakovych funkci s vyuzitim elektronickych
pomiicek a standardnich metod

Bc. Aneta Matéjkova, Mgr. Lucie Pato¢kova
Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Mezi bézné vySetieni se Casto fadi pouze diagnostika zrakové ostrosti a korekce zdkladnich o¢nich
vad. Abychom kompletné vysettili zrak, je dilezita diagnostika zrakovych funkci, jejichz pokles nas
mize upozornit na Spatné vykorigovanou o¢ni vadu, ale také na vaznou ocni patologii. Technické
moznosti dneSni doby nam ptinasi vétsi prostor pro vySetfeni zrakovych funkci. Existuje mnoho
modifikaci standardnich testi do elektronické podoby at uz na internetovych strankach nebo
Vv mobilnich aplikacich, které jsou pfistupné vSem. V tomto prispévku jsou popsdny vybrané

standardni a elektronické metody pro vySetfeni zrakové ostrosti, barvocitu a kontrastni citlivosti.

Zrakova ostrost

Anguléarni zrakova ostrost je ur¢ena rozliSovaci schopnosti oka (minimum separabile). Minimum
Separabile je schopnost oka odlisit dva co nejbliZze poloZzené body. Jde o hodnotu thlu v uzlovém bodu
oka, pod kterym dopada obraz téchto bodu na sitnici. Pfi vySetiovani vychdzime z predpokladu, ze
emetropické oko rozeznd dva body jako dva v piipadé€, kdy se zorny tihel rovna nejméné 1 tthlové
minuté. Pfedpokladem je, aby obraz téchto dvou bodii na sitnici byl oddé€len alespoii jednim ¢ipkem.

Tento Cipek ziistava nepodrazdény.

Koincidenéni zrakové ostrost je schopnost oka vyhodnotit koincidenci (ndvaznost) dvou ptimych Car.
Je 6 - 10x pfesnéjsi nez zrakova ostrost anguldrni. Lidské oko je schopno vnimat dvé ptimky jako

jednu, pokud jsou konce obou piimek na jednom cipku.

Barvocit

Barvocit je schopnost dobfe vnimat barvy. Barevné vidéni zprostiedkovavaji ¢ipky, jejichz funkce
zavisi na intenzit¢ osvétleni. Pfi snizovani intenzity osvétleni prestdvaji rozeznavat barvy
dlouhovinného svétla postupné ke svétlu kratkovinnému. Z trichromatické teorie vychazi, ze existuji

3 druhy ¢ipkt, které pii podrazdéni vytvareni vijem pro barvu modrou, zelenou a cervenou. VSechny
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barvy spektra vznikaji misenim tii zdkladnich monochromatickych barev. Pokud jsou tyto Cipky
podrazdény stejnosmérné, dojde k vytvofeni vjemu bilé az $edé barvy. Cerna barva vznika pii
nepodrazdéni nékterého z Cipkt. Kazd4 barva je charakterizovana barevnym tonem, svétlosti a
sytosti. Barevny ton je dan vlnovou délkou. Svétlost barvy se da charakterizovat pfitazenim barvy ke

stejn¢ sveétlé Sedé plosce. Sytost barvy je dana pomérem spektralni barvy a pifimési barvy bilé (¢im

A4

Kontrastni citlivost

Kontrast definuje zrakovy vjem, ktery zavisi na rozdilu jast svétlych a tmavych ¢asti predmétt, které
pozorujeme. Webertiv kontrast nam definuje jasy podnétii v zavislosti na jasech pozadi. Jedna se o
podil jasd, konkrétné pozorovaného pozadi a predmétu a jasu pozadi. Michelsonliv kontrast
definujeme jako zmény jasi u pozorovanych obrazi. Jedna se o podil rozdilu maximalniho a

minimalniho jasu pozorovaného obrazu, vydéleny sou¢tem obou hodnot jasti.

Kontrastni citlivost mizeme definovat jako pfevracenou hodnotu kontrastniho prahu. Kontrastnim
prahem rozumime nejmensi hodnotu kontrastu, kterou je lidské oko schopno vnimat v daném
okamziku. Velmi dilezitym parametrem pro méfeni kontrastni citlivosti je prostorova frekvence,
ktera se udava v cyklech na uhlovy stupen [c/st]. Cyklus, tedy perioda, je tihlova $ifka jednoho
tmavého a sousedniho svétlého pruhu. Funkci popisujici kontrastni citlivost, tedy konkrétné
kontrastni prahy v zavislosti na rtiznych prostorovych frekvencich, nazyvame kiivkou kontrastni
citlivosti, kterda ma zvonovity tvar. Vysoké prostorové frekvence odpovidaji detailiim, liniim a

okrajim. Nizké hodnoty prostorové frekvence umoznuji rozlisit velké objekty a tvary

VySetteni zrakovych funkci standardnimi metodami

Zrakova ostrost

Ke zjistovani zrakové ostrosti do dalky i do blizka slouzi optotypové tabule. Optotyp je v podstaté
soubor znakl sestavenych do tabulky od nejvétsiho po nejmensi. Za nejobjektivnéjsi vySetfovaci znak
je povazovan Landoltiv kruh. Pro danou vysetfovaci vzdalenost je jeho velikost 5 thlovych minut a
velikost detailu 1 thlova minuta. V sou€asnosti se miizeme setkat s optotypy tiSténymi, svételnymi,
projekénimi a digitalnimi LCD optotypy. Nejstandardnéjsi a bezesporu nejjednodussi jsou optotypy
tiSténé. Jedna se o bilé potisténé tabulky z kartonu nebo z umélé hmoty. Velice dilezité je, aby

podklad byl opravdu ¢isté bily a ne nazloutly. Pti vySetteni je nutné dodrzet intenzitu osvétleni 5001x.
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Tisténé optotypy mohou byt doplnény bocnim osvétlenim, aby se dosahlo rovnomérného osvétlenim

po celé plose.

Barvocit

Farnsworth-Munsell 100 Hue Test je test pro vySetfeni barvocitu, kde hlavni tlohou je sestavit
barevné teréiky s riznymi odstiny v celém rozsahu spektra. Nachazi se zde 85 terCikii se stejnym
jasem a sytosti jednotlivych barev. Vyhodnoceni je dano celkovym chybovym skoére (TES). Dale se
zaznamenava chybové skore na terci, kdy pfitomnost poruchy barvocitu je ddna vysi amplitudy
V polarnim grafu. Kvantitativni analyza tedy zahrnuje posouzeni thlu zdmény, velky a maly radius,
celkové skore a indexy vybéru a zamény. Zkracenou verzi toho testu je Farnsworth-Munsell

Dichotomous D-15.
Kontrastni citlivost

Testy pro vySetteni kontrastni citlivosti miizeme rozd¢lit na testy vyuZzivajici sinusovou miizku a testy
pismenkové. Testy s vyuzitim sinusové miizky vychdzeni z Michelsonova kontrastu. Prikladem testli
vyuzivajici sinusovou miizku jsou pravé Ginsburgovy tabule. Na téchto tabulich se nachdzi 5 fadk,
ve kterych jsou terCe se sinusovou miizkou orientovany do tii smérii. Kazdy fadek zastupuje jednu
z prostorovych frekvenci 1,5; 3; 6; 12; a 18 ¢/st. Zaroven je v tomto testu 9 sloupct, u kterych dochazi
k nepravidelnému snizeni kontrastu, a to o hodnotu 0,25 logKC. Vysetfovany urcuje orientaci tercti

na kazdém tadku a vysledné hodnoty jsou porovnavany s fyziologickou kiivkou kontrastni citlivosti.

Princip Ginsburgovych tabuli byl pouzit u testit VCTS 6500 (Vision Contrast Test System), SWCT
(Sine Wave Contrast Test) a FACT (Functional Acuity Contrast Test). V testu VCTS 6500 se nachazi
9 sloupcii a kontrast v téchto sloupcich klesa o hodnotu 0,25 logKC. FACT obsahuje taktéz 9 sloupct,
ale kontrast klesa o hodnotu 0,15 logKC a je oproti testim VCTS 6500 A SWCT vhodny na testovani
mensiho rozsahu, z diivodu zkréceni intervalu mezi jednotlivymi ter¢i se sinusovou miizkou. A test

SWCT ma jen 8 sloupcti, u kterych také dochazi k nepravidelnému sniZeni kontrastu.

Vysetteni zrakovych funkci pomoci elektronickym pomuticek

Zrakova ostrost

-----

Nabizi testy pro vySetieni astigmatismu, kontrastni citlivosti a barvocitu, obsahuji binokuldrni testy
pro vySetfeni akomoda¢ni rovnovahy a heteroforii. MoZnosti volby jsou klasické Snellenovy i

ETDRS optotypy. Poslednim vylepSenim LCD optotypil je moznost tfidimenziondlniho vySetfeni
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binokuldrnich funkci zrakového systému. Znaky miizeme zobrazovat samostatné nebo v libovolnych

fadcich ¢i sloupcich pomoci dalkového ovladani.

Dalsi moderni a hlavné dostupnou moznosti vysetieni zrakové ostrosti jsou mobilni aplikace. Mobilni
operacni systémy nabizeji Sirokou Skalu aplikaci, které si miize stahnout kazdy, at’ uz zdarma nebo za
symbolicky poplatek. Ptikladem takovéto aplikace je mobilni aplikace Snellen Chart. V této aplikaci
je mozné nastavit si vySetfovaci znak 1 vysetfovaci vzdalenost. Horizontadlnim posunutim prstu po
obrazovce ménime znaky o stejné velikosti. Vertikdlnim posunutim prstu po obrazovce zmensujeme

velikost znakt. Visus je v této aplikaci zobrazen decimalng i logaritmicky.

Barvocit

Na internetové strance http://www.color-blindness.com/ jsou 4 modifikace standardnich testl pro

vySetfeni barvocitu. Na této strance nalezneme test, ktery je modifikaci pseudoisochromatickych
tabulek, Farnsworth-Munsell 100 Hue Testu, Farnsworth-Munsell Dichotomous D-15 testu a
anomaloskopu. U Farnsworth-Munsell Dichotomous D-15 testu jde také o sefazovani barevnych
ter¢ik dle barevného spektra. Po sefazeni ter¢ii dojde i k vyhodnoceni, zda se jedna o normalni

barvocit.
Kontrastni citlivost

Digitalni systém SmartChart od firmy Opto Global obsahuje sadu testii pro vysetieni napt. barvocitu,
kontrastni citlivosti. SmartChart tvoii LCD panel se zabudovanym pocitacem. VysSetieni kontrastni
citlivosti se provadi v 5 prostorovych frekvencich (1,5; 3; 6; 12 a 18 c/st) a je zaloZzeno na sinusové
miizce podobné¢ jako u vySe popsané standardni metody. V pribéhu vySetfovani dochazi k
postupnému snizovani kontrastu u jednotlivych prostorovych frekvenci. Pacient ma za ukol urcit
orientaci svetlych a tmavych prouzki a to pfi vertikalni 1 horizontalni orientaci. Vysledkem vySetfeni
je kitvka kontrastni citlivosti. Na grafu kiivky kontrastni citlivosti je zvyraznéna Seda oblast. Hodnoty

nachdazejici se v Sedé oblasti odpovidaji normé.

Zaveér

Oteviené brany moznosti nam nabizeji nejen vyhody v dostupnosti, ale mohou s sebou piinaset i
nékterd uskali. Cilem prace Komparace testovani zrakovych funkci pomoci standardnich metod a
elektronickych pomiicek® je porovnat standardni metody s metodami vyuZivajici elektronické
pomtcky a zjistit, jak se vysledky li§i a zda je mozné nékteré standardni testy plnohodnotné nahradit

mobilni aplikaci ¢i testem na internetové strance.
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Comparison of visual functions testing with utilization of
electronical tools and standard methods

Bc. Aneta Matéjkova, Mgr. Lucie Pato¢kova
Katedra optometrie a ortoptiky LF MU, Brno

Introduction

Typical examinations often include only diagnostics of visual acuity and correction of basic ocular
defects. Diagnosis of the visual function is important for complete eye examination. Decrease of
visual functions may indicate a poorly corrected eye defect, but also serious eye pathology. The
technical possibilities of today's time give us more space for examination of the visual functions.
There are many modifications to standard tests in electronic form, on websites or in mobile
applications that are accessible to everyone. This text describes selected standard and electronic

methods for examining visual acuity, colorblindness and contrast sensitivity.

Visual acuity

Angular visual acuity is determined by the resolution of the eye (minimum separabile). Minimum
separabile is the ability to distinguish two closest points. It is the value of the angle at the point of the
node point, under which the image of these points falls on the retina. Emetropic eye distinguishes two
points as two if the viewing angle is at least 1 angular minute and it is important for examination. The

image of these two points on the retina has to be separated by at least one cone.

Coincidental visual acuity is the ability of the eye to evaluate the continuity of two straight lines. It is
6 to 10 times more accurate than angular acuity. The human eye is able to perceive two lines as one

if the ends of the two lines are on one cone.

Color vision

Color vision is the ability to perceive colors well. Color vision provide cones whose functions depend
on the intensity of illumination. The perception of long-wavelength light gradually decreases to
shortwave light because of decreasing intensity of illumination. From the trichromatic theory, there
are 3 types of cones for the color of blue, green and red. All spectrum colors are created by mixing
three basic monochrome colors. If these cones are irritated equally, a white to gray color will develop.

The black color occurs when none of the cones are irritated. Each color is characterized by color tone,
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lightness and saturation. Color tone is given by wavelength. Color brightness can be characterized by
assigning color to a same bright gray area. The color saturation is given by the amount of white and
spectral color (the higher the proportion of white color, the lower the saturation).

Contrast sensitivity

Contrast defines visual perception, which depends on the difference in brightness of the light and dark
parts of the objects we observe. Weber's contrast defines the brightness of stimuli depending on the
background. We define Michelson's contrast as a change in brightness in the observed images. This
is the difference in the maximum and minimum brightness of the observed image divided by the sum

of the two brightness values.

Contrast sensitivity can be defined as the inverted threshold contrast value. The contrast threshold
means the smallest contrast value the human eye can perceive at that moment. A very important
parameter for measuring the contrast sensitivity is the spatial frequency, which is given in the angular
degree cycles [c / st]. The cycle is the angular width of one dark and adjacent light lane. Contrast
sensitivity is defined by curve, which has a bell-shaped shape. High spatial frequencies corespond the

details, lines and edges. Low spatial frequencies allow you to distinguish large objects and shapes.

Visual functions testing with utilization of standard methods

Visual acuity

The ophthalmic boards are used to detect visual acuity in the distance and near. An optotype is
essentially a set of symbols compiled into a table from the largest to the smallest. The Landolt Circle
is the most objective symbol and his size is 5 angles, and the detail size is 1 angled minute. Now there
are printed optotypes, light optotypes, projection and digital LCD optotypes. The most standard and
certainly the easiest are the printed optotypes. These are white printed boards made of cardboard or
plastic. It is very important that the background is really pure white and not yellowish. During the
examination, it is necessary to keep the illumination intensity 500 Ix. Printed optotypes can be

supplemented with side lighting to achieve uniform illumination throughout the surface.

Color vision

Farnsworth-Munsell 100 Hue Test is for testing color vision where the main task is to assemble color

targets with different shades across the spectrum. There are 85 targets with the same brightness and

saturation of each color. The evaluation is based on the total error score (TES). Additionally, an error

score is recorded on the target where the presence of the color defect is determined by the amplitude
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of the height in the polar graph. Quantitative analysis therefore includes assessment of the swap angle,
large and small radius, total score, and indexes of selection and confusion. The shortened version of
this test is Farnsworth-Munsell Dichotomous D-15.

Contrast sensitivity

Tests for contrast sensitivity testing can be divided into sinusoidal tests and letter tests. Sinusoidal
tests use Michelson contrast. Examples of tests using a sinusoidal grid are the Ginsburg boards. There
are 5 rows on the boards where the sinusoid targets are oriented in three directions. Each row
represents one of the spatial frequencies of 1.5; 3; 6; 12; And 18 c¢ / st. At the same time, in this test,
there are 9 columns with an irregular contrast increasing by 0.25 logKC. The investigated determines
the orientation of the targets on each line and the resulting values are performed with the physiological
curve of the contrast sensitivity.

The principle of Ginsburg boards was used in VCTS 6500 (Vision Contrast Test System), SWCT
(Sine Wave Contrast Test) and FACT (Functional Acuity Contrast Test). The VCTS 6500 test has 9
columns and the contrast in these columns drops by 0.25 logKC. FACT also contains 9 columns, but
the contrast decreases by 0.15 logKC and is suitable for smaller scale testing compared to the VCTS
6500 A SWCT, due to the shortening of the interval between sine grid targets. And the SWCT test

has only 8 columns that also reduce irregular contrast.

Visual functions testing with utilization of standard methods

Visual acuity

Digital LCD optotypes are the most advanced optotypes. They have the widest range of symbols and
tests. There are test for astigmatism, contrast sensitivity, and color vision, binocular tests and
heterophorous examination. The options are classic Snellen's and ETDRS optotypes. The latest
enhancement of LCD optotypes is the possibility of three-dimensional examination of the binocular
functions of the visual system. Letters can be displayed separately or in any rows or columns using

the remote control.

Other advanced and available options for visual field examination are mobile applications. Mobile
operating systems offer a wide range of applications that can be downloaded by anyone. An example
of such an application is the Snellen Chart Mobile Application. In this application, it is possible to set

the examination symbol and the examination distance. Horizontally move your finger across the
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screen to change letters of the same size. By vertically shifting your finger across the screen, we
reduce the letter size. Visus is shown decimally and logarithmically in this application.

Color vision

There are 4 modifications of standard color tests on the http://www.color-blindness.com/ website. On
this page, we find a test that is a modification of the Pseudoisochromatic tables, the Farnsworth-
Munsell 100 Hue Test, the Farnsworth-Munsell Dichotomous D-15 Test, and the Anomaloscope. The
Farnsworth-Munsell Dichotomous D-15 test also involves collating colored dots according to the

color spectrum. Then it is evaluated if it is normal color vision.

Contrast sensitivity

Opto Global's SmartChart Digital System includes a set of tests to test for example color vision,
contrast sensitivity. SmartChart is an LCD panel with a built-in computer. Contrast sensitivity is
performed at 5 spatial frequencies (1.5; 3; 6; 12; 18 c / st) and is based on a sine grid similar to the
standard methods described above. In the course of the investigation, the contrast decreases gradually
over the individual spatial frequencies. The patient has the task of determining the orientation of the
light and dark strips in both vertical and horizontal orientation. The result of the examination is the
contrast sensitivity curve. The gray area is highlighted on the contrast sensitivity graph. The values

in the gray area correspond to the standard.

Conclusion

Open-ended gates offer us not only the advantages of availability but also some pitfalls. The aim of
the " Comparison of visual functions testing with utilization of electronical tools and standard
methods" is to compare standard methods and examinations using electronic aids and to see how the
results differ and whether some standard tests can be fully replaced by a mobile application or test on

a website.
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Validita metod urceni o¢niho astigmatismu (zamlZovaci metoda,
foropter, Jacksoniiv zkrizeny cyl)

Bc. Barbora Dvotrakova, Mgr. Lucie Patockova

Katedra optometrie a ortoptiky LF MU, Brno

DEFINICE ASTIGMATISMU

Astigmatismus je refrak¢ni vada, pii niz ma opticky aparat v riznych meridianech rozdilnou optickou
mohutnost. D4 se konstatovat, ze skoro kazdé oko je astigmatické. Rohovka nemé idedln¢ kulovy
tvar, ale ve svislém sméru je jeji optickd mohutnost témét vzdy o 0,5 D vétSi nez ve sméru
vodorovném. Jedna se o astigmatismus fyziologicky a je Castecné kompenzovan oc¢ni c¢ockou.

Nefyziologicky astigmatismus se v populaci vyskytuje asi v 10%.

Paprsky ptichéazejici do oka nemaji tedy v riznych meridianech ohnisko ve stejné roving. Paralelni
paprsky netvoifi bodové ohnisko, nybrz dvé fokaly, které jsou odd€leny ohniskovym intervalem.
Stupeni vady je dan délkou tohoto intervalu. Cilem korekce je pak fokaly ptiblizit a vytvotit bod lezici

na sitnici.

