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Obrazova databaze nejcastéjSich fyziologickych a patologickych o¢nich

nalezu

Katedra optometrie a ortoptiky, Lékatska fakulta, Masarykova univerzita Brno

Anotace
Tento piispévek je zaloZen na predstaveni mnou vytvoienych fotografii patologickych
o¢nich nalezl a nasledny odborny popis zjisténého nalezu. Jedna se o velmi typické nalezy, na

které lze narazit v praxi optometristy velmi Casto.

Kli¢ova slova

Patologicky nélez, fyziologicky ndlez, o¢ni onemocnéni, katarakta, VPMD

Populace zrakové handicapovanych osob na nasi planeté je velmi rozsitend. Uvadi se, Ze aZ
285 miliond osob ma zrakovy handicap a z toho az 39 milionti osob jsou slepi. Znepokojujicim
faktem je, ze az 80 % vSech ptipadi je mozné 1éC¢it anebo diky v€asné diagnostice jim uplné
ptedejit. V nékterych rozvojovych zemich se zatim stale nedafti zvysit Groven 1€kaiské péce, a
proto se tyto ¢isla kazdym dnem zvedaji.

V ceské republice je zdravotni péce na velmi vysoké tirovni a rozviji se 1 velké mnozstvi
zdravotnickych nelékatskych profesi jako je naptiklad optometrie. V dne$ni dob& uz mnoho lidi
radsi voli nav§tévu optometristy pro uréeni refrak¢niho stavu svych o¢i nez dlouhé ¢ekaci doby
u o¢nich 1ékafti, a proto by mél byt kazdy optometrista schopny rozeznat patologické nalezy na
ocich, aby v pfipad¢ zaznamenani takového nalezu mohl upozornit svého pacienta a doporucit
mu neprodlenou ndvstévu ocniho lékatfe. V takovém piipad€ je mozné predejit nejriznéjSim

zdravotnim problémiim a zabranit tak zvySovani poctu zrakové postiZzenych lidi.



Obrazek €. 1. — Pocinajici kortikalni katarakta

Katarakta neboli Sedy zékal je jednou z nej€astéjSich pficin slepoty, a to 1 pies velmi
vysokou UspeSnost operaci, pii kterych se zakalena cocka vyméni za novou umeélou nitroo¢ni
¢ocku. Dtivodem je velmi nizka zdravotni péce v rozvojovych zemich.
dochézi k rozptylu prochézejiciho svétla. Do dneSniho dne stale neexistuje zpisob, jak zcela
zabranit vzniku katarakty. Mezi rizikové faktory ovliviiujici vznik katarakty fadime koufeni,
diabetes, UV-B zafreni, alkohol, prijmova onemocnéni a oxidativni poruchy. Je také prokazano,
ze vznik Sedého zékalu je spojen se starnutim. Toto oznacujeme jako senilni katarakta, ktera se
Casto objevuje u lidi ve v€ku nad 65 let. Ve veku 65 let je zakaleni ¢ocky prokazatelné jiz u 50
% populace a ve vékové skupin€ mezi 75 az 85 let je zakalem postizeno az 91 % lidi.

Na snimku je mozné pozorovat kortikalni kataraktu. Je to jedna ze zékladnich typt
katarakty a vyznacuje se typickymi opacity v kortexu s bazemi v periferii a smétujicimi smeérem
do centra ¢ocky. Kortikalni katarakta se ¢asto vyskytuje oboustranné, avSak dokud zékalky
nezasahuji do osy vidéni, nemusi byt pacientem vibec pozorovana. Prvni potize se Casto
vyskytuji pti jizd¢ autem za Sera nebo za tmy, kdy je pacient velmi osliilovan protijedoucimi

vozidly. [1] [2]



Obrazek ¢. 2 — Konjunktivalni injekce a striata rohovky po operaci

katarakty
Ptekrveni neboli hyperémie je fokalni nebo diftzni dilatace subepitelového plexu
spojivkovych cév. Obecné se tento stav oznaCuje jako injekce a rozliSujeme nékolik typi
injekeci: 1. Povrchova (konjunktivalni) injekce
2. Hlubok4 (ciliarni) injekce
3. SmiSena injekce
Na fotografii je mozné pozorovat konjunktivalni injekci, ktera se projevuje cihlové
¢ervenym zabarvenim spojivky. Maximalni zabarveni je v oblasti fornixu a smérem k limbu se
ptekrveni snizuje. Je zplsobeno rozsifenim subepitelového cévniho plexu. Tento stav byva
Casto doprovazen zanétem spojivky, ale v tomto ptipad¢ se jedna o pooperacni komplikace po
chirurgickém odstranéni katarakty.
Dalsi typickou pooperacni komplikaci je striata rohovky. Jedna se o nafaseni
descemetské membrany jako nasledek edému stromatu. Vznikd poSkozenim endotelovych

bun¢k manipulaci v ptfedni komote, anebo pii dlouho trvajici fakoemulzifikaci. V zadni ¢asti



stromatu rohovky se hromadi tekutina, ktera zptisobuje nafasovani. Striata se objevuje nejen po
nitroo¢nich operacich, ale i pfi hypotonii bulbu ¢i pti hlubokych zanétech rohovky.
Tyto pooperacni kompilace vétsSinou uplné vymizi do 3-4 tydnti po operaci, pokud by

vsak tyto komplikace ptetrvavaly, mize skonéit az transplantaci rohovky. [1] [2]

Obrazek ¢. 3 — Leukom rohovky

Leukom fadime mezi rohovkové jizvy, které zptisobuji zékaly rohovky. Rohovkové
Jizvy délime do péti kategorii:

1. Nubecula — drobny zakal rohovky nesnizujici zrakovou ostrost

2. Macula — sytéjsi zakal rohovky, ktery zasahuje do hlubokych vrstev stromatu

3. Leukom — velmi syty zakal rohovky, zptisobujici jeji neprihlednost a vyrazné snizuje
zrakovou ostrost

4. Panus — je to fibrovaskularni tkan adherujici subepitelialné, typicka pro flykténu

5. Infiltratio corneae — rohovkovy zanét

Leukom mé bélavou barvu a Casto vznika jako nasledek jizev na rohovce, kter¢ mohou
mit odliSnou velikost, hustotu, umisténi a pozici. Prichodnost optickych médii je velmi
omezena a pacientovi tak nejsou zachovany témet zadné zrakové funkce.

Leukom miize vzniknout 1 jako nasledek poleptani rohovky ¢i po perforaci oka.



Jedina lécba je mozna keratoplastikou neboli transplantaci postizené rohovky za ¢irou
rohovku dérce. Pokud chirurgicky zakrok neni indikovan, je mozné leukom zakryt protetickou

kontaktni ¢ockou s ¢ernou zornici. [1] [2]

Obrazek €. 4 — Obraz sitnice pii VPMD

Vékem podminénd makuldrni degenerace je onemocnéni sitnice, které postihuje

primarné choriokapilaris, Bruchovu membranu a RPE. Projevuje se pfedev§im zhorSenim ¢i
ztratou centralni zrakoveé ostrosti.

Vékem podminéna makularni degenerace je charakterizovéana typickym obrazem nalezl
na sitnici, ktery zahrnuje drizy lokalizované okolo makuly. VPMD se déli do dvou skupin, a
to na suchou formu, kterd je bez pfitomnosti exsudati a neovaskularizaci, a vlhkou formu, ktera
se vyznacuje velmi rychlou progresi a muize vést az ke ztrat¢ zraku. VPMD je jednou
Z nejcastéjsich pficin slepoty ve vyspelych zemich u obyvatel starSich 60 let.

Sucha forma je Castéjsi a vyskytuje se az u 85 % pacientli. Ma pozvolny priibéh a na
sitnici se tvofi tvrdé drazy, které jsou u starSich lidi typickym nalezem a nejsou spojovany
s vétsim rizikem. Mékké drazy se mohou vyklenovat, spojovat mezi sebou a tvofit tak ablace
na RPE. Vyskyt m¢kkych druz je Casto znamenim, Ze nemoc piechazi do vlhké formy, ktera je

nebezpecna pro tvofeni neovaskularizaci a jizevnatych zmén na makule.



Do dnesni doby neexistuje zptisob, jak VPMD vylécit, aniz by na sitnici ziistaly nevratné
zmény snizujici zrakovou ostrost. Nékteré studie doporucuji zvysit ptijem vitaminti C a E a jist

potraviny s vys$$im obsahem zinku a betakarotend. [2] [3] [4]

Obrazek ¢. 5 — Ptoza

Pod pojmem ptdza oznacujeme pokles horniho vicka, ktery je zpiisoben degenerativnimi
procesy aponeurdzy m. levator palpebrae. Ptozu délime na n€kolik typt, které délime do skupin
podle doby vzniku, podle divodu vzniku a zda je ptéza neurogenni ¢i myogenni. Na této
fotografii je mozné pozorovat vékem podmin€nou ptézu, ktera se velmi casto vyskytuje
oboustranné. U mladsich lidi je postiZeni vétSinou jednostranné ¢i asymetrické.

Pokles vicka omezuje zorné pole, zvySuje o¢ni inavu a zptisobuje kosmeticky defekt ¢i
defekt stale zdviZzeného oboci a je tak velmi nepfijemnym problémem. Jedinym feSenim jak
ptozu odstranit je chirurgicky zakrok. Pfed zdkrokem se musi provést spravna indikace a urcit
presny ditvod vzniku ptozy. Musi se taky vySetfit Belliv fenomén, jelikoz pfi jeho absenci by
po operaci mohla vznikat expozi¢ni keratokonjunktivitida.

Operace ptdzy se provadéji riznymi zplisoby. Dle typu ptozy se provadi bud’ zkraceni

aponeurozy levatoru pii jeho nedostatecné funkci, operace podle Fasanelly-Servata (zkraceni
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tarzu a Miillerova svalu) anebo zavésné metody, které pienaseji tah vicka na m. frontalis. [2]

[4]

Obrazek ¢. 6 — Pterygium

Na fotografii je zachyceno pterygium, coZ je patologické preristani spojivky na
rohovku. Je to hyperplazie fibrovaskularni tkané spojivky, kterd v trojuhelnikovitém tvaru
prerusta pres limbus. Pterygium poskozuje Bowmanovu membranu rohovky a pokud se rozsiti
aZ na osu vidéni, mizZe zplsobit omezeni zorného pole. Ma také vliv na vznik rohovkového
astigmatismu, ale nedoprovazi ho zadné bolestivé pocity

Pterygium se vétsinou objevuje jednostranné mezi 20. — 40. rokem. Casto se vyskytuje
v tropickych oblastech, jelikoz jsou o¢i vystaveny zvySenému mnozstvi slunecniho zéfeni.
Néktera pterygia jsou vaskularni a jiné jsou zcela bez cév, pouze jako bild hmota. Casto vznikaji
na nasalni stran¢, kde baze trojuhelniku sméfuje smérem k nosu a jeho hlavicka smérem ke
sttedu rohovky.

Pokud chceme pterygium odstranit, tak pacient podstoupi chirurgickou excizi, ktera se
muze doplnit jesté kratkodobou aplikaci 2 % mitomycinu. Pro vyhlazeni rohovky se provadi

fotoablace excimerovym laserem. [2] [4] [5]
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Obrazek ¢. 7 - Papilom na okraji spodniho vicka + pocinajici
pterygium

Papilom fadime mezi benigni nadory a je vyvolan lidskym papilomavirem. Je to mekka
léze srozbrazdénym povrchem, ktera ma vétSinou nahnédlou barvu. Mize byt i
vaskularizovany a mohou jim prorustat fasy. Nadory vi¢ek délime na tumory epidermalni a
tumory hlubsich struktur. Papilom a névus fadime do skupiny epidermalnich tumorii, kdezto
dermoidni cysty, hemangiomy, lymfangiomy, naevus flammeus, neurofibrom a
rabdomyosarkom fadime do skupiny tumord hlubsich vrstev. [2] [3]

Rozdil mezi papilomem a névem spociva v tom, Ze névus je pigmentovy nezhoubny
utvar vznikly nahromadénim melanocytli. Vrozené névy se oznacuji jako tzv. matetska
znaménka. Papilom je nepigmentovy, nezhoubny nador a casto mé bradavicnaty vzhled.
Verruca vulgaris neboli bradavice je také zptisobena HPV virem, ale je infekéni a mlze byt
prenasena jak pfimym, tak nepfimym kontaktem. [6]

Papilom se vyskytuje nejen u dospélych, ale i u déti a prevazné postihuje vickovou nebo
bulbarni spojivku, karunkulu i vi¢ka. Lécba spociva v kombinaci exstirpaci s eventualni
kryoterapii a podavanim interferonu. [2]

Déle je na obrazku mozné vidét malinké pterygium na nasalni stran¢ rohovky.

12



Obrazek ¢. 8 — Vaskularizace rohovky

Na snimku je zachycena patologickd vaskularizace rohovky. Jako vaskularizaci
oznacujeme patologicky rust cév pies limbus do rohovky, kterd za fyziologickych podminek
neobsahuje zadné cévy. Vaskularizace délime na povrchové — Vascularisatio corneae
superficialis a hluboké vaskularizace — Vascularisatio corneae profunda.

Povrchové vaskularizace se vyznacuji patrnym piechodem cév z kapilarni sité¢ limbu
smérem do bezcévnaté rohovky. Tento ndlez je typicky u nositeli kontaktnich ¢ocek, kteti
nedodrzuji spravny rezim noSeni co¢ek nebo maji nevhodné zvoleny typ kontaktni Cocky. Je to
zpiisobeno tim, ze rohovka kvilli ¢o¢ce nedostdva dostatecné mnozstvi Zivin a nastavaji
metabolické zmény. Proto se vytvari malé cévy, které zacnou rohovku vyZivovat. V piipad¢, Ze
stimul vymizi, dojde k vyprazdnéni cév, ale jejich sténa stale ztstava pfitomna.

Hluboka vaskularizace vznika prortistdnim piednich cilidrnich arterii. Je metlicovitého
napiimeného charakteru v hloubce stromatu. Je to typicky ndlez u chronickych rohovkovych
infekci. Jejich prostup pfes limbus nelze pozorovat, protoze se nachazi hluboko a vétSinou se
vyviji bez akutnich symptomil. Pokud nastanou komplikace, objevuje se krvaceni a lipidové

usazeniny ve stromatu. [7] [2]
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Vsechny fotografie jsou potizeny ve FN u sv. Anny v Brn¢. Vé&fim, Ze tento text muze slouzit
jako studijni material pro jednodussi rozeznani patologickych nalezii v praxi optometristy.
Kazdy optometrista pracuje se Stérbinovou lampou, diky které je mozné odhalit vétSinu
pocinajicich onemocnéni, a proto je dilezit¢ mit dobry piehled o tom, které nélezy jsou

diagnostikovany jako patologické a kter¢ jako fyziologické.
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Annotation

This article is based on the presentation of pathological eye findings with a description of
the findings. These are very typical findings that can be found in optometrist practice very
often.
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The population of visually impaired people in our planet is widespread. It is reported that up
that more than 285 million people have visual impairment and up to 39 million are blind. The
worrying fact is that up to 80% of all patients can be treated or be prevented completely due to
early diagnosis. In some developing countries, the level of medical care is still very low, so
these numbers are rising every day.

Healthcare in the Czech Republic is at a very high level and a large number of non-medical
healthcare professions such as optometry are also developing. Nowadays, many people prefer
to visit their optometrist to examine the refraction of their eyes rather than long waiting times
for ophthalmologists, so every optometrist should be able to recognize pathological findings in
the eyes to alert the patient and recommend him an immediate visit of an ophthalmologist. In
this case, various health problems can be avoided to prevent the increase in the number of

visually impaired people.
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Figure 1. - Developing cortical cataract

Cataract is one of the most common causes of blindness, despite the very high success
rate of operations in which a cloudy lens is replaced by a new artificial intraocular lens. The
reason is very low healthcare in developing countries.

The cataract is caused by cloudiness in the lens, which causes a decrease in transparency
and scattering of transmitted light. There is still no way to completely prevent cataract. Risk
factors affecting cataract formation include smoking, diabetes, UV-B radiation, alcohol,
diarrhea, and oxidative disorders. It is also shown that cataract formation is associated with
aging. This is referred to as senile cataract, which often occurs to people over 65 years of age.
At the age of 65, lens opacity is already detectable in 50% of the population and as many as
91% of people in the 75-85 age group are affected by cataracts.

The picture shows cortical cataract. It is one of the basic types of cataract and is
characterized by typical opacity in the cortex with bases in the periphery and pointing towards
the lens center. Cortical cataract often occurs bilaterally, but until the cataract interferes with
the axis of vision, it may not be observed by the patient at all. The first trouble is occurred

during driving in the dark when the patient is very dazzled by oncoming vehicles. [1] [2]
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Figure 2 - Conjunctival injection and corneal striatum after cataract
surgery
Hyperemia is a focal or diffuse dilatation of the subepithelial plexus of the conjunctival vessels.
Generally, this is referred to as injection, and we distinguish several types of injections:

1. Surface (conjunctival) injection

2. Deep (ciliary) injection

3. Mixed injection

A conjunctival injection is seen in the photo, which is manifested by a red color. The
maximum color is in the fornix area and the congestion decreases towards the limb. It is caused
by the extension of the subepithelial vascular plexus. This condition is often accompanied by
conjunctivitis, but in this situation, it is a postoperative complication after cataract removal.

Another typical postoperative complication is corneal striatum. It is a pleat of the
Descemet membrane as a result of stromal edema. It is formed by endothelial cell damage by
manipulation in the anterior chamber or by long-lasting phacoemulsification. Fluid is
accumulating at the back of the corneal stroma, causing fringing. Striatum occurs not only after

intraocular surgery, but also in bullet hypotonia or deep corneal inflammation.
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Usually these post-operative compilations completely disappear within 3-4 weeks after

surgery, but if these complications persist, they may end up with corneal transplantation. [2] [1]

Figure 3 - Leucoma

Leukoma is corneal scars that cause corneal opacity. We divide corneal scars into five
categories:

1. Nubecula - small corneal opacity not reducing visual acuity

2. Macula - a more saturated corneal opacity that extends into deep layers of the stroma

3. Leucoma - a very serious corneal disease, causing its opacity and significantly
reducing visual acuity

4. Pannus - it is a fibrovascular tissue adhering to the subepithelial, typical for the
phlycten

5. Infiltration corneae - corneal inflammation

Leucoma has white color and often occur as a result of scars on the cornea, which may
vary in size, density, location and position. The opacity of the optical media is very limited,
leaving almost no visual function to the patient.

Leucoma may also arise as a result of corneal burns or ocular perforation.
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The only treatment is possible by transplantation of the affected cornea behind the
donor's healthy cornea. If the surgery is not indicated, it is possible to cover the leucoma with

a prosthetic contact lens with a black pupil. [1] [2]

Figure 4 - AMD
Age-related macular degeneration is a disease of the retina that primarily affects

choriocapillary layer, Bruch's membrane, and RPE. It is manifested mainly by worsening or
loss of central visual acuity.

Age-related macular degeneration is characterized by a typical retinal finding image that
includes drusen located around the macula. AMD is divided into two groups, a dry form that is
without exudates and neovascularization, and a wet form that is characterized by very rapid
progression and can lead to loss of vision. AMD is one of the most common causes of blindness
in developed countries for people over 60 years of age.

The dry form is more common and occurs in up to 85% of patients. It has a gradual
progression and hard druse forms on the retina, which is a typical finding in older people and
is not very risky. Soft drusen can arch, connect with each other to form ablation on the RPE.
The occurrence of soft drusen is often a sign that the disease goes into a wet form that is

dangerous for the formation of neovascularization and scarring changes on the macula.
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There is still no way how to cure AMD without leaving irreversible changes in the retina
to reduce visual acuity. Some studies recommend increasing of the vitamins C and E and eating

foods with a higher level of zinc and beta carotene. [2] [3] [4]

Figure 5 - Ptosis

ptosis is a decline of the upper eyelid, which is caused by degenerative processes on
aponeurosis of the musculus levator palpebrae. We divide ptosis into several types, which we
divide into groups according to their origin, the reason for their origin and whether the ptosis is
neurogenic or myogenic. In this photograph it is possible to see age-related ptosis, which is
very often on both eyes. In younger people, disability is usually one-sided or asymmetric.

The drop of the eyelid reduces the field of vision, increases eye fatigue and causes a
cosmetic defect or defect in the still raised eyebrows and is a very troublesome problem. The
only way to remove ptosis is surgery. The correct indication must be made before the procedure
and the exact reason for the onset of ptosis must be determined. Bell's phenomenon must also
be investigated, since exposure to keratoconjunctivitis may occur in the absence of surgery.

Ptosis operations are performed in different ways. According to the type of ptosis, either

the shortening of the levator aponeurosis in its inadequate function, the Fasanelly-Servata
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surgery (shortening of the tarsus and the Miiller muscle) or the hanging methods that transfer
the eyelid thrust to the frontal muscle. [2] [4]

Figure 6 - Pterygium

The photo shows pterygium, which is the pathological overgrowth of the conjunctiva
on the cornea. It is the hyperplasia of the fibrovascular conjunctival tissue that grows over the
limbus in a triangular shape. Pterygium damages Bowman's corneal membrane and, if it extends
to the vision axis, can cause visual field constraints. It also has an effect on the development of
corneal astigmatism, but is not accompanied by any painful feelings

Pterygium usually appears unilaterally between 20 and 40 years. It is often found in
tropical areas as the eyes are exposed to increased sunlight. Some pterygia are vascular, and
others are completely free of blood vessels, just like white matter. They often originate on the
nasal side, where the base of the triangle points towards the nose and its head towards the center
of the cornea.

If we want to remove the pterygium, the patient undergoes surgical excision, which can
be supplemented by even short-term application of 2% mitomycin. To smooth the cornea,

photoablation is performed with an excimer laser. [2] [4] [5]
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Figure 7 - Papiloma on the edge of the lower eyelid + incipient
pterygium

The papiloma is one of the benign tumors and is induced by the human papillomavirus.
It is a soft lesion with a ragged surface that is mostly brownish. It can also be vascularized and
lashes can penetrate it. Eyelid tumors are divided into epidermal tumors and tumors of deeper
structures. Papilloma and naevus belong to the group of epidermal tumors, while dermoid cysts,
hemangiomas, lymphangiomas, naevus flammeus, neurofibroma and rhabdomyosarcoma
belong to the group of tumors of deeper layers. [2] [3]

The difference between papilloma and nevus is that the nevus is a pigmentary benign
formation formed by the accumulation of melanocytes. Congenital naevus are referred to as so-
called birthmarks. Papilloma is a non-pigmented, benign tumor and often has a warty
appearance. Verruca vulgaris or warts are also caused by the HPV virus but are infectious and
can be transmitted by both direct and indirect contact. [6]

Papilloma occurs not only to adults but also to children and mainly affects eyelid or
bulbar conjunctiva, carunculus and eyelids. Treatment consists of extirpation with eventual
cryotherapy and administration of interferon. [2]

Furthermore, it is possible to see a tiny pterygium on the nasal side of the cornea.
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Figure 8 - Corneal vascularization

The image shows the pathological vascularization of the cornea. Vascularization refers
to the pathological growth of blood vessels across the limbus into the cornea, which contains
no vessels under physiological conditions. Vascularization is divided into superficial -
Vascularisatio corneae superficialis and deep vascularization - Vascularisatio corneae
profunda.

Surface vascularization is characterized by a noticeable transition of blood vessels from
the capillary network of the limb to the non-vascular cornea. This finding is typical for contact
lens wearers who do not adhere to wearing time or have an improperly selected type of contact
lens. This is because the cornea does not get enough nutrients for the lens and metabolic changes
occur. Therefore, small vessels are formed to nourish the cornea. If the stimulus disappears, the
vessels are emptied, but their wall is still present.

Deep vascularization results from the growth of the anterior ciliary arteries. It is a
broom-like, upright character in the depth of the stroma. It is a typical finding in chronic corneal
infections. Their passage through the limbus cannot be observed because it is deep and usually
develops without acute symptoms. If complications occur, bleeding and lipid deposits occur in
the stroma. [7] [2]
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All photos were taken in the St. Anne’s University Hospital in Brno. | believe that this text
can serve as a study material for easier recognition of pathological findings in the optometrist’s
practice. Each optometrist works with a slit lamp to detect most of the underlying diseases, so
it is important to have a good overview of which findings are diagnosed as pathological and
physiological.
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Anotace

Nase téma se zabyva velikosti rozdilu, ktery vznikd v momenté, pokud méfeni
objektivni a subjektivni refrakce provedeme spravné a nasledné€ Spatnym zptisobem tak, aby to
co nejvice odpovidalo redlnym situacim bézného dne. Nejprve si predstavime teoreticky zaklad

nutny k pochopeni této problematiky a poté se podivame na vysledky méfeni.

Kli¢ova slova

Refrakce, sféra, osa, cylindr, automaticky refraktometr, refrakéni vada.

Me¢éteni objektivni a subjektivni refrakce patii ke kaZdodennim tkoniim, které provadi
optometristé, o¢ni 1ékafi a sestry na o¢nich oddé€lenich. Jde o Cinnost, kterd vede ke stanoveni
spravné korekce. Zacina se vzdy zméfenim objektivni refrakce, nejcastéji na automatickém
refraktometru a poté je zmé&fena subjektivni refrakce. Obé dvé méteni maji sva jasna pravidla a
zasady. Casto se viak stava, ze méfend osoba nespolupracuje podle piedstav a n&jakym
zpusobem porusuje spravné zasady méfeni. Takové ptipady zde budou predstaveny a blize
popsany. Nejprve si ovSem predstavime zakladni refrakéni vady, kterych se vitbec samostatné
meéfeni tyka. Lidé v dnesni dobé maji vysoké naroky na ostrost vidéni, vznikaji ty
nejpropracovangjsi brylové ¢oc¢ky s moznosti personalizace na daného ¢loveka. Faktem je, ze
naSe o€i dosti Casto pfet€zujeme nadmérnou praci na blizko, ktera muze vést ke vzniku
kratkozrakosti €1 k jejimu prohlubovani nebo mizou u lidi v tzv. nepresbyopickém véku

nastavat problémy tykajici se pfidavku do blizka.
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Refrakce oka

Svételny paprsek pii pruchodu na sitnici pronika skrze ur€ité o¢ni struktury. K t€ém patii
piedni plocha rohovky, stroma a zadni plocha rohovky, dile komorova voda, pfedni plocha
cocky, stroma a zadni plocha cocky a nakonec sklivec. Kazda z téchto struktur mé své lomivé
vlastnosti. K zékladnim vlastnostem patii index lomu, poloméry kiivosti a optickda mohutnost
jednotlivych struktur. Nejvétsi optickou mohutnost ma rohovka o hodnoté +43,053 D a to jak
v akomodac¢nim klidu, tak 1 pii akomodacnim maximu. Naproti tomu o¢ni ¢ocka svou optickou
mohutnost méni v zdvislosti na stavu akomodace. V akomodaénim klidu mé optickou
mohutnost +19,11 D a v opa¢ném piipadé pii akomoda¢nim maximu dosahuje az +33,06 D.
Celé soustava oka disponuje pii uvolnéné akomodaci optickou mohutnosti +58,64 D a pfi
maximalni akomodaci +70,57 D, dle Gullstrandova schématického oka. Cilem téchto struktur

a vlastnosti je vytvoreni ostrého obrazu na sitnici. [1, 2]

komorova
voda
rohovka sitnice
predmétové
ohnisko
O/ —1 0,5
6 6 obrazové
ohnisko

sklivec

2\

Obr. ¢. 1 Gullstrandovo schématické oko

Refrakce oka se da méfit ve dvou zakladnich krocich. Prvnim krokem je objektivni
refrakce a druhym je subjektivni refrakce. Pomoci objektivni refrakce miize byt zmétfena
lomivost dioptrického apardtu oka napiiklad pomoci automatického refraktometru nebo
metodou skiaskopie. Dulezit¢ je, ze vysledek neni zkresleny subjektivnim vnimanim
vySetfované osoby, ale i tak je vysledek méteni spiSe informativni.

Subjektivni refrakce probihd uz se zapojenim vysetfované osoby. Pacient ¢te znaky na
optotypu. Optotypy se pouzivaji jak na dalku, tak také na blizko. Mimo optotyp je zapotiebi
jesté zkuSebni obruba a sada korekénich skel nebo foropter. VySetfeni probihd nejprve

monokularné a zasadné se testuje jako prvni pravé oko. U pacienta dochdzi ke stanoveni
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naturdlniho vizu, tedy bez korekénich skel. NevySetfované oko je zakryto okluzi, ktera se vlozi
do zkusebni obruby. Po stanoveni naturalniho vizu dochézi k ptedfazovani korekénich sklicek,
a to jak sférickych, tak i cylindrickych. Po dosazeni nejkomfortnéjsiho vizu je proces opakovan
1 na druhém oku. Néasledné€ je nutno jesté provést binokularni vyvazeni.

U vySetfovani je nutné dodrzovat vySetiovaci vzdalenosti. V piipadé€ vySetfeni na dalku
je to 5 az 6 m, zatimco u vySetieni na blizko 40 cm. Zrakova ostrost se zaznamenava v ptipadé
Snellenovych optotypti zlomkem, kdy v Citateli je hodnota vySetfovaci vzdélenosti a ve
jmenovateli hodnota vzdalenosti, ze které by byl fadek ptecteny pti stavu emetropie. Pii vyuZziti
vySetfovaci vzdalenosti je tedy idealni zapis 6/6. Zapis je mozny provést i v decimalni soustave,
takze uvedena idealni hodnota by byla zapsana jako 1,0. Optotypy na dalku existuji v mnoha
provedenich. Mezi starsi typy patii ti§téné, svételné a projekéni optotypy. Mezi moderni a dnes
vyuzivané patii LCD optotypy, vyuZivajici polarizaci k disociaci obrazli pravého a levého oka.

Z hlediska optotypt na blizko patii mezi nejoblibenéjsi tzv. Jigerovy tabulky. [3, 4]

X ZVHD ©

E C X P L ©

5
)

Obr. ¢. 2 Polarizovany LCD optotyp

Vady optického systému oka

Priméarnim ukolem optického aparatu oka je vytvoteni ostrého obrazu na sitnici. Tam
vzniké obraz pfevraceny a zmenseny. AZ v kiife mozkové dojde zpét k narovnani obrazu. Aby

na sitnici vznikl ostry obraz, je zapotfebi spravny pomér dvou veli¢in, a to lomivost
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dioptrického aparatu a axialni délka oka. Pokud je tento pomér v pofadku, mize byt oko
oznaceno za oko emetropické. Takové oko vytvaii pii akomodaénim klidu obraz na sitnici.
V opacném piipadé, kdy je pomér lomivosti a délky oka nevyvéazeny, vznika obraz neostry.
Tento obraz se tvoii bud’ pfed a, nebo za sitnici. Oko se v tomto piipad¢ oznacuje jako
ametropické. Vznika-li obraz pted sitnici, tak se jedna o myopii. V opa¢ném ptipad¢, kdy se

nachdazi obraz za sitnici, se jedna o hypermetropii. [2, 5]

Obr. ¢. 3 Priklad ametropie

Myopie, neboli kratkozrakost je stav, kdy nam rovnobézné paprsky dopadajici do oka
v akomodaénim klidu, vytvaii ohnisko pted sitnici. Na sitnici tak vznika neostry obraz. Mezi
nejcastjsi pric¢inu patii prodlouZeni axidlni délky oka. Méné Casty vyskyt tvofi kiivkové nebo
indexové myopie. Siln¢ kratkozraké oko muze vyvolavat az pocity exoftalmu, zpilisobené
nadmérnym axialnim ristem oka. Korekce se provadi konkdvnimi dioptrickymi skly, tedy
rozptylkami. A to plati jak v brylich, tak v kontaktnich cockéach. DalSi moZnosti je laserovy

zéakrok. [2, 5]

Obr. €. 4 Chod paprskil u myopie
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Hypermetropie neboli dalekozrakost vznika, kdyZ rovnobézné paprsky dopadajici do
oka pii akomoda¢nim klidu, vytvafi ohnisko za sitnici. Na rozdil od myopie dochazi ke zkraceni
axialni délky oka. Z hlediska ristu a vyvoje oka je hypermetropie v urCitém véku zcela
normalni jev. VSechny déti az do véku 3 let jsou zpravidla dalekozraké. Az v tomto véku zacina
oko dosahovat axialni délky 23 mm a riist oka se velmi zpomaluje. Od véku 3 do 14 let dochazi
k pomalému ristu, a to zhruba o 0,1 mm za rok. Oko by se mélo postupné stavat emetropickym.
Hlavnim rozdilem oproti myopii je fakt, ze urcity stupeni hypermetropie dokaze lidské oko
pomoci akomodace vykorigovat. To je pfipad tzv. latentni hypermetropie, ktera je vyrovnavana
napétim cilidrniho svalu. Vys$§im stupném je manifestni hypermetropie, kdy je uz potieba urcity
stupen korekce. Ta se provadi konvexnimi dioptrickymi skly nebo kontaktnimi ¢ockami, jinak
feceno spojkami. Moznosti je také chirurgicky zékrok, kdy dojde k implantaci umélé nitroo¢ni

cocky. [2, 5]

Obr. €. 5 Chod paprskti u hypermetropie

K zakladnim typim ametropii patii také astigmatismus. Jedna se o asférickou vadu,
kdy paprsky dopadajici do oka nemaji své ohnisko ve stejné roving, ale na jinych mistech. Tudiz
potom vznikd neostry obraz. Mezi nejcastéj$i pfi¢inu patii vada zakfiveni, a to nejcastéji
rohovky ¢i vzécnéji 1 Cocky. Korekce se provadi pomoci cylindrickych skel, znamé jako ¢ocky
torické. Stejné jako v predchozim piipadé méme moznost i chirurgického feSeni. Tady se nabizi

varianta laserového zédkroku nebo chirurgickd implantace torické nitroo¢ni cocky. [2, 5]
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Obr. ¢. 6 Chod paprski u astigmatismu

Z optického hlediska se na lidské oko muze nahlizet jako na zna¢né nedokonalou
soustavu cocek, zatizenou jak refrakénimi vadami, popsanymi vyse, tak i fyziologickymi
vadami, diky kterym na sitnici vznik4d znaéné nedokonaly obraz. K samotné kompenzaci
dochézi az v mozku a €lovék nakonec vnima obraz, ktery neni zatiZzeny fyziologickymi vadami,
jako jsou difrakce svétla, decentrace, chromatickd a sféricka aberace. K vyskytu téchto vad
dochazi i na zdravém emetropickém oku. [2,5]

Samostatnou kapitolou je presbyopie. Zde se nejedna o klasickou refrakéni vadu, nybrz
o fyziologicky proces. Nastup presbyopie je typické po 40. roce zivota, kdy se stdva prace na
blizkou vzdalenost t&€Zsi a téZ§i. Mize za to pfedevsim pokles elasticity pouzdra co€ky a s tim
snizovani akomodaéni amplitudy. Asi nejvétsi zlom nastava kolem 45. roka Zivota, kdy uz se
stava Cteny text piili§ obtizny. V takovém piipadé je nutno zvolit korekci na blizko pomoci tzv.
¢tecich bryli, nebo v piipadé ametropie na dalku pouziti multifokalnich brylovych a kontaktnich
cocek. Dal$i zmoZnosti je i vyména nezkalené cocky za Cocku umélou u pacientti
v presbyopickém véku. Zde se jedna o zadkrok oznacovany jako PRELEX, ktery muze byt

oznacovan i jako preventivni zakrok vzniku katarakty v pozdéjsim véku. [5, 8]

Metodika vyzkumu

Kazda osoba, ktera souhlasila se zatfazenim do studie, byla zméfena na automatickém
refraktometru. U c¢asti znich bylo provedeno i méfeni subjektivni refrakce. Méfeni na
automatickém refraktometru zachycuji obrazky ¢islo 7 a 8. Je zde vidét oddaleni ¢ela od Celni
opérky. Provadéni subjektivni refrakce zachycuje obrazek ¢islo 9. Méfena osoba byla nejprve

zmeéfena spravnym a nasledné §patnym zplisobem pomoci natoceni o zhruba 15°.
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Obr. €. 7 Spravné provedené méfeni Obr. €. 8 Nespravné provedené méfeni

X=5m
&= 75°
B=5°

Obr. €. 9 Natoceni méiené osoby u subjektivni refrakce
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Vysledky méreni

Vysledky méfeni zachycuje nasledujici tabulka €. 1. Jsou zde zaznamenany primeérné
hodnoty rozdili z vysledki méteni provedenych spravné (OK) a Spatn¢ (NOK). Vidime, Ze
nejvetsi rozdil je u hodnot osy cylindru. Naopak nejmensi rozdil nalezneme u zmény

vrcholové lamavosti sférické slozky méfené pomoci subjektivni refrakce.