Obr. 1: rohovka

Astigmatismus lze dle uspofadani optického systému rozdélit na ast. rohovkovy, ¢ockovy a tzv.
zbytkovy. Rohovkovy astigmatismus je dan jejim asymetrickym zakiivenim. Tento stav mize byt dan
napt. tlakem horniho vicka na vertikdlni merididn- ten se pak stdva lamavéjsi. Rohovkovy

astigmatismus vSak mizZe vznikat riznymi mechanismy a vlivy.
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Normal cornea Cornea with astigmatism
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Obr. 2: rohovka s astigmatismem

Coc&kovy astigmatismus pak vznika podobné, na zékladé odchylek zakiiveni pfedni ¢i zadni plochy

¢ocky, napt. pii kuzelovitém tvaru ¢ocky (tzv. lentikonus) nebo pti decentraci Cocky.

SecCteme-li astigmatismus rohovkovy, cockovy a zbytkovy, ziskame astigmatismus celkovy.
Zbytkovy astigmatismus vSak byva zanedbatelny. Jeho pfiina vzniku souvisi pravdépodobné se

Sikmou polohou o¢ni ¢ocky nebo s nepravidelnostmi v utvateni zluté skvrny atd.

KLASIFIKACE
Prvotné¢ mizeme rozdéElit astigmatismus na astigmatismus pravidelny a na astigmatismus

nepravidelny.

Pravidelny (lat. regularis): V oku se nachazi meridian s maximalni a s minimalni lomivosti. Tyto
meridiany jsou na sebe kolmé a opticka mohutnost se mezi nimi méni monoténn¢. Tento typ je Casty,

vznika za fyziologickych podminek.

Nepravidelny (lat. irregularis): Oko ma v ruznych meridianech rozdilnou lomivost. Tento typ je

spiSe nasledkem chorob, trazi nebo operaci (pt. Keratokonus).

Pravidelny astigmatismus lze dale rozd¢lit, a to ze dvou hledisek. Prvnim hlediskem je orientace os

hlavnich fezii:
Podle pravidla (p¥imy, lat. rectus): Vertikalni meridian je lomivé;jsi, nez meridian horizontalni

Proti pravidlu (nepiimy, lat. inversus): Horizontalni meridian je lomivéjsi, nez vertikalni

meridian

Sikmych os (lat. obliquus): Hlavni fezy sviraji s vodorovnym smérem thly okolo 45° a 135°

211



Druhym hlediskem je poloha fokal vici sitnici:

Jednoduchy (lat. simplex): Jedna z fokal je emetropicka, nachazi se na sitnici. Druha je ametropicka

a nachazi se pred nebo za sitnici

Slozeny (lat. compositus): Fokaly obou meridiant jsou ametropické. Jsou bud’ obé myopické nebo

ob¢ hypermetropické.

SmiSeny (lat. mixtus): Obé fokaly jsou ametropické. Jedna je hypermetropicka, druhd myopicka

VYSETROVACI METODY
Metody pro vySetfeni astigmatismu délime objektivni a subjektivni. Mezi objektivni metody patfi:
skiaskopie, o¢ni refraktometry, keratometrie, topografy, atd. Tyto metody zde jiz dale nepopisuji,

nebot’ se netykaly mého vyzkumu.

K subjektivnim metodam patii metoda Jacksonovych zkiizenych cylindri a zamlZzovaci metoda na
astigmatickém v¢jifi. Dale lze astigmatismus vySetiit za pomoci piistroje tzv. foropteru. Tento piistroj

ve své praktické ¢asti diplomové prace taktéz vyuzivam, a proto se o ném 1 zde zminim.

Jacksonliv zktizeny cylindr

Vysetfovaci metoda za pomoci Jacksonovych cylindrll je mezi optometristy velice rozsifend. Jde o
dvojici plancylindr, které jsou navzajem kolmé. Plancylindry jsou umistény do kulaté objimky, ktera
je opatifena drzadlem. Drzadlo je vii¢i osam umisténo poduhlem 45 stupni. Plancylindry se vyrabi ve

tfech moznostech + 0,25, = 0,5, = 1,0 D. PtivySetfeni na optotypech upfednostiiujeme kulaté znaky.

Minusova osa

90° O
o

Plusova osa

Osa drzatka KC

Obr. 3: JZC
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Vysettovaci postup:

1. Stanoveni ptedbézné osy - po dosazeni optimalni sférické korekce stanovime
predbéznou osu zaporného korekéniho cylindru. JZC vkladame rukojeti

do poloh 0° a 90° a poté do 45° a 135°.

2. Ptresné stanoveni osy - JZC vkladame rukojeti do osy korek¢niho cylindru,
ktery nata¢ime podle polohy osy zaporného cylindru.

3. Stanoveni sily korekéniho cylindru - JZC vkladdme osami do osy korekéniho
cylindru. Je-li lepsi obrazek pti zaporné ose, zesilime korekéni cylindr, je-li lepsi
obrazek pti kladné ose, potom korekéni cylindr zeslabime.

4. Jemné sférické dokorigovani — je mozno ho provést pomoci ¢erveno-zelené¢ho

testu nebo pomoci metody nejsiln€jsi spojky a nejslabsi rozptylky.

Zamlzovaci metoda na astigmatickém vé&jifi:

Tato metoda je vyhodna pti vySetfovani vysSich stupnii astigmatismu (> 2D)

Vhodnym optotypem pro tuto vySetfovaci metodu je astigmaticky vejif nebo astigmaticka riizice.

Pokud je pfitomen astigmatismus, nékteré ¢ary pacient vnima ostieji nez ostatni.

12
1 1

/L
NS

7 5

Obr. 4: astigmaticka rizice
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Vysettovaci postup:
1. ZamlZeni - po zjisténi optimalni sférické korekce provedeme zamlzeni-pfed vySetfované oko

vkladame spojné ¢ocky tak dlouho, az se astigmaticky v&jii nebo rtizice rozmazou.
2. Urceni osy astigmatismu - zaporny korekcni cylindr vlozime do zkuSebni
obruby tak, aby jeho osa byla kolma na smér, ktery byl vySetfovanym
vyhodnocen jako nejkontrastnéjsi a ktery tedy vidél nejlépe.

3. Urceni sily korekéniho cylindru - korekéni cylindr zesilujeme po 0,5 D

tak dlouho, az jsou vySettovanym vnimany vSechny sméry stejné kontrastné jako
ptvodni nejlépe vidény smér.

4. Odmlzeni a jemné sférické dokorigovani - to provedeme na béznych
optotypech pomoci Cerveno-zeleného testu nebo metody nejsilné;jsi spojky a

nejslabsi rozptylky.

Foropter:
Jde o pfristroj, ktery nahrazuje celou refrakéni sadu a byva nejcastéji ptipojen k vySetfovaci jednotce.
Vyhodou foropteru je rychla vyména korekénich Cocek, ktera se provadi mechanicky nebo

elektronicky pies pocitacovy tablet (novéjsi foroptery).

Tzv. ,hlavu*“ foropteru tvoifi n€kolik pouzder, kazdé pouzdro pak obsahuje nékolik na sobé

nezavislych Rekossovych kotouci. VSechny kotouce se otaceji kolem spolecné osy.

Dale obsahuje ,,hlava* Jacksonovy zkiiZzené cylindry, které jsou propojeny s osami cylindrickych

¢ocek foropteru, Cerveny a zeleny filtr, polariza¢ni filtry, Maddoxtv cylindr, atd.
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Obr. 5: foropter

I pfes mnohé spekulace ohledné validity vySetfeni ma foropter mnoho nespornych vyhod:
-leh¢i detekce zmén pro vysetiovaného

-rychlost a jednoduchost

-pfesnd a jednoducha manipulace s Jacksonovym cylindrem pii méfeni astigmatismu

- osobni prostor pro vySetfovaného

- jednoducha realizace binokularnich testt

- automatizace procesu (propojeni s PC a dal§im vybavenim)

- zadny mechanicky tlak na obliceji

- potencial pro lepsi marketing
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Validity of the method for determining ocular astigmatism (clock
dial method, phoropter, Jackson cross cylinder)

Bc. Barbora Dvotrakova, Mgr. Lucie Patockova

Katedra optometrie a ortoptiky LF MU, Brno

DEFINITION OF ASTIGMATISM

Astigmatism is a refractive error in which the optical apparatus has in different meridians different
optical powers. It can be said that almost every eye is astigmatic. The cornea is not ideally spherical,
in the vertical direction is optical power almost always 0.5D greater than in the horizontal direction.
It is a physiological astigmatism and is partially compensated by lens in the eye. Non-physiological
astigmatism occurs in about 10% of the population.

The rays coming into the eye do not have a focal point on the same plane in different meridians.
Parallel rays do not form a focal point, but two focal lines that are separated by a focal interval. The
degree of defect is determined by the length of this interval. The aim of the correction is to zoom them

and create a point on the retina.

fig. 1: cornea

Astigmatism can be divided into ast. corneal, lenticular and so-called residual. Astigmatism of cornea
is due to its asymmetric curvature. This condition can be caused by: pressure of the upper lid on the

vertical meridian. Astigmatism may, however, arise from various mechanisms and influences.
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Normal cornea Cornea with astigmatism

D D

fig.2: cornea with astigmatism

Astigmatism of the lens arise similarly- based on deviations of the curvature of the front or back
surface of the lens, for example in the conical shape of the lens (so-called lentikon) or when the lens
is decentralized.

If we summerize corneal, lens and residual astigmatism, we get total astigmatism. However residual
astigmatism is negligible. Its creation is probably related to the oblique position of the lens or

irregularities in the formation of a yellow spot.

CLASSIFICATION

Primarily we can divide astigmatism into astigmatism regular and  astigmatism irregular.
Regular (lat. regularis): Inthe eye is a meridian with maximum and with minimal refractivity. These
meridians are perpendicular to each other, and the optical power between them varies monotonously.

This type is common, occurs under physiological conditions.

Irregular (lat. irregularis): The eye has different refractivity in different meridians. This type is
more  likely caused by diseases, injuries or operations (eg Keratokonus).
Regular astigmatism can be further divided by two aspects. The first aspect is the orientation of the

main section axes:

With the rule (straight, lat. Rectus): The vertical meridian is more refractive than the horizontal

meridian

Against the rule (indirect, lat. Inversus): The horizontal meridian is more leaner than the vertical

meridian
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Ast. of oblique axes: The main cuts make a horizontal angle of about 45 ° and 135 °

The second aspect is the position of the focal point towards the retina:

Simple (lat. Simplex): One of the focal points is emetropic, located on the retina. The other is
ametropic and is located before or behind the retina.

Composed (lat. Compositus): The focal points of both meridians are ametropic. They are both either
myopic or both hypermetropic.

Mixed: Both focal points are ametropic. One is hypermetropic, the other is myopic.

METHODS OF EXAMINATION

Methods for astigmatism are divided into objective and subjective. Objective methods include:
skiascopy, ocular refractometers, keratometry, topographies, etc. These methods are not further
described because they did not relate to my research.

Subjective methods include Jackson cross-cylinder and clock dial method. In addition, astigmatism
can be investigated using device so-called foropter. I also use this device in my practical part.
Jackson cross cylinder

Jackson's method is very widespread among optometrists. It's a pair of plancylinders that are
perpendicular to one another. The plancylinders are placed in a round sleeve which is provided with
a handle. The handle is 45 degrees apart from the axes. Plancylinders are produced in three choices +

0.25,+ 0.5, = 1.0 D.By examination is preferred to use round symbols.

Minusova osa

Plusova osa

Osa drzatka KC

fig. 3:JCC
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Investigation procedure:

1. Determination of the Pre-Axis - after optimal spherical correction we determine

the preliminary axis of the negative correction cylinder. We input JCC positions 0 ° and 90 ° and
then to 45 ° and 135 °.

2. Precise Axis determination - We insert the JCC handle into the axis of the correction cylinder,
which we rotate according to the position of the axis of the negative cylinder.

3. Determination the force of the correction cylinder - We insert JCC axes into the axis of corrective
cylinder. If is a better image at the negative axis, we will amplify the corrective cylinder. If is a
better image at the positive axis, then we weaken the corrective cylinder.

4. Fine Spherical Correction - can be done with red-green test or using the method of strongest

converging lens and the weakes concaves lens.

Clock dial method:
This method is useful in examination of higher degrees of astigmatism (> 2D).
A suitable optotype for this method is an astigmatic fan or astigmatic rosette. If is astigmatism

present, some lines perceive the patient sharperly than others.

i ”\\u// 2

6

fig. 4: clocck dial method

Investigation procedure:
1. fogging - After the optimal spherical correction, we start to fogging — in front of the examinated

eye we insert the plus lenses until the astigmatic fan or rosette is blurred.
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2. Determination of the astigmatism axis — we insert the negative corrective cylinder into the frames

so that its axis is perpendicular to the direction being the most contrasting and which he saw best.

3. Determination of the correction cylinder force - the correction cylinder is amplified by 0.5 D so
long as all the directions are viewed in the same contrast.

4. Defogging and fine spherical conditioning - we do this on a regular
optotypes using the red-green test or using the method of strongest converging lens and the weakes

concaves lens.

Foropter:

It is a device that replaces the entire refractory set and most often is connected to the investigative
unit. The advantage of the foropter is the rapid exchange of corrective lenses, which is performed
mechanically or electronically via computer tablets (newer foropters).

The so-called "head" of the foropter is made up of several cases, each case containing several
independent Rekoss discs. All wheels are rotated around a common axis.

Further contains foropter Jackson cross cylinders, the red and green filters, the polarization filters,

the Maddox cylinder, etc..

Fig. 5: Phoropter
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Despite many speculations about the validity of the exam, the foropter has many undisputable
advantages:
- Easier detection of changes for the examiner

-Speed and simplicity

- Accurate and simple manipulation of the Jackson cross cylinder
- Personal space for examinant

- simple binocular tests

- process automation (PC connection and other equipment)

- no mechanical pressure on the face

- potential better for marketing
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Interpretace OCT nalezti u jednotlivych postizeni makularni
oblasti sitnice

Bc. Barbora Kohnova, MUDr. Magdaléna Macurova
Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Makularni edém (ME) miizeme povazovat za jednu z nejcastéjSich a nejzavaznéjsich poruch sitnice.
bezprosttedni vliv na zrakovou ostrost. Vznik ME mtize byt zapti¢inén fadou jednak sitnicovych ¢i
celkovych onemocnéni. Dle etiologie ho miZzeme rozdé€lit na: ME pfi poruchach vitreoretinalniho
rozhrani, diabeticky ME, cystoidni ME (uveiticky, pseudofakicky), ME u okluze sitnicové vény, ME
pti VPMD a ME jinych etiologii. Prvni zminka o tomto onemocnéni jako o makuldrnim edému je
z roku 1896 — tehdy byl poprvé pouzit tento termin. AvSak piiznaky popisujici toto onemocnéni jsou
Jiz z poloviny 19. stoleti. Teprve objev oftalmoskopu Helmholtzem v roce 1851 umoznil objektivni
vysetfovani sitnice a makularnich zmén. V dnesni dob¢ je diagnostika tohoto onemocnéni na velmi
vysoké urovni. Diky velmi pfesnym metodam a piistrojim miizeme snadno diagnostikovat riizna
onemocnéni v oblasti makuly. Nejcastéji pouzivanymi metodami a piistroji pro diagnostiku ME je

fluorescencni angiografie (FAG) a optickad koheren¢ni tomografie (OCT).

Makularni edémy

ME je velmi ¢astou piicinou poklesu zrakoveé ostrosti ¢i uplné ztraty zraku. Jeho podstatou mtze byt
velké mnozstvi intraokularnich i systémovych onemocnéni, genetickych poruch a toxickych postizeni
organismu. Je definovan jako akumulace tekutiny v zevni plexiformni vrstvé a vnitini nuklearni
vrstvé sitnice a je vétSinou spojeny s edémem Miillerovych bunék. Fyziologicka tloustka v oblasti
makuly je 100 — 300 um. Jakmile hodnota makularni tloustky pfesahne tyto hodnoty, mizeme mluvit

o ME. Casto nabyva hodnot okolo 500 um ale i vice (viz obrazek 1).
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Obrazek 6: Diabeticky ME o tloust’ce 778 um

ME pii poruchach vitreoretinalniho rozhrani

Abnormity vitreoretinalniho rozhrani mohou samy o sobé zptsobovat tvorbu ME (trakce, okoli
makuldrnich dér, piisobeni epiretinalnich proliferaci) nebo pisobi spolecné u fady jinych makularnich
patologii — diabeticka retinopatie a diabeticky ME, VPDM, edematické a neovaskularni projevy u
vendznich okluzi, retinalni dystrofie a dalsi. Pokud jsou pravé tyto druhy onemocnéni v kombinaci
S poskozenim vitreoretindlniho rozhrani, dochazi k rychlejSimu poskozovani zrakovych funkei.
Naopak tada studii ukazuje sniZeni rizika progrese onemocnéni pii odlouceni sklivce. Separace

sklivce totiZ snizuje mnozstvi a rozvoj neovaskularizaci a tim 1 tvorbu ME.

Diabeticky ME

Je jednou z hlavnich pfi¢in zhorSeni zrakové ostrosti u diabetickych pacient v produktivnim véku
s proliferativni nebo neproliferativni diabetickou retinopatii (DR). Vyhledy do budoucna nejsou pftilis
povzbudivé. Podle Svétové zdravotnické organizace se o¢ekava, ze pocet diabetiki se v ndsledujicich

20 letech (publikace z roku 2014) celosvétove zvysi do epidemickych rozméri.

Incidence diabetického ME je zavisla na stupni DR, jeho trvani a typu. DalSimi rizikovymi faktory
jsou: stav metabolické kompenzace DM, zvysSend hladina glykovaného hemoglobinu, hypertenze,

nizky socialné-ekonomicky stav koufeni a staii.

ME u okluze sitnicové vény

V disledku okluze sitnicové vény nastavaji cirkulaéni poruchy, které se projevuji zvysSenou
transudaci intravaskularni tekutiny do extravazalniho prostoru. Tento stav se projevuje jako edém
sitnice (ME). Cim je cirkulaéni porucha vétsi, tim je vétsi i ME. Pokud je cirkulaéni porucha velmi
vyznamnd, dochazi také k vystupu erytrocytii zcév do tkdn€ sitnice. V tomto piipadé jiz
pravdépodobné nejde pouze o poruchu permeability cév, ale o rupturu cévni stény. Se vznikem ME
také zce souvisi stupeni hypoxie retinalni tkdné. Proto také stupni hypoxie odpovida stupent poklesu
zrakové ostrosti — pfevazné centralni. I pies to, ze mdme v dneSni dobé mnoho studii a publikaci na
toto téma, jasnd patogeneze vzniku ME je stale dosti nejasna. ME u okluze sitnicové vény se pon¢kud
1i81 od ME jinych etiologii. Naptiklad u ME pii okluzi sitnicové vény jsou cévy i sitnice primarné

zdravé — na rozdil od diabetického ME.
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ME pii vékem podminéné makularni degenraci (VPMD)
VMPD je onemocnéni, které postihuje oblast makuly. Nejcastéji se vyskytuje u pacientii starSich 65

let. Vyskytuje se ve dvou formach: suché a vlhké.

Zakladnim predpokladem zachovani dobrych zrakovych funkei je neporusena funkce RPE, Bruchovy
membrany a choriokapilaris. Pokud dojde k poruse nékteré z téchto jmenovanych slozek, vznika
VPMD. U suché formy dochazi k tvorb¢ tzv. driiz. Ty jsou tvofeny extracelularnim detritem, ktery je
uloZen v Bruchov€ membrang. Jednd se o nezpracovatelny odpad, ktery je slozeny ptrevazné
Z lipofuscinu (proteinu starnuti). Zpocatku nemusi byt druzy patrné, Casem se ale zpravidla zvétSuji.
je charakteristickd ptfitomnost choroidalni neovaskularizace. Vyskytuji se splyvavé mékké drazy,
které jsou rizikovéjsi. Vlivem neovaskularizace a vrstvé detritu mezi bunkami RPE a Bruchovou

membranou dochdzi k omezeni ptistupu kysliku k RPE a ten trpi vdZnou ischemii.

Lécba

Celkova lécba

diabetes mellitus, hypertenze ¢i imunitnimi onemocnénimi. Proto je vzdy nutné se pokusit ovlivnit
primarni onemocnéni. Naptiklad u diabetikii je to samoziejmé dlouhodoba stabilizace glykemie.
Obdobné tomu je u stabilizace hypertenze. Déle zde miZzeme zahrnout lécbu antiflogistiky c¢i

kortikosteroidy.

Nesteroidni 1é¢ba ME
Lécba nesteroidnimi antiflogistiky spocivd v inhibici cyklooxygendzy, kterd stimuluje produkei

zanétlivych medidtort a prostaglandind.

Chirurgicka lécba
Chirurgickou 1é€bou rozumime intravitrealni chirurgicky ptistup (pars plana vitrektomie). To miize

byt odstranéni sklivce ¢i dalSich patologii sitnice cestou pars plana.
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Laserova lécba ME
Zakladem puasobeni laserové terapie je absorpce intenzivniho svételného zafeni pigmentovymi
buitkami a pfeména svételné energie v tepelnou. Zakladni efekt plsobeni laseru ve tkanich je

fotochemicky, termicky a vaporizac¢ni.

Kortikoidni 1écba ME

Kortikosteroidy mtizeme Vv oftalmologii pouzit na 6 zplsobu: lokalné v podobé masti ¢i kapek,
subkonjunktivalné, parabulbarné, intravitrealné, peroralné a parenteralné. Kortikosteroidy ptisobi
nékolika mechanismy na 1é¢bu ME. Znamym lékem je Triamcinolon acetonid, ktery se aplikuje

intravitrealng.

Lécba ani-VEGF

Faktor VEGF je v oku syntetizovan buiikami RPE. Hraje zasadni roli pfi rozvoji neovaskularnich
membran a piizvySené permeabilité cévni stény. Velmi zndmym je l€k Lucentic (Ranibizumab), ktery
je inhibitorem angiogennich rastovych faktort registrovanym k redukci cévniho prosakovani pii
lécbé ME. Dalsim znamym Iékem je Avastin (Bevacizumab), ktery je ptivodné urceny k 1écbé
kolorektalniho karcinomu, ¢i metastazujiciho karcinomu plic. V oftalmologii se tento I€k jiz nesmi

pouzivat pro oftalmologické ucely. Tato 1é¢iva jsou aplikovana intravitrealné.

Metodika vyzkumu

Soubor pacienti
M¢ého vyzkumu se zucastni 30 pacientt (30 oci), kteti budou zvani na kontrolni prohlidky a méteni.
Soubor je rozdélen na 15 o¢i lé€enych pomoci Lucentisu a 15 o¢i s ME, ktefi se nijak neléci. Vékove

soubor neni nijak omezen — podminkou je pouze pfitomnost ME.

Meéfteni

Meéteni bude probihat v O¢nim centru ve Strakonicich. Pacienti budou zméfeni na piistroji OCT
(Optovue) a budou vykorigovani pomoci brylovych skel na nejlepsi zrakovou ostrost. Budu sledovat
jednak postup a vysledky lécby u pacientl 1é€enych pomoci Lucentisu a dale budu sledovat a

vyhodnocovat zavislost velikosti ME na visu s NKZO (nejlépe korigovanou zrakovou ostrosti).
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Cil prace

Cilem prace je zhodnotit a zpracovat zavislost velikosti makularniho edému na visu. Zhodnotit
ucinnost 1é¢by, dobu progrese onemocnéni po 1écbé, nutnost opakovani intravitredlnich aplikaci
Lucentisu. U druhé skupiny neléenych pacientd bude mym cilem pouze zhodnotit vztah velikosti
ME a visu s NKZO.
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Interpretation of OCT findings in individual impairment od
macular area of retina

Bc. Barbora Kohnova, MUDr. Magdaléna Macurova
Katedra optometrie a ortoptiky LF MU, Brno

Introduction

Macular edema (ME) can be considered one of the most common and most serious disorders of the
retina. Macular area is one of the most important areas of the eye and their damage has an immediate
effect on visual acuity. The ME can be caused by a number of retinal or total diseases. According to
etiology, it can be divided into: ME in case of disorders of the vitreoretin interface, diabetic ME,
cystoid ME (uveitic, pseudophakic), ME in retinal vein occlusion, ME at VPMD and ME of other
aetiologies. The first mention of this disease as a macular edema is from 1896 - the first time this term
was used. However, the symptoms describing this disease have been in the mid-19th century.
Discovering of the ophthalmoscope by Helmholtz in 1851 allowed objective retinal examination and
macular changes. Nowadays, the diagnosis of this disease is very high. With very accurate methods
and instruments, we can easily diagnose various macular diseases. The most frequently used methods
and devices for diagnosing ME are fluorescence angiography (FAG) and optical coherence
tomography (OCT).

Macular edema

ME is a very common cause of a decrease in visual acuity or complete loss of vision. Its essence may
be a many of intraocular and systemic diseases, genetic disorders and toxic affections of the organism.
It is defined as the accumulation of fluid in the outer plexiform layer and the inner nuclear layer of
the retina and is mostly associated with Miiller cell edema. The physiological thickness in the area of
the macula is 100-300 um. Once the macular thickness exceeds these values, we can talk about ME.

It often takes values around 500 pm or more (see Figure 1).
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Picture 1: Diabetic ME with a thickness of 778 pm

ME disorders of the vitreoretinal interface

The abnormalities of the vitreoretin interface can in turn produce ME (traction, surrounding macular
holes, epiretinal proliferation) or interact with many other macular pathologies - diabetic retinopathy
and diabetic ME, VPDM, edema and neovascular manifestations in venous occlusions, retinal
dystrophy and others . If these types of illness are combined with damage to the vitreoretin interface,
the visual impairment is quicker. In contrast, a number of studies show a reduction in the risk of
progression of the vitreous detachment. Separation of the vitreous reduces the amount and
development of neovascularization and thus also the creation of ME.

The abnormalities of the vitreoretin interface can in turn produce ME (traction, surrounding macular
holes, epiretinal proliferation) or interact with many other macular pathologies - diabetic retinopathy
and diabetic ME, VPDM, edema and neovascular manifestations in venous occlusions, retinal
dystrophy and others . If these types of illness are combined with damage to the vitreoretin interface,
the visual impairment is quicker. In contrast, a number of studies show a reduction in the risk of
progression of the vitreous detachment. Separation of the vitreous reduces the amount and

development of neovascularization and thus also the creation of ME.

Diabetic ME

Diabetic MEIt is one of the main causes of impairment in visual acuity in diabetic patients of
productive age with proliferative or non-proliferative diabetic retinopathy (DR). Prospects for the
future are not very encouraging. According to the World Health Organization (WHO), the number of
diabetics is expected to increase to epidemic proportions over the next 20 years (publication of 2014).
The incidence of diabetes mellitus is dependent on the degree of DR, its duration and type. Other risk
factors include: DM metabolic compensatory status, elevated glycated hemoglobin level,

hypertension, low socio-economic status of smoking and age.

ME at retinal vein occlusion

As a result of occlusion of the retinal vein, there are circulatory disorders that are manifested by
increased transduction of the intravascular fluid into the extravascular space. This condition is
manifested as retinal edema (ME). The greater the circulatory disturbance, the greater the ME is. If
the circulatory disorder is very significant, the erythrocytes exit the blood vessels into the retinal

tissue. In this case, it is probably not just a permeability of blood vessels but a rupture of the vascular
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wall. Also, the degree of hypoxia of retinal tissue is closely related to the occurrence of ME.
Therefore, the degree of hypoxia corresponds to the degree of decrease in visual acuity - central.
Despite the fact that we have many studies and publications on this subject today, the pathogenesis
of the emergence of the ME is still quite unclear. The ME in occlusion of the retinal vein differs from
ME in other aetiologies. For example, in the ME at occlusion of the retinal vein, the vessels and the
retina are primarily healthy - unlike the diabetic ME.

ME in age-related macular degenration (VPMD)
VMPD is a disease that affects the area of the macula. It is most common in patients over 65 years of

age. It occurs in two forms: dry and wet.

The essential preservation of good visual functions is the intact RPE, Bruch membrane and
choriocapilaris functions. If they are damaged, the VPMD is generated. In the dry form, the "drusens™
are created. These are made up of extracellular debris, which is deposited in the Bruch membrane. It
is unprocessable waste that is mainly composed of lipofuscin (protein of aging). Initially, the bruises
may not be visible, but they tend to increase over time. The dry form is more of a more chronical
expression, it does not develop as much as a wet form. The wet form is characterized by the presence
of choroidal neovascularization. There are floating soft drusens that are more risky. Due to
neovascularization and the detritus layer between the RPE cells and the Bruch membrane, oxygen is

restricted to RPE and and it is ischemic.

Therapy

Overall treatment

Often, the onset of ME is caused or influenced by the general state of the organism, such as diabetes
mellitus, hypertension, or immune diseases. Therefore, it is always necessary to try to influence the
primary illness. For diabetics, for example, this is of course a long-term stabilization of glycemia.
Similarly, hypertension should be stabilized. In addition, we can include antiphlogistics or

corticosteroids treatment.

Nonsteroid treatment of ME
Treatment with non-steroidal antiphlogistic involves in the inhibition of cyclooxygenase, which

stimulates the production of inflammatory mediators and prostaglandins.
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Surgical treatment
Surgical treatment is an intravitreal surgical approach (pars plana vitrectomy). This may be removal
of the vitreous or other pathologies of the retina by way of the pars plana.

Laser treatment of ME
The basis of laser therapy is the absorption of intense light radiation by pigment cells and the
conversion of light energy into thermal. The basic effect of laser activity in tissues is photochemical,

thermal and vaporization.

Corticoid treatment of ME

Corticosteroids can be used in ophthalmology in 6 ways: locally in the form of ointments or drops,
subconjunctivally, parabulbally, intravitreally, orally and parenterally. Corticosteroids have several
mechanisms for treating ME. The known drug is Triamcinolone acetonide, which is used

intravitreally.

Treatment of non-VEGF

The VEGF factor is synthesized in the eye by RPE cells. It plays a crucial role in the development of
neovascular membranes and in the increased permeability of the vascular wall. Very well known is
Lucentic (Ranibizumab). Another known drug is Avastin (Bevacizumab), which is originally intended
for the treatment of colorectal cancer or metastatic lung carcinoma. In ophthalmology, this medicine

shouldn't be used for ophthalmological purposes. These drugs are applicated intravitreally.

Methodology

A group of patients

My research will be attended by 30 patients (30 eyes) who will be invited to screenings and
measurements. The group is divided into 15 eyes treated with Lucentis and 15 eyes with ME, who are

not treated in any way. The age group is not limited - only the presence of the ME is a prerequisite.

Measurement
Measurement will take place at the Eye Center in Strakonice. Patients will be measured on the OCT

(Optovue) and will be corrected using glasses for best visual acuity. | will follow both the procedure
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and the results of the treatment in patients treated with Lucentis and | will follow and evaluate the
dependence of the ME on NKZO viscosity (the best corrected visual acuity).

The aim
The aim of the thesis is to evaluate and process the dependence of the size of the macular edema on
the visus. Then evaluate the efficacy of the treatment, the time of progression of the disease after
treatment, the need to repeat Lucentis intravitreal applications. For the second group of untreated
patients, my goal will only be to evaluate the relation between the size of the ME and visus with the
NKZO.
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Komparace hodnot objektivniho a subjektivniho astigmatismu

Bc. Monika Marsalkova, Mgr. David Severa
Katedra optometrie a ortoptiky LF MU, Brno

Astigmatismus
Astigmatismus je refrakéni vada asféricka, pti které rovnobézné paprsky ptichazejici k oku nemaji v

ruznych meridianech své ohnisko v téze roviné.

Z optického hlediska rozezndvame u oka dva typy astigmatismu: rohovkovy a CocCkovy, tedy

zptisobeny rohovkou a ¢ockou.

v

¢1 indexem lomu optickych prostfedi oka. Tlakem horniho vicka na bulbus je vysvétlovan vznik tzv.
fyziologického rohovkového astigmatismu, kdy je rohovka vice zakfivena ve svislém meridianu.
Fyziologicky astigmatismus nejcastéji dosahuje hodnot do 0,5 D, ale mize mit velikost az 1 D. S
nefyziologickym astigmatismem se setkdvame asi u 10 % obyvatelstva. Ziskané zmény zakfiveni

rohovky byvaji nasledkem trazii, operaci a onemocnéni rohovky.

Cockovy astigmatismus je vzacngjsi. Napiiklad lentikonus je vrozené kuZelovité vyklenuti oéni
cocky. Astigmatismus zpusobuje i subluxace ¢ocky a zména indexu lomu cocky, naptiklad pii
pocinajici katarakts. Cockovy astigmatismus se mize ménit pii akomodaci, jednd se o tzv.
akomodativni nebo dynamicky astigmatismus. Souctem rohovkového, cockového a tzv. zbytkového
astigmatismu, ktery dosahuje zanedbatelnych hodnot, dostaneme astigmatismus celkovy. Rohovkovy
a ¢ockovy astigmatismus se ve vétSin€ ptripadi kompenzuji. Dle studii Samsona a Gassovského je u
40,3 % osob astigmatismus rohovky vyssi, neZ astigmatismus celkovy, coZ dokazuje kompenzacni
ucinek astigmatismem cockovym. U 44,3 % je astigmatismus rohovky roven astigmatismu

celkovému a pouze u 15,4 % je astigmatismus rohovky niz§i nez astigmatismus celkovy. (Rutrle

1993)

Rozdéleni astigmatismu

Astigmatismus mizeme déle rozdé€lit na pravidelny, nepravidelny a biobliquus.
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Pravidelny astigmatismus ma oba hlavni meridiany k sob¢ kolmé. Paralelni paprsky vytvareji misto
jednoduchého bodového ohniska dvé ohniskové ptimky, oddélené ohniskovym intervalem, jeho délka

pak urcuje stupenl vady.

Astigmatismus piimy (podle pravidla) ma svisly merididn vice lomivy neZ horizontalni. Radi se sem

1 vySe zminény astigmatismus rohovkovy.
Astigmatismus nepfimy (proti pravidlu) ma vice lomivy meridian horizontdIni nez svisly.

Rohovkovy astigmatismus je obvykle pfimy, zatimco u CoCky se vice vyskytuje astigmatismus
nepiimy. Obecné se stypem astigmatismu podle pravidla setkavame asi u 80 % ptipadd.

S ptibyvajicim vékem ubyva astigmatismu piimého a ptibyva neptimeho.
Pravidelny astigmatismu mizeme také rozdélit na astigmatismu jednoduchy, slozeny a smiSeny.

Astigmatismus jednoduchy (simplex) - jeden meridian je emetropicky a druhy bud’ myopicky, nebo
hypermetropicky. Jinak feceno jedna z obou vytvofenych ohniskovych linii leZi na sitnici, zatimco

druha pied nebo za ni.

Astigmatismus slozeny (compositus) - oba meridiany jsou bud’ myopické, nebo hypermetropické.

Ob¢ ohniskové linie se vytvareji bud’ pied, nebo za sitnici.

Astigmatismus smiseny (mixtus) - jeden meridian je myopicky a druhy hypermetropicky. V ptipadé

ryze smiSené¢ho astigmatismu se ob¢é ohniskové linie nachazeji ve stejné vzdalenosti od sitnice.

Pro korekci astigmatismu musime vzdy plné vykorigovat cylindrickou slozku — astigmatickou
diferenci, tedy dioptricky rozdil dvou k sobé kolmych merididn s maximalné odliSnou lomivosti.
Akomodaci jsme totiz schopni vykorigovat jen sférickou slozku astigmatismu. Pii korekci je rovnéz
nutno mit na paméti, Ze korekce astigmatismu vyvolavd meridionalni aniseikonii a distorzi

binokularniho prostorového vidéni.

Astigmatismus biobliquus ma rovnéz dva merididny s maximalni odliSnou lomivosti, avSak nespiraji

spolu pravy thel. Proto jej nelze korigovat béznymi torickymi pomuiickami.

Jestlize neni mozné nalézt symetrii, tedy hlavni merididny nejsou navzdjem kolmé, mluvime o
nepravidelném astigmatismu (irregularis). Nepravidelny astigmatismus vznikd po onemocnéni nebo

traumatu prednich ¢asti oka. Tento typ astigmatismu nelze korigovat brylovymi co¢kami.
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Vysetieni astigmatismu
Jak jiz z ndzvu tohoto piispévku vypliva, hodnotu astigmatismu lze zjistit pomoci objektivnich nebo

subjektivnich metod.

Objektivni metody
Objektivné lze zjistit astigmatismus mnoha zpasoby. Pfistroje pro objektivni vySetfeni astigmatismu
lze rozdélit na pfistroje pro zkoumani rohovkového ocniho astigmatismu a pfistroje pro zkoumani

celkového o¢niho astigmatismu.
Celkovy oc¢ni astigmatismus
Celkovy o¢ni astigmatismus lze zjistit metodou zvanou skiaskopie nebo pomoci o¢nich refraktometrti.

Jeden z prvnich o¢nich refraktometrti je Hardy-Astroniv, dalsim typem je Hartingertiv koinciden¢ni
refraktometr a v dnesni dobé v optometristické praxi nejvice vyuzivané jsou automatické oc¢ni

refraktometry (autorefraktometry).

Skiaskopie (respektive retinoskopie) je technika, pomoci které Ize objektivné urcit refrak¢ni stav oka
pomoci pohybu cerveného oc¢niho reflexu za pomoci pfistroje nazyvaného bodovy nebo pasovy

retinoskop.

Ptirozpohybovani retinoskopu pozorujeme, zda se Cerveny reflex pohybuje smérem souhlasnym nebo
nesouhlasnym. Pokud je pohyb cerveného reflexu shodny s pohybem retinoskopu, jedna se o
hypermetropii, emetropii nebo nizkou myopii a ptidavame spojné ¢ocky. Pokud je pohyb ve sméru
opacném, nez je pohyb pfistroje, jedna se o myopii a priddvame rozptylné ¢ocky. Cilem procesu je
nalezeni tzv. bodu neutralizace (bodu zvratu), tedy takovy stav, kdy se reflex jiz nepohybuje, ale
pouze problikava. K optické mohutnosti ¢ocky, ktera neutralizuje refrakéni vadu, je na zavér potieba

pticist reciprokou hodnotu vySetfovaci vzdalenosti (v metrech) se zdpornym znaménkem

V piipad€ astigmatizmu postupujeme obdobné. Svételny svazek retinoskopu by mél mit podobu
Stérbiny (pasovy retinoskop). Pfi pfechodu svételného pasu pies zornici mizeme vidét odlisnou
orientaci a pohyb ¢erveného reflexu ve dvou na sebe kolmych meridianech. Bod neutralizace se hleda
vV kazdém hlavnim meridianu. Po dosaZeni neutralizace, oto¢ime Stérbinu retinoskopu do druhého

meridianu (v ptipad€ pravidelného astigmatizmu jde o kolmy smér).

Automaticky o¢ni refraktometr neboli autorefraktometr poskytuje rychly a snadny zptsob

objektivni refrakce. Piistroje se skladaji z osvétlovaciho systému, ktery osvétluje fundus
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vySetfovaného oka a detekéné pozorovaciho systému. Autorefraktometry funguji na principu vysilani
infraerveného svételného paprsku v rozsahu od 880 nm do 950 nm. Pfesnost méfeni muze byt
ovlivnéna né€kolika faktory, jako je napiiklad nadmérna akomodace, nesoustiedénost a Spatné fixace
klienta, nepfesna centrace na stied zornice, piili§ maly primér zornice (pod 2 mm), snizena
transparentnost optickych prostiedi oka (katarakta, leukom rohovky). V praxi se ¢asto miizeme setkat
i s autorefraktometry, jez jsou kombinované s dalSim pfistroji (s tonometrem, keratometrem,

pachymetrem a dalSimi).