Tabulka ¢. 1 Souhrn vysledkt méfeni

Prumérny rozdil [OK — NOK]
Objektivni refrakce:
Hodnoty vrcholové lamavosti 0.15
sférické slozky [D] ’
Hodnoty vrcholové lamavosti 0.15
cylindrické slozky [D] ’
Hodnoty osy cylindru [°] 28
Subjektivni refrakce:
Hodnoty vrcholové lamavosti 0.08
sférické slozky [D] '
Hodnoty vrcholové lamavosti 011
cylindrické slozky [D] '
Hodnoty osy cylindru [°] 19,5

Z tabulky vyplyva, Ze dochézi k urcité zméné ve vysledcich méteni. Nékde je to méné,
jinde zase vice. U ¢iselnych tdaji u hodnoty sfér a vrcholovych lamavosti cylindru odpovidaji
prumérné hodnoty i dil¢im vysledkim. K zajimavym ¢islim jsme dospéli zejména u hodnot
osy cylindru u méfeni objektivni i subjektivni refrakce. Z hodnot z tabulky vychazi pomérné
velké primérné hodnoty rozdilt. Podivejme se nyni na vysledny primérny rozdil v hodnoté
osy cylindru u méfeni subjektivni refrakce. Vysledna hodnota takového priiméru vysla 19,5°.
Tato hodnota jiz odpovidd vyznamnému rozdilu, na ktery si v praxi musime dat pozor. Pfi
nedodrzeni spravné hodnoty osy cylindru vznika tzv. nezadouci astigmatismus. Konkrétné,
kdyz budeme brat nezddouci zménu v hodnoté osy cylindru 20°, tak dostdvame hodnotu 0,34

D indukovaného astigmatismu pii hodnot¢ vrcholové lamavosti cylindrické slozky 0,5 D. Jasné
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by zde byla porusena tolerance kvality méfeni a nasledného zabrusu takové brylové Cocky.
Norma pro hodnotu osy cylindru pfi vrcholové ldmavosti cylindrické slozky do 0,75 D je + 5°.
V potaz musime brat, Zze u méteni objektivni refrakce ndm vysel jesté vetsi rozdil. Zde se ale
jedna o vysledek objektivni refrakce na ARM, se kterou je nutné dale pracovat a nejedna se tak
o vyslednou hodnotu korekce v brylich. Pomoci tohoto pfistroje miizeme naméfit i dalsi
hodnotné udaje, jako napftiklad keratometrii, ¢i udaj o prizracnosti o¢nich médii. [6, 7]

Kazda ¢innost, ktera je vykondvana v o¢nich optikach, ocnich ambulancich a na
o¢nich odd¢€lenich by méla byt provadéna s maximalni peclivosti a pfesnosti. Existuje cela
fada chyb, kterych se miizeme dopustit a neni pfece nic Spatného na tom si chybu ptiznat a
danou ¢innost provést znovu. Vyzkum dokazuje, Ze je velmi dilezité nepodcenovat zakladni

véci, jako muze byt naptiklad spravné usazeni métené osoby.
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Annotation

Our topic deals with the magnitude of the difference that arises in the moment if the
measurement of objective and subjective refraction is done correctly and then in a wrong way,
so as to correspond as closely as possible to the real situations of the day. First, we will introduce
the theoretical basis necessary to understand this issue and then look at the results of the

measurements.
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Measurement of objective and subjective refraction is one of the daily tasks performed
by optometrists, ophthalmologists and nurses on the eye departments. This is an activity that
leads to the determination of the correct correction. It always begins by measuring the objective
refraction, most often on an automatic refractometer, and then it is measured by subjective
refraction. The two measurements have clear rules and principles. However, it often happens
that the measured person does not cooperate according to the imagination and in some way
violates the correct principles of measurement. Such cases will be presented and described here.
First of all, however, we will introduce basic refraction defects, which are independent
measurements at all. People nowadays have high demands on the sharpness of vision, the most
sophisticated spectacle lenses are created with the possibility of personalization on the person.
The Fact is that we often overload our eyes with excessive work on the near, which can lead to
myopia or deepening, or they can in people in the so-called. Problems related to the addition of

the nonpresbyopic age.
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Refraction of the Eye

The Light beam penetrates through certain eye structures when passing through the
retina. These include The anterior surface of the cornea, the stroma and the posterior surface of
the cornea, the aqueous water, the front surface of the lens, the stroma and the posterior surface
of the lens and the vitreous. Each of these structures has its own refracting properties. The basic
properties include refractive index, curvature radii and optical cardinality of individual
structures. The Largest optical cardinality is the cornea with the value of + 43.053 D in both
accommodative calm and accommodative maximum. In Contrast, the eye lens changes its
optical cardinality depending on the state of accommodation. In accommodative calm, the
optical cardinality is + 19.11 D, and in the opposite case the accommodative maximum reaches
+ 33.06 D. The Entire system Of the eye is dislodged with the optical cardinality + 58.64 D and
with a maximum accommodative + 70.57 D, according to the Gullstrand schematic Eye. The

Aim of these structures and properties is to create a sharp image on the retina. [1, 2]
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Figure 1: Gullstrand schematic eye
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Refraction of the eye can be measured in two basic steps. The First step is objective
refraction and the second is subjective refraction. With objective refraction, the fracture of the
dioptric apparatus of the eye may be measured, for example, by an automatic refractometer or
by the retinoscopy method. Importantly, the result is not distorted by the subjective perception

of the person being investigated, but even so the result of the measurement is rather informative.
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Subjective refraction is already involved with the involvement of the person under
investigation. The Patient reads the characters on the Optotype. Optotypes are used both
remotely and closely. In addition to the Optotype, a test purl and a set of corrective glass or
foropter are required. The examination is first monocularly and is critically tested as the first
right eye. The patient is determined by a natural vortex, i.e. without corrective glass. The
Untested eye is covered with occlusion, which is inserted into the test rim. After the
determination of the natural vortex, corrective slides are pre-assigned, both spherical and
cylindrical. After reaching the most comfortable vortex, the process is repeated on the other
eye. Then the binocular balance must still be performed. Investigative distances must be
observed for investigations. In the case of distance testing, it is 5 to 6 m, while for examination
at close to 40 cm. Visual acuity is recorded in the case of Snellen optotype by fraction, in which
the numerator is the value of the investigation distance and the denomination of the distance
from which the line would be read at the state of the emmetropia. Therefore, when using the
investigation distance, it is ideal to write 6/6. The notation is possible even in the decimal
system, so the stated ideal value would be registered as 1.0. Remote optotypes exist in many
designs. Older types include printed, light, and projection optotypes. Modern and now used are
LCD optotyping, using polarization to dissociate images of the right and left eye. In terms of

proximity optotyping, the most popular is the so-called the Jager's table. [3, 4]

Figure 2: Polarized LCD optotyp

36



Defects of the optical system of the eye

The primary task of the optical apparatus of the eye is to create a sharp image on the
retina. There arises a picture flipped and scaled down. Until the cerebral cortex comes back to
straighten the image. In order to create a sharp image on the retina, the correct ratio of two
quantities is needed, namely the fracture of the dioptric apparatus and the axial length of the
eye. If this ratio is correct, the eye may be marked with a emmetropic eye. Such an eye creates
an image on the retina in accommodative calm. Otherwise, when the fracture/length ratio of the
mesh is unbalanced, the image becomes fuzzy. This image is formed either before or after the
retina. In this case, the eye is referred to as an ammetropic. If the image is in front of the retina,

it is myopia. Otherwise, when the image behind the retina is present, it is hypermetropia. [2, 5]

Figure 3: Example of ametropia

Myopia, or nearsightedness, is a condition in which the parallel rays falling into the eye
in an accommodative calm form a focal point in front of the retina. This creates an unclear
image on the retina. The most common cause is the prolongation of the axial length of the eye.
A Less frequent occurrence is formed by curved or index myopia. A Strongly myopic eye can
cause up to the sensations of exophthalmia, caused by excessive axial growth of the eye. The
Correction is performed by concave dioptric lenses, i.e., scatter. And this is true in both

spectacles and contact lenses. Another option is laser surgery. [2, 5]
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Figure 4: Myopia

Hypermetropia, or farsightedness arises when parallel rays falling into the eye in an
accommodative calm, creates an outbreak behind the retina. Unlike myopia, the axial length of
the eye decreases. In terms of growth and development of the eye, hypermetropia at a certain
age is a completely normal phenomenon. All children up to the age of 3 years are usually far-
sighted. Up to this age, the eye begins to reach an axial length of 23 mm and the growth of the
eye slows down. From The age of 3 to 14 years, there is a slow growth of about 0.1 mm per
year. The eye should gradually become emetropic. The main difference from myopia is the fact
that a certain degree of hypermetropia can be corrected by the human eye by accommodative.
This is a case of the so-called latent hypermetropia, which is compensated by the tension of the
ciliary muscle. A higher degree is the manifestation of hypermetropia, when a certain degree of
correction is needed. This is done by convict dioptric glass or contact lenses, in other words, by
couplings. The possibility is also surgical intervention, when implantation of artificial intra
ocular lens. [2, 5]

2

Figure 5: Hypermetropia
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The basic types of ammetropia also include astigmatism. It is an aspherical defect,
when rays falling into the eye do not have their focal point in the same plane, but in other places.
Therefore, an unsharp image arises. The most common cause is a defect of curvature, most
often corneal, or more rarely, lenses. The correction is made by means of cylindrical glass,
known as the toric lens. As in the previous case, we have the possibility of a surgical solution.
Here, a variant of laser intervention or surgical implantation of the toric intraocular lens is
offered. [2, 5]

.

A 4

Figure 6: Astigmatism

From an optical point of view, the human eye can be seen as a very imperfect system of
lenses, loaded with refractional defects, described above, and physiological defects, which
make the retina produce a very imperfect image. The compensation itself occurs only in the
brain and the person eventually see a picture that is not subjected to physiological defects, such
as diffraction of light, decentration, chromatic and spherical abberation. The appearance of

these defects also occurs on a healthy emetropic eye. [2.5]

A Separate chapter is presbyopia. This is not a classic refraction defect, but a
physiological process. The onset of presbyopia is typical after 40. year of life, when work on
close distances becomes harder and harder. In particular, it may decrease the elasticity of the
lens sheath and reduce the accommodative amplitudes. Probably the biggest turning point is
around 45. A year of life when the reading text becomes too difficult. In this case, it is necessary
to select a close correction using the so-called the use of multifocal spectacle and contact lenses
in the case of long-distance therapy. Another option is the replacement of an undistorted lens
behind an artificial lens in patients of presbyopic age. This is a procedure called PRELEX,
which may also be referred to as a preventive procedure for the development of cataracts at a
later age. [5, 8]
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Methodology

Any person who has agreed to be enrolled in the study was measured on an automatic
refractometer. Part of them was also a measurement of subjective refraction. The measurements
on the automatic refractometer capture images number 7 and 8. It is here to see the forehead
zoom out from the headrest. Conducting subjective refraction captures picture number 9. The
Measured person was first measured in the correct and then wrong way by means of a rotation

of about 15 °.

(e

X=5m
o= 75°
B=5°

Fiaure 9: Rotation of the measured person for subiective refraction measurements
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Measurement results

The following table 1 shows the measurement Results. There are recorded average
values of differences from the measurement results performed correctly (OK) and poorly
(NOK). We can see that the biggest difference is the cylindrical axis values. Conversely, the
smallest difference is found in the change in the peak breakage of a spherical component

measured by subjective refraction.

Table 1: Measurement results

Objective refraction Subjektive refraction
Sphere [D] 0,15 Sphere [D] 0,08
Cylinder [D] 0,15 Cylinder [D] 0,11
Axis [°] 28 Axis [°] 19,5

The table shows that there is some change in the measurement results. It's less,
somewhere else. For figures on the value of the spheres and peak breakages of the cylinder, the
average values and the subresults correspond. In particular, we have reached interesting figures
for cylindrical values for both objective and subjective refraction measurements. The values
from the table are based on relatively large average difference values. Now let's look at the
resulting average difference in the cylinder axis value for subjective refraction measurements.
The Resulting value of such a diameter was 19.5 °. This value already corresponds to a
significant difference, which we must take care of in practice. Failure to observe the correct
cylinder axis results in the so-called undesirable astigmatism. Specifically, when we take an
undesirable change in the value of the cylinder axis 20 °, we receive a value of 0.34 D induced
astigmatism at the value of the peak breakability of the cylindrical component 0.5 D. The
tolerances of the measurement quality and the subsequent such spectacle lenses. The standard
for the cylinder axis value at the peak breakability of the cylindrical component up to 0.75 D is
+ 5 °. We must take into account that the measurement of objective refraction has taken us even
more difference. However, this is the result of objective refraction on ARM, with which it is
necessary to work further and this is not the resulting value of correction in glasses. We can
also use this device to measure other valuable data such as keratometry or the clarity of the eye
media. [6, 7]
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Any activity performed in ophthalmic and ophthalmic departments should be performed
with utmost care and precision. There are a number of mistakes that we can commit, and there
is nothing wrong with making a mistake and doing the action again. Research proves that it is
very important not to underestimate the basic things, such as the correct establishment of the

measured person.
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Velikost fuznich rezerv pred a po korekci heteroforii
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Anotace

Tento piispévek se zabyva zménou velikosti fuznich rezerv pifed a po vykorigovani
smérového typu heteroforie. V vodni Casti této prace se sezndmime s terminy heteroforie a
fazni rezervy, které jsou jejimi stéZejnimi terminy a jsou blize vysvétleny. Uvodni text této
prace je dale ovéien vyzkumem srovnavajici rozsahy faznich rezerv pied korekci a po korekci

heteroforii.

Kli¢ova slova

Heteroforie, fuzni rezervy, bod rozdvojeni, bod opétovného spojeni.

Heteroforie (skryté $ilhani) jsou v nasi populaci standardnim nalezem, vyskytuji se az u 75
% vSech vySetfovanych osob. I pfes to, ze za ptirozenych podminek nejsou vizualné patrné,
méli bychom jim vénovat zvySenou pozornost a patiicny klinicky pftistup. Heteroforie
nezpusobuji vyrazné poruchy binokuldrniho vidéni, avSak mohou vést k suzujicim a
intenzivnim astenopickym obtizim. V piipad¢€, Ze pacient popisuje subjektivni potiZze a jeho
vergen¢ni aparat neni schopen sdm tuto odchylku potlacit, jednd se o dekompenzovanou
heteroforii s celou fadou piiznakt. Jeden z ptiznakd, ktery bych zvlasté vyzvedla, jsou
nedostate¢né fuzni rezervy. Méfeni fuznich rezerv ndm podavéd informaci o schopnosti

kompenzace heteroforii.

Nize uvedeny vyzkum se pfedevsim snazi odpovédét na otazku, zdali maji fazni rezervy
tendenci ménit svlij rozsah v zavislosti na vykorigovani velikosti a typu heteroforie do dalky.
Hodnoty fuznich rezerv mohou byt ovlivnény heteroforiemi a to tak, ze ve sméru heteroforie
budou velikosti fuznich rezerv zvySené a v opacném smeéru, nez je smér heteroforie budou

naopak fuzni rezervy sniZeny.
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Heteroforie

Pokud dojde ke zruSeni fize, napf. tim, Ze zakryjeme jedno oko, zevni o¢ni svaly se dostanou
do stavu nerovnovahy a zakryté oko se uchyli urCitym smérem. Pokud vSak zapojime fuzi,
uchylka neni patrna. Proto se heteroforie nazyva latentnim neboli skrytym Silhanim. Heteroforii

délime na kompenzovanou a dekompenzovanou. [1, 4, 6]

Heteroforie je kompenzovana za piedpokladu, ze je potlacena diky vergen¢nimu systému.
Mezi zakladni znaky fadime asymptomatického Klienta, jehoz fuzni rezervy odpovidaji
normalnim hodnotam a po disociaci obrazu dochézi ihned k plynulému navratu, neni pfitomna
fixacni disparita a suprese, binokularni vidéni je stabilni a prostorové vidéni je také v poradku.

[1, 4, 6]

Naopak v piipadé dekompenzované heteroforie neni schopen vergenéni systém samostatné
heteroforii pfekonat, coz se projevuje neodpovidajicimi fiznimi rezervami, pomalym navratem

po disociaci obrazu a vyskytem fixaéni disparity. [1, 4, 6]

Vrozena nebo ziskand svalova dystrofie, anomalie akomodace a konvergence, ¢i porucha

inervace mohou byt také vyznamné pii¢iny vzniku heteroforie, avSak ta nemusi byt na obou

ocich stejna. [1, 4, 6]

Tabulka €. 1 pojedndva o moznych smérech, kterymi se poskozené oko mize uchylit a témto

smérim piifazené nazvy.

Smér pohybu Nazev
Dovnitf Esoforie
Zevné Exoforie
Nahoru Hyperforie
Dolt Hypoforie
Stoceni okolo XII. poledniku dovnitt Incykloforie
Stoceni okolo XII. poledniku zevné Excykloforie

Tab. 1: Rozdéleni heteroforii dle sméru pohybu
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Dale jesté rozliSujeme pozitivni (pravou) a negativni (levou) hyperforii na zaklad¢ témer
totozné velikosti vertikalni uchylky a jejiho opacného sméru na obou ocich. Pti pozitivni
hyperforii se pravé oko uchyluje nahoru a levé dolii, u negativni hyperforie je tomu piesné

naopak. [1, 4, 6]

Obr. 1: Typy heteroforii

Heteroforie je v populaci naprosto standardnim nalezem. V literatuie je uvedeno, ze az 75
% populace je touto odchylkou postiZeno, coZ znamena, Ze ortoforicky stav se vyskytuje pouze

ve 20-30 % vsech piipadu. [1, 4, 6]

Mezi ptiznaky fadime bolesti hlavy, astenopii, rozmazané vidéni, diplopii, distorzi obrazu,
svétloplachost, rychlou Unavu oc¢i spojenou s obtiznym ctenim a fixaci blizkych predmétd,
potiZze pfi preostfovani z dalky na blizko a naopak. V nékterych piipadech dochézi i ke vzniku

suprese a nedostatecné stereopse. [1, 4, 6]

Fuazni rezervy

Silu prizmat, slouzici ke zruseni fuze a vyvolani diplopie, vyjadiuje pravé fuzni vergence,
jejiz synonymem je fuzni rezerva. Divergenci stimulujeme vlozenim prizma béazi dovniti a
mnozstvi potfebné k vyvolani diplopie se oznacuje jako negativni flzni rezerva. Naopak
konvergenci stimulujeme vlozenim prizma bazi ven a mnoZstvi potfebné k vyvolani diplopie
se oznacuje jako pozitivni flizni rezerva. Méteni lze provadét do dalky 1 do blizka a také existuje

vertikalni fuzni vergence. [4, 6]

45



Mnozstvi potiebné ke korekci forie 1ze stanovit z celkové fuzni rezervy. Napiiklad mame
exoforii 9 pD a namétena pozitivni fuzni rezerva je 18 pD. Pomoci Sheardova a Percivalova
pravidla Ize vypocitat, kolik prizmatickych dioptrii musime pouzit ke korekci forie, tj. tfetina
Z celkové pozitivni fuzni rezervy. Dale Sheardovo pravidlo tika, Ze fizni rezerva bodu
rozmazani by méla byt nejméné dvakrat vétsi nez forie. Prizma potiebné pro korekci exoforie
= 2 / exoforie — 1/3 PFR. Percivalovo pravidlo nam dale uvadi, ze negativni a pozitivni fuzni
rezervy by mély byt vyvazené a jedna z rezerv by nemeéla byt vétsi nez dvojnasobek druhé.
Také pacient by mél pracovat ve stiedni téetiné binokularniho vergen¢niho rozsahu. Prizma

potiebné pro korekci esoforie = 1/3 binokularniho vergencniho rozsahu — NFR. [4, 6]

Negativni flzni rezervy Dalka [pD] Blizko [pD]
Bod rozmazani - 10- 16
Bod rozdvojeni 6-10 16 - 24
Bod opétovného spojeni 4-8 8-14
Pozitivni fizni rezervy Dalka [pD] Blizko [pD]
Bod rozmazani 8-12 16 - 22
Bod rozdvojeni 15-22 20 - 28
Bod opétovného spojeni 8-12 16 - 22

Tab. 2: Ocekdvané hodnoty fiiznich rezerv

Existuji dvé mozZnosti testovani fizni vergence
(amplitudy fuzni vergence) a to: Postupné (smooth)
testovani a Krokové (step) testovani. V obou piipadech
se jednd o pfima méfeni, s tim rozdilem, Ze v pfipadé

Postupného testovani se pouziva foropter. [4, 6]

NNNINN

ostry, rozmazani rozdvojeni uplné rozdvojeni
jednoduchy

obraz smér zesilovani prizmatu

N < smér zeslabovani prizmatu

opétovné spojeni

Obr. 2: Postup méreni fiiznich rezerv Obr. 3: Méreni fiiznich rezerv krokovou metodou
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Zkoumany soubor a metodika vyzkumu

Vyzkum byl provadén v Centru oéni a estetické mediciny Ottlens v Sumperku. Méfeni se
zucastnilo celkem 19 osob, z toho 10 Zen a 9 muzi, kdy primérny vék vSech vysSetfovanych

osob byl 37 let (v rozmezi 20 az 65 let).

Na zacatku méfeni byla u vSech osob s ametropii subjektivni refrakei stanovena nejlepsi
sférocylindrickd korekce, po které nasledovalo zméteni heteroforii na Schoberoveé testu LCD
optotypu za pouziti Cerveného a zelen¢ho filtru. U emetropickych pacienti byly hned na zacatku
zméteny heteroforie. Velikost a smér tichylky byl nésledn¢ zaznamenan do pfedem piipravené
tabulky. V celém souboru métenych osob bylo 8 osob s hypermetropii, 6 osob s myopii a 5 osob
s emetropii, dale u 10 osob byla zjiSténa exoforie a u 9 osob esoforie. Poté byly méteny velikosti
faznich rezerv do dalky. Méteni bylo provadéno na vzdalenost 6 m, kdy na LCD optotypu bylo
pouzito izolované pismeno N o velikosti 0,6 odpovidajici zrakové ostrosti. Jednalo se o méfeni
negativnich a pozitivnich fuznich rezerv do dalky (méteni bylo provadéno v tomto poradi) za
pouziti krokové metody, tj. za pouziti horizontalni prizmatické liSty. Zména prizmat v rozsahu
2 pD na prizmatické 1i§t€¢ byla navySovana za 1 s. Nasledovalo vykorigovani zmétenych
heteroforii na Schoberové testu LCD optotypu a po adaptacni dobé péti minut na prizmaticka
korekéni skla byly znovu méfeny velikosti fuznich rezerv, stejnym zptsobem jako pied
vykorigovanim heteroforii. U pozitivnich i negativnich fiznich rezerv do dalky byly zjistovany
a zaznamenavany body rozdvojeni a opétovného spojeni. Tyto namétené hodnoty byly nasledné

statisticky zpracovany a vyhodnoceny dle parového Studentova t-testu.

Obr. 4: Centrum ocni a estetické mediciny Ottlens Obr. 5: Optometristicka vysetrovna Ottlens
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3l . . b) Obr. 7.: Horizontalni prizmaticka lista
- -

Obr. 6: Schoberiy test

Obr. 8: LCD optotyp

Vysledky méreni

Namétené vysledky jsem zaznamenavala vzdy do dvojice jednoduchych graft, kdy jeden
graf byl pro negativni fuzni rezervy a druhy pro pozitivni fuzni rezervy. Prvni dvojice graft
byla pro cely soubor méfenych osob, druhd pro méfené osoby s exoforii a tfeti pro osoby
s esoforii. Vzdy porovnavame body rozdvojeni a opé&tovného spojeni pred a po korekci

heteroforii.

Graf ¢islo jedna a dvé tedy pojednava o negativnich a pozitivnich fuznich rezervach do dalky
pro cely soubor méfenych osob. Z obou grafi je patrné, ze dochazi k mirnému navySeni
pramérnych hodnot bodu rozdvojeni i1 opétovného spojeni po vykorigovani heteroforii. U
negativnich fuznich rezerv je primémd hodnota bodu rozdvojeni pfed vykorigovanim
heteroforii 4,11 pD a po vykorigovani heteroforii se primérna hodnota zvysi na 4,79 pD. U
bodu opétovného spojeni se jednd o analogickou zménu, kdy pro bod opétovného spojeni je
jeho primérna hodnota pred vykorigovanim heteroforii 4,16 pD a po vykorigovani heteroforii
4,63 pD. Ani v jednom ptipadé se vSak nejedna o statisticky vyznamnou zménu. U pozitivnich
faznich rezerv dochézi ke statisticky vyznamné zméné u bodu rozdvojeni. Pied vykorigovanim
heteroforii je jeho primérné hodnota 7,89 pD a po vykorigovani se primérna hodnota zvysi na

9,58 pD. Avsak u bodu opétovného spojeni opét nedochdzi ke statistické vyznamné zmeéné,
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protoze primérna hodnota pfed vykorigovanim heteroforii je 5,95 pD a po vykorigovani
heteroforii se zvysi na pouhych 6,53 pD. I ptesto, ze k nartistu NFR i PFR po vykorigovani
heteroforii a adaptacni dob¢ péti minut na prizmatické brylové cocky dochazi, mohla bych timto
faktem prohlasit druhou pracovni hypotézu za platnou, ovSem protoze se prozatim nejedna o

statisticky vyznamné rozdily ve vSech sledovanych parametrech, nemohu tak ucinit.

Graf 1: Negativni fiizni rezervy do délky Graf 2: Pozitivni fuzni rezervy do délky
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Graf ¢islo tii a Ctyfi se tykd negativnich a pozitivnich fiznich rezerv do dalky pro osoby se
smérovym typem heteroforie — exoforie. Z grafu ¢islo tfi vyplyva, ze dochézi k poklesu
negativnich fuznich rezerv po vykorigovani exoforie. Bohuzel v§ak v pfipad¢ bodu rozdvojeni
ani bodu opétovného spojeni se nejednd o statisticky vyznamnou zménu. Z toho divodu
nemohu prozatim moji tfeti pracovni hypotézy oznalit za platnou. Pro bod rozdvojeni je
primérnd hodnota pfed vykorigovanim 4,80 pD a po vykorigovani exoforie 4,50 pD. Pro bod
opétovného spojeni je primérnd hodnota pied vykorigovanim 4,80 pD a po vykorigovani
exoforie 4,60 pD. U grafu Cislo Ctyfi jiz opé€t dochazi ke zvyseni pozitivnich fuznich rezerv po
vykorigovani exoforie. Pro bod rozdvojeni je primérna hodnota pied vykorigovanim 7,00 pD
a po vykorigovani 8,60 pD. Jedna se o statisticky vyznamny rozdil. Pro bod opétovného spojeni
dochazi k navySeni primérné hodnoty z 4,70 pted vykorigovanim na 5,60 pD po vykorigovani
exoforie. Nejedna se vSak o statisticky vyznamny rozdil. I piesto, ze v ptipadé bodu rozdvojeni
dochazi ke statisticky vyznamné zménég, nicméné pro bod opétovného spojeni k tomuto jevu
nedochéazi, nemohu oznacit moji prvni pracovni hypotézu za platnou. Tyto pozitivni fuzni

rezervy se vSak tykaji pouze ¢asti zkoumaného souboru, konkrétn€ pouze pacientii s exoforii.
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Graf 3: Negativni flizni rezervy do dalky Graf 4: Pozitivni fuzni rezervy do dalky
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A timto se dostdvame k posledni dvojici grafu ¢islo pét a Sest, kdy obdobnym zpiisobem
srovnadvame zménu pozitivnich a negativnich fuznich rezerv u osob pted a po vykorigovani
smérového typu heteroforie — esoforie. Graf Cislo pét se tyka negativnich fuznich rezerv, kdy
pro bod rozdvojeni se pruimérna hodnota zvysi z 3,33 pD pred vykorigovanim na 5,11 pD po
vykorigovani esoforie. V tomto ptipadé se nejedna o statisticky vyznamnou zménu. Avsak u
bodu opétovného spojeni dochazi ke statisticky vyznamné zmeéné, kdy se jeho primérna
hodnota zvysi z 3,44 pD pted vykorigovanim na 4,67 pD po vykorigovani esoforie. Na zavér
posledni graf, tedy Sesty graf pojednéva o pozitivnich fiznich rezervéach, kdy primérnd hodnota
bodu rozdvojeni pted vykorigovanim je 8,89 pD a po vykorigovani esoforie je 10,67 pD. Jedna
se o statisticky vyznamny rozdil. U bodu opétovného spojeni je primérna hodnota pied
vykorigovanim 7,33 pD a po vykorigovéni esoforie se zvysi na 7,56 pD, kdy se vSak nejednd a
o statisticky vyznamny rozdil. Tyto pozitivni fizni rezervy zahrnuji i druhou ¢ast zkoumaného
souboru — pacienty s esoforii. Dochézi vSak k analogickému trendu, jako tomu bylo v ptipadé
pozitivnich fuznich rezerv u pacientl s exoforii a z toho diivodu prozatim stdle nemohu moji

prvni pracovni hypotézu oznacit za platnou.

Graf 5: Negativni fizni rezervy do dalky Graf 6: Pozitivni fizni rezervy do dalky
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Diskuze
Z vyzkumu je patrné, Ze k urCitym zménam ve velikosti fuznich rezerv po vykorigovani

heteroforii dochdzi. Z divodu, Ze se vSak prozatim ve vSech sledovanych parametrech
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neprokazal statisticky vyznamny rozdil, nelze prozatim stanovit pfesnou zavislost na smérovém
typu heteroforie do dalky a rozsahem horizontalnich fuznich rezerv do déalky. Vyzkum bude

dale pokracovat a bude se snazit tuto zavislost dale blize a pfesnéji definovat.

Domnivam se, ze u exoforie by mélo dojit ke snizeni negativnich flznich rezerv a u esoforie
také ke snizeni ovSem pozitivnich fuznich rezerv. Toto tvrzeni pfedpokladam na zakladé studie
Mgr. Pavla Ktize, Ph.D., ktery ve své disertacni praci z roku 2017 poukazuje na vztah mezi
smérovym typem heteroforie a rozsahem horizontalnich faznich rezerv. Jednalo se pravé o
vztah mezi negativnimi fuznimi rezervami a exoforii, kdy doslo k mirnému poklesu NFR po
korekei exoforie. Bohuzel se vSak nejednalo o statisticky vyznamny rozdil. Dale zaznamenal

mirny narast NFR u esoforie.