Rohovkovy astigmatismus
Rohovkovy astigmatismu lze zmétit pomoci keratometri nebo rohovkovych topografii. Keratometr
méfi poloméry kiivosti pfedni plochy rohovky pouze v jeji centralni ¢asti, oproti tomu topografem

zmétime predni plochu rohovky i v periferi.

Keratometry vyuzivaji prvni plochu rohovky jako konvexniho zrcadlo (obraz je zmenseny, piimy a
zdanlivy). Toto "zrcadlo" zobrazuje pouzité testové znacky. Odrazy testovych znalek, které se

odréazeji od povrchu rohovky, jsou nasledné¢ zméfeny a analyzovany.

Rohovkovy topograf je vybaven Placido kotoucem (kotou¢ s koncentrickymi kruznicemi).
Principem topografu je projekce kruznic na povrch rohovky klienta, jejich neskute¢ny obraz je poté
nahrdn CCD kamerou a elektronicky zpracovan. Mapu vySetfované rohovky mizeme diky
technickému vybaveni zobrazit ¢iselné, pomoci barev ¢i si miizeme celou rohovku prohlédnout v 3D

formatu v riznych uhlech pohledu.

Existuji 1 dalsi pfistroje, které dokazi zobrazit nejen piedni plochu rohovky, ale i zadni. Kromé
povrchovych parametrit obou rohovkovych ploch zajist'uji mimo jiné pachymetrickd data, parametry

zornice a dokonce 1 pfedni o¢ni komory. Jedna se naptiklad o pfistroj Orbscan nebo Galilei.

Subjektivni metody
Jacksonovy zktizené cylindry
Jacksoniiv zkiiZzeny cylindr (JZC) je opticka zkuSebni pomiticka, ktera slouzi k ur€eni orientace osy

korekéniho Gi€inku cylindru a jeho hodnoty u astigmatického oka.

Jedné se o kombinaci dvou plancylindri, jejichZ osy korek¢nich t€inki jsou stabilné orientovany v

kolmych smérech a jejichZz lomiva hodnota je shodnd, avSak nese opacné znaménko, popisujici
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spojny, respektive rozptylny u¢inek. V praxi se mohou pouzivat JZC o hodnotach £0,12 D, £0,25 D,
+0,37 D, 0,50 D a +£0,75 D. Vrcholovou lamavost JZC +0,25 D lIze ve sféro-cylindrickém zapisu

popsat s rozptylnou hodnotou cylindru orientovanou ve 180° jako:
sph +0,25 D komb. cyl -0,50 D ax 180°

nebo se spojnou hodnotou cylindru jako:

sph -0,25 D komb. cyl +0,50 D ax 90°.

Vychozim aplikacnim stavem je ryze smiSeny astigmatismus a krouzek nejmensiho rozptylu se tedy
nachazi na sitnici. Za¢iname pohledem pacienta s dosavadni nejlepsi sférickou korekei naptiklad na

Brockuv test.

Postup vySetieni:

Urceni pfedbéZné osy.

JZC ptedlozime tak, aby rozptylna osa JZC korespondovala s horizontalnim (180°) a v dal§im kroku
s vertikalnim (90°) fezem oka. Ukolem klienta je porovnat dva obrazy Brockova testu, tzn. pied a po
otoceni JZC a urcit, ktery se mu jevi jako lepsi. Nasledné totéz zopakujeme prediazenim JZC v ose

45° a 135°. Hledana osa se pak nachazi mezi dvéma preferovanymi sméry JZC.
Nalezeni kone¢né osy.
Drzétko JZC umistime do sméru shodného s vyznacenou osou vlozeného plancylindru.

OtocCenim rukojeti opét nabidneme vySetfovanému dv€ moznosti a zjiStujeme, ktera navozuje
kvalitnéjsi zrakovy vjem. Nasledn€ osu vloZzeného plancylindru nato¢ime v ptislusném smeéru, ktery
odpovidal sméru zaporné osy cylindru JZC pfi,,lepsi varianté®. Timto zpiisobem pokracujeme, dokud

se nebudou klientovi jevit obé varianty stejné.
Nalezeni konecné optické mohutnosti cylindru.

V tomto kroku pfilozime osy kladného/zdporného cylindru JZC shodné s osou pouZitého zaporného
plancylindru. Pokud se pfi ,,lep$i varianté zaporné osy JZC a korekéniho plancylindru ptekryvaji,
plancylindr zesilime o -0,25 D. V opa¢ném ptipadé hodnotu zaporného plancylindru snizime o +0,25

D. Cely cyklus se opét opakuje do té doby, kdy pacient nepozna rozdil mezi nabizenymi variantami.
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S kazdou zménou cylindrické slozky o |0,50| D je zapotiebi zménit hodnotu sféry o |0,25| D v opacném
znaménkovém smeéru. Pfi zesilovani cylindru nejprve upravujeme sférickou hodnotu, az potom
hodnotu cylindru. Pfi zeslabovani cylindru volime opacny postup (abychom ptedesli nezddoucimu

vlivu akomodace).

ZamlZovaci metoda na astigmatickém v&jiti

Hlavnim tucelem je vyfazeni akomodace a snaha 0 navozeni “statického” optického systému.
Ocekavanym efektem je akomodacné nezkreslend astigmaticka korekce. Po nalezeni nejlepsi sféricke
korekce dochazi k navozeni myopického astigmatismu (predkladani spojnych Cocek) = zamlZeni.
NejcastéjsSimi testy, pouzivanymi pro urceni osy a hodnoty o¢niho astigmatismu, jsou astigmaticka

riZice a astigmaticky véjit.

Postup:

Zamlzeni piedkladanim spojnych ¢ocek

Postupné odmlzovani

Determinace nejostiejSi/nejtmavsi ¢asti testu.

Na zéklad¢ tohoto poznatku je vyhodnocen pfedbézny smér osy astigmatizmu.

Odmlzovani dokud se vySetfovanému nezaostii jeden z radialnich paprskl astigmatické riizice.
Orientace ostrého paprsku souhlasi s jednim (méné lomivym) hlavnim fezem astigmatického oka

Nalezeni hodnoty korekéniho cylindru - do sméru, ktery je kolmy k nejtmavSimu meridianu,
vkladame zaporny plancylindr -0,25 D (pro snadnéjsi orientaci v TABO schématu pro pravé a levé
oko je mozné provést vypocet vynasobenim mensiho ¢isla orientace ostrého fezu tficeti) — dojde k
posunuti ptislusné ohniskové roviny blize k sitnici a zmenseni rozdilu v tmavosti ramen testu —

opakovani az do okamziku, kdy se vSechny paprsky astigmatické figury jevi klientovi stejné tmavé.

Finalni fazi je potom jemné sférické dokorigovani.
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Zaver

Vysetieni astigmatismu je v optometristické praxi béznym standardem. Nejcastéji pouzivanou
objektivni metodou je méfeni autorefraktometrem. Autorefraktometry poskytuji pomérné presné
vysledky, které se ve vétSingé piipadi nelisi od subjektivni refrakéni zkousky o vice nez 0,5 D. Za
nejpresnéjsi, dostatecné rychlou a minimalné naro¢nou a ve svété nejvice rozsifenou subjektivni
metodu povazuje Rutrle (2000) metodu Jacksonovych zkiizenych cylindri. Zamlzovaci metoda je
obecné doporucovana pro korekci vySsich stupnd astigmatismu. Hodnoty ziskané objektivnim
vySetienim refrak¢niho stavu oka by mély slouZit jako vychozi pro subjektivni ¢ast refrakéni zkousky,

bez které se Zadné findlni predepsani korekce nemiiZze obejit.
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Comparison of objective and subjective astigmatism
measurements
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Astigmatism
Astigmatism is an aspherical refractive error and causes the parallel light rays entering the eye to not
come to a single focal point, but there are two focal points, corresponding to the two different focal

powers of the eye.

From the optical point of view, we recognize two types of astigmatism: corneal and lenticular, caused

by cornea and lens.

Astigmatism can be caused by several different reasons: curvature defects, incorrect centration or
refractive index of the optical media of the eye. A physiological corneal astigmatism, when the cornea
is more curved in the vertical meridian, is explained by the pressure of the upper eyelid on the eyeball.
Physiological astigmatism most frequently reaches values of up to 0.5 D, but can be up to 1 D. The
non-physiological astigmatism has about 10% of the population. The changes in corneal curvature are

caused by injuries, operations and corneal diseases.

Lenticular astigmatism is rarer. For example, lentikonus is the congenital conical curvature of the
lens. Lenticular astigmatism is also caused by subluxation of the lens and by change of refractive
index of the lens (for example cataracts). Lenticular astigmatism can by changed with accommodation

and it’s called acomodative or dynamic astigmatism.

Summing corneal, lens and a residual astigmatism, which is negligible values, we obtain the total
astigmatism. In most cases the corneal and lenticular astigmatism are compensated. According to
Samson’s and Gassovsky’s studies, 40.3% of the corneal astigmatism is higher than total astigmatism,
which proves the compensatory effect of lenticular astigmatism. In 44.3%, corneal astigmatism is

equal to the total astigmatism and only 15.4% corneal astigmatism is lower than total astigmatism.

Astigmatism can be divided into regular, irregular and astigmatism bioblique.

Regular astigmatism has both principal meridians perpendicular to each other.
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Parallel rays create instead of a single focal point two focal lines, separated by a focal interval, its
length then defining the degree of refractive error.

With-the-rule astigmatism occurs when the vertical meridian is steepest than horizontal meridian.
Against-the-rule astigmatism occurs when the horizontal meridian is steepest than vertical meridian.

Corneal astigmatism is usually with the rule, whereas lenticular astigmatism is more common against
the rule. Generally, astigmatism with to the rules is encountered in about 80% of cases. With age, the
number of with-the-rule astigmatism is decreasing and the number of against-the-rule astigmatism is

increasing.
Regular astigmatism can also be divided into simple astigmatism, composed and mixed.

Simple astigmatism - first focal line is on the retina, while the second is located behind or in front of
the retina.

Compound astigmatism - both focal lines are located behind the retina or in front if the retina.

Mixed astigmatism - focal lines are on both sides of the retina. One prinicipal meridian is nearsighted,

and the other is farsighted.

To correct astigmatism, we must always fully correct the cylindrical component - the astigmatic
difference, a difference in power between the two primary perpendicular meridians. During correction
it is necessary to remember that the correction of astigmatism causes meridional aniseikonia and

distortion of binocular vision.

Bioblique astigmatism also has two principal meridians with maximum different of power, but they

do not perpendicular to each other. Therefore, it can't be corrected by a toric lens.

If symmetry cannot be found, the principal meridians are not perpendicular to each other, we are
talking about irregular astigmatism. Irregular astigmatism occurs after illness or trauma of anterior

segment of eyeball. This type of astigmatism can't be corrected with toric lens.

Measurement of astigmatism
As the title of this article shows, the value of astigmatism can be determined by objective or subjective

methods.
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Objective methods
Astigmatism can be objectively determined in many ways. Instruments for an objective examination
of astigmatism can be divided into instruments for examining the corneal astigmatism and instruments

for examining the total ocular astigmatism
Total ocular astigmatism

The total ocular astigmatism can be measured by a method called retinoscopy or by the ocular

refractometers.

One of the first refractometer was Hardy-Astrontv, another type is Hartinger coincidence
refractometer and nowadays, in optometry practice the most widely used, are automatic
refractometers (autorefractors).

Retinoscopy is a technique to obtain an objective measurement of the refractive error of a patient's
eyes. The examiner uses a retinoscope to shine light into the patient's eye and observes the reflection

off the patient's retina. The device is called streak or spot retinoscope.

While moving the streak or spot of light across the pupil the examiner observes the relative movement
of the reflex to "neutralize” the reflex. When the red reflex moves along with the movement of the
retinoscope, it indicates emmetropia or hyperopia or low myopia and we add plus lenses. If the
movement of red reflex is against the movement of the retinoscope, it indicates myopia and we add
minus lenses. The endpoint of retinoscopy is the neutralisation of the eye’s refractive error. This is
called reversal and at this point, the reflex does not move, but only blinks. To the optical power of the
lens, which neutralizes the refractive error, it is finally necessary to add the reciprocal value of the

examination distance (in meters) with the negative sign.

In the case of astigmatism, the procedure is similar. We should use a streak retinoscope. When we
move by the streak of light across the pupil, we can see the different orientation and movement of the
red reflex in two perpendicular meridians. The neutralization point is searched in every principle
meridian. After reaching the neutralization, we rotate the streak of light to the second meridian (in the

case of regular astigmatism it is a perpendicular direction).
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Autorefractor (automatic refractometer) is a fast and easy way of objective refraction. The device
consists of a lighting system that illuminates the fundus of the examined eye and detection system.
This device uses infrared radiation in the range of 880 nm to 950 nm.

Measurement accuracy can be affected by several factors, such as excessive accommodation, lack of
concentration and poor fixation of the client, inaccurate centering on the center of the pupil, the pupil
diameter is too small (less than 2 mm), decreased transparency of optical media of the eye (cataract,
corneal leucoma). In practice, we can often find autorefractometers that are combined with other

devices (tonometer, keratometer, pachymeter and others).

Corneal astigmatism
Corneal astigmatism can be measured with a keratometer or corneal topographer. Keratometer
measures the curvature in the cornea’s front surface only in its central part, whereas topographer

measure the curvature of the anterior surface of the cornea also in the periphery.

Keratometers use the anterior surface of the cornea as a spherical convex mirror (the image is
smaller, upright and virtual). Reflections of the test marks that are reflected from the surface of the

cornea are then measured and analysed.

Corneal topographer is equipped with Placido disc (disc with concentric circles). The principle of
topographers is the projection of circles on the surface of the client's cornea, their unreal picture is
then recorded by a CCD camera and electronically processed. The topographical map can be
represented in a number of graphical formats, such as a color map, numeric map or the three-

dimensional map.

There are other devices, for example Orbscan or Galilei,that can show not only the anterior surface
of the cornea but also the posterior shape of the cornea. In addition to the parameters of both corneal

surfaces, they provide pachymetry data, pupil parameters, and even anterior chamber of eyeball.

Subjective methods

Jackson's cross-cylinders
Jackson cross-cylinder (JCC) is an optical examination which is used to search for the axis and

strength of astigmatism.
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It is a combination of two perpendicular plancylinders, which are placed in a round socket with a
handle. It is a combination of two cylinders whose powers are numerically equal and of opposite sign
(+/-) and whose axis are perpendicular to one another.

In practice, JCC can be used with values of = 0.12 D, + 0.25 D, + 0.37 D, + 0.50 D
and £ 0.75 D. The power of JCC + 0.25 D can be described in the sphero-cylindrical prescription as:

sph +0.25 D ¢yl -0.50 D axis 180°
or.

sph -0.25 D ¢yl +0.50 D axis 90°.

The initial condition is mixed astigmatism and the circle of least confusion is located on the retina.
We have the patient with the best spherical correction looking for example at Brock test. We start by
correcting the axis of the astigmatic error and continue by fine tuning the power.

The process of examination:
Discovery of Astigmatism.

Place the JCC at 180 degree and at 90 degree. The task of the client is to compare two images of
Brock's test, before and after turning JCC and determining which one looks better. Then check the
same with the JCC at the 45 degree and 135 degree. The axis is then located between two preferred
directions of the JZC.

Refinement of Axis.

Put the minus cylindrical lens in the trial frame. Hold the JCC with the handle parallel to axis of
cylindrical lens in the frame. Flip the JCC and ask the patient which position has a cleaner image.
Then the minus correction cylinder should be rotated in the direction of the minus cylinder component
of the cross cylinder. We repeat the process until the patient doesn’t refer any difference in his vision.

This is the correct axis.

Refinement of Power.
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With the axis in place, we can accurately tune the power of the cylinder. We do that by turning the
plus/minus axis of the JCC parallel to the axis of the minus cylinder in the trial frame. If the patient
prefer the lens when minus axis of JCC is aligned with axis of cylinder in the trial frame, add -0,25
D. Otherwise, the negative power of cylinder will decrease by +0.25 D. When the patient perceives
no difference the trial lens is correct.

For each |0.55| D change of the cylindrical component, it is necessary to change the sphere value by
|0.25| D in the opposite sign direction.

Fogging method

The main purpose is to eliminate accommodation and to bring about the "static™ optical system. The
expected effect is an undisturbed astigmatic correction. After finding the best spherical correction, a
myopic astigmatism is simulated and accommodation is relaxed by adding plus spheres in front of the
eye. The most common tests used to determine the axis and the power of astigmatism are the

astigmatic dial and the astigmatic fan.

The process of examination:

Fogging the eye by adding a plus spheres.

Reducing the fog.

Determination of the sharper / darkest part of the test.

Based on this finding, the preliminary direction of the astigmatism axis is evaluated.

Reducing the fog until the astigmatic axis can be seen sharply.

The orientation of the sharp line agrees with one (less steep) main meridian of the astigmatic eye.

Finding the value of correction cylinder - introduce minus cylinder in 0.25 D steps with the cylinder
axis parallel to the less dark or less clear line (a good way to choose the proper minus cylinder axis is
to multiply the lowest clock hour of the sharp line by 30 degrees) — minus cylinder is added until

both lines are equally sharp and clear.

At this point the patient's astigmatism has been corrected.
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Conclusion

Examination of astigmatism is a standard in optometry practice. The most commonly used objective
method is autorefractometer measurement. Autorefractors provide relatively accurate results, which
in most cases do not differ from the subjective refractive test by more than 0.5 D. Rutrle (2000)
considers Jackson's cross-cylinders as the most accurate, fast enough and minimally demanding and
the most widely applied subjective method in the world. The fogging method is generally
recommended for correcting higher degrees of astigmatism. The values obtained by the objective
examination should serve as a starting point for the subjective part of the refractive assessment,

without which no vision correction can be prescribed.
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VytéZnost metod vySetieni barvocitu

Bc. Leona Sramkova, Mgr. Lucie Patodkova
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Uvod
Zrakem ¢lovek ptijima vétSinu podnéti z naseho okoli. Jednim z podnétt je i vnimani barev. Ackoli
si to mnoho z nés ani neuvédomuje a lidé tuto schopnost berou jako samoziejmost, rozeznat barvy je

velmi dulezité.

S barvami se setkavame v béZném Zivoté. Jsou dulezité napiiklad v dopravé v podobé signaliza¢nich
zafizeni €1 v riznych profesich. Casto je opomijen vliv barev na psychiku ¢lovéka, na jeho chovani a

jednani.

Barvu miizeme popsat tfemi znaky: jas, sytost a barevny ton. Jas barvy vystihuje intenzita zrakového
pocitku. Lze jej tedy charakterizovat piifazenim urcité barvy ke stejné svétlé Sedé ploSce. Sytost Ize
charakterizovat jako mnozstvi bilého svétla piimichaného k danému barevnému tonu. Barevny ton je

uréen vlnovou délkou svétla.

V dnesni dobé existuje velké mnoZstvi riznych testl. Jejich provedeni nezabere mnoho ¢asu, a proto

by mélo byt vySetieni barvocitu zahrnuto do oftalmologického ¢i optometristického vysetteni. [1]

Barvocit
Barevné vidéni je schopnost oka rozlisit barvu pfedmétu diky vlnové délce svétla, kterd je danym

objektem vyzafovana, odrazena ¢i pohlcena. Viditelna ¢ast svételného spektra, na které je lidské oko

citlivé je 380 - 760 nm.

Barevné (fotopické) vidéni je zajiStovano tfemi typy Cipkil, z nichZz kazdy je citlivy na jinou ¢ast
barevného spektra. Prvni typ €ipktl (S - Cipky) je citlivy na kratkovinné ¢asti spektra a jejich absorpcni
maximum se pohybuje kolem 420 - 440 nm. Druhy typ (M - ¢ipky) je citlivy na stiednévInnou oblast
svételného spektra s absorpénim maximem 534 - 545 nm. Posledni typ ¢ipki (L - ¢ipky) jsou citlivé

pro dlouhovInné ¢asti spektra a jejich absorpéni maximum se pohybuje v rozmezi 564 - 580 nm.
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Tento model tfi typt ¢ipkll vychazi z Young - Helmholtzovy teorie barevného vidéni. Tato teorie se
také nazyva trichromatickd teorie barevného vidéni a vychdzi ze tfi zdkladnich barevnych slozek

bilého svétla - Cervend, zelend, modra. Pfi podrazdéni ¢ipkt v rizném poméru pak vznikaji rizné

barevné vjemy. Pokud jsou vSechny tfi typy podrazdény stejnomérné, vznikd vjem bilého svétla.