Déle by vyzkum mohl prokézat vyznamné zvySeni rozsahu opozitnich fuznich rezerv
kompenzujici horizontalni heteroforie. U exoforii by tedy méla byt rozsifena kompenzujicimi
pozitivnimi fuznimi rezervami a u esoforii rozSifena kompenzujicimi negativnimi fuznimi
rezervami. Dal$im pfinosem tohoto vyzkumu by mohlo byt stanoveni ocekavanych hodnot
bodu rozdvojeni a bodu opétovného spojeni pro negativni a pozitivni fuzni rezervy u osob s

exoforii a esoforii.

V nésledujici tabulce bych rada srovnala mlj vyzkum se studii pant Scheimana a Wicka
z roku 2008 a konkrétn¢€ bych rada srovnala primérné hodnoty bodt rozdvojeni a opétovného
spojeni u NFR a PFR. Prvni dva sloupce se tykaji hodnot bez vykorigovani smérového typy
heteroforie, protoZe v uvedené studii nebyly heteroforie pfedem vykorigovany a ve tietim

sloupci uvadim pro pfedstavu stejné zkoumané hodnoty, avsak jiz po korekci heteroforii.

Autor studie Scheiman a Wick 2008 | Haasova 2019 | Haasova 2019
break [pD] 7.00 4.11 4.79
NFR recovery [pD] 4.00 4.16 4.63
Dalka
PER | break [pD] 11.00 7.89 9.58
recovery [pD] 7.00 5.95 6.53

Tab. 3: Srovnani mého vyzkumu se zahranicni studii

V ivodni ¢4sti této prace bylo snahou sezndmit ¢tenate s pojmy heteroforie a fuzni rezervy.
Byla popséna kompenzovanéd a dekompenzovana heteroforie, dale smérové typy heteroforii a

mozné piiznaky vzniku heteroforii. V piipad¢ fuznich rezerv byl popsan rozdil mezi
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negativnimi a pozitivnimi faznimi rezervami, vypocet mnozstvi prizmatickych dioptrii
pottebnych ke korekci forii a na zavér byly v tabulce uvedeny o¢ekdvané hodnoty negativnich

a pozitivnich fuznich rezerv.

Hlavnim cilem vyzkumu k této praci bylo srovnani velikosti fuznich rezerv pied a po korekci
heteroforii. Mezi jeho stéZejni Casti patfily: metodika vyzkumu a seznameni se zkoumanym
souborem, nasledn¢ vysledky méteni, které byly na zaklad¢ statistické analyzy vyhodnoceny a
zaznamenany do jednoduchych graft a dale detailnéji popsany. Zavérecna Cast byla vénovana
diskuzi, ktera zhodnotila ziskana data, popsala piredpokladané vysledky vyzkumu do budoucna
a srovnala studie na obdobné téma. Konkrétné se jednalo o jednu Ceskou (disertacni prace Mgr.

Pavel Ktiz, Ph.D., 2017) a jednu zahrani¢ni studii (Scheiman a Wick, 2008).

Na samotny zavér bych rada poukdazala a potvrdila fakt, ze je dilezité korigovat heteroforie
u pacientt, kteti maji n¢jaky typ smérové heteroforie, byt’ i velikostné¢ maly, jelikoz by praveé

mohlo dojit ke zvySeni fiznich rezerv a tim by se také mohl zvysit jejich vizudlni komfort.
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Annotation

This contribution with changing the size of fusion reserves before and after correcting the
directional heterophoria. In the first part of this work we will introduce the terms heterophoria
and fusion reserves, which are its key terms and are explained in more detail. The research part
then relates to the research itself comparing the fusion reserve ranges before correction and
after the correction of heterophoria.

Key words

Heterophoria, fusion reserves, break point, recovery point.

Heterophoria (hidden squint) is a standard finding in our population, occurring in up to 75
% of all subjects. Despite the fact that they are not visually evident under natural conditions,
we should pay increased attention and appropriate clinical approach to them. Heterophoria do
not cause significant disturbances in binocular vision, but can lead to plaguing and intense
asthenic difficulties. In case the patient describes subjective complaints and his / her vergency
apparatus is not able to suppress the deviation itself, it is a decompensated heterophoria with a
number of symptoms. One of the symptoms | would particularly highlight is the lack of fusion
reserves. Measurement of fusion reserves gives us information on the ability to compensate for

heterophoria.

In particular, the research below seeks to answer the question of whether fusion reserves
tend to change in size, depending on correcting the size and type of heterophoria into the
distance. The values of fusion reserves can be influenced by heterophoria, so that in the
direction of heterophoria, the size of the fusion reserves will be increased and in the opposite

direction, the fusion reserves will be reduced.
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Heterophoria

If the fusion is canceled, for example, by covering one eye, the external eye muscles get into
an imbalance state and the obscured eye moves in a certain direction. However, if we
incorporate the fusion, the deviation is not apparent. Hence, heterophoria is called latent or
latent. [1, 4, 6]

Heterophoria is divided into compensated and decompensated. Heterophoria is compensated
provided that it is suppressed by the vergence system. The basic features include an
asymptomatic client whose fusion reserves correspond to normal values and, after dissociation
of the image, a smooth return occurs, no fixation disparity and suppression are present,

binocular vision is stable and spatial vision is fine. [1, 4, 6]

Conversely, in the case of decompensated heterophoria, the vergence system is not able to
overcome heterophoria separately, which is manifested by inadequate fusion reserves, slow
return after image dissociation and the occurrence of fixation disparity. [1, 4, 6]

Congenital or acquired muscular dystrophy, accommodation and convergence anomalies, or
innervation disorder can also be important causes of heterophoria, but it may not be the same
on both eyes. [1, 4, 6]

Table 1 discusses the possible directions by which the damaged eye may resort to and the

names assigned to these directions.

Direction of movement The name of the heterophoria
Inside Esophoria
Outside Exophoria
Up Hyperphoria
Down Hypophoria
Twisting around XII. meridian inside Incyklophoria
Twisting around XII. meridian outside Excyklophoria

Tab. 1: Division of heterophoria according to direction of movement
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Furthermore, we distinguish between positive (right) and negative (left) hyperphoria based
on the almost identical vertical deviation and its opposite direction on both eyes. With positive
hyperphoria, the right eye resorts up and left down, and the opposite is true for negative
hyperphoria. [1, 4, 6]

), 2 )
= t —

Pic. 1: Types of heterophoria

Heterophoria is a standard finding in the population. It is reported in the literature that up to
75 % of the population is affected by this deviation, which means that the orthophoric state

occurs only in 20-30 % of all cases. [1, 4, 6]

Symptoms include headache, asthenopia, blurred vision, diplopia, image distortion,
photophobia, rapid eye fatigue associated with difficult reading and fixation of nearby subjects,
difficulty in focusing from far to near and vice versa. In some cases, suppression and lack of

stereopse also occur. [1, 4, 6]

Fusion reserves

The power of prisms to abolish fusion and evoke diplopia is expressed by a fusion vergence
whose synonym is a fusion reserve. We stimulate the divergence by inserting a prism in the
base and the amount needed to induce diplopia is referred to as a negative fusion reserve.
Conversely, we stimulate convergence by inserting a prism base and the amount needed to
induce diplopia is referred to as a positive fusion reserve. Measurements can be taken both far

and near, and there is also vertical fusion vergence. [4, 6]
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The amount needed to correct the form can be determined from the total fusion reserve. For
example, we have a exophoria of 9 pD and the measured positive fusion reserve is 18 pD. Using
the Sheard and Percival rules, we can calculate how many prismatic diopters we need to use to
correct a form, ie. one third of the total positive fusion reserve. Furthermore, Sheard's rule says
that the blur point fusion reserve should be at least twice as large as the form. Prism needed for
correction of exophoria = 2 / exophoria - 1/3 PFR. Percival's rule also states that negative and
positive fusion reserves should be balanced and one of the reserves should not be more than
double the other. Also, the patient should work in the middle third of the binocular vergence

range. Prism needed for correction of esophoria = 1/3 of binocular vergence range, NFR. [4, 6]

Negative fusion reserves Distance [pD] Near [pD]
Blur point - 10- 16
Break point 6-10 16 - 24
Recovery point 4-8 8-14
Positive fusion reserves Distance [pD] Near [pD]
Blur point 8-12 16 - 22
Break point 15-22 20-28
Recovery point 8-12 16 - 22

Tab. 2: Expected values of fusion reserves

There are two possibilities to test fusion
vergence (fusion vergence amplitude): Sample testing
and Step testing. In both cases, these are direct
measurements, with the difference that foropter is

used in the case of Progressive Testing. [4, 6]

NNIﬂNN

ostry, rozmazani rozdvojeni upiné rozdvojeni
jednoduchy

obraz smér zesilovani prizmatu

N < smér zeslabovani prizmatu |

opétovné spojeni

Pic. 2: Process measurement fusion reserves Pic. 3: Measurement FR Step testing
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Research file and research methodology

The research is conducted at the Ottlens Eye and Aesthetic Medicine Center in Sumperk.
For the time being, a total of 19 people participated in the measurement, of which 10 were
women and 9 were men, when the average age of all subjects was 37 years (between 20 and 65

years).

At the beginning of the measurement, the best subjective refraction was determined for all
subjects with ametropia, followed by measurement of heterophoria on Schober's LCD optotype
test using a red and green filter. Heterophoria was measured at the outset in emetropic patients.
The size and direction of the deviation was subsequently recorded in a pre-prepared table. In
the whole group of measured persons there were 8 persons with hypermetropia, 6 persons with
myopia and 5 persons with emetropia. The fusion reserve sizes were then measured remotely.
The measurement was carried out at a distance of 6 m, when an isolated letter N of 0.6
corresponding to visual acuity was used on the LCD optotype. It was the measurement of
negative and positive fusion reserves into the distance (measurements were taken in this order)
using a step method, ie using a horizontal prismatic bar. The change of prisms in the 2 pD range
to the prismatic bar was increased in 1 second. After correcting the measured heterophoria on
the Schober's LCD optotype, the fusion reserve sizes were again measured after a five minute
adaptation period to prismatic correction glasses in the same way as before heterophoria
correction. For distance and positive fusion reserves, break and recovery points were detected

and recorded. These measured values were then statistically processed and evaluated according

to the paired Student's t-test.

Pic. 4: Center of Eye and Aesthetic Medicine Ottlens Pic. 5: Optometrist examination room
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Pic. 7.: Horizontal prismatic bar

l)..

O O

Pic. 6: Schober test

Pic. 8: LCD optotype

Measurement results

| always recorded the measured results in two simple graphs, where one graph was for
negative fusion reserves and the other for positive fusion reserves. The first pair of graphs was
for the whole set of measured persons, the second for the measured persons with exophoria and
the third for persons with esophoria. We always compare break and recovery points before and

after heterophoria correction.

Thus, graph one and two discuss the negative and positive long-range fusion reserves for the
whole set of people being measured. Both graphs show that there is a moderate increase in the
mean of the break point and recovery point after heterophoria correction. For negative fusion
reserves, the mean break point is 4.11 pD before correcting the heterophoria, and after
correcting the heterophoria, the mean value is increased to 4.79 pD. At the recovery point, this
is an analogous change, where for the recovery point its mean value is 4.16 pD before correcting
the heterophoria and 4.63 pD after correcting the heterophoria. However, neither is a
statistically significant change. Positive fusion reserves have a statistically significant change
at the break point. Before correcting the heterophoria, the mean value is 7.89 pD and after
correcting the mean value is increased to 9.58 pD. However, at the recovery point, there is no
statistically significant change again, since the mean value before correcting the heterophoria
is 5.95 pD and it increases to just 6.53 pD after heterophoria correction. Despite the fact that

the increase in NFR and PFR after correcting heterophoria and the adaptation time of five
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minutes for prismatic lenses occurs, I could say that the second working hypothesis is valid, but

since it is not yet statistically significant differences in all the monitored parameters, | cannot
to do.

IS
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Graph number three and four refers to the negative and positive long-range fusion reserves
for people with directional heterophoria - exophoria. Graph 3 shows that the negative fusion
reserves are decreasing after exophoria correction. Unfortunately, this is not a statistically
significant change for the break point or the recovery point. For this reason, for the time being,
I cannot call my third working hypothesis valid. For the break point, the mean value before
correction is 4.80 pD and after correcting the exophoria 4.50 pD. For the recovery point, the
mean value prior to correcting is 4.80 pD and after correcting the exophoria 4.60 pD. Graph 4
again shows an increase in the positive fusion reserves after correcting the exophoria. For the
break point, the mean value is 7.00 pD before correction and 8.60 pD after correction. This is a
statistically significant difference. For the recovery point, the mean value is increased from 4.70
before correcting to 5.60 pD after exophoria correction. However, this is not a statistically
significant difference. Despite the fact that the break point has a statistically significant change,
however, for the recovery point this phenomenon does not occur, I cannot describe my first
working hypothesis as valid. However, these positive fusion reserves concern only a portion of

the population examined, specifically only those with exophoria.

Graph 3: Negative fusion reserves into the distance
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Graph 4: Positive fusion reserves into the distance
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And this brings us to the last pair of graphs number five and six, when we compare the

59



change of positive and negative fusion reserves in persons before and after correcting the
directional heterophoria - esophoria. Graph Five refers to negative fusion reserves where the
break point increases the mean value from 3.33 pD before correcting to 5.11 pD after
correcting the esophoria. This is not a statistically significant change. However, at the
recovery point, there is a statistically significant change, with its mean value increasing from
3.44 pD before correcting for 4.67 pD after esophoria correction. Finally, the last graph, ie.
the sixth graph, deals with positive fusion reserves, where the average value of the break point
before correcting is 8.89 pD and 10.67 pD after esophoria correction. This is a statistically
significant difference. At the recovery point, the mean value prior to correction is 7.33 pD,
and after esophoria correction, it is increased to 7.56 pD, but is not a statistically significant
difference. These positive fusion reserves also include the second part of the study - esophoria
patients. However, there is an analogous trend, as was the case with positive fusion reserves in
patients with exophoria, and for this reason, for the time being, I still cannot call my first

working hypothesis valid.

Graph 5: Negative fusion reserves into the distance Graph 6: Positive fusion reservesinto the distance
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Discussion

The research shows that some changes in the size of fusion reserves occur after correcting
heterophoria. However, due to the fact that so far no statistically significant difference has been
demonstrated in all monitored parameters, it is not possible to determine the exact dependence
on the directional type of heterophoria into the distance and the range of horizontal fusion
reserves in the distance. The research will continue and will try to define this dependence further

and more precisely.

| believe that the negative fusion reserves should be reduced in the exophoria and, however,
the positive fusion reserves will be reduced in the case of esophoria. I assume this statement
based on a study by Mgr. Pavel Ktiz, Ph.D., who, in his PhD thesis in 2017, points to the

relationship between the directional type of heterophoria and the extent of horizontal fusion

60



reserves. It was the relationship between the negative fusion reserves and the exophoria, when
there was a slight decrease in NFR after correction of the exophoria. Unfortunately, this was
not a statistically significant difference. Furthermore, there was a slight increase in NFR in

esophoria.

Furthermore, research could demonstrate a significant increase in the range of opposition
fusion reserves to compensate for horizontal heterophoria. Thus, for exophoria, it should be
extended by compensating positive fusion reserves and extended by compensatory negative
fusion reserves for esophoria. Another benefit of this research could be the determination of
expected bifurcation points and the recombination point for negative and positive fusion

reserves for persons with exophoria and esophoria.

In the following table, | would like to compare my research with that of Mr Scheiman and
Mr Wick in 2008, and in particular 1 would like to compare the average values of break and
recovery points for the NFR and the PFR. The first two columns relate to values without
correcting the directional heterophoria because the heterophoria was not corrected beforehand
in the study, and in the third column for the same investigated value, but after heterophoria

correction.

Author of the study Scheiman a Wick 2008 | Haasova 2019 | Haasova 2019
break [pD] 7.00 4.11 4.79
. NFR recovery [pD] 4.00 4.16 4.63
Distance
PER break [pD] 11.00 7.89 9.58
recovery [pD] 7.00 5.95 6.53

Tab. 3: Comparison of my research with foreign studies

In the first part of this work, the reader was introduced to the concepts of heterophoria and
fusion reserves. Compensated and decompensated heterophoria, directional types of
heterophoria and possible symptoms of heterophoria were described. In the case of fusion
reserves, the difference between the negative and positive fusion reserves, the calculation of the
amount of prismatic dioptres needed to correct the forms, and the expected values of the

negative and positive fusion reserves were described.

The main aim of the research part of this work was to compare the size of the fusion reserves
before and after the correction of heterophoria. Among the chapters of the research part of this
work were: the research methodology itself and familiarization with the sample, followed by
measurement results, which were based on statistical analysis and recorded in simple graphs
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and described in more detail. The final chapter was devoted to the discussion, which evaluated
the data obtained so far, described the expected results of the research in the future and
compared the study on a similar topic. Specifically, it was one Czech (PhD thesis Pavel Kiiz,

Ph.D., 2017) and one foreign study (Scheiman and Wick, 2008).

To conclude, 1 would like to point out and confirm the fact that it is important to correct
heterophoria in patients who have some type of directional heterophoria, even if they are small

in size, because it could just increase fusion reserves and thus increase their visual comfort.
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Anotace

Tento prispévek pojednava o fotoscreeningu amblyogennich faktorti v détské populaci.
V prvni ¢asti se zaméefuje na definici nékterych amblyogennich faktort a také na blizsi popis
dvou fotoscreeningovych piistrojil, které jsou v sou¢asnosti dostupné v Ceské republice a jsou
také vyuzivany vramci vyzkumu. Navazujici vyzkum se zabyva pfesnosti jednotlivych
pristrojii ve stanoveni indikace nasledného strabologického vySetfeni a také subjektivnim

hodnocenim prace s jednotlivymi fotoscreeningovymi pfistroji samotnym vysetiujicim.

Klic¢ova slova

Fotoscreening, amblyogenni faktor, détska populace.

Fotoscreening je v soucasnosti pomérné hojné vyuzivanou metodou k ¢asnému zachytu
nékterych amblyogennich faktorii v détské populaci. V Ceské republice se obvykle provadi u
déti predskolniho v&ku (v matefskych Skolach, v ordinacich détskych praktickych 1ékati atp.).

Existuje i n¢kolik riiznych fotoscreeningovych piistrojl, které 1ze k tomuto ucelu vyuzit.

Amblyogenni faktory

Pojem ,,amblyogenni faktory* pfedstavuje skupinu takovych patologickych stavi, které
mohou u urcitych déti vést k naslednému vzniku amblyopie (tupozrakosti). Je zcela ziejmé, ze
je velmi dilezité tyto amblyogenni faktory v détské populaci dostatecné sledovat, naptiklad
prave provadénim fotoscreeningu détské populace. A to z toho divodu, aby mohla byt zahajena

adekvatni lécba amblyopie co mozZna nejdfive, resp. v co nejmladSim veéku pacienta.
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Z literatury, ale i z bézné klinické praxe, vyplyva, ze ¢im diive je 1é€ba tupozrakosti zahajena,

tim vétsi je pravdépodobnost na jeji tplné vyléceni.

V nasledujicich odstavcich budou popsany nékteré patologické stavy, které mohou vést

ke vzniku amblyopie a to: sférickd ametropie, astigmatismus, anizometropie a strabismus.

Sféricka ametropie

Ametropie neboli refrak¢ni vada oka popisuje stav, kdy se obraz pozorovaného
pfedmétu nevytvari pesné na sitnici, ale bud’ pfed nebo za ni. O sférické ametropii hovotime
ve chvili, kdy rovnobézné paprsky vstupujici do oka vytvati obraz fixovaného predmétu
V jednom misté, ale ne pfimo na sitnici. Podle polohy obrazu rozliSujeme hypermetropii
(dalekozrakost) nebo myopii (kratkozrakost) (viz Obr. 1). Sféricka ametropie obecné vznika
na podkladé€ neadekvatniho poméru mezi axidlni délkou oka a lomivosti optického systému oka.

Pokud by tento pomé&r byl optimalni, jednalo by o tzv. emetropické oko. [1]

a) ]
P :_?'\:_\\
- > 2l :\
R
> > _‘\\%@L\:\‘gj_“ 7

Obr. 1: Schématické zobrazeni mista vytvoreni obrazu u a) hypermetropie a

b) myopie [10, 11]

Pokud je axialni délka oka relativné mensi nebo pokud je optickd mohutnost oka
relativné niz§i, a to znejriznéjSich diivodli, hovofime o hypermetropii. Dalekozrakost
piedstavuje tzv. sférickou refrakéni vadu — rovnobeézné paprsky vstupujici do oka se protinaji
V jednom ohnisku za sitnici. VétSina déti se rodi hypermetropickych, ale s postupnym télesnym

ristem a potazmo i s ristem oka u nich dochazi k tzv. procesu emetropizace. [1]
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Naopak pro myopii je charakteristicka relativné vétsi axialni délka oka nebo relativné
vys$$i optickd mohutnost o¢niho systému. Kratkozrakost patii také do skupiny sférickych
refrakénich vad, pfi¢emz rovnobézné paprsky vstupujici do oka tvoii jedno ohnisko pred sitnici.

[1]

Vys§§i monokularni nebo binokuldrni ametropie, at’ jiz hypermetropicka nebo myopicka,
muze byt vyznamnym amblyogennim faktorem. Pokud je vyssi ametropie nelécend, vede ke
vzniku utlumu (suprese) jednoho/obou o¢i a nasledné ke vzniku amblyopie, protoze mozek neni
schopen spojit dva pomérmne¢ odlisné vjemy pravého a levého oka v jeden zrakovy vjem. Tento
druh amblyopie miiZze byt pfitomen pouze na jednom oku nebo i na obou o¢ich soucasné (pii
binokularn¢ vysoké refrakéni vadg). V literatuie se takovato amblyopie oznacuje jako

ametropicka. [3]

Astigmatismus

Astigmatismus ptedstavuje asférickou refrakéni vadu. Asférickou z toho diivodu, ze se
opticka mohutnost oka v jednotlivych merididnech (osach, rovinach) li§i. Pti prichodu
rovnobézného svételného paprsku do oka dochazi k tomu, ze se paprsek nelomi do jednoho
ohniska, ale vytvari ohnisek vice. Rozlisujeme dvé hlavni ohniska (horizontalni a vertikalni)
mezi kterymi se nachazi krouZek nejmensiho rozptylu. Oblast od horizontalniho po vertikalni

ohnisko se oznacuje jako tzv. Sturmiv konoid nebo Sturmuv interval (viz Obr. 2). [1, 4]

Krouzek nejmensiho rozptylu

I

Sturmiyv interval

Obr. 2: Sturmiiv interval [12]
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Astigmatismus je mozné délit podle nékolika riiznych hledisek. Jednim z moZznych
déleni je rozdéleni na astigmatismus fyziologicky a patologicky. Fyziologicky astigmatismus
mize dosahovat az hodnot 1 D a je obvykle zptisoben tlakem vi¢ek na bulbus, resp. rohovku.
Tim padem neni bulbus idealn¢ kulaty, ale je lehce deformovany, coz zptisobuje vyssi zakiiveni
ve vertikalnim merididnu. Patologicky astigmatismus dosahuje vyssich dioptrickych hodnot a
je zpusoben nejruznéjSimi patologickymi procesy — napf. urazem oka (penetrujicim nebo
perforacnim poranéni oka a ndslednym jizvenim ptedev§im v oblasti rohovky, poleptanim
kyselinou nebo zdsadou, ...), keratokonem, subluxaci o¢ni ¢ocky atp. Dal§im moznym délenim
astigmatismu je na rohovkovy, ¢ockovy a celkovy. Podle vzdjemného hlu, ktery sviraji dva
hlavni meridiany je mozné astigmatismus d¢lit na pravidelny (hlavni meridiany sviraji tthel 90
°) a nepravidelny (hlavni meridiany sviraji tthel jiny nez 90 °). Nepravidelny astigmatismus neni
mozné korigovat pouze brylovymi skly, je nutné pouzit jinou metodu korekce (napt. kontaktni
cocky atp.). Jak bylo uvedeno vyse, dvé hlavni ohniska mohou mit rtiznou polohu vzhledem
k sitnici. Podle polohy hlavnich ohnisek rozliSujeme astigmatismus jednoduchy, slozeny a
smiSeny. U jednoduchého astigmatismu se jedno ohnisko nachdzi na sitnici (je tzv.
emetropické) a druhé se nachazi bud’ pted sitnici (je tzv. myopické) nebo za sitnici (je tzv.
hypermetropické). U slozené¢ho astigmatismu se ob€ ohniska nachézi bud’ pted sitnici (tzv.
myopicky slozeny astigmatismus) nebo za sitnici (tzv. hypermetropicky sloZzeny
astigmatismus). SmiSeny astigmatismus piedstavuje stav, kdy se jedno ohnisko nachézi pred
sitnici a druhé za sitnici. Podtypem smiSeného astigmatismu je tzv. ryze smiSeny astigmatismus,
kdy se krouzek nejmensiho rozptylu nachazi na sitnici a soucasné jsou ob&é ohniska stejné
vzdalena od sitnice. Poslednim moZnym délenim astigmatismu podle orientace vice lomivého
meridianu je na astigmatismus piimy (podle pravidla), neptimy (proti pravidlu) a Sikmych os.
Astigmatismus pfimy ma vice lomivy meridian orientovany pfiblizné v 90 °. Astigmatismus
nepiimy ma vice lomivy merididn orientovany v cca 0 °, resp. 180 °. U astigmatismu Sikmych

os lezi hlavni meridiany pfiblizné v 45 ©a 135 °. [1, 4]

| astigmatismus predstavuje pomérné vyznamny amblyogenni faktor, ktery mize vést,
pokud neni adekvatné korigovany, ke vzniku tzv. meridiondlni amblyopie. VE&tSinou amblyopii

zpusobuje vys§i vrozeny astigmatismus, ktery muze byt na jednom nebo na obou o¢ich. [3]
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Anizometropie

Anizometropie charakterizuje stav, kdy neni hodnota refrakce na obou ocich stejna.
Slovo ,,anizometropie je feckého ptivodu a je vytvoieno slozenim nékolika slov a to: an — ne,
ISO — stejna, metr — mira a opia — vidéni, tedy ,,nestejna mira vidéni“, coz velmi dobie

charakterizuje samotnou podstatu anizometropie. [1, 2, 5, 8]

Z literatury i provedenych studii vyplyva, ze prakticky u vSech lidi najdeme jisty stupen
anizometropie, jinymi slovy fec¢eno — prakticky u zadného ¢lovéka nenajdeme zcela shodnou
hodnotu refrakce pravého a levého oka. Je ale dilezité zminit, Ze mirny stupeil anizometropie
cloveku obvykle neplsobi vetsi vizudlni potize. Uvadi se, Ze rozdil 0,25 D mezi refrakéni
hodnotou pravého a levého oka plisobi zménu velikosti sitnicového obrazu o velikosti 0,5 %.
Rozdil ve velikosti sitnicovych obrazl se nazyva anizeikonie. Autrata ve své knize Nauka o
zraku uvadi, ze 5 % rozdil ve velikosti sitnicovych obrazii (resp. rozdil 2,5 D mezi refrakci
pravého a levého oka) ptfedstavuje hranici pro udrzeni jednoduchého binokularniho vidéni

(JBV). [1, 2, 5, 8]

vV

U oka s vyssi dioptrickou vadou (v porovnani s dioptrickou vadou oka druhého) je urcita
pravdépodobnost vzniku suprese a nasledné amblyopie. VétSinou k tomuto procesu dochéazi az
pii vysSich rozdilech v refrakci mezi pravym a levym okem. Amblyopie vznikla z diivodu

nestejné refrakce mezi pravym a levym okem se oznacuje jako anizometropicka. [2, 3]

Strabismus

Strabismus neboli §ilhdni, pfedstavuje stav, kdy se pohledové osy obou o¢i neprotinaji
piesné ve fixovaném bodg, ale jedna nebo obé se odchyluji. Silhani v nejzakladngjsim déleni
rozliSujeme na manifestni a latentni. Manifestni Silhani se v literatufe oznacuje jako
heterotropie nebo zkracené tropie. Pro latentni Silhani se pouziva synonymni termin heteroforie

nebo zkracen¢ forie. [3]

Podle sméru odchyleni oka/o¢i rozd€lujeme S$ilhani na konvergentni (oko/oCi se
odchyluji smérem nazalnim/dovniti a hovofime o tzv. esoforii/tropii), divergentni (oko/oci se
odchyluji smérem temporalnim/ven a hovofime o tzv. exoforii/tropii) a vertikalni (pravé oko se
odchyluje smérem nahoru a levé smérem dolil a hovotfime o tzv. hyperforii/tropii pravého oka
nebo pravé oko se odchyluje smérem doli a levé smérem nahoru a hovoiime o tzv.

hypoforii/tropii pravého oka). Zvlastnim piipadem je tzv. cykloforie/tropie, kterd se hodnoti
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podle staCeni meridianu 12. hodiny (meridian oka nachazejici se v 90 °). Pokud se tento
meridian stac¢i smeérem K nosu vysetfovaného, jedna se o incykloforii/tropii. Naopak staci — li
se tento merididn smérem ke spanku vySetfovaného, je diagnostikovdna excykloforie/tropie.
Silhani mizeme dale délit na monokularni/jednostranné (pfitomné pouze na jednom oku) nebo

alternujici (pfitomné stiidavé na pravém i levém oku). [3]

Jako amblyogenni faktor plsobi pfedevSim manifestni Silhdni, nezavisle na sméru
odchyleni oka/oci. Je to proto, Ze na uchyleném oku dopada obraz fixované¢ho predmétu na
disparatni misto na sitnici (tedy mimo fovea centralis) a nasledn¢ neni mozné spojeni vjemu
pravého a levého oka v mozku. Pokud neni tento stav nijak terapeuticky fesen, mize po urcité
dobé dojit ksupresi fovea centralis uchyleného oka/o¢i a nasledné¢ az

k jednostranné/oboustranné amblyopii, ktera je oznacovano jako tzv. strabicka. [3]

Fotoscreening amblyogennich faktori

V soudasné dobé je v Ceské republice k dispozici n&kolik réiznych piistroji, které lze
pouzit k fotoscreeningu amblyogennich faktorti v détské populaci. Je to napiiklad pfistroj
Welch Allyn Spot Vision Screener nebo pftistroj Plusoptix Vision Screener. V nasledujicich

odstavcich budou oba tyto pfistroje blize popsany.

Welch Allyn Spot Vision Screener

Tento pfistroj patii mezi binokularni autorefraktometry a pracuje na principu IR
(infracervené) fotoretinoskopie a excentrické fotorefrakce. Pomoci tohoto pfistroje je mozné
zjistit objektivni hodnoty refrakce vySetfovaného (hodnota sféry, cylindru, osy cylindru a
sférického ekvivalentu). Dale tento pfistroj dokaze zméfit pupilometrii, pupilarni distanci

(zkratka PD) a také pohledovy smér, resp. tihel §ilhani v realném case. [7]

Welch Allyn Spot Vision Screener je mozné pouzit nejen u déti, ale napiiklad i u
postizenych nebo jinak nespolupracujicich pacientll. Jedna se totiz o neinvazivni vySetfeni,
které je bezkontaktni (probih4 na vzdalenost cca 1 m) a také pfi tomto vySetfeni neni nutné
pouzit cykloplegika. Samotné fotoscreeningové vySetieni je provedeno béhem nékolika sekund
a pro vySetiovaného je pomérné atraktivni, protoze piistroj disponuje zvukovymi i svételnymi

efekty, které slouzi k lepSimu udrzeni pozornosti vySetfovaného, a tedy i klepsi fixaci. Je
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doporucovéano provadét vySetieni v Seru, a t0 z toho divodu, aby u vySetfovaného bylo
dosazeno co mozna nejvétsiho rozsifeni zorni¢ek a tim padem i co nejpiesnéjSich vysledki
celého fotoscreeningového vysetfeni. Celé vysetieni je vhodné provadét binokularné, nicméné
piistroj nabizi 1 moznost volby monokuldrniho rezimu, pokud z néjakych davodu nelze provést

vySetieni binokularné. [7]

Ptistroj Welch Allyn Spot Vision Screener disponuje pomérné Sirokym meéficim
rozsahem. Dokaze zmeéfit sférickou hodnotu refrakce v rozsahu od =7,50 D do +7,50 D. Dale
dokaze zméfit cylindrickou ¢ast refrakce v rozsahu od =3,0 D do +3,0 D a rozsah osy cylindru
od 1 st. do 180 st.. Jak jiz bylo uvedeno vysSe, krom¢ méfeni refrakce dokaze tento pristroj
zméfit i pupilometrii, tedy velikost zornice, a to v rozsahu velikosti od 4 mm do 9 mm. Dale

dokaze zméfit i PD a to v méficim rozsahu od 35 mm do 80 mm. [7]

Plusoptix Vision Screener

Plusoptix Vision Screener je v mnoha ohledech podobny pfistroji Welch Allyn Spot

Vision Screener — co se tyka principu méfeni, métenych parametrt, prubéhu méfeni atd.

Ale pfesto muzeme mezi témito dvéma piistroji nalézt urcité rozdily. Jednim z nich je
napiiklad pouZiti odlisnych zvukovych a svétlenych efektl, které slouzi k udrZeni pozornosti i
fixace vySetfovaného. Plusoptix Vision Screener pouziva piedev§im zvukové signaly
(pfipominajici houkdni automobilu). I méfici rozsah tohoto pfistroje je lehce odlisSny nez u
piistroje Welch Allyn Spot Vision Screener. Pfistroj Plusoptix Vision Screener ma sféricky
méfici rozsah od =7,00 D do +5,00. Cylindricky méfici rozsah tohoto pfistroje je od =7,00 D
do +5,00 D. Pupilometrické méteni je mozné provadét v rozsahu velikosti zornice od 4 mm do
8 mm. [6]

V soucasnosti je mozné se setkat se dvéma verzemi tohoto pfistroje. Jedna je urena pro
pediatry a je oznacena oranzovym okrajem piimo na samotném piistroji. Tato verze pfistroje je
také schopna sama vyhodnotit vysledky fotoscreeningového vysetieni. Druha verze pfistroje je
urcena pro o¢ni specialisty (détské ocni 1ékare, optometristy, ortoptisty, zrakové terapeuty atd.)

a je oznacena zelenym okrajem a nema v sob¢ integrované automatické vyhodnoceni vysetteni.