Funkce Cipkl je zavisld na hladin¢ osvétleni. Pfi pfili§ intenzivnim osvétleni prestava lidské oko
vnimat postupné jednotlivé barvy. Nejdfive od kratkovinné ¢asti spektra (tzn. fialova, modra) k
dlouhovInné casti (Cervend). Naopak pii snizovani hladiny osvétleni piestava byt lidské oko citlivé
nejdiive na dlouhovinné ¢asti spektra. Pii pfili§ nizkém osvétleni Cipky ztraci svou schopnost
barevného vidéni a funkci piebiraji ty€inky, které jsou schopny pouze Cernobilého (skotopického)

vidéni.

Jelikoz je nejvétsi hustota Cipki ve fovei, Clovék zde vnima barvy nejlépe. Smérem do periferie se

schopnost rozeznavat barvy snizuje, a to postupné pro barvu zelenou, ¢ervenou a modrou. [1, 3, 6]

Poruchy barvocitu
Poruchy barvocitu jsou nejcastéji vrozené, ale mohou se objevit i vady ziskané. RozloZeni vad mezi

muzi a Zenami neni rovhomérné. Vyskyt u muzi je asi 8% a u zen 0,5%.

Lidé s vrozenou poruchou barvocitu o ni ¢asto nevédi, pokud u nich nebylo provedeno zadné
vysetieni. Clovék s vrozenym anomalnim barvocitem si svou vadu neuvédomuje z toho diivodu, Ze
jiz od narozeni si svij barevny vjem spojuje s pojmem, ktery se naucil od okoli, i kdyz jeho barevny
vjem je naprosto odlisSny od vjemu lidi s normdlnim barvocitem. Ziskané poruchu jsou c¢astéjsi u
starych lidi a jsou spojené s neuropatii, sitnicovymi zanéty, glaukomem a dalSimi nemocemi. Velky

vliv m4 i uzivani nékterych 1ék, naptiklad kardiak.

Uplna ztrata barvocitu se oznacuje jako monochromazie, kdy se v sitnici ¢lovéka nevyskytuje zadny
ze tii typl fotopigmentu. Takovy ¢lovek vnima okolni svét Cernobile. Tato vada byva ¢asto spojena s

poklesem zrakové ostrosti, nystagmem a svétloplachosti. Méné ¢astéjsi je Cipkovd monochromazie,

pii které dochazi ke ztraté barvocitu, av§ak nedochazi k poskozeni normalniho vidéni.

Dal8im typem vrozenych poruch barvocitu jsou dichromazie. V tomto piipad€ hovotime o absenci ¢i
uplné dysfunkci jednoho ze tii typt receptort. Pi absenci ¢i dysfunkci receptorti pro ¢ervenou barvu

se jedna o protanopii, pro zelenou barvu deuteranopii a pro modrou barvu tritanopii.
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Anomalni trichromézie je zptisobena porusenou funkci jednoho typu receptort. Snizena schopnost
rozpoznat Cervenou barvu se nazyva protanomalie, zelenou barvu deuteranomalie a modrou

tritanomalie. [1, 4, 5]

Vysetteni barvocitu
Pro vysetfeni barvocitu je znama Sirokd Skéla rtiznych testi. Mezi ty nejjednodussi patii naptiklad

Daaova tabulka nebo Holmgreenovy bavinky.

Obecné se testy déli do 4 kategorii:

RozliSovaci testy (pseudoisochromatické tabulky)

Setazovaci testy (Farnsworth-Munsel 100-Hue test, Lanthonyho desaturovany test)
Michaci testy (anomaloskop)

Pojmenovavaci testy (Farnsworth Lantern Test - FaLant) [1]

PopiSeme si jen 4 nejznaméjsi:
Pseudoisochromatické tabulky

Obrazec v tabulce se skldda z mnoha bodi, které se 1is§i barevnym toénem, avSak jas bodu ztistava
stejny. Muze se jednat o pismeno, Cislici ¢i geometricky tvar. VySetfovaci vzdalenost je obvykle 40

cm. Clovék s poruchou barvocitu diky stejnému jasu viech bodi neni schopen obrazec rozeznat. [2]

Farnsworth-Munsel 100-Hue test
Test se sklada z 85 barevnych terci rozdélenych do ¢ty boxi. VySetfovany ma za ukol setadit terce

v potadi s riiznymi odstiny v celém rozsahu spektra. Jednotlivé terce maji stejny jas a sytost.

Podle poradi sefazenych tercii se vypocitava tzv. celkové chybové skore (TES), dle kterého se da urcit

typ vady. Tento typ testu existuje 1 v elektronické podobé na LCD optotypech. [2]
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Lanthonyho desaturovany test - D 15
Tento test je modifikaci Farnsworth - Munsel 100 - Hue testu. Obsahuje pouze 15 ter¢l, ¢imz je

vySetfeni urychleno. Terce nejsou v Cistych spektralnich barvach, ale obsahuji ptimés bilé barvy, diky

A4

Anomaloskop

Anomaloskop je piistroj, ktery poskytuje nejpiesn&jsi vysledky vysetfeni. Ukolem pacienta je
porovnat dvé poloviny zorného pole. Jedna polovina pole je Zluta a v druhé poloviné pacient otocnym
Sroubem misi zelenou barvu s Cervenou tak, aby se obé poloviny zorného pole co mozna nejvice

rovnaly.

Pokud pacient pro srovnani obou polovin pole potiebuje vice barvy zelené, jedné se o deuteranomalii.
Pokud pottebuje vice barvy Cervené, jedna se o protanomalii. Z toho vyplyva, ze anomaloskopem lze

zjistovat poruchy barvocitu pouze v Cervenozelené oblasti. [2]

Zaver

Vysetteni barvocitu patii k dalezitym oftalmologickym vySetfenim. V dneSni dob¢ existuje velké
mnozstvi testl a diky tomu Ize vysetieni prizptsobit riiznym vékovym kategoriim. Vysettenim
lze odlisit vrozené poruchy od ziskanych, zjistit zavaznost a typ poruchy. Jednotlivé testy se 1iSi

citlivosti pro urcité typy vad, proto je dilezité zvolit pfi vySetiovani spravnou metodu a postup.

ProtoZe mnoho vaznéjSich onemocnéni je doprovazeno poruchami barevného vidéni, neméli bychom

jakékoli zmény podcenovat.
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Introduction

People are receiving most of the stimulus from our surroundings by vision. One of the stimuli is color
perception. Recognizing colors is very important although many of us do not even realize it and people
take this skill as a matter of course.

We are in touch with colors in everyday life. They are important for example in transport in the form
of signalling devices or in different professions. The influence of colors on the human psyche and its
behavior are ignored very often.

Color can be described by three characteristics: brightness, saturation and color tone. Brightness of
color is described by the intensity of visual perception. Also it can be characterized by assigning a
certain color to an equally bright gray area. Saturation can be characterized as the amount of white

color blended with a color tone. Color tone is determined by the wavelength of light.

There are many different tests today. Their realization does not take much time and therefore the

examination of color vision should be included in an ophthalmologic or optometric examination. [1]

Color vision
Color vision is the ability of an eye to distinguish the color of an object, due to the wavelength of light
that is emitted, reflected or absorbed by the subject. The visible part of the light spectrum on which

the human eye is sensitive is 380 - 760 nm.

Color (photopic) vision is provided by three types of cones, each of them is sensitive to a different
part of the colour spectrum. The first type of cones (S-cones) is sensitive to shortwave part of the
spectrum and their absorption maximum is about 420-440 nm. The second type (M-cones) is sensitive
to the mid-wave part of the spectrum with an absorption maximum of 534-545 nm. The last type of
cones (L - cones) is sensitive to long-wave part of the spectrum and their absorption maximum is in
the range 564 - 580 nm.

This model of three types of cones is based on the Young - Helmholtz theory of color vision. This

theory is also called the trichromatic theory of color vision and is based on three basic color
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components of white light - red, green, blue. When the cones are irritated in different proportions,
various color perception is created. If all three types are irritated evenly, a white light is created.

Cones function is dependent on the level of lighting. The human eye stops to perceive color when the
light is too intense. First, from the shortwave part of the spectrum (purple, blue) to the long-wave
(red). Conversely, when the level of light is lower the eye firstly stop to percieve the long-wave part
of spectrum. If the level of light is too low the cones lose its color vision function and its function is
replaced by rods that are only capable of black and white (scotopic) vision.

The largest density of cones is in fovea so there the human eye perceive the colors best. Towards to
the periphery, the ability to recognize colors decreases, gradually for green, red, and blue. [1, 3, 6]

Color vision defects
Color defects are congenital very often. The occurrence of defects between men and women is not

equal. The incidence in men is about 8% and in women 0.5%.

People with congenital color vision defect often do not know about it unless they have been screened.
People with congenital defect does not realize it because they combine from birth their color
impression with concept that they learned from people around even if their color impression is
different of other people. The obtained defect is more common in the elderly and is associated with
neuropathy, retinal inflammation, glaucoma and other illnesses. Some medications, such as cardiac,

also have a bad effect.

Total loss of color vision is called monochromasia, when none of the three types of photopigmentation
are not in the human retina. Person with this defect perceive the surrounding world in black and white.
This defect is often associated with a decrease in visual acuity, nystagmus and photophobia. Less

common is a cone monochromasia, there is loss of color vision but normal vision is not impaired.

Another type of congenital defects are dichromasia. In this case, we talk about the absence or complete
dysfunction of one of three receptor types. In the absence or dysfunction of the red color receptors, it

is protanopia, for the green color it is called deuteranopia and for blue color it is called tritanopia.

Anomalous trichromasia is caused by the impaired function of one type of receptor. The reduced
ability to recognize the red color is called protanomalia, the green color is the deuteranomalia and the

blue is tritanomalia. [1, 4, 5]
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Examination of color vision
There is a wide range of test for color vision examination. Among the simplest belong the Daa Table
or Holmgreen Cotton.

In general, tests are divided into 4 categories:

Distinguishing tests (pseudo-isochromatic tables)

Alignment tests (Farnsworth-Munsel 100-Hue Test, Lanthony Desaturated Test)
Mixing tests (anomaloscope)

Naming tests (Farnsworth Latern Test - FaLant) [1]

We will describe only the most common 4:

Pseudo-isochromatic tables

The pattern in the table consists of many points that differ in color, but the brightness of the points
remains the same. It can be a letter, number or geometric shape. The examination distance is usually
40 cm. A person with a color defect is not able to recognize the pattern because of the same brightness

of all points. [2]

Farnsworth-Munsel 100-Hue Test
The test consists of 85 color targets divided into four boxes. The investigated person have to sort the
targets in order with different shades across the spectrum. Each target has the same brightness and

saturation.

According to the order of targets, the total error score (TES) is calculated, according to which the type

of defect can be determined. This type of test exists in electronic form on the LCD optotypes. [2]

Lanthony Desaturated Test - D-15 test
This test is a modification of the Farnsworth - Munsel 100 - Hue Test. It contains only 15 targets,
which speeds up the examination. Targets are not in pure spectral colors, but contain different amount

of white color, which makes it difficult to sort. [2]
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Anomaloscope

The anomaloscope is the device that provides the most accurate results. The patient must compare
two half of the field of view. One half of the field is yellow, and in the other half the patient mixes
the green color with red by the rotary screw untill that both halves of the field of view are equal as
much as possible.

If a patient needs more green colors to compare the two halves it is deuteranomalia. If patient needs
more red color, it is protanomalia. It follows that the anomaloscope can only detect color defects in
the red-green area. [2]

Conclusion
Color vision examination is one of the important ophthalmologic examinations. Nowadays, there are

a lot of tests so examinations are made to fit for different age categories.

The examination can distinguish congenital defects from obtained, determine the severity and type of
the disorder. Individual tests differ in sensitivity for certain types of defects, so it is important to
choose the correct method and procedure for the examination.

Because most of serious illnesses are associated with color vision defects, we should not

underestimate any changes.
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Stereopse

Bc. Kristyna Stébetdkova

Fakulta biomedicinského inZenyrstvi CVUT, Kladno

Uvod

Prace se vénuje problematice stereopse a jejimu zméfeni na Fakulté biomedicinského inzenyrstvi.
Z asopisu Ceska oéni optika byla pfevzata hypotéza o tom, Ze naméfena stereopse se nemusi
shodovat do blizka jako do dalky. Doslo i k porovnani vysledki stereopse pred refrakei a po refrakei,

a také ke srovnani stereopse vii¢i naméiené refrakei.

Teoreticky rozbor problematiky

Stereopse, jez je nedilnou soucasti binokuldrniho vidéni, je zavisla na fizi, kdy je obraz vniman jako
jeden vjem, a ktery muze prechdzet do prostoru — vjem hloubky a 3-dimensionalni struktury.
Binokularni vidéni zprostiedkovavaji obé oCi zaroven a mozek obrazy z oc¢i nasledné v thalamu, ve

zrakovém centru, zpracovava v jednoduchy obraz tvoten piekrytim.

Podminkou vzniku binokularniho vidéni je ¢isty obraz vytvofeny rovnovaznym stavem mezi refrakei,
optickou Cistotou prostiedi oka, bez pfitomnosti patologii oka a spolupraci obou o¢i. Retino-kortikalni
spoluprace podporuje k fizi odliSnych obrazii — senzorické fuze. K fuzi dochazi pouze v ptipadé, ze
rozdily v obrazech z obou o¢i jsou malé. Pokud je rozdil mezi obrazy ptili§ velky, dochazi k diplopii
nebo potlaceni vjemu z jednoho oka, supresi. Dalsi potfebnou slozkou je ptfesna koordinace obou o¢i
pro vSechny sméry pohledu — motoricka fize.
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Mozek spojuje dva téméf stejné obrazy az na malé rozdily. Tyto rozdily tvoti ve vysledku prostorovy
efekt. Stereoskopicky ¢lovek vnimé pevny objekt ve tiech prostorovych dimenzich — §itka, vyska a
hloubka. Stereopse je mirou minimdlni vnimatelné horizontdlni disparity vyjadiené v uhlovych
vtetinach. Podle J. Lee se spodni hranice stereoskopického vnimani u dospélych nachazi kolem 40

uhlovych sekund.

K vjemu hloubky miize dochazet i monokularné. Je viditelna rizna velikost a pohybova paralaxa, jez
zna¢i rozdily v obrazu objektu v pribéhu casu, kdy se pozorovatel pohybuje. Dojem hloubky
monokularné ale neni tak intenzivni jako pii binokuldrnim pozorovani pfedmétu a Casto je pokladan

za pseudostereopsi, kdy dochéazi k odhadu vzdalenosti.

Stereopse neni tak Casto testovana jako napt. zrakova ostrost, barevné vidéni a zorné pole, nicméné
je dulezitou soucasti kazdodenniho vidéni. Umoziuje ¢lovéku posoudit vzdalenost a odhadnout, kde
se objekty ve vztahu k ¢loveéku samotnému i sobé navzajem nachazeji. Stereoskopické vnimani je
dilezité pro fizeni a parkovani auta, chlizi po schodech, profesionalni hrani mnoha sportli, pro

chirurgické operace, navlékani jehly a mnoho dalsiho.

Spatna nebo chybéjici stereopse je vétiinou zplisobena amblyopii v détstvi, ale v pozd&j§im véku
mize byt ovlivnéna podminkami, které snizuji schopnost vidét jasn€é. Mezi tato ovlivnéni patii
katarakta, vékem podminéna makularni degenerace, presbyopie i poruchy mozku, jako je poranéni
hlavy a mozkovéa mrtvice. Poskozené stereoskopické vidéni miize pti sledovani 3D projekce zpusobit

bolesti hlavy a nevolnost.

Vysetteni stereopse byva mefeno kvalitativné i kvantitativng. U kvalitativniho testu, Langlv test dvou
tuzek, se stereopse zapisuje jako prokdzand a neprokdzand. Tento test je ale pouze hrub¢ orientacni.
Vysledky kvantitativnich testi se mohou zapisovat v thlovych vtefinach a testy jsou mnohem
presnéjsi.
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Mezi nejcastéji pouzivané metody méfeni patii vySetfeni na synoptoforu, dotekovd zkouska,
Titmustv test, Langiiv test, TNO stereotest, Random Dot stereotest a Frisbyho stereotest. Mnoho
daldich stereotesti neni v Ceské republice vyuZzivano, jako napf. Schnell stereotest, Stereo-
Schiibungen test, Deka test, Bestiv test atd. VétSina testd ve své konstrukei vyuziva principu
Juleszovych stereogrami, jez jsou slozené z pocitatem generovanych rozptylenych bodu, které jsou
monokularn¢ vnimany jako pole chaoticky a ndhodné rozptylenych bodii. Teprve pii pouziti
polarizovanych filtrG vznikne binokuldrni vidéni na trojrozmérné Grovni — vyniknou pravidelné

obrazce.

Stereotesty se vyuzivaji predev§im u déti, jako screeningové testy pro zjisténi amblyopii a vad

binokularniho vidéni. Také jsou pouZzivany pro monitorovani priabehu l€€by amblyopie.

Experiment

Vyseteni bylo provadéno na akademické ptidé CVUT na Fakulté biomedicinského inzenyrstvi. K
vySetteni byl pouzit vzdy autorefraktokeratometr AKR 400 od firmy Essilor pro objektivni refrakei,
brylova obruba s brylovou skiini a linearn¢ polarizované filtry. K zmétfeni dosavadni korekce byl
vyuzit fokometr Visionix Wavelens Pro a pro zjiSténi subjektivni refrakce a stereopse do dalky byl
pouzit optotyp CS pola 600 od firmy Essilor. Pfistrojem pro zjisténi stereopse do blizka byla

vySetiovaci jednotka do blizka Bino-nahpriifgerit od firmy Oculus.

Diferencovany stereotest slouzil k zjisténi a rozliSeni dan¢ho stupné stereopse. Tento stereotest

vyuziva pozitivni polarizace a sklada se ze Ctyf fad s péti znaky v kazdé fade¢.

+ 4+ + + +
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Vsechny znaky vystupuji ven z optotypu smérem ke klientovi, ale vzdy jeden z péti znakd v fadé
vystupuje jinak. V prvni fad¢ vystupuje druhy kiiZek zleva, pokud vySetfovany toto vidi, ma stereopsi
o Ctyfech tthlovych minutach. Ve druhé fadé€ vystupuje ctvrty ¢tverec o dvou thlovych minutach, ve
treti fad¢ treti trojuhelnik o jedné uhlové minuté a v posledni fad¢ je to ¢tvrta carka o ctyficeti

uhlovych vtefinach.
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Na vysetfovaci jednotce do blizka od Oculusu byl vyuzit pouze stereotest. Test vyuziva negativni
polarizace a je slozeny z nepolarizované tecky uprostied a Sesti polarizovanych dvojcar, které jsou

rozestavény do kruhu kolem centralni tecky.

Z kazdého paru Car, je monokuldrné vzdy jedna ¢éara vidét pro jedno oko a druhd pro oko druhé.
Binokularné¢ by méli tvofit jednu ¢aru dohromady a méli by vystupovat do prostoru smérem k
vysetfovanému. VysSetfovaci jednotku si vySetfovany vezme do rukou a drzi ji ve Cteci vzdalenosti 40
centimetrti. Carky jsou &iselné oznadeny jako na hodinovém ciferniku pro lepsi orientaci vy3etiujiciho
viz obrazek 4. Vysetieni lze provadét dvéma zpusoby. Prvnim zpisobem lze porovnavat hloubkovy
vjem Carek oproti stftedové teCce pro ziskani dat o prokazatelné, kvalitativni, stereopsi. Pro zjisténi
jemné stereopse lze porovnavat carky mezi sebou a pozorovat jednotlivé rozdily v thlovych

minutach.