[6]
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Metodika vyzkumu

Metodika vyzkumu spociva v nékolika po sob¢ nasledujicich krocich. Prvni krok v sob¢
zahrnuje vybér vhodnych subjektii, resp. détskych pacientli, u kterych ma byt provedena
cykloplegie v ramci navazujiciho bézného o¢niho vySetieni détskym strabologem. Nasledné¢ je
s kazdym subjektem podepsan informovany souhlas (zdkonnym zastupcem ditéte). Poté jiz
nasleduje samotny fotoscreening kazdého détského subjektu pomoci piistroje Welch Allyn
Spot Vision Screener VS100 (softwarova verze 3.0.04.07) a pomoci piistroje Plusoptix Vision
Screener A12C (ktery je uréeny pro ocni specialisty). Po samotném fotoscreeningu je
provedeno zaznamenani vysledkll fotoscreeningového vysetieni pomoci obou pfistrojii. Ke
zhodnoceni, zda je na zdkladé namétenych screeningovych hodnot nezbytné provést komplexni
o¢ni vySetteni, je pouzita tabulka Doporucené hrani¢ni hodnoty refrakce pro detekci refrakénich
vad détského véku v Ceské republice, kterd byla publikovana v ramci studie Metody
preventivniho vySetfovani zraku se zaméfenim na screening refrakénich vad u déti ptistrojem
Plusoptix (publikované v roce 2015), byla schvélena ¢eskymi odbornymi o¢nimi spole¢nostmi

a je v soucasnosti pouzivana pii fotoscreeningu napf. v matetskych skolkach atp. [9]

Poté vySetiujici vyplni kratky dotaznik, skladajici se ze ¢tyt kratkych otazek, v ramci
kterych subjektivné porovnava praci s obéma fotoscreeningovymi piistroji. Jednotlivé
podotazky budou podrobnéji popsany v kapitole Vysledky vyzkumu. Bodovéni je u vSech
otazek stejné. Ten pfistroj, ktery je subjektivné 1épe hodnoceny nez ten druhy, ziska v rdmci
konkrétni otazky 1 bod, a druhy pfistroj tim padem ziska 0 bodd. Pokud jsou oba pfistroje
subjektivné hodnocené jako stejné dobré, tak oba ziskaji 1 bod. Pokud jsou ale oba pfistroje

subjektivné hodnoceny jako stejné Spatné, ziskaji oba 0 bodi.

Po provedeni vSech vyse uvedenych krokt kazdy détsky subjekt podstoupi standardni
vySetieni refrakéni vady a strabismu v ramci béZného o¢niho vySetfeni provedeného détskym

strabologem. V ramci tohoto vySetieni je u kazdého subjektu provedena i cykloplegie.

Vsechna vysetieni subjektl tohoto vyzkumu (fotoscreeningova vysetieni, komplexni
o¢ni vySetfeni véetné cykloplegie atd.) probihaji v Centru détské oftalmologie BINOCULAR,

s.r.0., které se nachazi v Litomysli.
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Vysledky vyzkumu

Vyzkumu se prozatim zucastnilo celkem 31 subjektl (viz Graf €. 1). Z toho 16 chlapct
(coz predstavuje 52 % z celkového poctu subjektl) a 15 divek (coz predstavuje 48 %

z celkového poctu subjekti).

Zastoupeni pohlavi subjektii

m divky mchlapci

Graf ¢. 1: Zastoupeni pohlavi subjektit ve vyzkumu

Vékoveé rozlozeni jednotlivych subjekt vyzkumu je znadzornéno v grafu ¢. 2. Rozd¢€leni
do niZe uvedenych 4 skupin je zvoleno zamérné. Prazakové a Zobanova ve své studii nazvané
Metody preventivniho vySetiovani zraku se zaméfenim na screening refrakénich vad u déti
pristrojem Plusoptix uvadi hrani¢ni hodnoty refrakce pii provadéni fotoscreeningu v détské
populaci (viz vySe) a pouzivaji rozdéleni détské populace pravé do 4 skupin ato: od 0,5 roku
do 1 roku véku, od 1 roku do 3 let véku, od 3 let do 5 let véku a od 5 let do 20 let véku. Stejné
rozdéleni subjektl je pouzito i v ramci tohoto vyzkumu. V 1. skupiné (0,5 — 1 rok) je
prozatim 0 subjektd, ve 2. skupiné (1 — 3 roky) jsou 3 subjekty, ve 3. skupiné (3 — 5 let) je 6
subjektt a ve 4. skupiné (5 — 20 let) je prozatim 22 subjektti. NejmladSimu subjektu byl 1 rok

a 1 mésic a nejstarSimu subjektu bylo 14 let a 7 mésicu. [9]
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Vékove rozlozeni subjekth
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Graf ¢. 2: Vékové rozloZeni subjektit ve vyzkumu

V grafu €. 3 (viz dale) je uvedeno porovnani senzitivity a specificity ptistroji Welch
Allyn Spot Vision Screener (zkratka WA) a Plusoptix Vision Screener (zkratka PX). Jak je
z grafu €. 3 patrné, tak prozatim z vyzkumu vychdazi senzitivita pro piistroje WA a PX shodna,

rovna 82 %. Specificita vychazi pro oba ptistroje také shodna (tj. o hodnoté 100 %).

Porovnani senzitivity a specificity

120% T

100% 100%
100%

82%

80%

60%

40%

20%

0%
senzitivita specificita

=EWA mPX

Graf ¢. 3: Porovnani senzitivity a specificity pristroju Welch Allyn Spot Vision Screener a

Plusoptix Vision Screener
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Graf ¢. 4 zndzorfiuje porovnani poctu (resp. procentualniho vyjadieni) falesné
negativnich a falesné pozitivnich subjektii v ramci méfeni pomoci jednotlivych pfistroju. Jak je
z grafu €. 4 patrné, tak oba pfistroje prozatim generuji stejny pocet faleSné negativnich i falesné
pozitivnich subjekt. FaleSn€ negativnich subjektii je prozatim 18 % z celkového poctu

subjektil a faleSné pozitivnich subjektl je prozatim 0 %.

Porovnani fale$n€ negativnich a falesné
pozitivnich subjektii

20% T 18% 18%

15% +
10% +

5% +

0% 0%

0% -

fale$né negativni fale$né pozitivni

WA mPX

Graf ¢. 4: Porovnani falesné negativnich a falesné pozitivnich subjektii generovanych pri

vySetireni pomoci pristrojit Welch Allyn Spot Vision Screener a Plusoptix Vision Screener

ProtoZe se prozatim vyzkumu zlcastnilo celkem 31 subjektii, je maximum bodu, které

muze konkrétni pfistroj ,,ziskat* v rdmci subjektivniho hodnoceni, rovno hodnoté 31.

Prvni otazka dotazniku se tyka zhodnocené jednoduchosti manipulace s pfistrojem jako
takovym (napf. ovladani ptistroje, ukladani dat atd.). Grafické znazornéni vysledka otazky €. 1

je uvedeno v grafu ¢. 5.
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Otazka ¢.1
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Graf ¢. 5: Otazka ¢. 1

Druhda otazka dotazniku se tyka zhodnoceni rychlosti samotného métfeni konkrétnim

pristrojem. Grafické znazornéni vysledktl otazky €. 2 je uvedeno v grafu €. 6.

Otazka ¢. 2

19

Pocet bodu

PX

Graf ¢. 6: Otazka ¢. 2

Tteti otdzka dotazniku se tyka zhodnoceni jednoznacnosti a srozumitelnosti vysledkil
méteni pomoci konkrétnim pfistrojem. Grafické zndzornéni vysledkl otazky €. 3 je uvedeno

v grafu €. 7.
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Otazka ¢. 3
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Graf ¢. 7: Otazka ¢. 3

Ctvrta otazka dotazniku se tyka zhodnoceni celkového dojmu z prace s konkrétnim

pristrojem. Grafické znazornéni vysledkli otazky €. 4 je uvedeno v grafu ¢. 8.

Otazka ¢. 4

16

Pocet bodu

PX

Graf'¢. 8: Otazka ¢. 4

Z jednotlivych grafti je patrné, Ze subjektivné je vySetiujicim 1épe hodnocena prace
s ptistrojem Welch Allyn Spot Vision Screener. CoZ miZe byt do jisté miry zpiisobeno tim, Ze
doposud méteni pomoci fotoscreeningovych piistroji provadéla pfedevsim jedna osoba. Tento
nedostatek je ale planovano v ramci provadéni dalSich fotoscreeningovych méfeni napravit.

Protoze by tyto méfeni méli Castecné provadét jesté i1 dalSi zaméstnanci Centra détské
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oftalmologiec BINOCULAR, s.r.0., ¢imz by mélo dojit k ziskani objektivnéjSich vysledkt

dotaznikového $etfeni.

Fotoscreeningové vySetfeni predstavuje dulezitou soucdst vcasného zachytu
amblyogennich faktorii v détské populaci. Je také velmi diilezité, aby vysetiujici provadéjici
toto vySetieni byl odbornikem v této problematice a mohl rodicim ditéte poskytnout odborné
rady tykajici se jak samotného vysetfeni, tak i ptipadného nasledného doporuceni komplexniho

oc¢niho vySetieni.

Z provedeného vyzkumu prozatim vyplyva, ze oba zminéné fotoscreeningové pfistroje
maji velmi vysokou specificitu a také, Ze negeneruji faleSné pozitivni pacienty. Senzitivita
vychazi rovna 82 % pro oba dva piistroje a pocet fale$né negativnich subjektl vychazi roven
18 % pro oba dva pfistroje. Subjektivné je ale pfi samotném fotoscreeningovém méfeni
vySetiujicim 1épe hodnocen pfistroj Welch Allyn Spot Vision Screener neZ ptistroj Plusoptix
Vision Screener, co se tyka rychlosti méfeni, srozumitelnosti vysledkt, celkového dojmu
Z prace s pristrojem atd. Je ale samoziejmé mozné, ze pfi dalSim vyzkumném méteni (tedy pii

roz§ifeni vyzkumného souboru subjektil) se budou jednotlivé vysledky vyzkumu meénit.
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Photoscreening of amblyogenic factors in child population

1 Department of Optometry and Orthoptics, Faculty of Medicine, Masaryk University in Brno
2 BINOCULAR s.r.0., Center of Paediatric Ophthalmology, Litomysl

Annotation

This contribution deals with photoscreening of amblyogenic factors in the child
population. The first part focuses on the definition of some amblyogenic factors and on a more
detailed description of two photoscreening devices that are currently available in the Czech
Republic and they are also used in the research. The follow-up research focus on the accuracy
of the devices to determine the indications of subsequent strabological examination and also

subjective review of work with photoscreening devices by the investigator herself.

Key words

Photoscreening, amblyogenic factors, child population.

Photoscreening is currently a widely used method for early detection of some
amblyogenic factors in the child population. It is usually done in pre-school children in the
Czech Republic (in kindergartens, in GPs, etc.). There are also several different photoscreening

devices that can be used for this purpose.

Amblyogenic factors

The term "amblyogenic factors" refers to a group of pathological conditions that may
lead to the development of amblyopia in certain children. Obviously, it is very important to
monitor these amblyogenic factors in the child population, for example by carrying out
photoscreening of the child population. This is so that adequate amblyopia treatment can be
started as soon as possible, respectively at the youngest age of the patient. From literature, but
also from common clinical practice, it follows that the sooner the treatment of amblyopia is

initiated, the more likely it is to cure it.
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The following paragraphs describe some pathological conditions that can lead to

amblyopia: spherical ametropia, astigmatism, anisometropia and strabismus.

Spherical ametropia

An ametropia or refractive error of the eye describes a condition where the image of
an observed object is not formed precisely on the retina but either before or behind it. We speak
of spherical ametropia when the parallel rays entering the eye form an image of a fixed object
at one point but not directly on the retina. Depending on the position of the image, we
distinguish hypermetropia or myopia (see Picture 1). Spherical ametropia generally arises from
the inadequate ratio between the axial length of the eye and the refraction of the optical system

of the eye. If this ratio is optimal, it would be the emetropic eye. [1]
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Picture 1: Schematic representation of the place of image formation in a) hypermetropia and
b) myopia [10, 11]

If the axial length of the eye is relatively smaller, or if the optical power of the eye is
relatively lower for various reasons, we are talking about hypermetropia. Farsightedness is the
so-called spherical refractive error - parallel rays entering the eye intersect at one one point
behind the retina. Most of the children are born hypermetropic, but with the gradual growth of
the body and, consequently, with the growth of the eye, the so-called emetropization process

occurs. [1]

In contrast, myopia is characterized by a relatively greater axial length of the eye or a
relatively higher optical power of the ocular system. Myopia also belongs to a group of spherical

refractive errors, so parallel rays entering the eye forming one focus point in front of the retina.

[1]
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Higher monocular or binocular ametropia, whether hypermetropic or myopic, may be a
significant amblyogenic factor. If untreated, higher ametropia leads to the suppression of one /
both eyes and consequently to the formation of amblyopia because the brain is unable to
combine the two relatively different sensations of the right and left eye in one visual perception.
This type of amblyopia can only be present on one eye or both eyes simultaneously (with

binocular high refractive error). In literature, such amblyopia is referred to as ametropic. [3]

Astigmatism

Astigmatism is an aspherical refractive error. Aspherical because the optical power of
the eye in the meridians (axes, planes) is different. When a parallel light beam passes through
the eye, the beam does not break into one focus point but produces more focus points. There
are two main focuses (horizontal and vertical) between which is the smallest dispersion ring.
The area from horizontal to vertical focus is called Sturm conoid or Sturm interval (see Picture
2). [1, 4]

Krouzek nejmensiho rozptylu

Sturmiyv interval

Picture 2: Sturm interval [12]

Astigmatism can be divided according to several different aspects. One possible division
is physiological and pathological astigmatism. Physiological astigmatism can be as highas 1 D
and is usually caused by the pressure of the eyelids on the bulbus, respectively on the cornea.
Thus, the bulbus is not ideally round, but is slightly deformed, causing higher curvature in the
vertical meridian. Pathological astigmatism reaches higher dioptric values and is caused by

various pathological processes - for example eye injury (penetrating or perforating eye injury
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and subsequent scarring mainly in the cornea, acid or alkali corrosion, etc.), keratoconus,
subluxation of the eye lens, and the like. Another possible division of astigmatism is to corneal,
lenticular and total. According to the mutual angle between the two main meridians,
astigmatism can be divided into regular (main meridians form an angle of 90 °) and irregular
(main meridians form an angle other than 90 °). Irregular astigmatism cannot be corrected only
with spectacle lenses; another correction method (eg. contact lenses, etc.) must be used. As
mentioned above, the two major focuses may have different positions with respect to the retina.
According to the location of the main focuses, we distinguish simple, composite and mixed
astigmatism. In simple astigmatism, one focus is located on the retina (the so-called emetropic)
and the other is located either in front of the retina (so-called myopic) or behind the retina (so-
called hypermetropic). In composite astigmatism, both outbreaks are either in front of the retina
(called myopic composite astigmatism) or behind the retina (so-called hypermetropic
composite astigmatism). Mixed astigmatism is a condition where one focus is in front of the
retina and the other behind the retina. A subtype of mixed astigmatism is the so-called pure
mixed astigmatism, where the smallest dispersion ring is on the retina, and both focuses are
equidistant from the retina. The last possible division of astigmatism according to the
orientation of the more refracting meridian is direct (by the rule), indirect (not by the rule), and
oblique axes astigmatism. Direct astigmatism has a more refracting meridian oriented at
approximately 90 °. Indirect astigmatism has a more refracting meridian oriented at approx. 0
°, respectively at 180 °. In the astigmatism of oblique axes, the main meridians are

approximately 45 © and 135 °. [1, 4]

Also, the astigmatism is a relatively significant amblyogenic factor that, if not
adequately corrected, can lead to the development of meridional amblyopia. Mostly amblyopia

is caused by higher congenital astigmatism, which can be on one or both eyes. [3]

Anizometropia

Anisometropia characterizes a state where the refraction value on both eyes is not the
same. The word "anisometropia™ is of Greek origin and is made up of several words, namely:
an - no, iso - the same, metr - measure and opium - vision, so “unequal vision", which very well

characterizes the very essence of anisometropia. [1, 2, 5, 8]

It is clear from the literature and the studies that practically all people have a certain

degree of anisometropia, in other words, in virtually no man, we find no exactly the same value
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of refraction of the right and left eye. However, it is important to note that a moderate degree
of anisometropia usually does not cause a greater visual problem. The difference of 0,25 D
between the refractive value of the right eye and the left eye is said to cause a change in the
retinal image size of 0,5 %. The difference in retinal image size is called anizeiconia. In his
book, Nauka o zraku, Autrata states that the 5% difference in retinal image size (or 2,5 D
difference between refraction of the right and left eye) is the threshold for maintaining single
binocular vision (SBV). [1, 2, 5, 8]

There is a certain probability of suppression and amblyopia in the eye with higher
refractive error (compared to refractive error of the other eye). This process usually occurs in
higher difference in refraction between right and left eye. Amblyopia due to different refraction

between the right and the left eye is called anisometropic. [2, 3]

Strabismus

Strabismus is a state where the visual axes of both eyes do not intersect exactly at a fixed
point, but one or both deviate. Strabismus in the most basic division we distinguish between
manifest and latent. Manifest strabismus is referred in the literature as heterotropia or
abbreviated tropia. For latent strabismus, the synonym term heterophoria or shortened form

phoria is used. [3]

According to the direction of the eye/eyes deviation we divide strabismus into
convergent (the eye / eyes deviate in the nasal/inward direction, and we speak of the so-called
esophoria/tropia), divergent (eye/eyes deviate temporally/out and we speak of the so-called
exophoria/ tropia) and vertical (the right eye deviates up and left down and we are talking about
the so-called hyperforia/tropia of the right eye or the right eye deviates down and left eye
upwards and we are talking about the so-called hypophoria/tropia of the right eye). A special
case is the so-called cyclophoria/tropia, which is evaluated by the 12th hour meridian (the
meridian of the eye located at 90 °). If this meridian turns towards the examined nose, it is an
incyclophoria/tropia. Conversely, if this meridian turns towards the examined ear,
excyclophoria/tropia is diagnosed. Strabismus can be further divided into monocular/unilateral

(present only on one eye) or alternating (present alternately on both right and left eye). [3]

Manifest strabismus, independent of the direction of eye/eyes deviation, acts as an
amblyogenic factor. This is because the image of a fixed object falls on the deviated eye in a

disparate place on the retina (outside the fovea centralis), and consequently the connection of
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the right and left eye perception in the brain is not possible. If this condition is not solved in a
therapeutic way, the fovea centralis of the deviated eye/eyes may suppress after a certain period
of time and then to development of unilateral/bilateral amblyopia, which is called strabic
amblyopia. [3]

Photoscreening of amblyogenic factors

Nowadays, there are several different devices available in the Czech Republic that can
be used for photoscreening of amblyogenic factors in the child population. For example, it is
the Welch Allyn Spot Vision Screener or the Plusoptix Vision Screener. In the following

paragraphs, both of these devices will be described in more detail.

Welch Allyn Spot Vision Screener

This device belongs to binocular autorefractometers and works on the principle of IR
(infrared) photoretinoscopy and eccentric photorefraction. Using this instrument, it is possible
to determine the objective values of refraction of the examined person (value of sphere,
cylinder, axis of cylinder and spherical equivalent). Furthermore, this device can measure
pupilometry, pupillary distance (PD) and also the direction of vision, respectively. real-time

angle of strabismus. [7]

Welch Allyn Spot Vision Screener can be used not only in children, but also in affected
or otherwise uncooperative patients. It is a non-invasive examination, which is contactless (it
runs at a distance of about 1 m) and it is not necessary to use cycloplegics during this
examination. The photoscreening examination itself is carried out within a few seconds and is
quite attractive for the examined person, because the device has both sound and light effects,
which serve to better attention of the examined person and thus to better fixation. It is
recommended to carry out the examination in the dark so that the widest possible enlargement
of the pupils and thus the most accurate results of the whole photoscreening examination is
achieved. It is advisable to perform the whole examination binocularly, but the device also
offers the option of a monocular mode, if for some reason binocular examination cannot be

performed. [7]

The Welch Allyn Spot Vision Screener has a relatively wide measuring range. It can

measure the spherical refraction value in the range from = 7,50 D to + 7,50 D. Furthemore, it
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can measure the cylindric part of the refraction in the range from = 3,0 D to + 3,0 D and cylinder
axis range from 1 degree to 180 degree. As mentioned above, in addition to refraction
measurements, this device can also measure pupilometry (pupil size) in the range of 4 mmto 9

mm. Furthermore, it can also measure PD in a measuring range of 35 mm to 80 mm. [7]

Plusoptix Vision Screener

Plusoptix Vision Screener is in many ways similar to the Welch Allyn Spot Vision
Screener - in terms of measurement principe, measurement parameters, measurement process

etc.

But we can still find some differences between these two devices. One of them is the
use of different sound and light effects, which are used to maintain the attention and fixation of
the examined person. Plusoptix Vision Screener uses primarily audio signals (like car chime).
The measuring range of this device is also slightly different than that of the Welch Allyn Spot
Vision Screener. The Plusoptix Vision Screener has a spherical measuring range
=7,00 D to +5,00 D. The cylindric measuring range of this instrument is from = 7,00 D to +5,00

D. Pupilometric measurements can be made in the pupil size range from 4 mm to 8 mm.
[6]

Nowadays it is possible to meet two versions of this device. One is for pediatricians and
is marked with an orange border directly on the device itself. This version of the device is also
able to evaluate the results of the photoscreening test itself. The second version of the device is
intended for eye specialist (ophthalmologists, optometrists, orthoptists, vision therapists etc.)
and is marked with a green border and does not have an integrated automatic examination

evaluation. [6]

Research methodology

The research methodology consists of several consecutive steps. The first step
involves selecting the appropriate subjects, respectively pediatric patients who are expected to
undergo cycloplegia as part of a follow-up routine eye examination by a pediatric strabologist.

Subsequently, an informed consent is signed with each entity (by the legal representative of
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the child). This is followed by the photoscreening of each child subject using the Welch Allyn
Spot Vision Screener VS100 (software version 3.0.04.07) and the Plusoptix Vision Screener
A12C (which is designed for eye specialists). After the photoscreening is recorded the results
of photoscreening examination using both devices. To assess whether it is necessary to
perform a complex eye examination, based on the measured screening values, the table
Recommended Refraction Limits for Detection of Refractive Errors of the Child Age in the
Czech Republic has been used. This table was published as part of the Study of Preventive
Visual Examination Methods with Reflection of Refractive Defects Screening in Children
with Plusoptix device (published in 2015) and this table has been approved by Czech eye care
companies and is currently used for photoscreening, eg in kindergartens etc. [9]

Then the investigator fills in a short questionnaire, consisting of four short questions,
which subjectively compares the work with two photoscreening devices. Individual 4
subquestions will be described in more detail in the chapter Research results. Scoring is the
same for all questions. The device, which is subjectively better rated than the other, gets 1 point
within a specific question, and the other device gains 0 point. If both devices are subjectively
rated as equally good, they both get 1 point. However, if both devices are subjectively evaluated

as equally bad, they both gain 0 point.

After all of the above steps, each pediatric subject undergoes a standard refractive error
and strabismus examination as part of a routine eye examination performed by a pediatric

strabologist. Cycloplegia is performed for each subject.

All examinations of the subjects of this research (photoscreening examinations, complex
eye examinations including cycloplegia etc.) take place in the Center of Pediatric
Ophthalmology BINOCULAR, s.r.o., located in Litomysl.
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Research results

For this time, 31 subjects have participated in the research (see Graph 1). Of these, 16
boys (52 % of the total) and 15 girls (48 % of the total).

Gender representation

mgirls = boys

Graph 1: The gender representation of the subjects

The age distribution of individual research subjects is shown in graph 2. The breakdown
into the following 4 groups is intentionally chosen. Prazdkova and Zobanova in their study
entitled Study of Preventive Visual Examination Methods with Reflection of Refractive Defects
Screening in Children with Plusoptix device show the refraction limits for photoscreening in
the child population (see above) and use the distribution of the child population in just four
groups: from 0,5 years to 1 year of age, from 1 year to 3 years of age, from 3 years to 5 years
of age and from 5 years to 20 years of age. The same division of subjects is used in this research.
In the 1st group (0,5 - 1 year) there are currently 0 subjects, in the 2nd group (1 - 3 years) there
are 3 subjects, in the 3rd group (3 - 5 years) there are 6 subjects and in the 4th group (5 - 20
years) there are currently 22 subjects. The youngest subject was 1 year and 1 month and the

oldest subject was 14 years and 7 months. [9]
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Age distribution of the subjects
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Graph 2: Age distribution of the subjects in the research

Graph 3 (see below) shows a comparison of the sensitivity and specificity of the Welch
Allyn Spot Vision Screener (WA) and Plusoptix Vision Screener (PX). As can be seen from
graph 3, the sensitivity for WA and PX instruments is based on the same, equal to 82%.

Specificity is also the same for both devices (100%).

Comparison of the senzitivity and specificity
120% T
100% 100%
100% —+
80% +
60% +
40% T+

20% +

0% -

senzitivity specificity

=EWA mPX

Graph 3: Comparison of sensitivity a specificity of devices Welch Allyn Spot Vision Screener
and Plusoptix Vision Screener
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Graph 4 shows a comparison of the number (percentage) of false negative and false
positive subjects as measured by individual devices. As shown in graph 4, both devices generate
the same number of false negative and false positive subjects so far. False negative subjects are

18% of the total number of subjects and false positive subjects are 0%.

Comparison of false negative and false
positive subjects

20% T 18%  18%

15% +
10% +

5% +

0% 0%
0% -

false negative false positive

=EWA mPX

Graph 4: Comparison of false negative and false positive subjects generated by the
measurement with Welch Allyn Spot Vision Screener and Plusoptix Vision Screener

Total of 31 subjects participated in the research, the maximum points that a specific

device can “obtain” in the framework of a subjective evaluation is equal to 31.

The first question of the questionnaire concerns on the evaluation of the simplicity of
handling the device as such (eg device manage, data storage etc.). A graphical representation

of the results of question No. 1 is provided in graph 5.

88



Question No. 1
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Graph 5: Question No. 1

The second question of the questionnaire concerns the evaluation of the speed of the
measurement itself by a particular device. A graphical representation of the results of question
No. 2 is provided in graph 6.

Question No. 2

31

19

PX

Graph 6: Question No. 2

The third question of the questionnaire concerns the assessment of the uniqueness and
clarity of the measurement results with a particular device. A graphical representation of the
results of question No. 3 is provided in graph 7.
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Question No. 3

31

25

PX

Graph 7: Question No. 3

The fourth question of the questionnaire concerns the assessment of the overall
impression of working with a particular device. A graphical representation of the results of
question No. 4 is provided in graph 8.

Question No. 4

31

16

Number of points

PX

Graph 8: Question No. 4

It is clear from the individual graphs that subjectively the work with Welch Allyn
Spot Vision Screener is rated better by the investigator. This may be due, to some extent, to the
fact that so far, the measurement using photoscreening devices has been performed by one
person. However, this shortcoming is planned to be remedied as part of other photoscreening
measurements. As these measurements should be partially carried out by other employees of
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the Center of Paediatric Ophthalmology BINOCULAR, s.r.o., which should result in more
objective results of the questionnaire survey.

Photoscreening is an important part of early detection of amblyogenic factors in the
child population. It is also very important that the investigator performing this examination is
an expert in this field and can provide the child's parents with expert advice on both the

examination itself and the possible subsequent recommendation of a complex eye examination.

The research shows that both photoscreening devices have really high specificity and
that they do not generate false positive patients. Sensitivity is 82 % for both devices and the
number of false negative subjects is 18 % for both devices. However, subjectively Welch Allyn
Spot Vision Screener is better evaluated by the investigator than the Plusoptix Vision Screener
in terms of measurement speed, clarity of the results, the overall impression of working with
the device etc. It is, of course, possible that the next research measurement (that is, when
expanding the research set of subjects) will change the individual research results.
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Specifika centrace brylovych ¢ocek

Katedra optometrie a ortoptiky, Lékarska fakulta, Masarykova univerzita Brno

Anotace

Prace je zamétfena piedevsim na popis zékladnich parametrii potiebnych pro spravnou
centraci. V nasledujici kapitole jsou popsadny obecné zasady, které je dulezité znat pii
centrovani brylové korekce. Zavéreéna Cast je zamétfena na jednotlivé typy brylovych cocek a

konkrétni zptisoby jejich centrovani pro dosazeni nejvyssi kvality zobrazeni.

Kli¢ova slova

Opticky systém oka, centrace, decentrace, korekce, brylova ¢ocka, pozadavky na centrovani,

pupilarni vzdalenost.

Toto téma jsem zvolil pfedevs§im proto, abych poukazal na mnozstvi odbornych znalosti
u centrovani brylovych ¢ocek, které musi kvalifikovany o€ni optik, ptipadné optometrista nejen
pochopit, ale zaroven je dokazat i prakticky aplikovat. V souc¢asné dobé mizeme nalézt velké
mnozstvi odborné literatury, kterd se vSak timto tématem vétSinou zabyva pfili§ teoreticky,

nikoliv v§ak komplexné¢.

V o¢nich optikach se stale vice setkavame se zvySenymi naroky na zrak a individualizaci
brylovych c¢ocek. Spravné provedenou centraci Ize dosdhnout kvalitniho optického zobrazeni a
odstranéni astenopickych potizi. Spravna centrace ndm také pomuize zabranit irreverzibilnimu

poskozeni zraku u déti.

Ze zakladniho postaveni o¢niho paru vychazeji pozadavky na centraci brylovych cocek.
Jedna se o situaci, kdy se nositel diva do dalky — tzv. ,,na nekone¢no* pii navyknutém drzeni
téla a hlavy. Pro zabezpeceni optimalniho zobrazeni brylovou korekcei 1ze vyty€it podminky,
které s centraci souviseji. Jedna se prevazné o respektovani poloh skute¢ného stiedu otaceni

oka a také polohy vztazného bodu brylovych ¢ocek. Optické stiedy (vztazné body) brylovych
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c¢ocek urCenych k obecnému pouziti by mély byt umistény piimo pied zornici. Diky tomu
nositeli zabranime navozeni nezadouciho prizmatického efektu vznikajiciho pfti pohledu
mimo optické stfedy, zatimco se diva ptimo vpied. Toho docilime tak, ze zjistime horizontalni
vzdalenost stfedli zornic zvanou téz pupilarni vzdalenost (PD) a vySku zornice méfenou od
dolniho okraje o¢nice u vybranych bryli nositele. Pro spravné zabrouseni korekcni pomiicky je
dilezité znat také horizontalni a vertikalni prohnuti brylového stiedu ¢i vzdalenost brylové
cocky k vrcholu rohovky. Pred jakymkoliv zaznamenanim polohy zornic je nezbytné brylovou
obrubu anatomicky piizptusobit. Diky individualnimu anatomickému piizptsobeni Ize

doséhnout funkénich i estetickych pozadavki uzivatele. [1]

Horizontalni tihel prohnuti brylového stiedu (UPBS)

Pro dodrzeni polohy skutecnych stiedii otaceni oka je tfeba zachovat podminku bodového
zobrazeni, kterd zni: Opticka osa brylové Coc¢ky musi prochézet skute¢nym stfedem otaceni oka.
Proto se u brylovych obrub pfistoupilo ke kladnému prohybani obrub o uwhel o
(viz. Obrazek 1). Brylové cocky se tak ptiblizi blize k rohovce a bude vyloucen prizmaticky
ucinek, protoze polohy vztaznych bodd budou umistény pred stiedy zornic. V béznych
pfipadech by se prohnuti brylového stfedu mélo pohybovat v rozmezi od 7° do 11°.
Horizontalni prohnuti brylového stfedu lze vypocitat dle vzorce:

OR — PD,

t90 = 5 d T 13)

OR = o¢nicovy rozestup (v mm)
PDp = pupilarni vzdalenost do dalky (v mm)

d = vzdalenost korekéni ¢ocky od rohovky (v mm)

~

Obrdzek 1: Uhel prohnuti brylového stiedu
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Vertikalni sklon brylového stiedu (inklinace)

Po nasazeni brylové obruby na oblicej 1ze z bo¢niho pohledu pozorovat, Ze brylovy stied je
svoji dolni ¢asti ke tvafi klienta pfiklonén. Pfi pfirozeném drzeni hlavy a téla svird rovina
brylového stiedu uthel srovinou svislou. Tense oznacuje jako uhel pantoskopicky -
v literatuie se mizeme také setkat s pojmem inklinace (viz Obrazek 2). Stejn¢ jako u
horizontalniho hlu prohnuti brylové obruby (UPBS) musime zachovat podminku bodového

zobrazeni. Méteni inklinace provadime pomoci thloméru nebo ji Ize vyvodit ze vzorce:
Yw=([@d+C)Xtga

a = pantoskopicky thel (ve °)

d = vzdalenost rohovka-¢ocka

C' = stied otaceni oka

yv = vyslednd vyska ve vertikdlnim sméru

_____________ - sy

O = opticka osa Cocky
C = stied otac¢eni oka

OC = opticky stied Socky

|
o = Ghel inklinace

Obrazek 2: Pantoskopicky vhel u brylového stredu [11]

S rostoucim pantoskopickym thlem se také zvétSuje vyska ve vertikalnim sméru (yv). Po
dosazeni vSech potiebnych hodnot do vzorce vyplyva: ,, Kazdy 1° uvazované inklinace vede
K presunuti optického stredu brylové cocky, resp. stredu optické centrace smérem dolii

0 0,4 mm od zdkladni pozice stiedu zornicky korigovaného oka. (viz Tabulka 1) [1]
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Tabulka 1: Viiv pantoskopického vuihlu na snizeni optického stiedu

Pantoskopicky tihel Snizeni optického stfedu
(ve ) (mm)

2,5 11

5,0 2,2

7,5 3,3

10,0 4.4

12,5 5,5

15,0 6,7

Vzdalenost brylové ¢o¢ky od vrcholu rohovky (vertex distance)

Tato hodnota je definovana jako vzdélenost od ptedniho vrcholu rohovky k zadnimu vrcholu
korekéniho €lenu. Take ji v literatufe mizeme zndt pod ndzvem vertex distance. Ke klientovi
S nasazenou obrubou se postavime z boku a tuto vzdalenost zméfime pomoci PD méfitka.
Vzdalenost brylové ¢ocky od vrcholu rohovky je dulezita hlavné u ametropt se sférickou
hodnotou vyss§i nez 4,00 D a praimérna hodnota je 13 mm. Nastaveni vzdalenosti dale od oka
nebo naopak blize k oku nam dioptrickou silu brylové cocky zméni. Toto tvrzeni lze jednoduse
ovefit pomoci vzorce:

Sy
T 11— (xAdxS)

S’y
S“1= dosavadni dioptricka hodnota
S = vysledna dioptrickd hodnota nového korekéniho ¢lenu

Ad = zména vzdalenosti korek¢ni cocky v metrech

(posun ¢ocky smérem od oka se znaménkem minus, k oku se znaménkem plus)

korekci v brylich. V praxi to znamend, Ze pfi pfiblizeni rozptylné c¢ocky blize k oku dochazi
k piekorigovani kratkozrakého oka a pro zaostieni obrazu musi klient akomodovat, coz jej
muze ve vysSim véku zatézovat. Obdobné problémy piinadseji také spojné Cocky v piipadé

jejich priblizeni k oku. [1], [2], [3], [4]
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Horizontalni centrace - do dalky

Jedna se o horizontalni vzdalenost stiedii zornic pravého a levého oka, ktera je potiebna
ke spravnému zhotoveni korek¢ni Cocky. Tato vzdalenost je oznacovana jako hodnota pupilarni
distance (PD) a standardn¢ se uvadi v milimetrech. Hodnotu PD méfime u rovnobézného
postaveni oc¢i pii pohledu do dalky, proto je zapotiebi, aby osy vidéni sméfovaly paralelné do

nekonecna. Nyni si popiSeme metody, kterymi mizeme PD manualné naméftit.
a) Pfima (Viktorinskd) metoda

U této metody je dualezité, aby se ocni optik a klient snasazenou obrubou usadili
naproti sob¢, z divodu dodrzeni vyskové i stranové vyrovnanosti. Jedna se o nejpouzivané;jsi
metodu, protoze zdroven zjistime i vertikdlni vzdalenost stfedii zornic. Méfeni provadi optik
klientovi monokularné a oba si vzajemné hledi do protéjsiho oka, ¢imz s dostatecnou piesnosti
nabizi o¢ni optik svou zornici jakozto nekone¢né vzdaleny cil. O¢ni optik si poté zaznamena
stied zornice pomoci popisovace na brylovou ¢ocku. (viz obrazek 3). Alternativou je moznost

pouzit PD méfitko. Jedna se o specialné upravené pravitko s vytvarovanym mistem pro nosni

kofen.