Vysetteni stereopse bylo provedeno u 40 lidi, i s objektivnim a subjektivnim vysetfenim refrakce.
Nejprve byla zjisténa zakladni anamnéza a naméfena objektivni refrakce. V ptipad¢, Ze vySetfovany
piiSel ve své korekci, byla zméfena na fokometru a zadana do brylové obruby spolecné
S polariza¢nimi filtry. Pokud Zadnou korekci nenosil, byla pouzita jen brylova obruba s polarizacnimi
filtry a zméfila se stereopse do dalky a néasledné do blizka. Poté nésledovala samotna subjektivni
refrakce az po test binokularniho akomodacniho vyvazeni. Po vykorigovani ptislo opétovné zméfeni

stereopse do obou vzdalenosti.

U stereotestu do dalky na LCD optotypu byl vySetfovany tdzan, zda vidi ¢tyfi fadky, ve kterych vzdy
jeden ze znaki v fadku vystupuje vice do prostoru. VySetfovany musel urcit polohu v kazdém tadku
prave tohoto vystupujiciho znaku, dokud byl schopen rozeznat rozdil. VySetfovaci jednotku do blizka
vySettovany drzel ve ¢teci vzdalenosti, ve 40 centimetrech. Prvni otdzkou bylo, zda vidi vystupovat
do prostoru Sest ¢arek oproti stiedoveé tecce a zda-li vystupuji riizné nebo vSechny stejné. Pokud vidél
carky vystupovat riizng, byl vyzvan k vyjmenovani ¢isel od ¢arky, ktera se mu zda byt nejblize k nému
az po carku, ktera se mu jevi nejblize k tecce, popt. nejdale z jeho pohledu.
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Celé¢ vysetieni vSemi testy zabralo od 20 do 30 minut. Délka vySetfeni zdvisela pfedevS§im na
subjektivni refrakci a také na dikladném popsani a pochopeni stereotestu do blizka, kdy byl
vySetfovany tazan na rozpoznani jednotlivych rozdili mezi vystupujicimi znaky. Hodnoty stereopse
byly zapsany dvojim zpusobem, kvantitativné¢ a kvalitativné. Kvalitativné na prokazanou a

neprokézanou stereopsi, kvantitativné v thlovych minutach a thlovych vtetinach.

Zaver
Stereopse byla métena dvakrat, nejprve pied refrakci a néasledné po refrakci s nejlépe navrzenou
korekci. Rozdil mezi stereopsi pred refrakci a po refrakci vysel nulovy, proto hodnoty pro stereopsi

nebyly vice rozliSovany a byly rozdélené jen na stereopsi do dalky a do blizka.

Ze Ctyticeti namétenych lidi byla u 92 % naméfena prokdzana stereopse do dalky a u 95 % prokazana
stereopse do blizka. U kvantitativniho rozdéleni stereopse do dalky vyslo, ze 70 % méfenych ma
stereopsi nejméné o 1 tthlové minuté. U stereotestu do blizka vySlo 77 % métenych, jeZ maji stereopsi
nejméné o 1 thlové minuté. Nejjemnéjsi stereopsi do dalky, o 40, mélo 55 % métenych lidi, u

stereopse do blizka §lo o0 0,5° neboli 30* a tento rozdil vidélo 40 % lidi.

Pfi porovnani rozdilu mezi stereopsi do dalky a do blizka doslo ke stejnému vysledku nebo alespon
podobnému, jde-1i o porovnani vysledkt 40* do dalky a 30* do blizka, u 38 % métenych lidi. Jemn¢;jsi
stereopsi do dalky, z porovnani stereopse do dalky a do blizka u kazdého méteného zvlast, ma 35 %

vySetfovanych a jemné&jsi stereopsi do blizka ma 27 % vySetfovanych.

Z vysetfovanych lidi bylo 62,5 % myopu, 25 % hypermetropti a 12,5 % s planarni korekci. Prokdzana
stereopse byla zjiSténa nejcastéji u myopl a neprokdzand stereopse nejcastéji u hypermetropt.
Hodnoty byli vzaty z poméru stereopse do dalky a refrakce, pomérem stereopse do blizka a refrakce
by byla zména u jednoho ¢loveka, kterd by vysledek neovlivnila. Tento vysledek ale nelze hodnotit

jako prikazny, protoze nebyl méfen stejny pomer myopi, hypermetropt a lidi s planarni korekei.

U 3 vySetfovanych byli uZ v osobni anamnéze zjiStény problémy s binokularnim vidénim a
nepredpokliadala se u nich stereopse. U 2 z nich ale stereopse byla prokazana, u jednoho do
dalky i do blizka, u druhého jen do blizka.
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Stereopsis

Bc. Kristyna Stébetakova

Fakulta biomedicinského inZenyrstvi CVUT, Kladno

Introduction

The labor focuses to the matters of stereopsis and the stereoscopic examination at the Faculty of
Biomedical Engineering. From magazine Ceskd ocni optika was undertook hypothesis about
stereoscopic examination to the distance and to the near. This magazine says that stereopsis to the
distance needn’t be same like a stereopsis to the near. The results were compared also with refraction

and worked too before and after refraction.

Theoretical breakdown of matters

Stereopsis, which is an integral part of binocular vision, is dependent on fusion when the picture is
perceived as one picture. This image can move into space — perception of depth and 3-dimensional
structure. The binocular vision mediates both eyes at the same time and the brain processes images in

the thalamus, in the visual locus, to the simple image in the overlay.

The condition of binocular vision is the pure image created by the balance between refraction, the
optical purity of the ocular environment, the absence of eye pathologies on the cooperation of both
eyes. Retinocortical cooperation supports to fusion of different images — sensory fusion. Only if the

differences between the pictures are small there occurs to the fusion. If the difference between images
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is too large, there is a diplopia or a suppression of perception from one eye. The precise coordination

of both eyes for all of views is another necessary component — motor fusion.

The brain connects two almost identical images with small differences. These differences creates the
result with the spatial effect. The human perceives a solid object in three spatial dimensions — width,
height and depth. Stereopsis is a measure of minimum perceptible horizontal disparity expressed in
angular seconds. According to J. Lee, the lower limit of stereoscopic perception for adults is around
40 angular seconds.

To perceive of depth can also occur monocularly. There is visible different size and motion parallax
which indicate differences in the object’s image during time when the observer moves. The monocular
depth is not as intense as the binocular observation of the subject and it is often considered like a

pseudostereopsis when the distances are estimating.

Stereopsis is not as often tested as visual acuity, color vision and field of view. However, it is
important part of everyday vision. It allows the person to judge the distance and to figure where are
the objects in relation to the human being and where are to themselves. Stereoscopic perception is
important for driving and parking, walking on the stairs, professional sports, surgical operations,

threading the needle and much more.

Poor or absent of stereopsis is mostly caused by childhood amblyopia, but at a later age it may be
affected by conditions that reduce the ability to see clearly. Between these influences belong cataract,
age-related macular degeneration, presbyopia and brain disorders like a head injury and stroke.

Damaged stereoscopic vision can cause headache and nausea while watching 3D projection.

Stereoscopic examination is measured by qualitatively and quantitatively. In a qualitative test, Lang’s

two pencil test, is stereopsis written as proven and unproven. However, this test is only roughly
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indicative. Results from quantitative tests can be written in angular seconds and tests are much more

accurate.

The most commonly used examinations include synoptophore, touch test, Titmus test, Lang’s test,
TNO stereotest, Random Dot stereotest and Frisby stereotest. Many other of stereotests are not used
in the Czech Republic like a Schnell stereotest, Stereo-Schiibungen test, Deka test, Best's test etc.
Most tests use principle of Julesz stereograms which consists of computer-generated scattered points
that are monocularly perceived as a chaotic and randomly scattered points. Only after using polarized
filters a binocular vision will be created at the three-dimensional level — regular patterns will be

evident.

Stereotests are primarily used for children, such as screening tests to detect amblyopia and for
binocular vision defects. They are also used to monitoring the course of amblyopia treatment.

Experiment

The examination was carried out at the CTU campus at the Faculty of Biomedical Engineering. For
examination was always used autorefractoceratometer AKR 400 from Essilor for objective refraction,
spectacle frames with glasses and linearly polarized filters. To measure existing correction was used
the focometer Visionix Wavelens Pro and the CS pola 600 from Essilor was used for determination
of subjective refraction and stereopsis to the distance. By device for detection stereopsis to near was

used the investigation unit to near the Bino-nahpriifgerdt by Oculus.

Differentiated stereotest was used to detect and distinguish for the given level of stereopsis. This

stereotest uses positive polarization and consists of four rows with five characters in each row.

+ ++ + +
OO 000
vyvyyYyyvyy
I I
All characters step out of the optotype toward the client, but one of the five characters in the row

always stands out differently. In the first row, it stands out second cross from left, if the investigated

person sees it, he has stereopsis about 4 angular minutes. In the second row stands out the fourth
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square about two angular minutes, in the third row it is third triangle about one angular minute and in

the last row it is the fourth line about forty angular seconds.

On the investigation unit to near the Bino-nahpriifgerdt by Oculus was used only stereotest. This test
uses negative polarization and is composed from a non-polar dot in the middle and six polarized
double lines that are placed in a circle around the central dot.

Of each pair of lines there always is one line to see it monocular. For binoculars, should form a single
line and should get into the space towards the investigated person. The investigated person takes the
investigation unit into his hands and holds it at a reading distance of 40 centimetres. The lines are
numbered like on the hourly dial for better orientation for the examiner like on the figure 4.
Examinations can be done in two ways. The first way is to compare the depth perception of the bars
versus the central dot for getting the data of demonstrable, qualitative stereopsis. To find a fine
stereopsis is possible compare the lines between each other and observe individual differences in

angular minutes.

The stereoscopic examination was performed in 40 people, with objective and subjective examination
of refraction. First was detected basic medical history and measured objective refraction. If the
investigated person came with his correction, it was measured on a focometer and inserted into the
spectacle frames with polarized filters. If was applied no correction, there was used only spectacle
frames with polarized filters and was measured stereopsis to distance and to near. Then followed
subjective refraction until the binocular balancing test. After correction was measured stereopsis to

both distances again.

In the stereotest to the distance on the LCD optotype was the investigated person asked the question
if he sees four lines in which one of the characters in the line always stands out to the space. The
investigated person had to determine the position in each line of that outstanding character until he

was able to discern the difference. The investigative unit was located at a reading distance of 40
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centimetres. The first question was if he sees stands out the six bars to the space versus the central dot
and if this bars stand out differently or all the same. If he saw bars stands out differently he must say
the number of bar that seems to be closest to him until the bar that seems closest to the dot.

Full examination with all of tests was ranged from 20 to 30 minutes. The length of the examination
mainly dependent on subjective refraction and also on the detailed description and understanding of
the stereotest to the near when he was asking to recognize the differences between the outstanding
characters. Values of stereopsis were written by dual ways, quantitatively and qualitatively.
Qualitatively to the proven and unproven stereopsis, quantitatively in angular minutes and angular
seconds.

Conclusion

Stereopsis was measured twice, first before refraction and then after the refraction with the best-
designed correction. The difference between the stereopsis before refraction and after refraction is
zero, so value for stereopsis were not more distinguished and divided then to stereopsis to the distance

and to the near.

Of the forty measuring people was measured proven stereopsis at 92 % to distance and proven
stereopsis at 95 % to near. At a quantitative stereopsis distribution to distance was measured stereopsis
about one angular minute at 70 % of measuring people. At a stereotest to near was measured stereopsis
least about one angular minute at 77 % of measuring people. The finest stereopsis to distance about
40* had 55 % of measuring people and at stereopsis to near from 0,5’ or 30* was measured at 40 %

of measuring people.

Comparing differences between stereopsis to the distance and to the near was the same or at least the
same, if we compare the results from 40 to the distance and 30 to the near, it did at 38 % of
measuring people. Finer stereopsis to the distance has 35 % of measuring people and finer stereopsis

to the near has 27 % of measuring people.

From investigated people 62,5 % were myopes, 25 % were hypermetropes and 12,5 % were with
planar correction. Proven stereopsis was found most frequently at myopes and unproven stereopsis
was found most often at hypermetropes. Values were taken from the ratio of stereopsis to distance
and refraction, the ratio of stereopsis to near and refraction would be change at one person but that
would not affect the results. However, this result cannot be evaluated as conclusive because there was

not the same number of myopia, hypermetropia and people with planar correction.
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In three investigated cases were detected problems of binocular vision and was expected unproven
stereopsis. But in 2 of them was stereopsis proved, at one to both of distances and at the other only to
close.
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Novinky v oblasti péce o slabozrakeé

Bc. Ivona Kasna, Mgr. Pavel Benes, Ph.D.
Katedra optometrie a ortoptiky LF MU, Brno

UvVoD
V dnesni dob¢ plné elektroniky se i slabozrakym jedinctim otevira Siroka Skala moznosti, jak zvladat
kazdodenni ¢innosti bez trvalé pomoci ostatnich. Mezi nejnovéjsi pomicky lze zcela jisté zaradit

elektronické lupy — televizni, ruéni 1 zvétSovaci software.

V teoretické Casti diplomové prace je popisovana slabozrakost a jeji klasifikace, nejcastéjsi ptriciny
slabozrakosti (zejména vékem podminéna makularni degenerace, ktera souvisi s jednou z hypotéz) a
ztraty zraku u déti a dospélych, jak v CR, tak i ve svété. Dale pomicky pro slabozraké (rehabilitaéni
a kompenzacni, do dalky a do blizka) a v neposledni fad¢ také organizace, které slabozrakym lidem
pomahaji a uli je, jak zvladat béZzné kazdodenni €innosti a motivaci, ktera je nepostradatelnd pro

maximalni vyuziti pomicky pro slabozraké.

V praktické casti budu hodnotit, kterd je nejCastéji vyuzivana optickd pomtcka, dale které

onemocnéni nejcastéji vede ke ztraté zraku atd.

SLABOZRAKOST
Slabozrakosti se rozumi ireverzibilni pokles ZO na lepSim oku pod 6/18 az 3/60 vcetné. Zrakové
postizeni lze rozd¢€lit na stfedni slabozrakost, silnou slabozrakost, tézce slaby zrak, praktickou

nevidomost a Giplnou nevidomost.

NEJCASTEJSI PRICINY SLABOZRAKOSTI

Pticiny ztraty zraku se pochopitelné 1isi v rozvojovych a vyspélych zemich.

Hlavni pfi¢iny ztraty zraku v rozvojovych zemich

infekéni a parazitarni choroby (trachom, fi¢ni slepota)
malnutri¢ni deficity (xeroftalmie z nedostatku vitaminu A)

katarakta
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Hlavni ptiCiny ztraty zraku ve vyspélych zemich

vékem podminéna makularni degenerace
diabeticka retinopatie
glaukom

geneticky podminéna o¢ni onemocnéni

Vékem podminénd makularni degenerace (VPMD)

Vékem podminénd makuldrni degenerace je chronické onemocnéni, pii kterém dochdzi k ubytku
kapilar v choriokapilaris, coZ vede k nedostate¢né vyzivé makuly a tim k nevratnému poklesu zrakové
ostrosti. Klient si miize stézovat na zamlzeny pohled s Sedavymi misty v centralni oblasti. Toto
onemocnéni postihuje mimo choriokapilaris také Bruchovu membranu a RPE. K rizikovym faktorim

se u tohoto onemocnéni fadi genetické faktory, hypertenze, ICHS, koufeni, expozice UV atd.

VPMD se vyskytuje ve dvou formach — suché a vlhké. Suché forma je Castéjsi (cca 85% pacientil) a
je ptiznivéjsi. U suché formy dochéazi k pozvolnému poklesu centralni zrakové ostrosti, ktery mnohdy
trva nekolik let. Klinicky obraz suché formy predstavuji drazova loziska (lipidové usazeniny), zmeény
pigmentace a urdity stupen atrofie pigmentového epitelu (kviili nedostate¢nému krevnimu zasobeni).
U vlhké formy dochazi naopak k rychlému poklesu ZO. Lidé s vlhkou formou vékem podminéné
makularni degenerace si sté¢Zuji na rozmazané vidéni (hlavné do blizka), deformace obrazu a skotomy
(rano pii prvnim otevieni o¢i). Klinicky obraz vlhké formy pfedstavuje neovaskularizace (choroidalni
neovaskularni membrana = CNV). CNV je charakterizovana makularnim edémem. K dalSim

charakteristikdm vlhké formy se tadi drazy.

PSYCHOLOGICKY FAKTOR
Pokud se ¢lovek narodi se zrakovym postiZzenim, zna a vyuziva rehabilitani popiipad€ kompenzaéni

pomtcky a vybuduje si béhem dospivani vlastni identitu, nedochazi u n¢j jiz v dospélosti k zdsadnim

zménam.

Jinak je tomu tehdy, pokud piijde o zrak dospé€la osoba. Prvni etapou je uzkost spojena s pocatecnim
Sokem. Clovék si nejdiive nechce ztratu zraku pFipustit, pozd&ji méa strach z izolace a ze ztraty

socialniho mista. Tyto stavy vedou k tomu, Ze klient ztraci zajem o vse, co ho bavilo a tésilo. Druhou
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etapou je reaktivni deprese. Tato etapa je charakteristickd agresivnimi pocity a hledanim viny, jak u
sebe, tak o ostatnich (naptiklad u zdravotnického persondlu). Druha etapa by méla voln€ probehnout,
aby bylo mozné dospét k treti etapé, ktera je charakteristickd vzeprenim. Tteti etapa je vlastné
obdobim nového zacatku, kdy si klient zacne uvédomovat, co vSechno je schopen zvladnout a za¢ina

vvvvv

Jde o dlouhy proces, ve kterém hraje diilezitou roli pomoc a podpora okoli.

POMUCKY PRO SLABOZRAKE
Pomtcky pro slabozraké lze rozdélit na rehabilitatni a kompenzacni. Rehabilitacni pomicky
umoznuji slabozrakym zvétsit pozorovany predmét (napt. lupa) a kompenzacni pomicky slouzi k

caste¢né kompenzaci jejich zrakového postizeni (napf. bila hil).

Lupy

Mezi nejjednodussi, nejstarsi a stale nejcastéji pouzivanou zvétSovaci pomucku se fadi lupa. Diky
jednoduché a nepfilis slozité manipulaci je oblibenou pomiickou hlavné u star§ich a méné zru¢nych
klient. Existuje cela fada riznych typt lup, jsou to lupy rucni, svételné, stojankové nebo lupové

bryle.

Opticky systém lupy se sklada z jedné nebo vice spojnych Cocek, které jsou umistény tak, aby
minimalizovaly sférickou a barevnou zobrazovaci vadu. Ohniskova vzdalenost musi byt mensi, nez
je konvencni zrakova vzdalenost (25 cm). Pfi pozorovani piredmétu lupou hraje dilezitou roli poloha
lupy vzhledem k pozorovanému piredmétu. Pokud je poloha nespravné nastavena, mize dochazet k
unavé oka. Za optimalni je povaZzovadna poloha, kdy je pfedmét umistén v predmétové ohniskové
roving, kdy obraz lezi v nekonecnu a oko neakomoduje. Pokud pozorovatel ptiblizi lupu blize k

pfedmétu, obraz se z nekonecna ptiblizuje blize k oku a oko musi zacit akomodovat.

Se zvySujicim se zvétSenim lupy (vyssi optickou mohutnosti) se snizuje jeji primér a tim 1 velikost

zorného pole.
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Elektronické lupy
Tyto pomiicky nabizeji oproti klasickym lupam vétsi zvétSeni pti zachovani binokularniho vidéni.
Zakladem kazdé elektronické lupy je kamera, ktera vytvoii zvétSeny obraz pozorovaného predmétu,

ktery je zobrazen na monitor.

=
==

Obr. 1 — Kamerova lupa

VOLBA SPRAVNE OPTICKE POMUCKY

Pro vybér optické pomicky musime znat klientovu o¢ni diagnézu, abychom veédel, jestli klient vidi
Iépe centralné nebo periferné. Dal§im diilezitym kritériem pro vybér nejvhodnéjsi optické pomticky
je zrakova ostrost klienta. Pfi méteni zrakové ostrosti do dalky vyuZzijeme napi. Snellenovy optotypy
a do blizka Jaegerovy tabulky. V neposledni fadé bychom méli védét, na co bude klient pomiicku
pouzivat (Cteni, televize atd.). S vybérem pomiicky a dalSimi kazdodennimi Cinnostmi pomahaji

klientim rizné organizace, jako napiiklad Tyfloservis, Tyflocentrum, SONS a Okamzik.