ZAKAZNIK
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Obrazek 3: Schéma méreni PD do dalky pomoci primé (Viktorinske) metody [5]
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b) Méreni na nekone¢no

Pro pouziti této metody postupuje ocni optik obdobné jako u metody piimé. Jedinym
rozdilem je zajiSténi dostateCné vzdalené¢ho cile (alespoit 5 m), ktery klientovi nabizi optik
za sebou. Je proto vhodné jej posadit vySe, aby mohl klient nabizeny fixa¢ni bod sledovat.

Pti splnéni téchto podminek by mély byt naméfené hodnoty shodné s pfedchozi metodou.

Je tfeba mit na paméti, ze Vv piipadé méfeni pomoci PD-métitka musi osoba provadéjici
meéfeni nastavit své oko co nejptesnéji do protilehlé pozice k oku métené osoby. Dosdhneme
tak presného zméteni pupilarni distance do dalky. Idealni volbou je provést méieni PD pomoci

digitalnich pupilometrt, kde je zatizeni zptisobené lidskou chybou minimalni. [1], [5]

Horizontalni centrace — do blizka

Pti méteni pupilarni distance do blizka je postup podobny, pouze s tim rozdilem, Ze o¢ni
optik necha klienta fixovat objekt Ci text ve vzdalenosti 30—40 cm. Pii pohledu do blizka o¢i
akomoduji a zéroven konverguji, tudiz se pohledové osy oci staceji nasalné a dochazi tak
k mirné zméné velikosti pupilarni distance. Tento typ centrace se vyuziva piedevsim u klientt
Vv presbyopickém véku, kteti budou tuto korekei vyuzivat pouze pro blizké predméty. Hodnoty

pro centraci do blizka lze zjistit t¢émito metodami:
Zakreseni na folie

Stiedy zornic zakresluje ocni optik na folie brylové obruby. Centraci zah4ji optik zavienim
jednoho oka a svou hlavu umisti tak, aby nosni kofen byl ve stejné trovni s nosnim kofenem
klienta. Ten fixuje obéma ocima oteviené oko vySetfujiciho. Pfi fixaci oka nesmi dojit
k pohybu hlavy (viz Obrazek 4). [4, s. 120—121]. Naméfenou hodnotu PD do blizka mizeme
ovéfit vypoctem. Pokud zname PD na déalku, miZzeme z podobnosti trojuhelniku, ktery vytvaii
sbihavé pohledové osy klienta, vypocitat PD na blizko.

(a—d)
a+13

PDB = PDD X

PDg — pupilarni distance do blizka
PDp — pupilérni distance do dalky

a — vzdalenost hlavniho pracovniho bodu
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d — vertex distance (vzdalenost rohovka-coc¢ka)

ZAKAZNIK

13 mm

BRVLE p—

zaviené oko

QOPTIK Doy

Obrazek 4: Schéma méreni PD do blizka [5]

Vertikalni centrace

Pro pfesné nastaveni polohy korekénich brylovych ¢ocek pred o¢ima klienta se jedna o dalsi
z dtlezitych vstupnich parametrd. Tzv. pupilarni vySku uréujeme pomoci dvou metod: centrace

na stred otaceni oka nebo na prirozeny ptimy pohled.
a) Centrace na stied otaceni oka

Uchyceni stranic se nachazi u horniho okraje o¢nic, coz vyzaduje svislé ptiklonéni roviny
ofnic spodnich okraji k tvafi. Tim vznika jiz dfive zminény inklina¢ni thel dosahujici
pramérnych hodnot asi 10°. Tuto problematiku ovSem fesi noveé vyrabéné tzv. meniskové
cocky, které splnuji podminku bodového zobrazeni. Je vSak tfeba dbat na kolmé postaveni
roviny ¢ocky vuci optické ose oka. Opticka osa ¢oCky se pak nachdzi na stejné pfimce jako

optickd osa oka (viz Obrazek 5).
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Obrazek 5: Centrace na stred otaceni oka [9]

b) Centrace na primy pohled

Druhou variantou pro méfeni vysky zornice je pfirozené postaveni téla i hlavy pii pohledu
do dalky (viz Obrazek 6). Tato metoda nevykazuje svisly klinovy G¢inek jako pii pohledu
kolmém, ale hlavni nevyhodou je nesplnéni podminky bodového zobrazeni. Ve vysledku to

znamena nerespektovani skutecného stredu otaceni oka. [1], [4], [5, s. 36]

Obrazek 6: Centrace na primy pohled [5]

Zasady centrace jednoohniskovych brylovych ¢ocek

Z hlediska centrovani je u cocek sférickych, asférickych a torickych je pfi horizontalni
centraci vyméefovana hodnota PD do dalky individudlng vyméteného pravého a levého oka. U

vertikalni centrace je obecné uptednostnéna poloha skute¢ného stfedu otaceni oka.
a) Chybna centrace PD u spojnych ¢ocek

Spojnou ¢ocku lze zobrazit jako dva kliny, jejichZ baze sméfuji smérem dovnitt. Pfi
nedodrzeni hodnot namétfeného PD klienta bude optickd osa prochdzet mimo stied brylové

c¢ocky, coz ma za nasledek navozeni prizmatického ucinku v horizontalni roving. Pokud bude
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hodnota PD mensi, o¢i budou stoeny do konvergence. Tento stav nebude u nizsich
dioptrickych hodnot pro o¢i tolik zatézujici. Jestlize bude hodnota PD vétsi, jedna se o kriticky
smér, protoze o¢i budou stoc¢eny do divergence a pii del§im trvani nastanou astenopické potize

(viz Obrazek 7).

Obrazek 1: Kriticky smer decentrace u spojnych brylovych cocek [10]
b) Chybna centrace PD u rozptylnych ¢ocek

Rozptylnou cocku lze zobrazit jako dva kliny, jejichZ baze sméfuji smérem ven. V piipadé
nedodrzeni hodnot naméteného PD klienta bude optickd osa prochazet mimo stfed brylové
¢ocky, coz ma za nasledek navozeni prizmatického uc¢inku v horizontalni roving. Pokud bude
hodnota PD vétsi, o¢i budou stoceny do konvergence. Tento stav nebude u nizsich dioptrickych
hodnot pro o¢i tolik zatézujici. Jestlize bude hodnota PD mensi, jedna se o kriticky smér,
protoze o¢i budou stoCeny do divergence a pii delSim trvani nastanou astenopické potize

(viz Obrazek 8).

H S
4 0,0,

Obrazek 8: Kriticky smer decentrace u rozptylnych brylovych cocek [10]
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Navozeny prizmaticky uc¢inek vyjadiime pomoci Prenticeho rovnice vyjadiené vztahem

mezi hodnotou decentrace dec [mm] a vrcholové lamavosti korekéni ¢ocky S [D].

A_dec><S' b
i [pD]

V piipadé decentrace brylové Cocky pii zabrusu lze pomoci norem posoudit povolenou

odchylku pfi decentrovani (viz Tabulka 2).

Tabulka 2: Povolend odchylka centrovani v cm/m (prizmatickych dioptriich) binokuldrné

S¢ (dioptrie) horizontalné vertikalné
vrcholova mén¢  kriticky diference
kriticky smér
lamavost smér PkuL
od 0,25do 1,00 | 0,5 0,25 0,25
od 1,25 do 6,00 | 1,00 0,50 0,25
od 6,25
1,00 0,50 0,50
do 12,00
pres 12,25 1,25 1,00 0,50

c¢) NedodrZeni vysky

Pfi nedodrZzeni vySky u vyméfeni centrace na stfed otaceni oka, dochazi k navozeni
prizmatického u¢inku ve vertikalni rovin€. Pokud jsou baze, ptes které prochazi pohledova

(optickd) osa, obraceny proti sob¢, bude prizmaticky ucinek hiife snasen.

Zasady centrovani u torickych brylovych ¢ocek

Pravidlem pfii centrovani torickych cocek je dodrzeni polohy skute¢ného stiedu otaceni oka
stejné jako u sférickych korekénich Cocek. Také je potieba respektovat polohu dvou na sebe
kolmych hlavnich fezli a dodrZeni pfesné pozice osy cylindru, jinak vznikd diferenéni

cylindricka slozka, kterou 1ze vypocitat z nasledujiciho vzorce:

SIA cyl = 2 X S’Cyl X sinB

S¢acyl — vysledna velikost diferenéni slozky (D)
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S’eyt — vrcholova lamavost cylindrické slozky (D)
sin  — osova neptesnost (ve °)

Zuvedeného vzorce lze vypocitat nezddouci astigmatismus v zdvislosti na hodnoté

korek¢niho cylindru a pooto¢eni osy cylindru. (viz Tabulka 3)

Tabulka 3: Navozeni nezddouciho astigmatismu v zdvislosti na hodnoté

korekcniho cylindru a stoceni osy

Cylindr [D]

0,5 1,0 1,5 2,0 2,5 3,0
Stoceni osy [°]
5° 0,09 0,17 0,26 0,35 0,44 0,52
10° 0,17 0,35 0,52 0,70 0,87 1,04
15° 0,26 0,52 0,78 1,04 1,29 1,55
20° 0,34 0,68 1,03 1,37 1,71 2,05
25° 0,42 0,85 1,27 1,69 2,11 2,54
30° 0,5 1,0 1,5 2,0 2,5 3,0

Zasady centrovani bifokalnich brylovych ¢o¢ek

Brylové cocky centrujeme v horizontalnim sméru na PD do dalky a ve vertikalnim sméru na
piimy pohled. Pfedél mezi dilem do dalky a do blizka se standardné umist'uje na spodni okraj
vicka. Na okraji délici linie obou dilt bifokdlni cocky plsobi rozdilné prizmatické ucinky.

Pti pfechodu fixacni osy oka pfes tuto linii tedy vnimame tzv. skok obrazu (viz Obrazek 9).

Obrdazek 9: Skok obrazu u bifokdlni cocky [3]
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Zasady centrace multifokalnich brylovych ¢ocek

24

naméfit dilezité hodnoty pro zabrouSeni brylovych cofek s maximalni piesnosti. U vybéru
obruby obecné plati, ze hloubka obruby (vzdalenost od dolniho okraje k hornimu okraji ocnice)
by meéla byt minimalné¢ 40 mm, pii¢emz vzdéalenost vztazného bodu do blizka musi byt
minimalné¢ 8 mm od dolniho okraje o¢nice, vzdalenost vztazného bodu do dalky alespon 22—
25 mm. Hodnota inklinace by méla svirat tthel 10 az 11° a vertex vzdalenost ptiblizné 12,5 mm.

Dalsim dilezitym aspektem je spravné anatomické pfizptisobeni vybrané brylové obruby.

Multifokalni typ brylovych ¢ocek centrujeme v horizontalni roviné na PD do dalky a
ve vertikalnim sméru pii ptimém pohledu. Na multifokalnich cockéach jsou z vyroby na ptedni
plose pfitomny univerzaln¢ smluvni symboly, tzv. referen¢ni body. V horni poloviné ¢ocky se
nachazi centrovaci kiiz, ktery by se mél kryt pti pfirozeném postaveni hlavy a pohledu do dalky

vvvvvv

s polohou zornice pii pohledu do blizka (viz Obrazek 10). [6], [1], [2], [7], [8]

distance power
checking circle

fitting cross
. horizontal
prism alignment
reference
point
near power

checking circle

Obrdzek 10: Referencni body na predni plose multifokalni brylové cocky [9]
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Annotation

The thesis is focused mainly on the description of the basic parameters which are important
for the centration spectacle lenses. The following is a general guideline that is important to
know when centering correction. The final part is focused on different types of spectacle lenses

and specific ways of their centering to achieve the highest image quality.
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Optical system of eye, centration, decentration, correction, spectacle lens, requirements for

centering, pupillary distance.

I chose this topic mainly to point out the amount of expertise in centration of spectacle
lenses, which a qualified optician or optometrist must not only understand but also be able to
apply. Nowadays, we can find a great deal of specialized literature, but this topic is mostly dealt
with in theory, but not comprehensively.

In opticians, we are increasingly faced with individualization of spectacle lenses. Correct
centration can achieve high-quality optical imaging and removal of asthenopic problems.
Proper centration will also help to prevent irreversible eye damage in children.

From the basic position of the eyes, the requirements for centration of the lenses are based.
It is a situation where the patient look, at the distance. To ensure optimal viewing by the
spectacle correction, the conditions associated with the centering can be set. These are mainly
respecting the positions of the actual center of rotation of the eye and also the position of the
reference point of the spectacle lenses. Optical centers (reference points) of spectacle lenses
should be placed directly in front of the pupil. This prevents the wearer from inducing an
undesirable prismatic effect as seen outside the optical center while looking straight ahead. This
can be achieved by determining the horizontal distance of the pupil centers, also called pupillary

distance (PD) and pupil height, measured from the lower edge of the selected glasses. Before
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any pupil position is recorded, it is necessary to fit the spectacle frame anatomically. Thanks to

individual anatomical adaptation, user's functional and aesthetic requirements can be achieved.

[1]

Frame wrap angle

The optical lens of the spectacle lens must pass through the actual center of rotation of the
eye. Therefore, the frames have been positively bent by an angle § (see Figure 1). Thus, the
spectacle lenses will be closer to the cornea and a prismatic effect will be eliminated because
the positions of the reference points will be placed in front of the pupil centers. In normal cases,
the frame wrap angle of the spectacle glasses should be between 7° and 11°. The horizontal

frame wrap angle of the spectacle glasses can be calculated using the formula:

Y90 = @+ 13)

OR = horizontal frame lenght (in mm)
PDp = pupillary distance (in mm)

d = vertex distance (in mm)

~J

Figure 1: Frame wrap angle
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Pantoscopic tilt

When the spectacle frame is attached to the face, it can be seen from the side view that the
spectacles are inclined towards the client's face with its lower part. This is called the pantoscopic
angle (see Figure 2). As with the horizontal angle of deflection of the spectacle frame we must
keep the point display condition. We measure the inclination by using a protractor or can be

calculated from the formula:

Ww=Wd+C)Xtga
o = pantoscopic angle (in °)
d = vertex distance (in mm)

C '= center of rotation of eye (in mm)

O = opticka osa Eocky

C = stfed otddeni oka

oC= opticky stied Cocky

=
o = Ghel inklinace

Figure 2: Pantoscopic tilt [11]

As the pantoscopic angle increases, the vertical height also increases. After substituting all
the necessary values in the formula, it follows: “Each 1° of the inclination leads to the
displacement of the optical center of the spectacle lens, respectively. the center of the optical

centering downwards by 0.4 mm from the center point of the corrected eye."

Vertex distance
This value is defined as the distance from the corneal apex to the visual point of the spectacle
lens. The distance of the spectacle lens from the top of the cornea is important mainly for

ametropes with a power of the lens greater than + 4.00 D or above. An average value of vertex
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distance is 13 mm. Adjusting the distance further away from the eye or, conversely, closer to
the eye changes the dioptric power of the lens.

If this value is not respected, we can cause the client is not satisfied with the correction in
the glasses. In practice, this means that when the lens is closer to the eye, the short-sighted eye

is over-corrected and the client must accommodate to focus the image. [1], [2], [3], [4]

Horizontal centering - into the distance

It is the horizontal distance between the pupil centers of the right eye and the left eye. This
distance is referred to as the pupillary distance (PD) and is given in millimeters by default. The
PD value is measured in the parallel position of the eyes when looking into the distance. Now
we will describe the methods by which we can manually measure PD.

a) The direct method

With this method, it is important that the optician and the client with the spectacles settled
opposite each other in order to maintain the height and side balance. It is the most widely used
method because we can also find the vertical distance of pupil centers. Measurements are made
by the optician to the client's when they both look at each other in the opposite eye. The optician
marks the pupil’s center using the marker. (see Figure 3). An alternative is to use the PD scale.
It is a specially designed ruler with a shaped point for the nose.

ZAKAZNIK
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Figure 2: Measuring PD with direct method

b) “Far” Method
To use this method, the optician proceeds similarly to the direct method. The only difference
is securing a sufficiently target at the distance (at least 5 m). If these conditions are met, the

measured values should be the same as with the previous method. and We also will achieve
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accurate measurement of pupillary distance. The ideal choice is to make PD measurements with

digital pupilometers where the human error is minimal. [1], [5]

Horizontal Centration - Near

When we measure pupillary distance to the near, the procedure is similar, except that the
optician lets the client fix the object or text at a distance of 30—40 cm. Looking close, the eyes
accommodate and converge, therefore, the visual axes of the eyes turn nasally and there is a
slight change in pupillary distance. This type of centration is mainly used by presbyopian clients
who will use this correction only for nearby subjects. For near-centration, we use the following

method:

Drawing on spectacle frames
The marks of pupil are drawn by the optician on the spectacle frames. The optician initiates
the centration by closing one eye and placing his head so that the nasal root is at the same level
as the client's nasal root. He fixes the eye of the examiner with both eyes. Head fixation must
not occur when fixing the eye (see Figure 4). [4, p. 120-121]
(a—d)
PDg = PDp X ———
B P a+13
PDg — pupillary distance at near
PDp — pupilary distance

a — working distance of the patient

d — vertex distance

PD,,

ZAKAZNIK
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Figure 4: Measuring near PD [5]
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Vertical centration
It is another important input parameter to precisely adjust the position of the spectacle lenses
in front of the client's eyes. The pupillary height is determined by two methods: centration on

to the center of the eye or to a natural direct view.

a) Centering to center of eye rotation

The fitting of the temples is located at the upper edge of the spectacle frame, which requires
a vertical inclination of the spectacle frames. Average value of this inclination is about 10 °. To
avoid the lens aberrations that would otherwise be caused by lens tilt, light following the line
of sight through the center rotation of the eye must still pass through the lens optical center at
right angles. This can be accomplished by lowering the optical of the lens 1 mm for every 2
degrees of pantoscopic lens tilt. The optical axis of the lens is then located on the same line as

the optical axis of the eye (see Figure 5).

d
\

Figure 5: Centering to center of eye rotation

b) Centration at a direct view
The second variation for pupil height measurement is the natural position of the body and
head when viewed in the distance (see Figure 6). [1], [4], [5, p. 36]

Figure 6: Centration at a direct view [5]
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Principles of centration of unifocal lenses
In the case of spherical, aspherical and toric lenses, the PD value is measured into the
distance individually for right and left eye at the horizontal line. In the case of vertical centering,

the position of the actual center of rotation of the eye is generally preferred.

a) Incorrect centration of PD in plus lenses

If the PD client's values are not correct, the optical axis will pass out of the center of the
lens, resulting in a prismatic effect in the horizontal line. If the PD value is smaller, the eyes
will be turned into convergence. This condition will not be so burdensome for eyes with lower
dioptric values. If the PD value is higher, it is a critical direction because the eyes will be

diverged and astenopic problems will occur with longer duration (see Figure 7).

<
.

Figure 7: Critical direction of decentration in plus lenses [10]

b) Incorrect centration of PD in minus lenses

If the PD client's values are not correct, the optical axis will pass out of the center of the
lens, resulting in a prismatic effect in the horizontal line. If the PD value is higher, the eyes will
be turned into convergence. This condition will not be so burdensome for eyes with lower
dioptric values. If the PD value is smaller, it is a critical direction because the eyes will be

diverged and astenopic problems will occur with longer duration (see Figure 8).

112



0,0,

Figure 8: Critical direction of decentration in minus lenses [10]

The amount of prism induced by improper lens placement depends on the power of the lens
and the distance the OC is displaced. It is calculated according to Prentice’s rule, where A is
prism diopters of displacement, S* is the dioptric power of the lens, and dec is the distance from

the optical center in milimetres.

_ dec x S’

A= BETEE [pD]

In the case of a spectacle lens decentration, the permissible deviation can be assessed by

using standards (see Table 2).

dec horizontal vertical
less critical more critical _
o o OD/OS difference

g direction direction

od 0,25 do 1,00 0,5 0,25 0,25
od 1,25 do 6,00 1,00 0,50 0,25
od 6,25 do 12,00 1,00 0,50 0,50
pres 12,25 1,25 1,00 0,50

Table 4: Permitted deviation of prismatic dioptres (binocular)
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¢) Incorrect vertical height

When the eye is above the horizontal midline of the lens, without pantoscopic tilt the optic
axis of the lens will not pass through the center of rotation of the eye. This means that the wearer
will experience lens aberrations corresponding to the effect of altering lens sphere and cylinder

values

Principles of centration of toric lenses

The centration of toric lenses is the same as in the case of spherical correction lenses. It is
also necessary to respect the position of the cylinder axis, otherwise a differential cylindrical
component arises which can be calculated from the following formula:

SIA cyl = 2 X S,Cyl X sinB
S*acyl — difference result (D)
S’cyt — cylinder power (D)

sin  — change of axis (in °)

Cyl [D]

Change of axis | 0,5 1,0 1,5 2,0 2,5 3,0
[']

5° 0,09 0,17 0,26 0,35 0,44 0,52
10° 0,17 0,35 0,52 0,70 0,87 1,04
15° 0,26 0,52 0,78 1,04 1,29 1,55
20° 0,34 0,68 1,03 1,37 1,71 2,05
25° 0,42 0,85 1,27 1,69 2,11 2,54
30° 0,5 1,0 15 2,0 2,5 3,0

Table 3: Independence of cylinder power and change of axis

Principles of centration of bifocal spectacle lenses

Spectacle lenses are centered in the horizontal direction on the PD into the distance and in
the vertical direction on the direct view. The optical segment between the part into the distance

and near it is placed on the lower edge of the eyelid. There is a different prismatic effect on the
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edge of the dividing line of the two parts of the bifocal lens. Also, we can see a so-called jump

of an image when we look from distance to near across this line. (see Figure 9).

Figure 9: “Jump of an image ““ on bifocal lenses [9]

Principles of centering of multifocal spectacle lenses

In terms of centration, progressive lenses are the most challenging type of correction.
Therefore, it is necessary to measure the important values for grinding the lenses with maximum
precision. In general, depth of the spectacle frame (distance from the lower edge to the upper
edge) should be at least 40 mm, with the proximity of the reference point at least 8 mm from
the lower edge of the spectacle frame, the distance of the reference point to at least 22- 25 mm.
The inclination value should range from 10 to 11° and the vertex distance is approximately 12.5
mm. Another important aspect is the correct anatomical adaptation of the selected spectacle
frame.

The multi-focal type of spectacle lenses is centered in the horizontal line on the PD in the
distance and in the vertical direction in the direct view. On the multifocal lenses are universal
symbols, called reference points, which we can see on the front surface of the lens. In the upper
half of the lens, there is a centering cross that should cover the natural position of the head and
look far away with the pupil's position. Then, in the lower third of the lens, there is a ring-

shaped mark to cover the pupil's position when we look at near (see Figure 10). [6], [1], [2],

[7], [8]

distance power
checking circle

fitting cross
: horizontal
prism alignment
reference
point
near power

checking circle

Figure 10: Reference points on the front surface of the multifocal spectacle lens [9]
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Bc. Lucie Ondrova, Mgr. Simona Bramborova

Specifika korekce a volby korek¢ni pomiicky u sportovci

Katedra optometrie a ortoptiky, Lékatska fakulta, Masarykova univerzita Brno

U sportovceil je nejen dilezity jejich fyzicky vykon a kondice, ale zejména jejich zdravotni
stav a s tim souvisejici i zrakové schopnosti. Stejné jak si sportovci mohou tréninkem zvysit
kondici, tak i vizualni schopnosti se mohou vylepsit specidlnim cvi¢enim a vhodnou korekci.
Spravné zvolena korekce je u sportovctl nutnosti. Proto je nezbytné, aby se sportovec nechal
nejprve dikladné vySetfit u ocniho specialisty, ktery by mu mél pomoci k nejlepsi zrakové

ostrosti.

OCNI VYSETRENI U SPORTOVCU
1) Anamnéza

Anamnéza by méla piredchdzet jakémukoliv vySetfeni. Dialogem mezi vySetiujicim a
vySetfovanym se ziskavaji data o nemocich, které pacient prodélal béhem zivota. Po prvotnim
zaméteni se na pacientovo drzeni téla, jeho chlizi a vzhledu, mé vySettujici piehled o

zdravotnim stavu doty¢ného.

Hlavni zdjem vySetiujiciho je vSak v osobni a rodinné anamnéze. U osobni anamnézy se
zjist'uji dalezité informace, jako jsou osobni udaje, zaméstnani, konicky, aktudlni refrakce,
subjektivni potize, o¢ni nalezy, Grazy a operace a dale celkovy zdravotni stav pacienta,
zejména jakeé uziva l1éky, zdali netrpi hypertenzi, diabetes, alergiemi, poruchou funkce §titné
zlazy atd. U rodinné anamnézy jsou podstatné dédicné onemocnéni. Z o¢nich dédicnych
onemocnéni pak vySetfujiciho zajima katarakta, glaukom, strabismus a refrakcéni vady. Tento
rozhovor by mél nasmeérovat vysetiujiciho ke spradvnému zvoleni vysetfovacich postupi a

poté korekénich pomtcek.
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2) Zrakova ostrost

Zrakova ostrost je definovana refrak¢nim stavem oka a schopnosti rozlisit od sebe dva
body. Jedna se tedy o nejmensi uhlovou vzdalenost dvou bodi, které jeste¢ dokdzeme rozlisit
okem. Dva body od sebe odlis§ime, pokud mezi jejich obrazy na sitnici bude lezet

piinejmensim 1 Cipek.

Zrakova ostrost se d€li na tii formy, statickou zrakovou ostrost (SVA), kontrastni citlivost

a dynamickou zrakovou ostrost (DVA). K vySetiovani zrakové ostrosti se pouzivaji optotypy.
Staticka zrakova ostrost

Staticka zrakova ostrost je schopnost vidét nehybné cile v dané vzdalenosti. Standardné se
vySetiuje na vzdalenost 6 metrii na Snellenovych optotypech. Hodnoceni statické zrakové
ostrosti sportovce by se méla provadét s pouzivanou korekei na sportovni ¢innost a poté s
nejlepsi moznou subjektivné stanovenou optickou korekei.

Vizus o hodnoté minimalné 1,33 je pro vrcholové sportovce doporucovén jako pozadovany

standard.

Dynamicka zrakova ostrost

optotypu vizus 1 a ma tak dobrou statickou zrakovou ostrost. Dilezita je i dynamicka zrakova
ostrost, ktera byva ovlivilovana rozliSovaci schopnosti sitnice, okohybnymi schopnostmi,
perifernim vidéni i1 psychikou.

U vysokorychlostnich sportl je podstatné, jak sportovec vidi pohybujici se cil jeho zajmu.
Dynamické zrakova ostrost je tedy schopnost zachytit detail objektu v zorném poli u
pohybujiciho se objektu nebo hrace. Tohle je vyznamné zejména u sportii jako je hokej, tenis
a cyklistika. Dynamickou zrakovou ostrost 1ze vySetfovat metodou podle Ludvigha a Millera,
kdy vysetfovany sleduje Landoltliv prstenec a taky pomoci Kirschnerova rotatoru ¢i

Shermanova disku. Pti vizualnim tréninku lze zlepSit dynamickou zrakovou ostrost.
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Obr. ¢. 1: Landoltovy prstence
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Obr. ¢. 2: Snellentv optotyp

http://www.cascadilla.com/eyecharts/landoltC/images/poster- https://cs.wikipedia.org/wiki/Snellenova_tabu
landoltC.jpg le

3) Kontrastni citlivost

Kontrastni citlivost je pfevracena hodnota kontrastniho prahu. Kontrastni préh je definovan

jako minimalni kontrast, kdy od sebe odliSime dva rlizné svételné objekty. Ve sportovnim

vvvvvv

Kontrastni citlivost je dilezita vizualni dovednost sportovct, ktera udava schopnost rychle

identifikovat a sledovat objekty proti riiznym prostfedim i pti snizenych svételnych

podminkach. Obzvlasté hraci baseballu a softballu musi sledovat pozorn€ mi€ i pfi no¢nich

utkanich. Kontrastni citlivost 1ze zmé&fit pomoci sinusové miizky nebo na optotypu

S proménnym kontrastem
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Obr. ¢. 3: Kontrastni test CSV-1000
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Obr. ¢. 4: Optotyp s proménnym kontrastem
http://www.vectorvision.com/csv1000-contrast-sensitivity/ https://www.macuhealth.com/contrast-sensitivity-testing/
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4) Zorné pole

Zorné pole je ¢ast prostoru kolem fixa¢niho bodu, které je okem sledovano. Centralni
zorné pole zabira zorny uhel 2-5°a ziskava se z né&j 83 % informaci. Obsahuje ¢ipky v oblasti
zluté skvrny, proto zprostfedkovava vnimani barev a ostré vidéni. Smérem k periferii se
snizuje pocet ¢ipki, tudiz klesa i rozliSovaci schopnost a vidéni je zprostfedkovano tycinky.
Periferni zorné pole je diilezité v rozliseni pohybu okoli, orientaci v prostoru i vnimani za
Sera. Pfi poruseni periferni ¢asti zorného pole je zachovana zrakova ostrost, ale nastane
trubicovité vidéni a neschopnost orientace v prostoru. Pti vypadku centralniho zorného pole je
sniZzena zrakova ostrost.

Rozsah zorného pole je ohranicen ocnici, vicky, obo¢im, nosem a tvafemi. Fyziologické
hodnoty jsou 90° temporaln¢, 60°nasalné, 60°superior a 70°inferior. V oblasti 15°temporalné
od fixa¢niho bodu se nachazi defekt Marriotova bodu, coz ukazuje vystup zrakového nervu
z oka. Pti pohledu obou o¢i soucasné se ¢ast zorného pole pravého a levého oka prekryvaji,
coz umoznuje splynuti obrazii z kazdého oka v jeden a je zaruceno prostorové vnimani. Zorné

pole Ize vysettit naptiklad konfrontacni metodou a perimetry.

U sportovcli by mélo byt vysoce vyvinuté periferni vidéni, které je mozno testovat pomoci
tzv. periferniho trenazéru. Na trenazéru se testuji periferni svételné podnéty s dobou odezvy
v osmi odli§nych smérech zorného pole. Test se provadi za snizeného osvétleni, kdy pacient
sleduje sttedovy bod na trenazéru, ktery je umistény na zdi v urovni jeho o¢i a joystickem

pohybuje tam, kde vnima svétla na periferii.