ORGANIZACE PRO SLABOZRAKE A NEVIDOME

Prakticka ¢ast mé diplomové prace probiha doposud v Tyfloservisu v Brné. Tyfloservis
zprosttedkovava terénni a ambulantni socialni rehabilitaci nevidomych a slabozrakych lidi po celé
CR. Pobocky Tyfloservisu jsou téméf v kazdém kraji CR. Tyfloservis pomaha lidem nejen s vybérem

pomtcky, ale také s tim, aby byl klient co nejvice samostatny.

PRAKTICKA CAST
Vyzkum je provadén pomoci dotaznikli a pozorovani v Tyfloservisu. V dotazniku je zjiStovano
pohlavi, rok narozeni, o¢ni diagndza, kde a na co bude klient pomticku vyuZzivat, dale ¢as, ktery klient

stravi vybérem pomitcky, vizus, doprovod a barva osvétleni, ktera je pfijemnéjsi k osvétleni
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(bila/zlutd). Predpokladany pocet respondentt je priblizné 50. V praktické ¢asti jsou stanoveny 2

hypotézy:
1) Nejcastéji vyuzivana optickd pomiicka je lupa.

2) Lidé s vékem podminénou makularni degeneraci preferuji bilou barvu osvétleni.

DILCT VYSLEDKY
Na grafu &. 1 je potvrzeno, ze mezi nejéastdjsi pri¢iny zraku v Ceské republice patii skutedné

vékem podminéna makularni degenerace. Doposud u 10 z 18 klienti.

Nejcastéjsi pric¢ina ztraty zraku (pocet

klientti)
12
10
8
6
4
; ]
0 . — NN 2 NN 00BN 0 O BN e
K < < 2 3 0
Fo & N @ &
A\ o Ko"’ x% G
®© B
N K

Na 2. grafu je zatim potvrzena hypotéza €. 1, tzn. nejCastéji vyuzivanou zvétSovaci pomickou

je lupa. U 5 klientl se jednd o svételnou lupu. K této hodnoté se vSak blizi také preference kameroveé

lupy.
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Nejcastéji pouZivana pomucka (pocet
klientti)
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Na grafu ¢. 3 je doposud potvrzena 1 2. hypotéza, tedy preference bilého osvétleni u lidi s

vékem podminénou makularni degeneraci.

Preferovana barva svétla u VPMD (pocet
klientt)

| R
0

zadna preference bilé nebylo uvedeno bilé nebo Zadné
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Innovations in care for the visually impaired

Bc. Ivona Kasna, Mgr. Pavel Benes, Ph.D.
Katedra optometrie a ortoptiky LF MU, Brno

INTRODUCTION
Nowadays, in the times full of electronics, even the visually impaired has a wide range of possibilities
to manage everyday activities without the help of others. The electronic magnifiers - TV, manual and

screen magnifier software are one of the newest.

The thesis discusses the low vision, the classification of low vision, the most common causes of low
vision (especially age related macular degeneration which is related to one of hypotheses) and visual
impairment of children and adults (in the Czech Republic and in the world).

Also, aids for the low vision (rehabilitation and compensation; the distance and the close) and, last
but not least, organizations that help visually impaired and learn them how to cope with everyday

activities. Moreover they motivate them for maximum use of aid for the visually impaired.

In the practical part will be evaluated which is the most frequently used optical aid, which disease

most often leads to loss of vision, etc.

LOW VISION
Low vision is defined as visual acuity of less than 6/18 but equal to or better than 3/60. The
classification of visual impaired is moderate low vision, severe low vision, profound low vision, near

total blindness and total blindness.

THE MOST COMMON CAUSES OF LOW VISION

The causes of low vision are different in developing and developed countries.

The main causes of visual impaired in developing countries

Infectious and parasitic diseases (trachoma, onchocerciasis)
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Malnutrition deficits (vitamin A deficiency xerophthalmia)

Cataract

The main causes of visual impaired in developed countries

age related macular degeneration
diabetic retinopathy
glaucoma

Genetically determined eye diseases

Age related macular degeneration (AMD)

Age-related macular degeneration is a chronic disease that causes the decrease capillaries in
choriocapilaris, resulting in poor nutrition of the macula and thus irreversible decrease in visual
acuity. The client may complain about a blurred view of the grey areas in the central area. This disease
also affects Bruch’s membrane and RPE outside of choriocapilaris. Risk factors include genetic

factors, hypertension, ICHS, smoking, exposure to UV, etc.

AMD is divided into two forms - dry and wet. The dry form is more common (approximately 85% of
patients) and is more favourable. In wet forms there is a gradual deteration in central visual acuity,
which often lasts for several years. The clinical picture of the dry form is soft drusen (lipid deposits),
pigmentation changes and some degree of pigment epithelial atrophy (due to insufficient blood
supply). In the wet form, the visual acuity is decreased rapidly. Humans with wet age-related macular
degeneration complain about blurred vision (mainly near), image distortion and scotomy (morning on
first eye opening). The clinical picture of the wet form represents neovascularization (choroidal
neovascular membrane = CNV). CNV is characterized by macular edema. Other characteristics of the

wet form are drusen.

PSYCHOLOGICAL FACTOR
If a person is born with visual impairment, he knows and uses rehabilitation or compensatory aids

and builds his own identity during adolescence; he does not make any major changes in adulthood.
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If the vision is lost in adulthood, then the situation is another. The first stage is the anxiety associated
with the initial shock. One does not want to admit to losing sight, later is afraid of isolation and loss
of social space. Finally, it leads to the loss of all client’s interests. The second stage is reactive
depression. This stage is characterized by aggressive feelings and blame for both self and others (for
example medical staff). The second stage should run freely in order to reach the third stage, which is
characterized by resistance. The third stage is actually a period of a new beginning when the client
begins to realize what he / she is capable of doing and begins to learn basic skills in self-service. These
three stages are experienced by most people who lost their sight. This is a long process and very
important is the help and support of the neighbourhood.

AIDS FOR THE VISUALLY IMPAIRED
Aid for the visually impaired can be divided into rehabilitation and compensatory. Rehabilitation aids
allow the visually impaired object to enlarge (magnifying glass) and compensating aids to partially

compensate their visual impairment (canes).

Magnifying glass
The magnifying glass is the easiest, oldest and most commonly used magnifying aid. Thanks to simple
and not very complicated manipulation, it is a favourite tool especially for older and less skilled

clients. There are a number of different types of magnifying glasses.

The optical zoom system consists of one or more connecting lenses that are positioned to minimize
spherical and colour imaging defects. The focal length must be less than the conventional visual
distance (0,25m). When observing the magnification, the magnifier position plays an important role
in relation to the observed object. If the position is incorrectly set, the eye may become tired. Optimal
is the position where the subject is placed in the subject focal plane where the image lies at infinity
and the eye does not modify it. If the observer approaches the magnifying glass closer to the
movement, the image moves nearer from the infinitely closer to the eye, and the eye must begin to

accommodate.

As the magnification increases (higher optical power), its diameter and the size of the field of view

decreases.
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Electronic magnifying glasses

These devices offer greater magnification compared to conventional magnifiers while maintaining
binocular vision. The basis of each electronic magnifying glass is a camera that creates an enlarged
image of the observed object that is displayed on the monitor.

=2

Electronic magnifying glasses

CHOOSING THE OPTIMAL OPTICAL AID

We must know the client's eye diagnosis to know if the client sees better centrally or peripherally for
the choice of optical aids. Another important criterion for selecting the most suitable optical aid is the
visual acuity of the client. For measuring of visual acuity in the distance we use for example Snellen
optotypes and to the close we use the Jaeger table. Last but not least, we should know what the client
will use for the help (reading, television, etc.). Various organizations, such as Tyfloservis,

Tyflocentrum, SONS and Okamzik, help clients with choice of aids and other day-to-day activities.

ORGANIZATION FOR THE VISUALLY IMPAIRED

The practical part of my thesis is ongoing in Tyfloservis in Brno. Tyfloservis mediates field and
outpatient social rehabilitation of blind and visually impaired people throughout the Czech Republic.
Brunches of Tyfloservis are in almost every region of the Czech Republic. Tyfloservis helps people

not only with the choice of aid, but also with the client being as independent as possible.
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PRACTICAL PART

The research is conducted using questionnaires and observations in Tyfloservis. The questionnaire
identifies the gender, the year of birth, the eye diagnosis, where and what the client will use the aid,
the time the client spends by selecting the aid, the visus, the type and the colour of lighting that is
more pleasant to the illumination (white / yellow). The estimated number of respondents is
approximately 50. In the practical part there are 2 hypotheses:

The most commonly optic aid is magnifying glass.

People with AMD prefer white-light of lighting.

METHODOLOGY OF THE WORK
In my thesis | deal with the most commonly used optical aid, white lighting preference in the people
with AMD etc. Data for the research were obtained with using a questionnaire in Tyfloservis. So far

| have 18 questionnaires (from 9 men and 9 women).

THE PARTIAL RESULTS OF THE THESIS
Graph number 1 confirms that AMD is one of the most common causes of low vision in the Czech
Republic. (10/18)
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katarakta MD glaukom presbyopie
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On the 2nd graph, hypothesis number 1 is confirmed so far. The most commonly used magnifying

aid is a classic magnifying glass.
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In graph number 3, there is the 2nd hypothesis, people with age-related macular degeneration prefer
white lighting.
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Presbyopie a akomodace v 21. stoleti

Bc. Patrik Plsek, Mgr. David Severa
Katedra optometrie a ortoptiky LF MU, Brno

Uvod

Naroky na kvalitni a ostré vidéni jsou stale vyssi. Pfedni svétové spolecnosti v tomto odvetvi neustale
vyvyji nové a lepSi brylové ¢oc€ky, kontaktni Cocky a jinak tomu neni ani v oblasti kataraktové
chirurgie a nitroo¢ni implantologie. Dnes je jiz naprosto bézné, ze jsou lidem implantovany
multifokalni nitroo¢ni ¢ocky, se kterymi lze vidét na vSechny vzdalenosti, €ili blizko stfed 1 dalka.
Pacient se tak stava naprosto nezdvisly na brylich. V mé diplomové praci se tedy témto cockam budu

vénovat.

Katarakta

Operace katarakty neboli Sedé¢ho zakalu, je asi nejCastéjSim zakrokem, pii kterém jsou pacientiim do
oka implantovany multifokélni nitrooéni ¢ocky. Sedy zakal je jakékoliv zkaleni o&ni So¢ky, které
vede Kk poruse jeji prahlednosti a rozptylu prochazejiciho svétla. Je to nejcastéjsi piic¢ina sepoty ve
sveété. Katarakta je multifaktoridlni onemocnéni, rozdélujeme ji na kataraktu senilni, 1ékovou,

traumatickou, radiacni, kongenitalni a metabolickou. [1]

Umélé nitroo¢ni cocky
Umélé nitroocni Co¢ky jsou plastické Cocky, které jsou pacientim implantovany do oka, kde nahrazuji
puvodni pacientovu ocni cocku. Historie téchto ¢ocek saha az do 40. let dvacatého stoleti, kdy

anglicky oftalmolog Harold Ridley vyvinul prvni takovou ¢ocku. [1]

Nitroo¢ni ¢ocky maji ¢ast optickou a haptickou. Skrz optickou ¢ast pronikaji paprsky svétla a po
pruchodu ¢oc¢kou jsou fokusovany idealné do fovei. Hapticka ¢ast slouzi k fixaci cocky v oku tak, aby

mohly byt pln€ vyuZzity jeji ptednosti. [1]
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Umgla nitroo¢ni ¢ocka. [5]

Tyto ¢ocky jsou charakterizovany optickou mohutnosti, zakiivenim povrchu, poc¢tem ohnisek, tvarem

rowr

okraje optické ¢asti, typem spojeni mezi haptickou a optickou casti a konstantou A. Charakteristiky

cocek jsou pro prehlednost uvedeny v nasledujici tabulce. [1]

material tvrdy akrylat mékky akrylat silikon

filtry uv uv uv

hapticka cast single-piece single-piece multi-piece
multi-piece single-piece

opticky design sférické sféricke + asféricke sférické + asféricke

monofokalni toricke torické

monofokalni monofokalni
multifokalni multifokalni

typ okraje ovalny ostry ostry

dioptrie -10az+35(po0,5D)

prameér optiky 6 mm

délka cocky 12,5-13 mm

A konstanta (lisi se podle materialu a designu IOL)

Zakladni charakteristiky nitroo¢nich ¢ocek [1]

Material pouzivany k vyrobé nitroo¢nich ¢ocek

Hlavnim poZadavkem na materidl pro vyrobu nitroo¢nich coek je biokompatibilita. Dale nesmi

cocka degradovat, musi byt maximaln¢ prahledné a musi mit spravné optické vlastnosti. [2]

Dnes se pouzivaji vyhradné anorganické materidly, jako naptiklad polymetylmetakrylat, akrylaty a

silikony. [2]
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Cocky vyrobené z PMMA jsou tvrdé, neohebné. Nevyhodou je tedy nutnost provadét pii implantaci

velky fez, nebot’ takovou ¢ocku nelze slozit do aplikatoru. [2]

Nejcasteji pouzivanymi meékkymi ¢ockami jsou ¢ocky z hydrofobniho akrylatu, ktery obsahuje méné
nez 1% vody a index lomu dosahuje hodnot 1,44 az 1,55. Vyhodou je malé tloustka ¢ocky, moznost

aplikace silikonového oleje pfi vitrektomii a pomalé rozvijeni pii operaci.[2, 3]

Multifokalni nitroo¢ni cocky

Umélé nitroo¢ni ¢o¢ky mohou byt monofokalni nebo multifokalni. Multifokdlni nitroo¢ni ¢ocky,
které v soucasnosti zazivaji obrovsky ,,boom* maji jako jeden hlavnich cili zbavit pacienta zavislosti
na brylich. Jsou to tedy ¢ocky, které maji alesponi dvé, dnes ale vetSinou vice ohnisek. Rozdélujeme

je na refrakéni a difrakéni, existuji vSak i kombinace téchto dvou typi. [2]

Refrakéni multifokalni ¢ocky obsahuji soustfedné kruhy o riizné lomivosti v jeji optické ¢asti. Pocet
kruhti je variabilni. Naptiklad co¢ka ReZoom ma 5 zon, kde zény 1, 3 a 5 zajist'uji vidéni do dalky a
zony 2 a 4 vidéni do blizka. Pro vidéni na stfedni vzdalenost slouzi pfechody mezi témito zénami.

Nevyhodou refrak¢nich ¢ocek je zavislost na velikosti zornice. [2]

Refrakcni ¢ocka. [4]

Difrak¢ni multifokani nitroo¢ni ¢oc¢ky pracuji na principu ,,schodovité” optiky a vyuZivaji difrakce
svétla. Naptiklad u coCky Acrysoft ReSTOR se difrakéni ,,schody* méni postupné, kdy vyssi schody
jsou ohniskem pro blizky bod a nizsi schody tvofi ohnisko pro bod daleky. U vsech typt ¢ocek je

dilezita pooperacni neuroadaptace. [2]
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Difrakéni ¢ocka. [4]

Tietim typem je kombinace obou ptedchozich typt, ¢ili difrakéné-refrakéni. [2]
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Presbyopia and accommodation in the 21st century
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Introduction

The requirements to fine and sharp vision are higher and higher. The leading companies of this sector
are producing new and better spectacle lenses, contact lenses and the same situation is in a sphere of
cataract surgery and intraocular implantology. It is commont today that surgeons are implating
multifocal intraocular lenses into patient‘s eyes. With these lenses they can see in every distance

without spectacles.

Cataract

A cataract surgery is the most common operation that leads to implantion of multifocal intraocular
lens. A cataract is an opacity of patient’s lens that leads to lower transparency and higher scattering
of light. It’s the most frequent cause of blindness in the world. A cataract is multifactorial disease.
We can sort cataract into several types: age-related, cataract caused by medicaments or radiation,

traumatic, congenital and metabolic. [1]

Plastic intraocular lenses
Plastic intraocular lenses are implanted to patient’s eyes, where they are replacing the patient’s
original lens. The history od these lenses starts in forties of the 20th century, when an english

ophtalmologist Harold Ridley designed the first plastic intraocular lens. [1]

Intraocuar lenses are constituted by optical and haptic part. Rays of light are penetrating the lens
through the optical part and then are focused into fovea centralis. The haptic part is made for fixation
of the lens. [1]
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Plastic intraocular lens. [5]

These lenses are characterized by optical power, curvature of the surface, number of focal points,
design of optical and haptic part and constatnt A. Characteristics of these lenses are menioned in table
below. [1]

Material Hard acrylate Soft acrylate Silicone
Filtres uv uv uv
HabitiE pait single-piece single-p-iece singlg-p.iece
multi-piece multi-piece
spheric spheric spheric
monofocal aspheric aspheric
Optic design toric toric
monofocal monofocal
multifocal multifocal
Type of the edge oval sharp sharp
Dioptries from -10 to +35 D (0,5 D step)
Pupil diameter 6 mm
Lenght of lens 12,5-13 mm
Constant A depends on material and design of I0OL

Characteristics of intraocular lenses. [1]
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Materials of intraocular lenses
The main requirement to the material used for manufature of these lenses is biocompatibility. The
lens can’t degrade, has to be transparent and has to have the right optical qualities. [2]

The manufacturers of intraocular lenes are using anorganic materials, for example PMMA, acrylates
or silicones. [2]

Lenses made of PMMA are hard, inflexible. The disadvantage is a necessity of doing a big incision
to implant these lenses, because its impossible to fold the lens into aplicator. [2]

The most common material is hydrophobic acrylate that contains less than 1% of whater and the
refractive index is between 1,44 and 1,55. The advantage od this material is low thickness, the
possibility of aplication of silicon oil after vitrectomy and slow expanding after implantation. [2, 3]

Multifocal intraocular lenses

Plastic intraocular lenses can be monofocal or multifocal. The main purpose of multifocal intraocular
lenses that are experiencing a big boom today is to make the patient spectacle independent. Multifocal
intraocular lenses have at least two focal points, but today is usual that they have more than that. We
can sort them to refractive and difractive lenses or combination of these two types. [2]

Refractive multifocal lenses contain several concentric circles with different refraction. The number
od the circles is variable. For example the lens ReZoom has 5 circles, where zones 1, 3 and 5 are made
to distance vision and zones 2 and 4 are made to near vision. For middle vision are used the crossings

of these zones. The disadvantage of this type is a dependence on pupil diameter. [2]
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Refractive lens. [4]

Diffractive multifocal intraocular lenses work on pricipe of ,,step* optics and uses diffracion of light.
For example in the lens Acrysoft ReSTOR, the ,,steps* are changing gradually, where the higher steps
are used to near vision and the lower steps are used to distance vision. Neuroadaptation is very
important in every type of lens. [2]

Difractive lens. [4]

The third type of multifocal lens design is a combination of diffractive and refractive type. [2]
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Amblyopia and strabismus in children
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Abstract

Young children do not describe their vision or vision difficulties, so measuring vision in children
requires time, knowledge, patience and understanding. It is very important to know the normal visual
development in children because testing results must be compared with the expected functional vision
for children of the same age and abilities.

Strabismus and amblyopia are connected and about one third of the children with strabismus will

develop amblyopia.

The critical period in which vision problems can lead to serious consequences ranges from birth to
seven years of age. Visual acuity is the most important visual function and a part of complete

paediatric eye care that should begin at least at three years of age.

Key words: amblyopia, strabismus, children, visual acuity, tropia, misaligned eyes, extrafoveal

fixation, anomalous retinal correspondence

AMBLYOPIA AND STRABISMUS

Amblyopia is decreased vision in one or both eyes caused by abnormal visual stimulation during
visual development, resulting in abnormalities in the visual centres in the brain. Critical period of
visual development is during the first three months of life and visual acuity development continuous

up to seven or eight years of age.