5) Barvocit

Barvocit neboli barevné vidéni, je schopnost spravného rozliSovani barev pozorovanych
predméti, tedy vinovou délku ¢asti spektra viditelného svétla, které se od dotycného
piredmétu odrazi nebo prochazi. Barevné vidéni je proces, jehoz zakladem je spravna funkce
svétlocivnych bunék. Vidéni za svétla-fotopické videéni, je zprostiedkovano ¢ipkovymi

buitkami. Vidéni ve tmé — skotopické umoziuji ty€inky, které nerozlisuji barvy.

Spravné vnimani barev je u vétSiny sportli nezbytny fakt. Nékteré barvy drest tymt jsou

pro sportovce, ktefi trpi poruchami rozeznavani barev, obtizné rozliSitelné a pokud tymy hraji
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V barvach, kter¢ jsou pro doty¢ného nevidomé, tak miize mit potize s udrzenim hry, nebude
schopen predat mi¢ spoluhraci. K vysetieni barvocitu se pouzivaji Stillingovy
pseudoizochromatické tabulky, které mohou obsahovat 35 tabulek s vepsanymi pismeny,
obrazky nebo cislicemi a jejich principem je zdméeny barev a splyvani a taky se vyuziva

k vySetieni piistroj anomaloskop.

Obr. & 6: Anomaloskop
https://www.oculus.de/cz/produkty/pristroje-testujici-
zrak/hmc-anomaloskop/funkce/

Obr. ¢. 5: Pseudoizochromaticka tabulka
https://grafas.ru/cs/buy-tables-of-rabbit-to-determine-color-
blindness-check-yourself-for-color-blindness/

6) Binokularni vidéni

Binokulérni vidéni je definovano jako koordinované senzomotoricka ¢innost obou oci.
Tato ¢innost zajiSt'uje vytvoreni obrazu, ktery je pozorovan. Obraz fixovaného pfedmétu se
vytvoii v oblasti makuly obou o¢i a tim je zaruceno jeho vnimani. Pfredpokladem pro
jednoduché binokularni vidéni je senzomotorickd koordinovana ¢innost o¢i a normalni

retinalni korespondence.

Jednoduché binokularni vidéni ma 3 stupné:
e Simultanni vidéni (Superpozice): souc¢asné vnimani sitnicemi obou o¢i.
e Fuze: schopnost spojit dva obrazy z obou o¢i v jeden vjem

e Stereopse: schopnost vytvofeni hloubkového viemu
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Binokularni vidéni se vyviji do 6 let. Vyvoj je zavisly na normalnim anatomickém poméru
a funk¢nim dispozicim. Pokud nastane béhem vyvoje jejich preruseni, tak dochazi

k patologickému vyvoji a poruse binokularniho vidéni jako jsou amblyopie a strabismus.
MOZNOSTI KOREKCE

Sportovci by méli pouzivat korekci nejen pro zlepsSeni zrakové ostrosti, ale taky 1 jako
ochranu pfed poranénim oc¢i. Sportovni aktivity ¢lenime na aktivity, které potiebuji ochranu
o€, tvare, krku a hlavy a na ty, u kterych neni ochrana nutna a korekce zde plni funkci
zkvalitnéni vidéni. Hypermetropicti sportovci s korekci do +1,0 dioptrii mohou sport
provozovat bez vétSich problémd, presto by jim korekéni pomiicka mohla ulehcit pti
sledovani blizkych a stitedné vzdalenych pfedméti. U myopickych sportovct je potfebna
korekce od -0,25 dioptrii. Pokud maji navic i astigmatismus, tak by méla byt feSena hodnota

od -0,5 dioptrii a u anisometropie od 0,5 dioptrii.

Je diilezité dikladné prokonzultovat se sportovci, jakou nejvhodnéjsi korekéni pomticku
zvolit, aby sportovec dosahl nejlepsich vysledki. Casta je kombinace kontaktnich oéek,
ochrannych bryli a dioptrickych. Slune¢ni bryle by mély zajistovat vhodnou spektralni

propustnost a bez zkresleni barev.

1. Bryle

Sportovni bryle jsou navrzeny tak, aby bezpecné a pohodIné sportovci sed€ly béhem
fyzické aktivity, udrZzovaly jeho oc¢i v bezpeci a zlepSily zrakovou ostrost, diky které mize
sportovec dosahovat nejlepsich vysledkt. Ve vétSin€ sportl spravné vidéni zvySuje
vykonnost. I pokud maji sportovci zrakovou ostrost 20/20, tak by jim spravné sportovni bryle

mohly pomoct ke sniZeni oslnéni, zvySeni kontrastu, a tedy lepsiho vidéni a rychlejsi reakce.

Cocky z polykarbonatu nebo vysoce odolné Go&ky proti narazu by mély byt zakladem
kazdych sportovnich bryli. O¢ni 1€kat nebo optometrista by mél doporucit ochranné bryle
sportovelim po urazu oka nebo o¢nich operacich, pfi kterych byly o¢ni tkané oslabeny (napf.

keratoplastika)
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Odbornici se shoduji na tom, Ze vétSin€ zranéni o¢i souvisejicich se sportem lze zabranit,

pokud sportovci nosi ochranné bryle s polykarbonatovymi ¢ockami.

Lyzatské bryle by mély byt nutnosti na horach. Oblicejové stity (bud’ tzv. klece nebo Ciré
polykarbonatové $tity) by mély byt vzdy noSeny hraci baseballu nebo softballu a kazdym, kdo
hraje americky fotbal, hokej nebo paintball.

Sportovci by nikdy neméli pouZzivat na sport bryle vyrobené na kazdodenni noSeni napft. na
ven nebo do kancelafe. Tyto bryle nejsou vyrobeny podle stejnych ochrannych standardii jako
ochranné bryle a pravdépodobné se narazem znici. Brylové ¢ocky, které nejsou hodnoceny z

hlediska bezpecnosti jako vhodné na sport, se mohou rozbit a zplisobit vazné poranéni oci.
Filtry
a) Polariza¢ni

Bryle s polariza¢nim filtrem propoustéji pouze vertikalni vinéni, a tudiz se vidéni pies né
stava pohodInéjsi, kontrastnéjsi a filtr zabraniuje neZadoucimu oslnéni. Sportovni bryle s timto
filtrem sniZuji odlesky, takZe sportovci mohou Iépe vidét jiné hrace a mi€. Polarizacni filtry se
pouzivaji pro fidice, vodni sporty, cyklistiku 1 zimni sporty. Antireflexni vrstva je dalSim

reduktorem oslnéni, ktery funguje i v noci, pokud sportovci hraji pod jasnymi svétly.

Bez polarizace S polarizaci Polaroid®

Obr. ¢&. 7: Polarizaéni filtr

https://optikapleyerova.cz/polarizace/polarizace/
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b) Samozabarvovaci

Samozabarvovaci neboli fotochromni Cocky jsou dalsi moznosti u sportovnich brylich.
Tyto ¢ocky jsou v interiéru ¢iré, ale ve slune¢nim svétle se méni automaticky na stfedni nebo
tmavy odstin Go&ek, v zavislosti na intenzité sluneéniho zateni. Co¢ky jsou dostupné i v
polykarbonatu, ktery je odolnéjsi proti ndraziim a je i leh¢i nez plast, coz je vyhodnéjsi

material pro sportovni bryle.

Fotochromni ¢ocky jsou vhodnou volbou pro golfisty, u nichz se v prubéhu kola casto
méni svételné podminky, protoze se pohybuji ze slune¢niho svétla do stinu. U venkovnich

sportl jsou také hodné vyuzivany kviili ménicimu se slune€nimu zateni.

(@

ACUVUE

/ OASYS

) Transitigns

Obr. ¢. 8: Samozabarvovaci filtr
https://www.cbsnews.com/news/fda-approves-first-contact-
lens-that-gets-darker-in-sunlight/

c) Barevné filtry
Zluty nebo oranzovy

- Zluty nebo oranzovy filtr se vyuzivaji ke zvyseni kontrastu pfi nizkych svételnych
podminkach venku, v zataZenych, mlhavych podminkach a pro vnitini sporty.
- Sporty: cyklistika, stielba, lov, dale zimni sporty jako jsou lyZovani, snowboarding,

snézné skutry a vnitini sporty hdzena, basketbal, tenis.
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RiiZovy nebo ¢erveny

- Zvysuji kontrast v zatazenych a slune¢nych podminkéch, ale mohou zpiisobovat
zietelné barevné nerovnovahy.
- Sporty: jizda na kole, rybateni, lov, stfelba, ze zimnich sporta lyZovéani,

snowboarding, snézné skutry a vodni sporty.

o o o

Tmavé jantarovy, médény nebo hnédy

- Tyto filtry blokuji velké mnozstvi modrého svétla a tim zvySuji kontrast a ostrost
vidéni. Obzvlasté jsou uzitecné pro zvyseni kontrastu na trave a proti modré obloze.

- Sporty: baseball, jizda na kole, rybafeni, vodni sporty, golf, lov a ze zimnich sportl

‘o' b

lyZzovani.

Zeleny

- Zelené filtry zvySuji kontrast pfi zachovani vyvazenosti barev.

- Sporty: baseball, golf.
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- Sedy filtr snizuje celkovy jas pfi zachovani normalniho rozpoznavani barev.

- Sport: venkovni sporty pii jasnych svételnych podminkach.

Obrazky €. 9: Barevné filtry
https://www.allaboutvision.com/sports/

2. Kontaktni ¢o¢ky

Kontaktni ¢ocky mohou zvySovat vykon u sportovci oproti brylim tim, ze poskytuji Sirsi
zorné pole. Bryle svymi rdmy omezuji nejen Sitku zorného pole, ale i periferni vidéni. Proto
kontaktni Co€ky poskytuji u sportovct rychlejsi reakce na pohybujici se objekty 1 hrace. Dalsi
vyhodou oproti brylim je nizsi riziko poranéni o¢i zptisobené korekéni pomtickou. U sporti,
které vyZaduji ochranu hlavy nebo ochranné bryle je vhodné zvolit kontaktni ¢ocky, protoze

nenarusuji pohodli téchto ochrannych pomiucek.

Kontaktni ¢o¢ky se déli:

1. Dle materialu:

- Tvrdé
a) nepropustné pro plyny (sklo, PMMA)
b) plynopropustné (RGP rigid gas permeable)

- Mekkeé
a) hydrofobni, nepropustné pro vodu
b) hydrofilni s nizkym obsahem vody (35 % - 45 %), se stfednim obsahem

vody (45 % -60 %), s vysokym obsahem vody (60 % - 90 %)
- Hybridni (kombinace materialu tvrdych a mékkych cocek)

2. Déleni dle tvaru:

- Ptedni plochy
a) Jednozoénova
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b) Lentikularni
c) Toricka
d) Bifokalni
e) Multifokalni

- Zadni plochy
a) Jednozonova
b) Vicezonova
c) Asféricka

3. Déleni dle velikosti
- Korneélni (primér do 12 mm)
- Semiskleralni (primér 12-15 mm)
- Skleralni (pramér 12—24 mm)

4. Deéleni dle zpisobu vymény
- Konven¢ni — ro¢ni
- Pro planovanou vyménu — ¢tvrtletni, mésicni, ¢trnactidenni
- Jednordzové — jednodenni

5. Déleni dle zpiisobu noseni
- Denni
- Flexibilni
- Prodlouzené
- Kontinualni

6. Déleni dle ucelu
- Korekéni
- Terapeutické
- Preventivni
- Diagnostické
- Kosmetické
- Ortokeratologie

Sportovci, kteti potfebuji korekéni pomucku, nosi Castéji mekké kontaktni cocky, piestoze
by néktefi mohli zvolit RGP plynopropustné kontaktni Cocky vzhledem k jejich vyhodam.
Mezi hlavni vyhodu patii jejich tuhost, diky které udrzuji sviij tvar na oku. To umoznuje
korekci rohovkového astigmatismu a jinych rohovkovych abnormalit. Dalsi vyhody jsou vyssi
propustnost pro kyslik, neusazovani tolik necistot a jsou vhodnéjsi pro lidi se suchymi o¢i.
Nicméné jejich nevyhodou je delsi test tolerance, proto sportovci radéji voli mekké kontaktni

¢ocky, u nichz nemusi cekat, az se ¢oCka ptizplisobi na oku.
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3. Ortokeratologie

Tato metoda je vhodna pro ty sportovce, ktefi nebyli ispéSnymi nositeli kontaktnich ¢ocek
pres den a nechtéji nebo nemohou z jinych diivoda nosit bryle. Je to idealni volba pro
sportovce, ktefi jsou prilis mladi na refrakéni laserové zakroky. Jedné se o noSeni specialné
navrzenych kontaktnich ¢ocek, které jsou plynopropustné, nosi se pies noc béhem spanku,
réno se sundaji a zlepSuji zrakovou ostrost tim, Ze srovnavaji zakiiveni rohovky. Metoda
slouzi k pfechodnému snizeni kratkozrakosti a astigmatizmu. U sportovce s refrakci mezi

-0,75 D az -4,0 D a astigmatismus do 1,5 D bude ortokeratologie nejucinné;si.

U né&kterych lidi, ktefi aplikuji metodu ortokeratologie a nosi ¢ocky k tomu uréené, mize
trvat i nékolik tydni, neZ se dosahne stabilniho ostrého vidéni b&hem dne. Casto je potieba
pouze jednoho paru ¢ocek. U slozitéjsich ptipadi jsou nutné i dalsi pary s upravenymi

parametry.

Jakmile se dosahne pozadované urovné ostrosti, jasnosti a stability, stale bude nutné nosit
cocky i pfes noc, aby se rohovka udrzela ve spravném tvaru pro kvalitni denni vidéni. Nemusi

se nosit kazdou noc, protoze n¢kdy je kazda druhd noc dostacujici k dobré zrakové ostrosti.

Obr. ¢. 10: Ortokeratologie

https://is.muni.cz/elportal/estud/If/js10/kontakt/web/pages/cocky-klinicka-praxe.html
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4. Refrakéni laserové operace

Refrakcni laserové operace nabizeji zpiisoby, jak se zbavit korek¢nich pomitcek, jako jsou
bryle a kontaktni cocky, které nejsou vhodné pti kontaktnich sportech, napiiklad boxu.
Laserové operace muze podstoupit pacient, ktery je starsi 18 let a ma stabilni refrak¢ni vadu,
coz znamena, ze se mu nezmenily dioptrické hodnoty o0 0,25 — 0,5 dioptrii béhem poslednich
6-12 mésict. Pred kazdym zakrokem je nutné udélat diikladné pfedoperacni vysetreni, které
zahrnuje refrakéni vySetteni, vySetfeni vizu, topografie rohovky, vySetieni predniho

segmentu, nitroo¢niho tlaku, pachymetrii, pupilometrii, Schirmertv test atd.

Fotorefraktivni keratometrie (PRK) zédkladem této metody je odstranéni epitelové
vrstvy rohovky a provedeni povrchové laserové fotoablace. Excimerovym laserem se vytvorii
presné zaktiveni rohovky. Laser, ktery je fizeny pomoci pocitace, dodava impulsy UV
svétlem a ty odstrani tk&n. Po provedené operaci je pacientovi naaplikovana kontaktni cocka,
ktera chrani oko. Buiiky epitelu se obnovuji po péti dnech a po této dobé se vyjme 1 kontaktni

éocka.

Laser in situ (LASIK) je nejbézngjsi laserova operace vyuzivana pro 1é¢bu
kratkozrakosti, dalekozrakosti 1 astigmatismu. Laser zformuluje rohovku tak, aby dopadajici
paprsky svétla vstupovaly do oka na sitnici. Z rohovky se sefizne lamela (epitelovy flap) o
tloust’ce mezi 130-180 pum anebo se vytvoii lamela femtosekundovym laserem. Nasledné se
excimerovym laserem provadi fotoablace, o€isti se stroma a lamela se opét ptiklopi. Zrakova

rehabilitace mliZe trvat n€kolik dni. Po 1 mésici by mélo byt vidéni stabilni.
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Obr. ¢&. 11: LASIK

https://www.groupon.com/articles/lasik-eye-surgery
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Bc. Lucie Ondrova, Mgr. Simona Bramborova

Specifics of correction and choice of correction aid for athletes

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

For athletes, is not only important their physical performance and fitness, but also their
health and related visual skills. Just as athletes can improve their fitness by training, they can
also improve their visual skills with a special exercise and appropriate correction. Correctly
selected correction is a must for athletes. Therefore, it is essential that the athlete be
thoroughly examined first by an ophthalmologist who should assist him with the best visual

acuity.

SPORTS EYE EXAMINATION

1) Anamnesis

The anamnesis should precede any examination. Dialogue between the doctor and the
patient acquires data about the illness that the patient has suffered during his or her life. After
initially focusing on the patient's posture, walking and appearance, the doctor has an overview
of the patient's health.

However, the doctor's primary concern is in a personal and family history. Personal history
identifies important information such as personal data, employment, hobbies, current
refraction, subjective complaints, eye findings, injuries and operations, as well as the patient's
general health, especially what medication he uses, whether he is suffering from hypertension,
diabetes, allergies, disorder thyroid function, etc. In a family history there is a substantial
hereditary disease. The doctor is interested in illness such as cataracts, glaucoma, strabismus
and refractive defects. This interview should direct the doctor to the correct choice of

procedures and then correction aids. (1)
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2) Visual acuity

Visual acuity is defined by the refractive state of the eye and the ability to distinguish
between two points. (2) It is therefore the smallest angular distance of two points, which we
can still distinguish by eye. We will distinguish two points from each other if there are at least

1 suppository between their images on the retina.

Visual acuity is divided into three forms, static visual acuity (SVA), contrast sensitivity,
and dynamic visual acuity (DVA). Optotypes are used to investigate visual acuity.

Static visual acuity

Static visual acuity is the ability to see motionless targets at a given distance. By default, it
is examined at a distance of 6 meters on Snellen optotypes. Athlete static visual acuity
assessment should be performed with the sports correction applied and then with the best
possible subjectively determined optical correction.

A minimum of 1.33 is recommended for top athletes as a required standard.
Dynamic visual acuity

For many sporting activities, it may not be most important whether the athlete has a visual
visual acuity on the Snellen optotype vizus 1. Dynamic visual acuity is also important, which

is influenced by the resolution of the retina, ocular mobility, peripheral vision and psyche.

For high-speed sports, it is essential how an athlete sees the moving goal of his interest.
Dynamic visual acuity is therefore the ability to capture the detail of an object in the field of
view of a moving object or player. This is particularly important for sports such as hockey,
tennis and cycling. Dynamic visual acuity can be investigated by the method of Ludvigh and
Miller, where the investigator follows the Landolt ring, and also using the Kirschner rotator or

Sherman disk. In visual training, dynamic visual acuity can be improved.
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Pic. n. 1: Landolt ring Pic. n. 2: Snellen optotype
http://www.cascadilla.com/eyecharts/landoltC/images/poster- https://cs.wikipedia.org/wiki/Snellenova_tabu
landoltC.jpg le

3) Contrast sensitivity

Contrast sensitivity is the reciprocal of the contrast threshold. The contrast threshold is
defined as the minimum contrast where we distinguish two differently light objects. In a

sports environment, contrasts are more different than in everyday life.

Contrast sensitivity is an important visual skill of athletes, which indicates the ability to
quickly identify and track objects against different environments, even under low light
conditions. Especially baseball and softball players have to watch the ball closely during night

games. Contrast sensitivity can be measured using a sinusoidal grid or a variable contrast

optotype.
1 2 3 4 5 6 7 8 - )
IAI N VRSKDR
(b
NHC
1 2 3 4 5 6 7 8
B
1 2 3 : 5 6 7 8
c b Q
1 2 3 a1 5 6 7 8
IIDI’ T XXX XXX
XX XXX KX
Pic. n. 3: Contrast test CSV-1000 Pic. n. 4: Optotype with contrast
http://www.vectorvision.com/csv1000-contrast-sensitivity/ https://www.macuhealth.com/contrast-sensitivity-testing/
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4) Field of view

The field of view is the part of the area around the fixation point that is monitored by the
eye. The central field of view occupies 2-5 degrees of vision and receives 83 % of the
information. It contains suppositories in the area of yellow spots, so it conveys color
perception and sharp vision. Towards the periphery, the number of suppositories decreases,
hence the resolution is decreased and vision is mediated by rods. Peripheral field of view is
important in the resolution of the surroundings, orientation in space and perception in the
dark. Visual acuity is maintained when the peripheral part of the visual field is broken, but
tubular vision and inability to orient in space occur. Visual acuity is reduced when the central

field of view fails.

The field of view is bounded by the eyecup, eyelids, eyebrows, nose, and cheeks.
Physiological values are 90 ° temporal, 60 ° nasal, 60 ° superior, and 70 ° inferior. In the
region 15 ° temporally from the fixation point, there is a Marriot Point defect, which shows
the optic nerve output from the eye. At the same time, when both eyes are viewed, a portion
of the field of view of the right and left eye overlaps, allowing the images to be merged from
one eye to another and spatial perception guaranteed. The field of view can be examined, for

example, by the confrontation method and perimeters.

For athletes, peripheral vision should be highly developed and can be tested with a so-
called peripheral trainer. Peripheral light stimuli with a response time in eight different
directions of field of view are tested on the simulator. The test is performed under reduced
illumination, where the patient follows the center point on the treadmill, which is placed on
the wall at his eye level and moves the joystick where he perceives the lights on the periphery.

5) Coloring

Color vision is the ability to correctly distinguish the colors of the observed objects, that is,
the wavelength of the visible light spectrum that is reflected or passed from the object in
question. Color vision is a process based on the proper functioning of light-sensitive cells.
Light-vision photopic vision is mediated by suppository cells. Vision in the dark - scotopic

allow sticks that do not distinguish colors.
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The right color perception is essential for most sports. Some team's jersey colors are
difficult to distinguish for athletes suffering from color recognition disorders, and if teams
play in colors that are for the blind, they may have difficulty maintaining the game, not being
able to pass the ball to a teammate. Stilling's pseudo-isochromatic tables are used to examine
the color vision, which can contain 35 tables with inscribed letters, pictures or figures and

their principle is to change colors and blends and also doctor can use anomaloscope for

examination.
An = W
Pic. n. 5: Pseudoizochromatic test Pic.n. 6: Anomaloscopde
https://grafas.ru/cs/buy-tables-of-rabbit-to-determine-color- https://www.oculus.de/cz/produkty/pristroje-testujici-
blindness-check-yourself-for-color-blindness/ zrak/hme-anomaloskop/funkce/

6) Binocular vision

Binocular vision is defined as a coordinated sensorimotor activity of both eyes. This
activity ensures that the image is observed. An image of the fixed object is formed in the area
of the macula of both eyes, thereby ensuring its perception. A prerequisite for simple

binocular vision is sensorimotor coordinated eye activity and normal retinal correspondence.
Simple binocular vision has 3 levels:

e Simultaneous vision (superposition): simultaneous perception of the retinas of
both eyes.

e Merger: the ability to combine two images from both eyes into one perception

135


https://grafas.ru/cs/buy-tables-of-rabbit-to-determine-color-blindness-check-yourself-for-color-blindness/
https://grafas.ru/cs/buy-tables-of-rabbit-to-determine-color-blindness-check-yourself-for-color-blindness/
https://www.oculus.de/cz/produkty/pristroje-testujici-zrak/hmc-anomaloskop/funkce/
https://www.oculus.de/cz/produkty/pristroje-testujici-zrak/hmc-anomaloskop/funkce/

e Stereopse: ability to create a deep perception

Binocular vision develops within 6 years. The development depends on normal anatomical
ratio and functional dispositions. If interruption occurs during development, pathological

development and disturbance of binocular vision such as amblyopia and strabismus occur.

CORRECTION AID OPTIONS

Athletes should use correction not only to improve visual acuity, but also to prevent eye
injury. Sports activities are divided into activities that need protection of eyes, face, neck and
head, and those in which protection is not necessary and correction is here to improve vision.
Hypermetropic athletes with correction to +1.0 diopters can run the sport without any
problems, but the correction aid could make it easier for them to watch near and far distant
subjects. In myopic athletes, a correction from -0.25 diopters is needed. In addition, if
astigmatism is present, a value from -0.5 dioptres and 0.5 dioptres for anisometropia should

be addressed.

It is important to thoroughly consult the athletes on what the most appropriate correction
aid to choose in order for the athlete to achieve the best results. A combination of contact
lenses, protective goggles and diopters is common. Sunglasses should provide appropriate

spectral throughput and color distortion.

1. Glasses

Sports goggles are designed to fit the athletes safely and comfortably during their physical
activity, keeping their eyes safe and improving visual acuity, allowing the athlete to achieve
the best results. In most sports, proper vision increases performance. Even if athletes have a
visual acuity of 20/20, the correct sports goggles could help them reduce glare, increase

contrast, and thus better vision and faster response.
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Polycarbonate lenses or high-impact impact lenses should be the basis of any sports
eyewear. An ophthalmologist or optometrist should recommend protective goggles to athletes
after eye injury or ophthalmic surgery where ocular tissues have been weakened (eg
keratoplasty)

Experts agree that most sports-related eye injuries can be prevented by wearing protective

glasses with polycarbonate lenses.

Ski goggles should be a must in the mountains. Face shields (either cages or clear
polycarbonate shields) should always be worn by baseball or softball players and anyone who

plays American football, hockey or paintball.

Athletes should never use sports glasses made for everyday wear, such as outside or in the
office. These goggles are not made to the same protective standards as goggles and are likely
to be destroyed by impact. Spectacle lenses that are not rated as suitable for sport may be

broken and cause serious eye injury.

Filters

a) Polarizing

Polarizing filter goggles allow only vertical waves to pass through, making vision through
them more comfortable, contrasting, and filtering to prevent unwanted glare. Sports glasses
with this filter reduce glare, so athletes can better see other players and the ball. Polarizing
filters are used for drivers, water sports, cycling and winter sports. The anti-glare coating is

another glare reducer that works at night if athletes play under bright lights.

Bez polarizace S polarizaci Polaroid®

Pic. n. 7: Polarizing filter

https://optikapleyerova.cz/polarizace/polarizace/
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b) Self-coloring

Self-coloring or photochromic lenses are another option in sports glasses. These lenses are
clear in the interior, but in sunlight they change automatically to medium or dark lenses,
depending on the intensity of the sun. Lenses are also available in polycarbonate, which is

more resistant to impact and is lighter than plastic, which is the preferred material for sports

goggles.

Photochromic lenses are a good choice for golfers who often change light conditions
during the round as they move from sunlight to shade. They are also used extensively for

outdoor sports due to changing sunlight.
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Pic. n. 8: Self-coloring filter
https://www.cbsnews.com/news/fda-approves-first-contact-
lens-that-gets-darker-in-sunlight/

c) Color filters
Yellow or orange

- A yellow or orange filter is used to increase the contrast in low-light conditions outdoors, in

overcast, foggy conditions and for indoor sports.

- Sports: cycling, shooting, hunting, as well as winter sports such as skiing, snowboarding,

snowmobile and indoor sports handball, basketball, tennis.
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- Increase contrast in overcast and sunny conditions, but may cause distinct color imbalances.

Pink or red

- Sports: cycling, fishing, hunting, shooting, winter sports skiing, snowboarding,

snowmobiling and water sports.

Dark amber, copper or brown

- These filters block large amounts of blue light and thus increase visual contrast and
sharpness. Especially useful for increasing the contrast on the grass and against the blue sky.

- Sports: baseball, cycling, fishing, water sports, golfing, hunting and winter sports skiing.

- Green filters increase contrast while maintaining color balance.

Green

- Sports: Baseball, Golf.
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Gray
- Gray filter reduces overall brightness while maintaining normal color recognition.

- Sport: outdoor sports in bright lighting conditions.

Pic. n. 9: Color filters
https://www.allaboutvision.com/sports/

2. Contact lenses

Contact lenses can increase the performance of athletes versus glasses by providing a
wider field of view. Glasses with their frames not only reduce the width of the field of vision,
but also the peripheral vision. Therefore, contact lenses provide athletes with faster responses
to moving objects and players. Another advantage over glasses is the lower risk of eye injury
caused by the correction aid. For sports that require head protection or goggles, contact lenses

should be chosen because they do not interfere with the comfort of these protective gear.

Contact lenses are divided:

1. By material:

- Hard
a) gas impermeable (glass, PMMA)
b) RGP rigid gas permeable

-Soft
a) hydrophobic, waterproof

b) hydrophilic with a low water content (35% - 45%), medium water content (45% -
60%), high water content (60% - 90%)
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- Hybrid (combination of hard and soft lenses)

2. Division by Shape:

- Front surfaces
a) Single Zone
b) Lenticular
c) Toric
d) Bifocal
e) Multifocal

- Rear surfaces
a) Single Zone
b) Multi-zone

c) Aspheric

3. Division by size

- Corneal (diameter up to 12 mm)
- Semiscleral (diameter 12-15 mm)

- Scleral (diameter 12-24 mm)

4. Division by way of exchange

- Conventional - annual
- For the planned exchange - quarterly, monthly, fortnightly

- Disposable - overnight
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5. Cutting by way of wearing

- Daily
- Flexible
- Extended

- Continuous

6. Division by purpose

- Correction
- Therapeutic
- Preventive
- Diagnostic
- Cosmetic

- Orthokeratology

Athletes who need a correction aid wear soft contact lenses more often, although some
might choose RGP gas permeable lenses because of their benefits. The main advantage is
their stiffness, which keeps their shape on the eye. This allows correction of corneal
astigmatism and other corneal abnormalities. Other advantages are higher oxygen
permeability, non-settling of so many impurities and are more suitable for people with dry
eyes. However, their disadvantage is a longer tolerance test, so athletes prefer to choose soft

contact lenses, where they do not have to wait for the lens to adjust to the eye.
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3. Orthokeratology

This method is suitable for those athletes who have not been successful wearers of contact
lenses during the day and do not want or cannot wear glasses for other reasons. It is an ideal
choice for athletes who are too young to refract laser surgery. It is the wearing of specially
designed contact lenses that are gas permeable, worn overnight during sleep, removed in the
morning and improved visual acuity by comparing the curvature of the cornea. The method
serves to temporarily reduce myopia and astigmatism. For an athlete with refraction between -
0.75 D to -4.0 D and astigmatism up to 1.5 D will be orthokeratology most effective.

Some people who use the orthokeratology method and wear lenses for this purpose may
take several weeks to achieve stable sharp daytime vision. Often, only one pair of lenses is
needed. In more complex cases, additional pairs with modified parameters are required.

Once the desired level of sharpness, clarity and stability has been achieved, it will still be
necessary to wear the lenses overnight to maintain the cornea in the correct shape for quality
day vision. They do not have to be worn every night because sometimes every second night is

sufficient for good visual acuity.

Pic. n. 10: Orthokeratology

https://is.muni.cz/elportal/estud/If/js10/kontakt/web/pages/cocky-klinicka-praxe.html
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4. Refractive laser surgery

Refractive laser surgery offers ways to get rid of correction aids such as glasses and
contact lenses that are not suitable for contact sports such as boxing. Laser surgery may be
performed by a patient over 18 years of age with a stable refractive error, which means that
dioptric values of 0.25 - 0.5 diopters have not changed over the last 6-12 months. Before each
procedure, a thorough preoperative examination, including refractive examination, visa
examination, corneal topography, anterior segment examination, intraocular pressure,

pachymetry, pupilometry, Schirmer test, etc., must be performed.

Photorefractive Keratometry (PRK) is the basis of this method for removing the corneal
epithelial layer and performing surface laser photoablation. Precise curvature of the cornea is
formed by the excimer laser. A computer-controlled laser delivers pulses of UV light to
remove tissue. After the operation, a contact lens is applied to the patient to protect the eye.

The epithelial cells are renewed after five days, after which the contact lens is removed.

Laser in situ (LASIK) is the most common laser surgery used to treat myopia, hyperopia
and astigmatism. The laser formulates the cornea so that the incident rays of light enter the
eye of the retina. A lamella (epithelial flap) of between 130-180 pum is cut from the cornea or
a lamella of the femtosecond laser is formed. Subsequently, photoablation is performed with
the excimer laser, the stroma is cleaned and the lamella is folded again. Visual rehabilitation

may take several days. After 1 month, vision should be stable.
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Pic. n. 11: LASIK

https://www.groupon.com/articles/lasik-eye-surgery
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Anotace

Prace se zabyva vyskytem heteroforie v populaci. Popisuje problémy zptsobené
dekompenzovanou heteroforii a dileZitost znalosti jeji kompenzace. Experimentdlni cast

se vénuje zastoupeni jednotlivych typil heteroforii ve skupiné vysokoskolskych studentii.

Klic¢ova slova

Binokularni vidéni, vergenéni vady, skryté Silhani.

Pro prostorové vnimani naseho okoli je diilezité binokularni vidéni. Jsme diky nému
schopni vnimat riizné prostorové detaily, odhadovat vzdalenosti, popiipad€ konat rizné aktivni
¢innosti jako napf.: sporty, rizna povolani aj. Jeho spravné fungovani je také dilezitou soucasti
komfortniho fungovani v bézném zivoté. Poruchy binokuldrniho vidéni mohou zpisobovat
negativni symptomy a projevuji se fadou problému. Je proto velice dilezité, aby byly osoby
provadégjici refrakci o¢i schopni vhodnymi testovymi metodami odhalit a nasledné 1 feSit

problémy s binokularitou.

Konkrétni porucha binokularity, na kterou se tato prace soustfeduje, se nazyva
heteroforie. Jedna se o skryté resp. ne zjevné Silhani velice rozsifené mezi lidmi. Mize
se vyskytovat pti pohledu do blizka, do dalky, nebo na obé vzdalenosti. Ne vSechny heteroforie
jsou symptomatické a zpusobuji potize. Je tedy nutné umét rozpoznat v jakém piipadé

zasahovat a snazit se nalézt feSeni a v jaké situaci neni feSeni nutné.
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Zrakovy systém

Nas zrakovy systém dokaze zprostiedkovat binokularni vjem pouze, pokud je dobie
vyvinuta okulomotorika, nervovy systém a zarovei jsou ob¢ o¢i dokonale schopny kooperovat.
Soucasti jednoduchého binokularniho vidéni je i schopnost vytvaret retinlni obrazy v mistech
sitnic obou o¢i, které spolu koresponduji. Pokud je postaveni o¢i rovnovazné, pak se tento stav
nazyva ortoforie, naopak pii nerovnovazném postaveni jde o heteroforii nebo heterotropii. [1,
2]

Ortoforie

V ptipad¢ ortoforie, kdy je postaveni o¢i v rovnovazném stavu, jsou vizudlni osy pfi
pohledu na nekonecno paralelni. Tento stav plati jak za pfitomnosti fuze, tak pii disociaci.

Binokularniho vjemu je dosazeno bez potizi. [2, 3, 4]
Heteroforie

Postaveni o¢i neni v tomto ptipadé v rovnovazném stavu, ale na rozdil od heterotropie
je zjistitelna az po poruseni fuze. Pravé proto se tento typ Silhani nazyva skryté, nebo také
latentni. Tato vada miZe mit mnoho riiznych pfi€in jako napf.: chybné anatomické rozloZeni
svalt, dysfunkci akomodaéné konvergentniho mechanismu, chybné fungovani jednoho nebo
vice o¢nich svall. Velikost heteroforie neni stabilni, méni se jak v prubéhu dne, tak i béhem
vySetteni. Vysledky mize ovlivnit zvolena testova metoda, inava o¢ni ¢i celkova, poptipadé

i nemoc. [5, 6, 3]

Heteroforie miiZe byt pfitomna jako kompenzovana, tento ptipad se tyka vétSiny osob
S heteroforii, anebo dekompenzovana. Dekompenzovand se projevuje symptomatickymi
obtizemi, jako jsou diplopie pfi inave¢, slzeni, svétloplachost, paleni o¢i a bolesti hlavy, zaroven

se pii ni utvaii suprese. [6, 7]

Vzhledem k zavislosti heteroforie na akomodacné konvergentnim reflexu rozliSujeme
heteroforie do blizka a do dalky. Jejich hodnoty se rovnaji pouze pii normalnim fungovani

akomodacné konvergentniho reflexu. [6, 7]

Heteroforie rozliSujeme na horizontalni (esoforie, exoforie), vertikalni (hypoforie,
hyperforie) a cykloforie (incykloforie, excykloforie). Refrakéni vady maji vliv na velikost i typ

heteroforie. Hypermetropové budou tihnout k esoforii, a naopak myopové k exoforii. Déle je
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nutné vzit v vahu i fakt, Ze méfeni probiha za statickych podminek a v potaz by méla byt brana

1 hodnota fiznich rezerv, které ptisobi jako vyvazovaci prvek heteroforie. [6, 7]
Epidemiologie vergen¢nich vad

Heteroforie patii spiSe mezi bézné nalezy oproti ortoforii, ktera je spise idealnim stavem.
Udava se vyskyt ortoforie mezi 20 — 30 % vysSetfovanych, ale mohou k nim byt pfipocitavani 1
vysetfovani s velice malou vadou. Silhani skryté v primarnim postaveni ptipada na 70 — 80 %
pacientii. Do blizka se udava az 100 % vyskytovost. Samotné vertikalni forie zabiraji 15 — 24
%, ale kombinovana forma vertikalnich a horizontalnich forii se vyskytuje az u 45 % piipada.
Ptes vysoky vyskyt heteroforii se o dekompenzovanou variantu jednd pouze v cca 10 %
ptipadu. Pravé diky tomuto niz§imu ¢islu je povédomi lidi nepohybujicich se v oboru optiky a

optometrie o heteroforii a s ni spojenymi problémy témeéf mizivé. [6, 3]

Vyskyt vergencnich vad jsem si ovéfoval na skupiné studenti Fakulty Biomedicinského
inzenyrstvi CVUT. Vyzkum mél za cil potvrzeni pravdivosti ¢ nepravdivosti uréitych

predpokladii ohledné obecné znamych faktii o heteroforii.
Metodika vyzkumu

Probandi experimentu byli studenti vysoké Skoly ve veéku 19 az 26 let. Celkovy pocet

ucastnikt byl 50. Z toho 30 Zen a 20 muZzl. VySetfovaci vzdalenost byla 6 metrti.

Zacatek vySetfeni spocival ve zpracovani anamnézy. Pomoci dotazniku byla kromé
rodinné, celkové a ocni anamnézy hlavné zjiStovana mozna piitomnost dekompenzované
heteroforie. Jako dalsi krok byla zjiStovana objektivni refrakce pomoci autorefraktometru.
Hodnoty naméfené autorefraktometrem byly pouZity jako vychozi bod pro subjektivni refrakei,
ktera nasledovala po zjisténi naturdlniho visu. Sférocylindricka refrakce byla provedena
na Snellenovo optotypu. Postupné byla naméiena nejlepsi sféra, nasledné byla na bodovém Dot
testu za pomoci Jacksonova zkiizeného cylindru vykorigovana cylindricka cast korekce
a po kontrole sféry nasledovalo binokularni akomodaéni vyvazeni vyuzivajici tfitddkovy

polarizaéni test.

Dalsi testy se jiz tykaly binokuldrniho statusu vySetfovaného. Vyuzito bylo Sirsi
spektrum metod. Nejdiive cover testy metodami cover-uncover a Ccross-cover, jimiz
se da odhalit jak heterotropie tak i heteroforie. Dal§im testem byl kiizovy Cross test s fuznim

podnétem, méfici asociacni forii, nasledné byl odebran fizni podnét a méfena byla disociovana
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forie. Disociovana forie byla tedy méfena Cross testem bez fuzniho podnétu, Maddox rod

testem do déalky a Schoberovym testem.

Disociovana forie byla zji§tovany i na blizko, a to ve vzdalenosti 40 cm pfed o¢ima

vysetfovaného. Vyuzito bylo Cross testu bez fuzniho podnétu a Maddox rod testu.

Celkové byly hodnoty méfeny s piesnosti na 0,25 pD. Délka méfeni byla nejcastéji
Jako heteroforik s horizontalni forii byl oznacen proband, jehoz namétené hodnoty dosahovaly
1 pD a vyssi. Oznaceni heteroforik s vertikalni forii pak dostali probandi s hodnotami 0,5 pD
a vyssi. Tyto dvé hranice byly vymezeny na zaklad¢ aplikovani prizmatickych ¢oc¢ek do brylové

korekce, kdy brylemi kompenzujeme vadu vertikalni od 0,5 pD a vadu horizontalni az od 1 pD.
Vysledky méreni

V primarnim postaveni o¢i do déalky byla celkem z 50 osob heteroforie do dalky
potvrzena u 35 jedinct, coz se rovna 70 % (obrazek 1) a do blizka u 41 osob (82 %) (obrazek
2). Pouze 5 osobam, kterym byla diagnostikovana heteroforie na dalku, nebyla prokazana
heteroforie na blizko. Tyto hodnoty vychazi z méfeni pomoci Maddox rod testu do blizka
ado dalky. V pfipad¢é Cross testu bez fuzniho podnétu na dalku i na blizko byly hodnoty
vyrazng nizsi. Konkrétné 21 osob (42 %) s heteroforii na dalku a 33 osob (66 %) s heteroforii

na blizko.

VYSKYT HETEROFORIE DO

DALKY
Ortoforie 30 %

N

O
0

Heteroforie do
dalky 70 %

Obrazek 11: Vyskyt heteroforie do dalky
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VYSKYT HETEROFORIE DO
BLIZKA

Ortoforie 18 %

b.ri‘:l‘ 3
Heteroforie do
blizka 82 %

Obrazek 12: Vyskyt heteroforie do blizka

Heteroforie, se muze vyskytovat, jako asymptomaticka tzn. nezptsobujici potize
a symptomatickd tzn. zpisobujici obtize. Heteroforikli se symptomatickou forii bylo zjisténo

celkem 7, coz déla 15 % z celkového poctu 46 osob s prokdzanou heteroforii.

Nasledujici tabulka (tabulka 1) znazoriuje, jak jsou poméroveé rozdéleny vady esoforie
a exoforie mezi hypermetropy a myopy. Respektive zdali rozloZeni odpovida pfedpokladu,

Ze vice hypermetropt bude tihnout k esoforii, a naopak vice myopu k exoforii.

Tabulka 5: Pomérové rozloZeni exoforiki a esoforiki u hypermetropi a myopt

Vzdalenost Refrakéni vada Exoforie : Esoforie
Hypermetropie 1:2

Do dalky yp - P
Myaopie 3:2
Hypermetropie 1:1

Do blizka yp - P
Myopie 3:1

Tabulka ¢. 2 znazoriiuje jednotlivé vysledky prokazanych typd heteroforii

u jednotlivych testli do dalky a tabulka €. 3 do blizka.
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Tabulka 6: Zastoupeni jednotlivych typt heteroforii u danych testi do dalky

Vertikalni forie

Esoforie  Exoforie g o
(smiSend i nesmiSend)

Cover test (cross-cover) 5 12 0

Cross test s fuznim

“ 4 10 1
podnétem
Cross test bez fuzniho
. 7 12 6
podnétu
Maddox rod test 10 16 14
Schoberuv test 6 8 4

Tabulka 7: Zastoupeni jednotlivych typt heteroforii u danych testi do blizka

Esoforie  Exoforie Vertikalni forie

(smiSena i nesmiSena)

Cross test bez fuzniho 8 15 1
podnétu
Maddox rod test 12 24 20

Diskuze

Z vysledkdl vyplyva, ze vSechny obecné udavand fakta v odborné literatufe jsou
pravdiva a ovéfitelna 1 na mensi skuping subjeti. Celkové bylo naméieno 70 % heteroforikti do
dalky v primarnim postaveni o¢i a 82 % heteroforiku na blizkou vzdalenost. Obecné udavana
fakta v odborné literatuie jsou 70 — 80 % heteroforikti do dalky a témér 100 % heteroforikti do
blizka. Dotaznikovym Setfenim bylo dale detekovano 15 % osob s dekompenzovanou
heteroforii. V literatufe se uvadi udaje pohybujici se okolo 10 %. Vyskyt heteroforii na blizko

je o 12 % vyssi nez na dalku.
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Dalsim pfedpokladem byla pfevaha esoforie u hypermetropti a u myopt naopak
exoforie. Z tabulky ¢. 1 vyplyva, Ze v pripadé myopie se exoforie objevuje vyrazné ¢astéji nez
esoforie, do dalky ji prevySuje v poméru 3:2 a do blizka dokonce 3:1. V piipad¢ hypermetropie

esoforie pfevazovala exoforii v poméru 2:1 do dalky, do blizka uz byl pomér vyrovnany na 1:1.

Do délky bylo Maddox rod testem zjisténo 35 ptipada heteroforie a do blizka 41. Jedna
se 0nejvyssi mnozstvi piipadll v porovnani s ostatnimi testy. Divodem je s nejvetsi

pravdépodobnosti nejvyssi stupeni disociace, kterd je pii této metod€ pouzivana.

byt napiiklad nizsi zkuSenost vysettujiciho s detekei vad.

Nasleduje ukéazka nékterych vysledki diplomové prace Be. Markéty Trnakové, jejimz
tématem byl Vyskyt heteroforie u ametropii v populaci studentl. Z celkového poctu
62 namétfenych studentll byla heteroforie pomoci Maddox rod testu prokazana u 77 % osob.
Timto testem bylo také naméteno procentudlni rozdéleni heteroforii na horizontalni, vertikélni

a kombinované. Vysledky a porovnani s vlastnim vyzkumem jsou zaneseny 4. [8]

Tabulka 8: Porovnani vysledkii jiné prace s vlastnimi vysledky

Typy heteroforie DP Bc. Trnakové Vlastni méfeni
Horizontalni 74 % (= 38 0sob) 60 % (= 21 osob)
Vertikalni 14 % (= 7 osob) 26 % (= 9 osob)
Kombinovana 12 % (= 6 osob) 14 % (= 5 osob)

Vysledky obou praci nejsou zcela shodné, ale nejsou patrné vyznamné rozdily
vV rozdéleni typd heteroforii. V pfipadé¢ vyskytu heteroforii je vysledek velmi podobny

vlastnimu experimentu, kde se vyskyt rovna 70 %, tedy konkrétné 35 jedinct z 50.

Pro spravné vnimani prostoru a celkové okolniho prostiedi je velice dilezité binokularni
vidéni bez jakychkoliv jeho poruch. Naptiklad poruchy vergenéniho souhybu patii mezi
vyznamné slozky, které¢ znesnadiiuji nas Zivot ve spolecnosti, predevsim kvili zvySujicim se

naroklim na nase zrakové ustroji.
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V praci je popsano a rozebrano né¢kolik dilezitych informaci ohledné pojmu ortoforie a

heteroforie, a dale je popsan vyskyt vergen¢nich vad v populaci. Obsahové se prace tyka hlavné

rozsiteni heteroforii v populaci a upozoriiuje také na nemaly vyskyt dekompensovaného

problematického skrytého Silhani. Upozornéni na nebezpeci a vyssi vyskyt dekompensované

heteroforie je zaroven i jednim z hlavnich cili prace. Dalimi cili je ukazat rozdily mezi

jednotlivymi druhy testd a priblizit, kdy l1ze ocekavat vyssi vysledky a kdy naopak by bylo

vhodné jesté néjaky test pridat kvili mensi priikkaznosti.
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The work deals with the occurrence of heterophoria in the population. Descriptions of
decompensated heterophoria and the importance of its knowledge. The experimental part deals

with the representation of individual types of heterophoria in a group of university students.
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For the spatial perception of our surroundings is important the binocular vision. Thanks
to it we are able to perceive different spatial details, estimate distance, or held a variety of
regular activities such as: sports, different professions, etc. Its correct function is also
an important part of comfortable functioning in everyday life. Disorders of binocular vision
may cause the negative symptoms and manifest as a number of problems. It is therefore very
important that the person performing the refraction of the eyes is able to expose

by an appropriate test methods and subsequently resolve problems with binocularity.

Specific disorder of binocularity, on which this work focuses, is called heterophoria.
This is a hidden or not obvious squint very widespread among the people. It may occur when
looking to a close distance, into the far distance, or both distances. Not all of heterophorias are
symptomatic and cause trouble. It is therefore necessary to be able to recognize in which case

to intervene and try to find a solution and in which situation is not the solution required.
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Visual system

Our visual system can only mediate binocular perception if the ocular motor functions,
the nervous system, and while both eyes are perfectly able to cooperate. Part of the simple
binocular vision is the ability to create retinal images at the retina of both eyes, which
correspond with each other. If the position of the eyes is equilibrium, then this condition is
called orthophoria, while in the case of non-equilibrium it is heterophoria or heterotropia. [1,
2]

Orthophoria

In the case of orthophoria, when the position of the eyes is in equilibrium, the visual
axes are parallel when viewed at infinity. This condition applies both in the presence of fusion

and in dissociation. Binocular perception is achieved without difficulty. [2, 3, 4]
Heterophoria

The position of the eyes in this case is not at steady state, but, unlike heterotropia, it is
only detectable after a fusion violation. That's why this type of squint is called hidden, or latent.
This defect can have many different causes, such as: an incorrect anatomical muscle
distribution, a dysfunction of the accommodative convergent mechanism, one or more ocular
muscles malfunctioning. The size of heterophoria is not stable, it changes both during the day
and during the examination. The results can be influenced by the chosen test method, ocular or

total fatigue, or even disease. [5, 6, 3]

Heterophoria may be present as compensated, this case affects most people with
heterophoria or decompensated. Decompensated manifests itself by symptomatic difficulties
such as diplopia in fatigue, lacrimation, photophobia, burning eyes and headaches, while

suppressing it. [6, 7]

Due to heterophoria dependence on the accommodative convergent reflex,
we distinguish heterophoria into near and far. Their values are equal only in the normal

functioning of the accommodative convergent reflex. [6, 7]

Heterophoria is distinguished into horizontal (esophoria, exophoria), vertical
(hypophoria, hyperphoria) and cyclophory (incyclophoria, excyclophoria). Refractive defects

affect the size and type of heterophoria. Hypermetrops will gravitate towards esophoria and
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vice versa myopias to exophoria. Furthermore, it is also necessary to take into account the fact
that the measurement takes place under static conditions and the value of the fusion reserves,
which acts as a counterbalance to heterophoria, should also be taken into account. [6, 7]

Epidemiology of vergence defects

Heterophoria is more of a common finding than an orthophoria, which is rather an ideal
condition. The occurrence of orthophoria between 20 — 30 % of the investigated is reported, but
investigations with very little defect may be added to them. Squinting hidden in primary position
accounts for 70-80 % of patients. Up to 100 % incidence is reported. Vertical forms themselves
occupy 15 — 24 %, but the combined form of vertical and horizontal forms occurs in up to 45
% of cases. Despite the high occurrence of heterophoria, the decompensated variant is only in
about 10 % of cases. It is thanks to this lower number that people who do not move in the field
of optics and optometry are heterogeneous and the problems associated with it are almost
negligible. [6, 3]

I verified the occurrence of vergence defects on a group of students of the Faculty
of Biomedical Engineering of CTU. The research aimed at confirming the truth or falsity

of certain assumptions about the generally known facts about heterophoria.
Research methodology

The experimenters were university students aged 19 to 26 years. The total number
of participants was 50. Of which 30 were women and 20 were men. Examination distance was

6 meters.

The beginning of the examination consisted in processing a medical history. Using the
questionnaire, besides family, general and ocular history, the possible presence
of decompensated heterophoria was mainly identified. The next step was to determine the
objective refraction using the autorefractometer. The autorefractometer readings were used as
the starting point for the subjective refraction that followed the natural visceral detection.
Spherocylindrical refraction was performed on Snellen's optotype. The best sphere was
measured gradually, and the cylindrical part of the correction was corrected on a Dot test using
a Jackson Crossed Cylinder followed by a binocular accommodative balance using a three-line
polarization test.
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Other tests already concerned the binocular status of the participant. A wider range of
methods was used. First, cover-uncover and cross-cover tests to reveal both heterotrophia and
heterophoria. Another test was a Cross fusion test, measuring association form, followed by
fusion stimulation, and dissociated form was measured. The dissociated form was thus
measured by a Cross test without a fusion stimulus, Maddox rod by a distance test and a Schober

test.

Dissociated forms were also detected at close range, at a distance of 40 cm in front of

the examined eyes. Cross test without fusion stimulus and Maddox rod test were used.

Overall, the values were measured to 0.25 pD. The length of the measurement was
mostly about 20 - 30 minutes, but for some more complex probands the time was up to 40
minutes. As a heterophoric with a horizontal form, a proband whose measured values were 1 pD
and higher was designated. Heterophorics with vertical forms were then given probands with
values of 0.5 pD and higher. These two boundaries were defined by applying the prismatic
lenses to the spectacle correction, whereby the glasses compensate for the defect vertical from
0.5 pD and the horizontal defect from 1 pD.

Measurement results

In primary position of eyes into the far, a total of 50 people were heterophory in the
distance in 35 subjects, equivalent to 70 % (Figure 1) and close to 41 (82 %) (Figure 2). Only
5 people who have been diagnosed with heterophoria at a distance have not been shown to have
heterophoria at close range. These values are based on measurements by the Maddox rod near
and far test. In the case of the Cross test without both fusion distance and near fusion, the values
were significantly lower. Specifically, 21 persons (42 %) with a remote heterophoria and 33
persons (66 %) with a close heterophoria.
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THE OCCURRENCE OF HETEROPHORIA

INTO THE DISTANCE
orthophoria 30 %

heterophoria into
the distance 70%

Figure 4: The occurrence of heterophoria into the distance

OCCURRENCE OF HETEROPHORIA
INTO THE NEAR

orthophoria 18 %

.................

heterophoria into
the near 82 %

Figure 5: occurrence of heterophoria into the near

Heterophoria can occur as asymptomatic, ie. not causing discomfort and symptomatic
ie. causing difficulties. Heterophorics with symptomatic forms were found in 7 cases, which

makes 15 % of the total of 46 people with proven heterophoria.

The following table (Table 1) shows how the defects of esophoria and exophoria are
divided between hypermetropia and myopia. Respectively, if the distribution corresponds to the
assumption that more hypermetrops will gravitate towards esophoria and vice versa more

myops to exophoria.

158



Table 1: Proportional distribution of exophorics and esophors in hypermetrops and myops

Distance Refractive defect Exoforia : Esoforia

Into the far Hypermetropia 1.2
Myopia 32
Hypermetropia 1:1

Into the near yper p
Myopia 31

Table 2 shows the individual results of proven types of heterophoria in individual long-

range tests and Table 3 in the near range.

Table 2: Representation of individual types of heterophoria in given tests into the distance

Vertical foria

Esofori Exofori . i
sotoria =X0ToMa - ixed and unmixed)

Cover test (cross-cover) 5 12 0

Cross test with fusion

. 4 10 1
stimulus
Cross test without fusion
. 7 12 6
stimulus
Maddox rod test 10 16 14
Schober test 6 8 4

Table 3: Representation of individual types of heterophoria in given tests into the near

Esoforia  Exoforia Vertical foria

(mixed and unmixed)

Cross test without fusion 8 15 1
stimulus
Maddox rod test 12 24 20
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Discussion

These points correlated with generally accepted facts from the literature: the percentage
distribution of orthophorics and heterophics, heterophages compensated and decompensated,
and at the same time heterophoria to the near will be more than far away. 70 % of heterophorics
were measured into the distance in the primary eye position and 82 % into the near distance.
The general facts in the literature are 70-80 % of heterophorics in the distance and nearly 100
% of heterophorics in the near. 15 % of people with decompensated heterophoria were detected
by the questionnaire survey. In the literature, figures of about 10 % are reported. Near

heterophoria is 12 % higher than distance.

Table 1 shows that in the case of myopia, exophory occurs significantly more often than
esophory, far into the distance 3: 2 and even near 3: 1. In the case of hypermetropia, esophagia

prevailed in the distance 2: 1 into the distance, to a close to 1: 1.

In the distance, 35 cases of heterophoria and near 41 were detected by Maddox rod test.
This is the highest number of cases compared to other tests. The reason is most likely the highest
degree of dissociation used in this method.

The reason for the lowest number of measured heterophoria in the cover test by the cross-
cover method could be, for example, a lower experience of the investigator with the detection

of defects.

The following is a sample of some results of the thesis Bc. Markéta Triidkova, whose
theme was the Occurrence of Heterophoria in Ametrops in the Student Population. Of the total
of 62 measured students, 77 % of the subjects had heterophoria using Maddox rod test. This
test also measured the percentage distribution of heterophorias to horizontal, vertical and
combined. The results and comparisons with the actual experiment are included in 4. [8]

Table 4: Comparison of results of other work with own results

Types of
) Be. Triiakova Own results
heterophoria
Horizontal 74 % (= 38 people) 60 % (= 21 people)
Vertical 14 % (= 7 people) 26 % (= 9 people)
Combined 12 % (= 6 people) 14 % (= 5 people)
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The results of both works are not exactly the same, but there are no significant
differences in the distribution of heterophoria types. In the case of the heterophorias occurence,
the result is very similar to the actual experiment, where the incidence equals 70 %, specifically
35 individuals out of 50.

For the correct perception of space and the overall environment surroundings is very
important to have binocular vision without any possible disorders. For example, disorders
of vergence movements are among the significant components, that makes our life in
the society more difficult, mainly due to the increasing demands on our visual system. Several
important information on the terms orthophory and heterophoria are described and discussed,
as well as the occurrence of vergency defects in the population. The research part of the content
relates mainly to the extension of heterophoria in the population and also highlights the
considerable incidence of decompensated and problematic hidden strabism. Alert to danger and
a higher incidence of decompensated heterophoria is also one of the main objectives of the
work. The other goal is to show the differences between the dissimilar kinds of tests, and zoom
in, when can we expect higher results and when on the contrary it would be appropriate to still

go through some tests due to the smaller evidence.
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Rozdiel medzi metodami disociacie pri merani heteroforii

Katedra optometrie a ortoptiky, Lékatska fakulta, Masarykova univerzita, Brno

Anotacia

Meranie heteroforii je jedna z najdolezitejSich vysetreni v praxi optometristu, vd’aka
ktorej je mozné docielit’ pozadovany komfort videnia. Metdod merania heteroforii je viacero a
preferencie sa v jednotlivych kultirach menia. V tejto praci su porovnané dve metody disociacie
obrazu - disocidcia cylindrom a prizmou. V snahe dosiahnut’ ¢o najpresnejSicho merania
heteroforii je potrebné najst’ takii metddu, ktord je najmenej ovplyvnend vedlaSimi efektami,

ako napr. fizna vergencia, fizne rezervy, chyba spoluprace vysetrovaného atd’.

Kruacoveé slova

Heteroforia, disocidcia, cylinder, prizma, Maddox, von Graefe, Thorington, Howell.

K plnohodnotnému vySetreniu optometristom okrem urcenia subjektivnej refrakcie patri
aj vySetrenie heteroforii do dial’ky aj do blizka. Skryté Sktilenie na rozdiel od zjavného moze
posobit’ nendpadne, avSak v dlhodobom hladisku spdsobuje astenopické problémy, ktoré
narusuju pohodu a kvalitu zrakovych funkcii. VySetrenie heteroforii je moZzné hned’ niekol’kymi
technikami - metédy pomocou cylindra alebo prizmy su popularne hlavne v anglosaskych
krajinach a ich vyhodou je rychlost” a jednoduchost’ vyhodnotenia. Kazda optika zéaroven
obsahuje tabulky na vySetrovanie do blizka, ktorych sucast'ou su aj testy uréené na meranie
heteroforii. Vzhl'adom na rozdielne techniky disocidcie obrazu vSak moéze dochadzat’ k
rozdielom medzi nameranymi hodnotami. Vysledna vel'kost’ nameranej odchylky eSte moze
byt ovplyvnend d’al§imi aspektami zrakovych funkcii. T4to praca sa venuje porovnaniu dvoch
zakladnych metdd disocidcie obrazu a vyhodnoteniu rozdielom medzi nimi. Svojimi
vysledkami by mohla priniest’ ndhl'ad na najvhodnej$iu metddu merania heteroforii, ktora je

vypovedna a minimalne ovplyvnena chybami merania.
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Metoda Maddoxovym cylindrom

Maddoxov cylinder je pomdcka pri vySetrovani heteroforii, ktord zabezpeci disociaciu
obrazov pravého a lavého oka. Moéze byt vsadeny do sktiSobnej obruby, alebo modze
predstavovat’ samostatnii pomdcku, ktoru si pacient pred okom drzi sam. Spravidla sa cylinder
predklada pred pravé oko, pricom l'avym okom pacient pozoruje stupnicu na prislachajicom
teste (najCastejSie Maddoxov kriz). Stupnica je v horizontdlnom aj vertikdlnom smere a
uprostred, kde sa pretinaji nulové pozicie oboch stupnic je vsadené svetlo. Svetelny bod sa
pozorovanim cez sklicko javi ako svetelnd Ciara, ktorti vytvara sustava silne ldmavych
plancylindrov. Pri smere natocenia cylindrov v 0° sit merané vertikalne heteroforie, zatial’ ¢o v
smere natocenia cylindrov do 90° horizontalne odchylky. V pripade nepritomnosti ziadnej forie
svetelna Ciara prechadza nulovym bodom stupnice. Pri forii sa Ciara javi vychylena od stredu a
to v smere opacnom, neZ je dana odchylka (Obr.1). Vel'kost odchylky sa jednoducho od¢ita zo

stupnice, pricom 1 diel je rovny 1 pD.

Obr. ¢.1: Disociacia cylindrom v pripade esoforie 3pD.
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Metoda Graefeho prizmou

Von Graefeho metoda je zalozend na disociacii obrazu pravého a 'avého oka pomocou
prizmatickej SoSovky orientovanej bazu nadol. Skli¢ko s prizmou je vsadené do skuSobnej
obruby pred pravé oko. Vel'kost Graefeho prizmy je zvolené podl'a velkosti vertikalnej fuzne;j
rezervy. Hodnota 6 pD je vo vécSine pripadov dostato¢na k prekroceniu fuznych rezerv, o je

potrebné k tomu, aby pacient nebol schopny oba dva obrazy spojit. VySetrovany v takomto
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pripade vidi rozdvojeny obraz stupnice, ktora sa pred nim nachadza.

Najcastejsie pouzivanou stupnicou je Howellova karta, ktora je farebne rozdelena na
stupnicu nad nulou (zobrazujuca esoforiu) a pod nulou (zobrazujica exoforiu). V nulovom bode
stupnice sa nachadza ukazovatel’ v podobe §ipky, ktora ukazuje hodnotu odchylky. Ak su Sipky
rozdvojenych testov priamo nad sebou, odchylka je nulova, je pritomna ortoféria. Ak horna
Sipka ukazuje na ¢islo iné nez nulu, podobne ako pri Maddoxovom cylindry plati, ze smer forie
je opacny nez smer Sipky. (Obr.2) Velkost' heteroforie sa odc¢ita priamo zo stupnice, ktora ma
zachovany pomer 1 diel = 1 pD. Je vSak potrebné dodat, ze Howellova karta slizi len na

meranie horizontalnych forii.

Obr. ¢. 2: Disociacia prizmou v pripade exoforie 4 pD.

spliiujtici podmienky :
» stav bez pritomnej zadvaznej ocnej patologie
» bez heterotropie
» bez predchadzajucej pleoptickej alebo ortoptickej terapie

» refrakéna vadado 10+ D
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Kazdy clovek zapojeny do Studie podpisal informovany suhlas so zaradenim do
vyskumu bez naroku na honorar a bez zverejnenia osobnych tidajov. Dalej informovanym
suhlasom potvrdili pravdivost’ nimi poskytnutych informacii o svojom zdravotnom stave.
Podpisom prijali aktivnu spolupracu pri vySetreni bez umyslu podavat’ nepravdivé reakcie za
ucelom skreslenia Stadie. Ani jeden z vySetrovanych neodmietol suhlas podpisat, jedna

pacientka vSak musela byt’ kvoli nesplneniu kritérii zo Stidie vyradena.

Obr. ¢. 3: WySetrovia, v ktorej vyskum prebiehal
Metodika

Meranie heteroforii disocidciou cylindrom (prizmou) prebiehalo do dialky vo
vzdialenosti 6 m. V danej §tudii bola pouzita modifikovand metéda MK - Thoringtonov test.
Na rozdiel od MK je zobrazena jedna stupnica v diagonalnom smere, pri¢om v nulovej hodnote
sa nachadza bodovy zdroj svetla. Pre Gcely tejto prace, boli zistované len horizontalne forie.
Pouzity bol MC (GP 270°) vlozeny do sktSobnej obruby, predlozeny pred pravym okom.
Vysetrovany bol pouceny o priebehu testu, na uistenie pochopenia bola pouzitd simuldcia
svetelnej linie (rozdvojenej Sipky) pri réznych typoch forii eSte pred samotnym predlozenim
cylindra (prizmy) pred oko. Do dial’ky bol test premietany na interaktivnu tabulu, pricom test
bol prisposobeny presne na vysetrovaciu vzdialenost so zachovanymi pomermi. VySetrenie
HTF prebiehalo po binokuldrnom vyvazeni a medzi jednotlivymi metédami disocidcie bol

dodrzany casovy odstup 5 min., ktory je potrebny na adaptéciu.
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Po zisteni subjektivnej refrakcie do blizka bol postup vysetrenia HTF rovnaky obdobou
vySetrenia do dial’ky. VySetrovana vzdialenost’ do blizka bola 40 cm. K dispozicii bola verzia
Thoringtonovej karty na blizku vzdialenost’ (Obr.4) a ¢itacie tabul’ky, ktoré obsahuju Howellov

test. Opat bola dodrzana 5 minatova prestavka medzi dvoma typmi disociécie.

Obr. ¢. 4: Thoringtonova karta do blizka

Priama metoda

KaZzdé meranie prebehlo dvoma metdodami — priamou aj nepriamou. Priama metoda
znamena aktivnu spolupracu vySetrovaného, pricom jeho ulohou je udat’ polohu
disociovaného obrazu. Pri pouziti Maddoxovho cylindra bolo od vySetrovaného potrebné
zadat’ polohu svetelnej linii vzh'adom k stredu. Pri Howellovom teste pacient udéaval, na aké
¢islo ukazuje Sipka zo stupnice vytvorenej prizmou. Okrem ¢isla bolo potrebné udat’ aj farbu
pozadia stupnice, priCom zIta znacila esoforiu a modra exoforiu. Namerané ¢isla boli

zaznamenané do tabul’ky a prepocitané na prizmatické dioptrie.
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Nepriama metoda

Podobne ako pri pouziti priamej metddy, tak aj pri nepriamej metdde sa vyzaduje
spolupraca vysetrovaného. V tomto pripade vSak nezaznamendvame zadant polohu vnemu,
ale pomocou prizmatickej liSty sa snazime obrazy oboch o¢i prekryt’ — vyrovnavame
odchylku pomocou prizmy. Pacient zadava moment, kedy sa svetelna linia (v pripade pouzitia
Maddoxovho cylindra) dostala do nulovej pozicie. Pri disocidcii prizmou bol zahlaseny
moment, kedy hornd Sipka ukazovala na nulu — obidve stupnice boli v pozicii nad sebou (Obr.