Tests for visual functions which can be tested in children include: pupil reaction, motility, fusion,

fixation, visual acuity, colour vision.

Visual acuity is the most important visual function. There are many ways to test visual acuity in

infants and children:
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e Test for children less than one year of age: Keeler acuity card, Visual evoked potential
(VEP).

e Children 1-3 years of age: Cardiff visual acuity test

e Children 3-5 years of age: Sheridan Gardiner test (Matching Test), Crowding cards,

“E” Test, Picture charts
e Children 5 years and older: Snellen’s test

Requirements for normal binocular visual development include clear, equal retinal stimulation and

proper eye alignment.

Functional amblyopia should be distinguished from organic amblyopia, which is poor vision caused
by structural abnormalities of the eye or brain and which does not improve by treatment. Functional
amblyopia is reversible when treated with appropriate visual stimulation during early childhood.

Amblyopia can occur in clients with a constant tropia who show strong fixation preference for one

eye and suppressed cortical activity from the other deviated eye.

Strabismus is a condition of misaligned eyes. When the eyes point in different direction, two separate
images are sent to the brain, resulting in double vision. The brain suppresses activity of the misaligned
eye in order to form single vision which results in an amblyopic eye and loss of depth perception

(strabismic amblyopia).

Clients with strabismus who alternate fixation and suppression do not have amblyopia, but they also
lack normal binocular function. All amblyopes have a certain degree of extrafoveal fixation and the

presence of eccentric fixation is a sign of severe amblyopia that has poor visual prognosis.

Anomalous retinal correspondence is different from eccentric fixation. ARC is a binocular sensory
adaptation to strabismus in which corresponding retinal points do not have the same visual direction.
It allows the acceptance of images on non-corresponding retinal points and is only active during
binocular viewing when one eye is covered and fixation reverts back to the fovea in another eye.
Eccentric fixation is dense amblyopia without foveal fixation and is present under monocular or

binocular conditions.
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Table 1. Classification of strabismus based on:

Direction of ] ] Time of
o Laterality Frequency Comitancy
deviation appearance
exotropia unilateral constant comitant congenital
esotropia bilateral intermittent concomitant acquired
hypertropia alternating periodic
hypotropia

One of the most important treatments for amblyopia is correcting the refractive error with the
consistent use of glasses and/or contact lenses. Those can improve visual acuity to some degree but

usually not completely.

Amblyopia treatment also includes patching or blurring the stronger eye to force the use of the weak
eye. The doctor will prescribed a number of hours of patching the better eye, which will depend on
the visual acuity in the amblyopic eye and whether treatment has been successful in the past. It
requires a lot of persistence, effort and encouragement from the parents because sometimes it is very
difficult to make a young child wear a patch. The stronger eye can likewise be “penalized” or blurred
with Atropine drops to help the weaker eye get better. This forces the child to use the weaker eye. In
cases Where the stronger eye is shortsighted or when the degree of amblyopia is severe, the method

of penalizing the stronger eye does not work so well.

It can take from several weeks to months for vision to get stronger in the weaker eye. A higher rate

of success is achieved when the treatment starts early.

The goal of treatment for strabismus is to straighten the eyes and restore binocular vision. In some
cases, strabismus can be treated with eyeglasses. Other treatments include Orthoptics and Vision

Therapy. Strabismus can also be treated with surgery.

Conclusion

Amblyopia and strabismus are not the same condition, but they are closely connected. Strabismus can
cause amblyopia and it is important to recognize that a child has vision problems, because in 90% of

cases amblyopia can be successfully treated.
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In the Republic of Croatia about 320.000 people have low vision. Lifelong visual impairment can be

avoided only with early detection and prompt treatment of ocular disorders.

LITERATURE:
American Association for Pediatric Ophthalmology and Strabismus: Amblyopia
American Academy of Ophthalmology: Strabismus treatment

Kashinatha Shenoy M, Gopalakrishna K, and Preetha: Visual development and Visual Acuity Testing
in Children, Research Journal of Pharmaceutical, Biological and Chemical Sciences, ISSN: 0975-
8585
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RGP: fitting techniques
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ABSTRACT

Rigid gas-permeable lenses can be spherical, aspherical or a combination of both. RGP lenses are
corneal lenses, meaning that the diameter of the lens is about 1,0 to 1,5 mm smaller than the cornea.
How the lens fits on the corneas depends on the basic curve and the diameter of the lens.

Every fitting has to start by getting the medical history of the patient. The next step is using an
instrument called a slit lamp. It makes it possible for us to see the anterior and posterior segments of

the human eye.

The keratometer or ophtalmometer is an instrument which measures the curvature of the cornea. Using

the information about the curvature of the cornea, we can calculate the value of eccentricity.
After we have all the data, we can fit the RGP lens.

Key words: RGP, rigid gas-permeable lenses, eccentricity, spherical, bicurve, tricurve, multicurve,

edge shapes, slit-lamp, illuminating techniques,

RGP: FITTING TECHNIQUES

DESIGN OF RIGID GAS-PERMEABLE LENSES

Rigid gas-permeable lenses can be spherical, aspherical or a combination of both. RGP lenses are
corneal lenses, meaning that the diameter of the lens is about 1,0 to 1,5 mm smaller than the cornea.
How the lens fits on the corneas depends on the basic curve and the diameter of the lens. Aspheric
lenses have at least one non-spherical surface. This surface usually forms a sphere, if € =0, an ellipse,
if € <1, a hyperbola, if ¢ > 1, and a parabola, if € = 1. & stands for eccentricity, which defines the
departure of an aspheric curve from a circle, and it is used to describe a lens form as well as the

curvature of the cornea.

e Spherical RGP lenses
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The basic curve of the lens is entirely spherical and the optic zone and the diameter of the lens are

equal in size.
It is ideal for steep corneas, corneas which eccentricity is up to 0,1 and oblong corneas.

e Bicurve RGP lenses
This type of RGP lens consists of central radius and one flatter peripheral curve. The back
surface is made of the central optic zone and flatter peripheral zone. Radius of the back
surface is larger, which enables better tear film exchange and therefore more comfortable
wear.
They are ideal for corneas with eccentricity between 0,1 and 0,3.

Sharp transition

f
® 2010 Elsevier Ltd. Gasson & Morris: Tha Contact Lens Manual da.

© 2010 Elsevir Ltd. Gasson & Morris: The Contact Lens Manual 4e.

e Tricurve RGP lenses
The back surface is made of three different concentric zones: central — optic, transitional and
peripheral zone. Peripheral curves are flatter than the central one. Transitions between the radii are
smooth, so they do not irritate the cornea in any way. The edge of the lens is about 1 to 2 mm in size.
The optic zone has to cover the pupil completely.
They are ideal for steeper corneas, and corneas with eccentricity between 0,3 and O0,5.
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© 2010 Elsevier Lid. Gasson & Morrs: The Cantact Lans Manual de.

© 2010 Elsevir Ltd. Gasson & Morris: The Contact Lens Manual 4e.

e Multicurve RGP lenses
The basic curve consists of three or more curves, that become flatter the more peripheral they are.

When the transitions between the curves are blended this lens behaves like a continuous curve lens.

© 2010 Elsevier Lid. Gasscn & Martis: The Cantact Lens Manual de.

© 2010 Elsevir Ltd. Gasson & Morris: The Contact Lens Manual 4e.

Most corneal lenses have a central zone which is fitted in alignment with the central cornea, combined
with a flatter peripheral zone which is designed to lift away from the cornea, so that the tear film

exchange is possible. This central alignment is very important, as it provides optimum visual acuity.

The centre of gravity of the lens is located somewhere behind the back surface and it is affected by
radius, diameter, thickness and power. The best centration of the lens is given by steep lenses and

those with larger diameter, as their centre of gravity is further back.

The lens is fixed in a position due to the viscosity of the tear film. Any changes to the quality of the

tear film affect the centration of the lens.
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(The shape of the lens should be as similar to the shape of cornea as possible, because it provides the
best stability. But since a rigid lens never matches the shape of the cornea completely, a balance has
to be found between sufficient capillary attraction for lens stability and sufficient movement for tear

exchange.)

Comfortable wear of the RGP lens depends on the shape of the edge. The edge should be smooth and
it should blend into the final peripheral curve.

@ o] © ®

‘Gasson & Morris: The Contact Lens Manual de. 2010 Elsaier Lid. Gasson & Morris: The Contact Lens Manusl 4. © 2010 Elssier Lid. Gasson & Moris: The Contact Lens Manual ds.  © 2010 Elsevier Lid. Gasson & Morrs: The Contact Lens Manual 4z,

Edge shapes of lenses: (A) posterior, (B) central, (C) anterior, (D) blunt, (E) sharp. © 2010 Elsevir Ltd. Gasson
& Morris: The Contact Lens Manual 4e.

PROCEDURE OF FITTING RGP LENS

Every fitting has to start by getting the medical history of the patient. This provides us with all the
necessary information we need in order to make the experience as comfortable as possible for the

wearer of contact lenses.

Our next step is using an instrument called a slit lamp. It makes it possible for us to see the anterior
and posterior segments of the human eye. With the slit lamp we gather the information that helps us

decide which contact lens is the best fit, according to the condition of the eye and its structures.

To best see what condition the eye is in we use different illuminating techniques. For choosing the
best contact lens, we need to evaluate: the shape of the cornea, amount and quality of the tear film,

shape and opening of the eyelids, and the condition of the conjunctiva.

The table below shows which illuminating technique to use to see different eye structures.
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Summary of structures and conditions viewed at each stage of the slit-lamp examination

ILLUMINATION MAGNIFICATION FILTERS SLITWIDTH STRUCTURES EXAMINED CONDITIONS EVALUTATED
Direct Low Ma Wide Lashes Blepharitis
Bulbar conjunctiva Hy peraemia
Pterygium
Pingueculum
Palpebral conjunctiva Follicles
Papillas
Hy peraemia
Medium/ high Mo Wide Lid margins Meibomian glands
Patency of tear ducts
Contact lens Fit
Mo Medium Cornea Dpacities
Iris Naewvus
Contact lens Surface quality
Engravings
Woetting
Red-free Limbus Vascularisation
High Mo Narrow Cornea Dellen
Strize
Folds

Depth of lesions
Endothelial morphology

Tear film Debris
Medium/high Blue Medium Cornea Staining
Conjunctiva Staining
Indirect Low Mo Medium Cornea Corneal opacities
Central corneal clouding
High Mo Narrow Corneal epithelium Microcysts
Vacuoles
Limbus Wasculartisation

© Johnson & Johnson: Slit-lamp Examination

The keratometer or ophtalmometer is an instrument which measures the curvature of the cornea. Using

the information about the curvature of the cornea, we can calculate the value of eccentricity.
After we have all the data, we can fit the RGP lens.

First step to fitting the lens is washing our hands. After we have done that, we take the lens out of its
container and wash it thoroughly. When we sure it is clean, we place the lens on our index finger. Our
client’s gaze is set forward, fixating on a far point. We place the lens straight on to the centre of the
cornea. Because the lens is hard, the initial feeling our client feels is discomfort, but it can be
minimalized by fixating on their gaze on their knees. After the feeling of discomfort passes, our next

step is checking the fit on the slit-lamp.

Before we start the examination, the eye with the RGP lens has to be coloured with fluorescein. Slit-
lamp should now be used with blue light and yellow filter. We check how the lens lies on the cornea,

and if there are any damages made to our clients cornea.
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Ideally, the fit should be parallel, but if we haven’t been precise in measuring and calculating the

parameter, the fit could also be steep or flat.

According to our calculations and which RGP lenses are available to us, we can predict how the lens

will fit. The possible outcomes are seen in the table below, and can also be seen in the images.

FIT BASIC CURVE ECCENTRICITY
Parallel kL = MuH €KL= EHH Or €kL=¢€nnt+0,1
T [ e B e e
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\;\w \k/'/ ?t\.‘\.vf:
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Mirage-steep kL = FHH EKL< EHH
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After we check the fit on the slit lamp, we take the lens out and check the cornea again, to see if there

are any damages.

When we make sure the cornea is healthy, it is time to start teaching our client about how to properly

take care of the lenses.

Contact lens has to be well taken care of, in order to minimize any possibilities of contamination,
which can lead to all sorts of problems. The lenses need to be cleaned with the cleaner and washed

with saline liquid. RGP lenses are either kept in a special solution.

Although the first wear is usually painful, RGP lenses are a better choice over the soft lenses, because

of their better qualities.
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Abstract

Pediatric optometry and research dedicated to the experts of optometry and vision science of children.
Pediatric optometric care performs the investigation such as comprehensive eye exams, binocular

vision exams, low vision exams, dry eye and contact lens.

The colourful image of the world that our eye project is depends on how our eyes refract the light into
the lens. The refraction of the light rays causes the refractive error which is occurred due to the optical
imperfections that hinders the eye from projecting the light and ultimately produces the blurred vision.
Astigmatism, nearsightedness and farsightedness are the common refractive errors. The primary

causes of the refractive errors are eye length, curvature of the cornea and curvature of the lens.

LOW VISION

Low vision as the name indicates the condition linked with abnormal or low eye sight which interferes
the daily functioning of a child. Pediatric Low vision could be a cause of various eye diseases such
as pediatric glaucoma, pediatric cataract etc. Low vision exam of pediatric is differs based on the age
of the child. Visual acuity, refractive error, visual field, eye muscle function and color vision are the

consideration taken by pediatric ophthalmologists to find out the visual function of a child.

Eye diseases are a common cause of low vision. For example:
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Hazy, blurry vision can result from cataracts.

Blurred or partially obscured central vision is typical of macular degeneration.
Diabetic retinopathy causes blind spots, blurriness and visual distortions.

Poor peripheral vision is a hallmark of glaucoma.

Retinitis pigmentosa reduces peripheral vision and the ability to see in the dark.
Light sensitivity and loss of contrast are other symptoms of these and other diseases.

Heredity and eye injuries can result in low vision.

REFRACTIVE ERRORS

Hyperopia (farsightedness), is a refractive error, which means that the eye does not bend or
refract light properly to a single focus to see images clearly. In hyperopia, distant objects look

somewhat clear, but close objects appear more blurred.

Hyperopia is normal among children. It is perfectly normal for most children to have mild hyperopia
or farsightedness early in life. In many cases, no treatment is necessary because a child can
accommodate by using their own eye muscles to properly focus. When hyperopia is severe, however,
the child’s focusing muscles may not be able to properly focus and he or she could be at risk for

amblyopia, one of the most common causes of vision loss among children and young adults.

According to revised guidelines published in 2012 by the American Association for Pediatric
Ophthalmology and Strabismus (AAPQS), the amount of hyperopia that puts a child at risk for
amblyopia varies according to age, since the amount of hyperopia normally naturally lessens as a
child ages and his eyes grow. For children aged 12-30 months, AAPOS guidelines consider the child
at risk for hyperopia greater than +4.5 diopters; for children aged 31-48 months, hyperopia greater
than +4.0 diopters is considered a risk factor for amblyopia, and for children older than 49 months,
farsightedness of more than +3.5 diopters is considered an amblyopia risk factor. iScreen Vision uses
AAPOS guidelines in analyzing images and determining whether or not a child who is screened or

tested for amblyopia should be referred for hyperopia.

Myopia, also known as near-sightedness or nearsightedness, is an eye condition in which somebody
is unable to bring distant objects into proper focus. Somebody with myopia can normally see close-
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up objects clearly or perform close-up activities, such as reading, without difficulty, but distant objects

appear blurry.

When hyperopia is severe, however, the child’s focusing muscles may not be able to properly focus
and he or she could be at risk for amblyopia, one of the most common causes of vision loss among
children and young adults.

Children with myopia sometimes might squint their eyes while looking at distant objects. Parents may
observe that their child has trouble reading road signs on a car ride or notice that their child sits closer
to the television in order to see better. Sometimes a teacher may notice that a child in the back of the
room has trouble seeing what is written on the blackboard or whiteboard at the front of the room.

Many times doctors will prescribe glasses to help strengthen the vision of child who has a weak eye
and is at risk for, or has already developed, amblyopia also commonly called “lazy eye”. One risk
factor for amblyopia is anisometropia, which occurs when there is a significant difference in refraction

between the two eyes (anisometropia).

Amblyopia, also commonly called “lazy eye,” is the most common cause of vision loss in children.
Vision is a function of a child’s eye and brain working correctly together. Amblyopia typically occurs
when a child’s vision is blurred in one or both eyes, and the brain doesn’t properly develop vision in
the weak eye or eyes. Early detection is important so that treatment can begin before the brain shuts

down vision to the weak eye, or so-called “lazy eye”, and the vision loss becomes permanent.
Some of the different types of amblyopia include:

Refractive amblyopia, which is typically caused when one eye has a significant refractive error caused
by hyperopia (farsightedness), myopia (nearsightedness) or astigmatism (irregularly shaped pupil).
Most refractive errors can be corrected with glasses. Children with refractive amblyopia may not show

any visible signs of problems with their eyes.

Strabismic amblyopia, which develops when a child has an alignment problem in one or both eyes.
The medical term for misaligned eyes is strabismus, sometimes commonly referred to as crossed eyes.
Sometimes the strabismus is visible, if the child appears cross-eyed or one eye is angled inward
(esotropia) or outward (exotropia) or up or down. But amblyopia can also develop even if the eye is
only very slightly misaligned, known as “microstrabismus,” which may not be noticed by a parent

and might only be detected by photoscreening or a visual exam by an eye care professional.
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Deprivation amblyopia, which can be caused when a cataract, media opacity, ptosis (droopy eye lid),

or other occlusion deprives a one or both of a child’s eyes from seeing normally.

Bilateral amblyopia, which means a child has vision problems in both eyes. Typically, however,

amblyopia is limited to just one eye.

A family history of amblyopia or strabismus can be a risk factor for a child developing amblyopia, as

can a low birth weight or a premature birth.

Anisometropia is a condition in which the two eyes have significantly different refractive powers.

Differences in refraction between two eyes can normally be corrected with glasses or contact lenses.

If anisometropia has caused amblyopia in a child, then treatment may include patching or drops.

Astigmatism is when the eye has an abnormally shaped, or abnormally curved, cornea (the clear front
cover of the eye) or an abnormally curved lens inside the eye. Most eyes are round like a baseball or

basketball. If a cornea is oblong — shaped more like an American football, for example — then it
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distorts the light that is projected onto the retina, the light-sensitive tissue at the back of the eye, and
the patient sees a blurred or distorted image.

Normal Eye Astigmatic Eye

— Optic
< Ngrve

Astigmatic
Cornea

Iris

Pupil

Astigmatism can oftentimes be corrected with glasses or special contact lenses.However, while
nearsightedness or farsightedness can be corrected with simple spherical lenses, astigmatism requires
a cylinder, which adds more curvature and focusing power in one axis than the other so that the

patient’s images aren’t distorted.

Astigmatism — along with nearsightedness (myopia) and farsightedness (hyperopia) — is an eye
abnormality categorized as a “refractive error” because it impacts how the eyes “refract,” or bend,
light that is projected onto the retina. Astigmatism frequently occurs along with other refractive errors

such as nearsightedness or farsightedness.

EYE TEST

Standard vision screening charts (sometimes commonly called eye test charts or sight test charts, or
called by their medical name, Snellen charts) are used to test visual acuity, or how well a child sees.
Eye charts which are used properly can detect reduced visual acuity (how well a child sees), which
may be an indication of common refractive errors such as hyperopia, myopia or astigmatism.
However, eye charts have limitations compared to other eye tests for children (which might also be
called children eye test, school eye test, sight test, or preschool eye test), including testing with the
iScreen Vision Screener 3000 photoscreener.Vision charts require a verbal response from a child,
while iScreen Vision does not, meaning iScreen Vision can be used on children as young as 1 year
old. In addition, while eye charts may be reliable in detecting whether a child is near-sighted, or has

myopia, studies have demonstrated that they are unreliable in detecting if the child is far-sighted or
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has astigmatism. Moreover, visual acuity tests with an eye chart also don’t directly detect strabismus
or media opacities such as cataracts.
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