5). Po zadani tohto momentu bola hodnota vyrovnéavajlcej prizmy zaznacena do tabulky.

TSR ' '
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Obr. ¢. 5: Pozicie disociovanych vnemov po vyrovnani prizmou

Namerané hodnoty

V prvej fdze vyskumu bolo nameranych 8 o0sob, z toho Styria muzi atri Zeny vo
vekovom rozmedzi 26 az 60 rokov. Jedna pacientka musela byt nasledne zo Stidie vyradena,
pretoze v minulosti podstapila pleopticku lie€bu, avSak pri anamnestickom vySetreni tto liecbu
negovala. Vysledky boli zaznamendvané do pripravenej tabulky a nésledne Statisticky
spracované. Cervenou farbou st vyznacené hodnoty namerané pri pouziti maddoxovho cylindra
a modrou farbou st vyznacené hodnoty z merania pomocou Graefeho prizmy. Kladné hodnoty
znacia esoforiu, zaporné hodnoty exoforiu. Pri vypocte a spracovani priemeru vSak museli byt

brané do uvahy absolttne hodnoty tychto ¢isel.
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dial’ka blizko
PM [pD] NM [pD] PM [pD] NM [pD]

3,5 4 8 12 2 3 4 6

5 1 5 4 4 2 2 -2
0,5 0 -0,5 -1 3 1 -4 -2
2,5 0,5 4 2 1 0,5 2 1
1,5 0,5 2 2 1,5 0 2 0

0 0 0 0 1 0,5 0 0,5
0,5 0 0 -1 2 2 6 -2
1,93 0,86 2,79 3,14 2,07 1,29 2,86 1,93

Cervené pozadie — Maddoxov cylinder

Modré pozadie — Graefeho prizma

Tab. ¢.1: Namerané odchylky s priemernymi hodnotami
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Vysledky

Priama metdda
3,50

3,00 u MADDOXOV
CYLINDER
2,50 B GRAEFEHO PRIZMA

1,93

2,00

1,50

velkost HFT [pD]

0,86

1,00

0,50

0,00

Graf ¢. 1: Priemerné hodnoty odchylky nameranych priamou metodou do dialky

Nepriama metéda

3,50

3,14
3,00 2,79 m MADDOXOV
CYLINDER

2,50 B GRAEFEHO PRIZMA
2,00

1,50

1,00

0,50

0,00

Graf ¢. 2: Priemerné hodnoty odchylky nameranych nepriamou metodou do dialky

velkost HFT [pD]
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Priama metdda

3,50

3,00 m MADDOXOV
CYLINDER
2,50 B GRAEFEHO PRIZMA
2,07

2,00

1,50

velkost HFT [pD]

1,00

0,50

0,00

Graf ¢. 3: Priemerné hodnoty odchyliek nameranych priamou metodou do blizka

Nepriama metéda

3,50

3,00 2,86 B MADDOXOV
CYLINDER

2,50 B GRAEFEHO PRIZMA

1,93

2,00

1,50

velkost HFT [pD]

1,00

0,50

0,00

Graf ¢. 4: Priemerné hodnoty odchyliek nameranych nepriamou metodou do blizka
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Rozdiel medzi dvoma metoédami disociacie — metdda Maddoxovym cylindrom a metéda
Graefeho prizmou — je do blizka znateI'nejsi nez do dialky. Zaroven sa medzi sebou liSia aj
vysledky zpriamej anepriamej metody merania. Rozdiel priemernych hodn6t medzi
technikami cylinder a prizma bol do dial’ky pre priamu metddu cca 1,0 pD.. Do blizka je rozdiel
pre priamu metddu cca 0,75 pD a pre nepriamu cca 1,0 pD. Jediny pripad nepriameho merania
do dial’ky vykazoval priemernti hodnotu odchylky namerant prizmou.vyssiu nez cylindrom.

Rozdiel medzi nimi bol cca 0,25 pD.

Pomocou Maddoxovho cylindra boli namerané hodnoty heteroforii vysSie nez pri
pouziti prizmy, ¢o moze byt spdsobené neliplnym uvolnenim fuznych rezerv. V praxi by sme
sa mali snazit’ ¢o najviac obmedzit’ takéto vedlajsie vplyvy, preto odpori¢am uprednostnit’
z tychto dvoch metdd disociaciu cylindrom. Naviac pacienti uvadzali miestami neprijemné
pocity pri vySetreni pomocou prizmy. Nie kazdy pacient je vSak na svetlo z Thoringtonovho
testu reaguje rovnako dobre. Aj ked’ sa vySetrenie heteroforii uskutocnuje az po dokladnom
vySetreni a binokuldrnom vyvaZzeni, méze mat pacient poruchu kontrastnej citlivosti, resp.
farebného videnia. V kazdom pripade je dolezité vyhodnotit, ktora metdoda merania bude

najlepSia pre spravne a ¢asovo nendro¢né vySetrenie heteroforii.
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Differences between two methods of heterophoria examination
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Anotation

Measurement of heterophoria is one of the most important examinations in the practice
of an optometrist, thanks to which it is possible to achieve the desired visual comfort. There are
several methods of measuring heterophoria and preferences vary from culture to culture. In this
work, two methods of image dissociation - cylinder and prism dissociation are compared. In
order to measure heterophoria as accurately as possible, one must find a method that is least

affected by side effects, such as fusion vergency, fusion reserves, co-operation error, etc.

Key words

Heterophoria, dissociation, cylinder, prism, Maddox, von Graefe, Thorington, Howell.

In addition to the determination of subjective refraction, the optometrist's full-fledged
examination also includes the examination of heterophoria into the far and near distance. In
contrast to the obvious, concealed squeal can act inconspicuously, but in the long run it causes
asthenopic problems that disrupt the well-being and quality of visual functions. The
examination of heterophoria is possible by several techniques - methods using a cylinder or
prism are popular mainly in Anglo-Saxon countries and their advantage is the speed and ease
of evaluation. At the same time, each optics includes tables for testing of reading, including
tests designed to measure heterophoria. However, due to different image dissociation
techniques, there may be differences between the measured values. The resulting magnitude of
the measured deviation may still be affected by other aspects of visual functions. This work
deals with the comparison of two basic methods of image dissociation and evaluation by
difference between them. With its results, it could provide insight into the most appropriate
method of measuring heterophoria, which is reprehensible and minimally affected by

measurement errors.
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Maddox’s cylinder method

Maddox's cylinder is a tool to examine heterophoria that will dissociate images of the
right and left eye. It can be embedded in a test bead, or it can be a stand-alone device that the
patient holds in front of examined eye by himself. As a rule, the cylinder is placed in front of
the right eye, while the left eye observes the scale on the corresponding test (most commonly
the Maddox cross). The scale is in both horizontal and vertical directions and light is inserted
in the middle where the zero positions of the two scales intersect. The light spot appears as a
light line through the slide, which is formed by a set of highly refracting plancylinders. At the
0 ° rotation of the cylinders, the vertical heterophoria is measured, while the 90 ° horizontal
variation is measured in the cylinder rotation direction. In the absence of any phoria, the light
line passes through the zero point of the scale. In the case of the foil, the line appears to be
deflected from the center in the direction opposite to the deviation (Fig.1). The magnitude of

the deviation is simply read from the scale, with 1 part equal to 1 pD.

L6

7654821 1234567

NOOLEOWON -

Figure 1: Disociation with cylinder in case of esophoria 3 pD.
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Graefe’s prism method

The Von Graefe method is based on dissociation of the right and left eye images using
a prismatic lens oriented downward. The prism slide is inserted into the test frame in front of
the right eye. The size of the Graefe's prism is chosen according to the size of the vertical fusion
reserve. The value of 6 pD is in most cases sufficient to exceed the fusion reserves, which is
necessary for the patient to be unable to combine both images to one. In this case, the patient
sees a doubled scale of the scale in front of him. The most commonly used scale is the Howell
card, which is color-coded to scale above zero (showing the esophoria) and below zero
(showing the exophoria). At the zero point of the scale, there is a pointer in the form of an arrow
that shows the value of the deviation. If the doubled arrows are directly above each other, the
deviation is zero, the orthophoria is present. If the upper arrow points to a number other than
zero, like Maddox's cylinder, the direction of the deviation is opposite to that of the arrow.
(Fig.2) The size of the heterophoria is read directly from the scale, which has a ratio of 1 part
means 1 pD. However, it should be added that the Howell card is only used to measure

horizontal phorias.

Figure 2: Disociation with prism in case of exophoria 4 pD.

Research was conducted in the Visual Eye Center in Krometiz, where there were

included only patients which fullfill these requirements:
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» health condition with no severe ocular pathology present
» without heterotropy

» without prior pleoptic or orthoptic therapy

» refractive errorup to 10 £ D

Every person involved in the study has signed an informed consent to be included in the
research without paying any fee and without disclosing personal information. Furthermore, they
agreed to provide truthful data about their state of health. By signing this consent, they actively
cooperated in the examination without intending to give false responses in order to distort the
study. None of the examinated refused to sign the agreement, but one patient had to be excluded

from the study due to the non-compliance.

Figure 3: The place of the examination

Method of the study

The measurement of heterophoria by dissociation of the cylinder (prism) took place at

a distance of 6 m. A modified Maddox cross - Thorington test method was used in the study.
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Unlike Maddox cross, one scale is displayed diagonally, with a zero point source of light. For
the purpose of this work, only horizontal phorias were investigated. The used MC (GP 270 °)
was inserted into the test frame, presented in front of the right eye. The patient was instructed
in the course of the test, in order to ensure understanding, a light line (bifurcated arrow) was
used for different types of foils before the cylinder was prismed. In the distance, the test was
projected onto an interactive whiteboard, and the test was tailored exactly to the investigative
distance with retained ratios. HTF examination took place after binocular balancing and a time

interval of 5 minutes between the dissociation methods needed for adaptation was maintained.

After finding a near-refractive subjective refraction, the procedure for HTF examination was
the same as for the remote. The distance to be investigated was 40 cm. There was a close-range
version of the Thorington card (Fig. 4) and read tables that contain the Howell test. Again, a 5

minute break between two types of dissociation was maintained

F

Figure 4: Thorington card to the near distance

Direct method

Each measurement was done by two methods - direct and indirect. Direct method
means active collaboration of the examined person, whose role is to indicate the position of

the dissociated image. Using the Maddox cylinder, it was necessary to specify the position of
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the light line relative to the center. In the Howell test, the patient indicated the number of the
arrow from the scale created by the prism. In addition to the number, it was also necessary to
indicate the background color of the scale, with yellow marking the esophoria and blue
exophoria. The measured numbers were recorded in a table and converted into prismatic

diopters.

Indirect method

Similarly to the direct method, cooperation of the patient is required in the indirect
method. In this case, however, we do not record the entered position in the perception, but
using the prismatic bar we try to cover the images of both eyes - we compensate for the
deviation by means of prism. The patient enters the moment when the light line (when using
the Maddox cylinder) has reached zero position. When prism was dissociated, the moment
when the upper arrow pointed to zero was reported - both scales were in a position above each

other (Fig. 4). After entering this moment, the equalizing prism value was marked in the table.

i | ' | [ '
PR WK NN, N
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7654321 |1234567
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Figure 5: The positions of dissociated perceptions after equalization with prism

Measured data

In the first phase of the research, 8 people were measured, of which four were men and
four were women. Patients were aged between 26 and 60 years. One patient had to be excluded

from the study due to a pleoptic treatment in the past that she negated in anamnestic
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examination. The results were recorded in a prepared table and subsequently statistically
processed. The values measured using the Maddox cylinder are highlighted in red and the values
from the measurement using Graefe's prism are shown in blue. Positive values indicate
esophoria, negative values of exophoria.0 However, when calculating and processing the

average, the absolute values of these numbers had to be taken into account.

far distance near distance
DM [pD] IM [pD] DM [pD] IM [pD]
3,5 4 8 12 2 3 4 6
5 1 5 4 4 2 2 -2
0,5 0 -0,5 -1 3 1 -4 -2
2,5 0,5 4 2 1 0,5 2 1
1,5 0,5 2 2 1,5 0 2 0
0 0 0 0 1 0,5 0 0,5
0,5 0 0 -1 2 2 6 -2
1,93 0,86 2,79 3,14 2,07 1,29 2,86 1,93

Table 1: Measured data and their average values

Red background — Maddox cylinder

Blue background — Graefe prism
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Results

Direct method
3,50
3,00
m MADDOX CYLINDER

2,50 W GRAEFE PRISM

1,93

2,00

1,50

deviation [pD]

1,00

0,50

0,00

Chart 1: Average deviation values measured directly to far distance

Indirect method

3,50

3,14
3,00 2,79
2,50
2,00
1,50
1,00
0,50
0,00

Chart 2: Average deviation values measured indirectly to far distance

B MADDOX CYLINDER

W GRAEFE PRISM

deviation [pD]
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Direct method

3,50

3,00
m MADDOX CYLINDER

250 W GRAEFE PRISM

2,07

2,00

1,50

1,29

deviation [pD]

1,00

0,50

0,00

Chart 3: Average deviation values measured directly to near distance

Indirect method

2,86
m MADDOX CYLINDER
B GRAEFE PRISM
1,93

Chart 4: Average deviation values measured indirectly to near distance

3,50

3,00

2,50

2,00

1,50

deviation [pD]

1,00

0,50

0,00

The difference between the two methods of dissociation - the Maddox cylinder method
and the Graefe prism method - is more noticeable to near distance than the far distance. At the
same time, the results from direct and indirect measurement methods also differ. The difference
between the mean values between the cylinder and prism techniques was about 1.0 pD for the

direct method. The difference for the direct method is approximately 0.75 pD for the near and
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1.0 pD for the indirect method. The only case of average deviation of Graefe prism higher than
Maddox cylinder is shown in indirect method measurement to far distance.The difference

between them was about 0.25 pD.

Using the Maddox cylinder, the heterophoria values measured were higher than when
using the prism, which may be due to incomplete release of the fusion reserves. In practice, we
should endeavor to minimize such side effects as much as possible, so I recommend to use
cylindrical dissociation from these two methods. In addition, patients reported unpleasant
sensations in prisms. However, not every patient responds equally well to the Thorington's test.
Although heterophoria examination is performed only after careful subjective refraction and
binocular balancing, the patient may have a contrast sensitivity disorder or a lack of. color
vision. In any case, it is important to evaluate which method of measurement will be best for a

correct and time-consuming examination of heterophorias.
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Vyvoj rohovkovych aberaci v souvislosti s vékem
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Anotace

Tento ¢lanek pojednava o vadach optickych soustav — aberacich. V prvni ¢asti zminuje
zékladni ptehled o o¢nich strukturach ovlivijicich refrakci oka, piehled vad optickych soustav
a jejich méfeni pomoci aberometru. Ve druhé casti je pak piehled prabéznych vysledkt

srovnani aberaci v zavislosti na véku.

Klic¢ova slova

Rohovka, aberace, vék.

Lidské oko nefunguje jako idedlni zobrazovaci systém a je tedy zatizeno vadami
zobrazovéni — aberacemi. Ty zasadné ovliviiuji kvalitu vidéni pacienta. Ukolem optometristy
by méla byt snaha tyto vady eliminovat a zajistit tak pacientovi kvalitni zrakovy vjem. Pomoci
brylové korekce se nam dafi eliminovat aberace nizSich fadt a diky pokroku v oblasti
oftalmologie se dnes daji fesit i aberace vyssiho fadu. Je tedy tfeba v&dét, jak velky vliv aberace
vysSiho fadu maji a jaka je jejich souvislost k dal§im proménnym (napt. k véku, refrakéni

vadé...).

Rohovka

Rohovka je jednim z nejvyznamnéjSich refrakénich prostfedi oka. Rohovka ma tvar
elipsy s rozméry asi 11,5 — 12 mm horizontaln¢ a 12 mm vertikaln¢. Jeji tloustka se pohybuje
mezi 0,5 mm smérem do periferie az 0,6 mm. Polomér zaktiveni pro ptedni plochu je 7,8 mm
a pro zadni plochu 7 mm.

Sklada se z péti vrstev:

e Epitel
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(n. nasociliaris). Potiebnou energii a kyslik ziskava z komorové vody a slz.

Bowmanova membrana
Stroma
Descementova mebrana

Endotel

Jedna se nejcitlivejsi tkan v téle. Nervove zasobeni zajist'uje prvni vétev n. trigeminus

Cocka

za duhovkou, upevnéna za vlakna zdvésného apardtu k cilidrnimu svalu. Jeji ekvatoridlni

pramér je 9 - 10 mm, tloustka se pohybuje mezi 3,5 - 5 mm. Cocka umoznuje akomodaci —

Oc¢ni Cocku taktéz fadime k vyznamnym refrakénim prostfedim. Je uloZena

tedy zaostfovani oka na rizné vzdalenosti.

Rozeznavame 3 zakladni struktury:

¢ockové pouzdro
cockovy epitel

¢ockové stroma

Bélima

Ciliarni viakna Sklivec
Duhovka
Sitnice
Rohovka
Zluta skvrna

Komorova
voda

Cotka Y,
Opticky nerv

Cilidrni sval

Cévnatka

Obrazek ¢. 1 Anatomie oka

Vady optickych soustav — aberace

od idealniho zobrazeni. Vysledkem je zhorSeni kvality obrazu — kontrastu, barvy a dochézi

Vady optickych soustav jsou ddny odchylkami v zobrazeni redlnou optickou soustavou

k jeho deformaci.
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Optické aberace miizeme rozd¢lit:
e chromatické
dochazi k disperzi bilého svétla a na zakladé rozdilnosti vinové délky a indexu
lomu je svétlo rozloZeno na barevné spektrum
e monochromatické
vznika nedokonalosti optického prostiedi, dochazi k deformaci vinoplochy
1. Aberace nizsiho radu
e Myopie
e Hypermetropie
e Astigmatismus
2. Aberace vysSiho Fadu
e Koma — vertikalni a horizontalni
e Trefoil — vertikalni a §ikmy
e Sférické aberace
e Sekundarni astigmatismus
e Tetrafoil — vertikalni a Sikmy

e Pentafoil

Defocus:2(2,0) Agtigmatism: 2(2,2)

[

LA l_‘,

Trefoil:2(3,3)

Tetrafoil: 2(4,-4) Astigmatism:Z(4,-2)  Spherical:Z(4,0) Astigmatism: 2(4,2) Tetrafoil: 2(4.4)

LA had [ ( [ LA,
LWL & W
. Pentafoil: 2(5,-5) Trefoil:2(5,-3) Coma: 2(5,-1) Coma: Z(5,1) Trefoil: 2(5,3) Pentafoil: 2(5,5)
A = . A A
LA _at é A @ e AL
oo = 5 M

Hexafoil: Z(6,-6) Tetrafoil: Z(6,-4) Astigmatism: Z(6,-2) Spherical: 2(6,0) Astigmatism: 2(6,2) Tetrafoil: 2(6,4) Hexafoil: Z(6,6)

Obrazek €. 2 Popis aberaci pomoci Zernykeho polynomi
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Aberometrie

Aberometrie je vySetfovaci technika slouzici k detekci optickych vad lidského oka.
Metodou vInoploch objektivné zjistuje aberace nizsiho a vyssiho fadu. Aberometrie velké
vyuziti v oblasti refrak¢ni chirurgie. Existuje nékolik principi méfeni, které délime:

e Hartmann — Shacklv aberometr

e Tscherningiiv aberometr

e Metoda Ray — tracing

e Dynamické skiaskopie

Hartmann — Shackiiv aberrometr

Hartmann — Shacklv aberometr vyuziva infracerveny paprsek LED nebo diodovy laser.
Ten dopadé na sitnici, v zavislosti na odrazu vinoplochy od referen¢ni roviny je vyhodnocena
velikost refrakéni vady. Dochazi k priichodu vinoploch optickou soustavou a nésleduje snimani
detektorem. V zavislosti na nejmensim detekovaném uhlu deviace je vyhodnocena citlivost

méfeni senzoru.

Wasca Analyzer Carl Zeiss

Jedn4d se o aberometr urceny k méfeni aberace vlnoploch oka. Pacientovo oko je
zaméieno pomoci kamerového obrazku duhovky, ktery se vySettujicimu zobrazi na obrazovce.
Do oka dopada méfici laserovy svazek, ktery po priachodu z oka zobrazen na Hartmann -
Shackiiv senzor. Ten je sloZen z matice Cocek a spojen s CCD kamerou. Obraz je pak pfenesena

ulozen v pocitaci. Aberace jsou zobrazeny jako barevna mapa vinoplochy.
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Time of Measurement: 3282019 2:28:52 PM .

T S G o
OD i —o.;zz -1.04 x 177° |

{Cheoms: 555 Spectacle Plane: 12.8

Name: Buchtova, Katerina T
. ernike Polynomials
Patient ID: 9653284091 Zemnike Term Value
I analysis diameter 5.82 mm
Pupil Diameter: 5.82mm 7 - 020 um
Wavefront Sensor 7 2155 P‘,'I;"
Z22) 2148 um
Z(3.3) 0.361 pm
73,1 -0.078 ym
Z3.1) 0.177ym
233) 0.661 pm
24-4) 0.083 ym
24.-2) -0.118 ym
24.0) 0.201 ym |
74.2) 0.025 pm
(za.4) 0.076 ym
Total Aberrations High Order Aberrations
RMS: 1.29 ym RMS: 0.30 pm

Version Date: 07/282005

Obrazek €. 5 Zaznam z méfeni na aberometru WASCA Analyzer Carl Zeiss
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Pichled zminéné teorie byl podkladem pro nasledujici studii. Cilem této studie je
prokazat zavislost rohovkovych aberaci vyssiho fadu u zdravého oka na véku. Predpokladame,

ze v souvislosti s vékem bude tendence k nartistu aberaci vyssiho fadu.

Soubor probandi je rozdélen na dvé skupiny dle véku:
1. skupina 20-35 let
2. skupina 50-65 let

Kritéria pro zarazeni do vyzkumu:

1. vylouceni patologii rohovky, predniho o¢niho segmentu, o¢niho traumatu, nitroo¢ni

operace

Metodika vyzkumu:

Kazdému pacientovi bude odebrana anamnéza s dirazem na vék a o¢ni anamnézu, aby
pacient mohl byt zafazen do vyzkumu. Pokud jsou zde splnény podminky pro zatazeni do
vyzkumu, pfesuneme se k samotnému méteni. Méfeni na probiha na aberometru WASCA
Analyzer Carl Zeiss. VySetieni probihd v zatemnéné mistnosti z divodu navozeni mydriazy.
Pacient je instruovan ke sledovani nitkového kiiZe. Je potfeba n¢kolikrat rychle zamrkat, aby
doslo k rozprostfeni slzného filmu, a dale uz probiha samotné méteni. To se pak jesté alespont
dvakrat opakuje. Vysledek méfeni je barevna mapa vinoplochy. Stejné méteni je provadéno pro

ob¢ vékové skupiny a vysledky jsou dale porovnany a zpracovany.

Prubézné vysledky:
1. skupina 20-35 let celkem 6 lidi z toho 12 o¢i (prumérny vek 26 let)
2. skupina 50-66 let celkem 6 lidi z toho 12 o¢i (primérny vek 54 let)
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Rozdéleni dle pohlavi

Rozlozeni dle pohlavi -
1.skupina

mZeny ®Muzi

Graf ¢. 1 Rozlozeni dle pohlavi 1 skupina 20-35 let

RozloZeni dle pohlavi -
2.skupina

W /Zeny ®MuZi

Graf ¢. 2 RozloZeni dle pohlavi 2. skupina 50-66 let
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Graf ¢. 3 Zavislost celkovych aberaci vysSiho fadu na véku

Zavislost sférické aberace na véku
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Skupiny dle véku
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Graf ¢. 4 Zavislost sférické aberace na véku
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Zavislost horizonatniho koma na véku
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Graf ¢. 5 Zavislost horizontdlniho koma na véku

Ve studii vychazime z predpokladu, ze pro prvni skupinu budou celkové aberace
vys$iho fadu niz$i nez pro druhou skupinu. Ovsem nasledujici graf prozatim tuto teorii
nepotvrzuje.

Dale pak ptedpokladame, Ze se projevi statisticky vyznamny rozdil mezi skupinami pro
nejvyznaméjsi aberace vysSiho fadu, a to pro sférickou aberaci a horizontdlni koma. Pro
sférickou aberaci se nas ptredpoklad prozatim nepotvrdil, naopak pro horizontalni koma se

predpoklad potvrzuje.

Cilem vyzkumu je zjistit zavislost mezi aberacemi vyssiho fadu a vékem. Soubor
probandi byl rozdélen do dvou skupin na zékladé véku. Tyto skupiny jsou pak porovnany mezi
sebou. Z dosavadnich vysledku je vidét, Ze se hypotéza potvrdila pouze v jednom piipadé.
Jedna se ovsem o maly vzorek probandii, proto jsou dosavadni vysledky hodnoceny jako

prabézné. Jasnéjsi zaveér této studie bude tedy az po naméteni vétsi skupiny probandd.
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Age-related development of corneal aberrations
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Annotation

This article deals with defects in optical systems - aberrations. The first part contains
a basic overview of ophthalmic structures affecting the refraction of the eye, an overview of the
defects of optical systems and their measurement using an aberrometer. In the second part, there

is an overview of continuous results of aberration comparison depending on age.

Keywords

Cornea, aberration, age.

The human eye does not function as an ideal imaging system and is therefore burdened
with imaging imperfections - aberrations. They fundamentally affect the quality of the patient's
vision. The task of the optometrist should be to try to eliminate these defects and to provide the
patient with a good visual perception. Using spectacle correction, we are able to eliminate lower
order aberrations and, thanks to advances in ophthalmology, even higher - order aberrations can
be solved today. It is, therefore, necessary to know how much influence higher - order
aberrations have and what is their relation to other variables (eg. age, refractive error ...).

Cornea

The cornea is one of the most important refractive environments of the eye. The
cornea has the shape of an ellipse with dimensions of about 11.5 - 12 mm horizontally and 12
mm vertically. Its thickness is between 0.5 mm and 0.6 mm in the periphery. The radius of

curvature for the front surface is 7.8 mm and for the back surface 7 mm.
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It consists of five layers:

e Epithelium

e Bowman membrane

e Stroma

e Descement membrane

e Endotel
It is the most sensitive tissue in the body. The nerve supply is provided by the first branch of
the n. trigeminus (n. nasociliaris). It obtains the necessary energy and oxygen from aqueous

humor and tears.

Lens
The eye lens is also one of the major refractive environments. It is embedded in the

iris, fixed by the fibers of the suspension apparatus to the ciliary muscle. Its equatorial diameter
IS 9 -10 mm, the thickness varies between 3.5 - 5 mm. The lens enables accommodation - ie
focusing the eye at different distances.
There are 3 basic structures:

e lens case

e lens epithelium

e lenticular stroma

Ciliarni viakna

Rohovka

Opticky nerv

Cévnatka

Picture 1 Anatomy of the eye

Defects of optical systems — aberrations

Faults of optical systems are given by deviations in the display of the real optical
system from the ideal display. The result is a deterioration in image quality - contrast, color,

and distortion.
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Optical aberrations can be divided:

e chromatic
the white light is dispersed and, based on the difference in wavelength and refractive index, the
light is distributed over the color spectrum

e monochromatic

due to imperfections in the optical environment, the wavefront is deformed

1. Low order aberrations

e Myopia

e Hyperopia

e Astigmatism
2. Higher - order aberrations

e Coma - vertical and horizontal

e Trefoil - vertical and oblique

e Spherical aberration

e Secondary astigmatism

e Tetrafoil - vertical and oblique

e Pentafoil
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s {
Ay

Astigmatism: 2,
A A

A

Trefoil: 2(3,-3) Coma:Z(3,

goma:2(3,1) Trefoil:2(3,3)

L

M,

"‘

Tetrafoil:2(4-4)  Astigmatism:2(4,2)  SphericatZ(4,0) Astigmatism: 2(4.2) Tetrafoil: 2(4,4)
WA ’ . \A,
'.{ '51' ¥ - ‘ ,ﬂ'—! g
¥ Ve () & v A

Pentafoil: 2(5,-5) Trefoil:2(5,-3) Coma: 2(5,-1) Coma: Z(5,1) Trefoil: 2(5,3) Pentafoil: 2(5,5)

AA Ay -\ ’ A A A
‘,‘,”4" \" h . = \ ) |
W ¥ € © ¢ & W
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Picture 2 Description of aberrations using Zernyke polynoms

Aberrometry
Aberrometry is an examination technique used to detect the optical defects of the

human eye. It uses the waveform method to objectively detect lower and higher - order

195



aberrations. Aberrometry is great use in refractive surgery. There are several measurement
principles that we divide:

e Hartmann - Shack aberrometer

e Tscherning aberrometer

e Ray-tracing method

e Dynamic fluoroscopy

Hartmann - Shack Aberrometer

Hartmann - Shack aberrometer uses an infrared LED or diode laser. It falls on the
retina, depending on the reflection of the wavefront from the reference plane, the size of the
refractive error is evaluated. Wavelengths pass through the optical system, followed by detector
sensing. Depending on the smallest detected deviation angle, the sensitivity of the sensor

measurement is evaluated.

Wasca Analyzer by Carl Zeiss

It is an aberrometer designed to measure the aberration of the eye waves. The patient's
eye is focused on using an iris camera image that is displayed on the screen to the investigator.
A measuring laser beam strikes the eye and, after passing from the eye, is displayed on the
Hartmann-Shack sensor. That is composed of a lens matrix and connected to a CCD camera.
The image is then transferred to the computer. Aberrations are shown as a color map of the

wavefront.
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Picture 3, 4 Aberrometer WASCA Analyzer by Carl Zeiss

Time of Measurement: 282019 2:28:52 PM

oD r-

-1.04 x 177° |

Name: Buchtova, Katerina T
. ernike Polynomials

Patient ID: 9653284091 Zemike Term ~ Value
— analysis diameter 5.82 mm
Pupil Diameter: 5.82 mm 7(2.2) - 0.20 um
Wavefront Sensor 72.0) 1,55 ym
7(2,2) -2.148 ym
Z(3.-3) 0.361 pm |

Z(3,1) -0.078 pm

Z3.1) 0.177ym

733) 0.661 um

Z(4.-4) 0.083 ym

24.2) 0.118 um

7(4.0) 0.201 um|

7(4,2) 0.025 pm

(Z@.4) 0.076 ym

Total Aberrations High Order Aberrations
RMS: 1.29 pym RMS: 0.30 um

Version Date: 07/28/2005

Picture 5 Record of measurements on a WASCA Analyzer aberrometer Carl Zeiss
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The aim of this study is to demonstrate a higher order of corneal aberrations in the
healthy eye to age. We assume that there will be a tendency to increase higher order aberrations
in relation to age.

The group of probands is divided into two groups by age:
1st group 20-35 years
2nd group 50-65 years
Research inclusion criteria:
1. exclusion of corneal pathologies, anterior ocular segment, ocular trauma, intraocular

surgery

Research Methodology:

Each patient will have a history of age and ocular history taken for the patient to be
included in the research. If the conditions for inclusion in the research are met, we will move
to the measurement itself. The measurement is done on the WASCA Analyzer Carl Zeiss
aberrometer. The examination takes place in a darkened room to induce mydriasis. The patient
is instructed to monitor the reticle. You need to blink a few times to spread the tear film, and
the measurement itself is in progress. This is then repeated at least twice. The measurement
result is a color map of the wavefront. The same measurement is performed for both age groups

and the results are further compared and processed.

Interim results:
1st group 20-35 years total 6 people including 12 eyes (average age 26 years)
2nd group 50-66 years total 6 people including 12 eyes (average age 54 years)
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Distribution by gender

Distribution by gender-1st
group

Ewomen HEmen

Graph 1 Distribution by gender 1 st group 20-35 years

Distribution by gender - 2nd
group

Ewomen HEmen

Graph 2 Distribution by gender 2 nd group 20-35 years

199
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Spherical aberration (pm)
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Dependence RMS higher order aberrations on
age

Groups by age
m1stgroup =2 ndgroup

Graph 3 Dependence of higher order aberrations on age

Dependence of spherical aberration on age

-0,279

Groups by age
m 1 st group ® 2 nd group

Graph 4 Dependence of spherical aberration on age
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Dependence of horizontal coma on age
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Graph 5 Dependence of horizontal coma on age

The study assumes that for the first group, higher order aberrations will be lower
than for the second group. However, the following graph does not confirm this theory for the
time being.

Furthermore, we assume that there will be a statistically significant difference
between the groups for the most significant higher order aberrations, namely for spherical
aberration and horizontal coma. For the spherical aberration, our assumption has not been

confirmed yet, but the assumption is confirmed for the horizontal coma.

The aim of the research is to determine the dependence between higher order-
aberrations and age. The group of probands was divided into two groups based on age. These
groups are then compared with each other. It can be seen from the results so far that the
hypothesis was confirmed only in one case. However, this is a small sample of probands, so the
current results have been evaluated as continuous. Therefore, a clearer conclusion to this study
will be after a larger group of probands has been measured.
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Chromagenové filtry jako pomicka pro ziky se specifickymi

poruchami uceni

Katedra optometrie a ortoptiky, Lékaiska fakulta, Masarykova univerzita, Brno

Anotace

Tento ¢lanek je rozdélen do dvou ¢asti. Prvni ¢ast pojednava o specifickych poruchach uéeni
zv1asté o dyslexii. Déle se zabyva teoriemi vzniku dyslexie a reedukacnimi postupy pii dyslexii.
Druha cast ¢lanku se vénuje hypotézdm, podminkdm zkoumdni, vlastni metodice vyzkumu,

predbéznym vysledkiim a diskuzi.

Kli¢ova slova

Specifické poruchy uceni, dyslexie, barevné filtry, rychlost cteni

Specifické poruchy uceni

Specifické poruchy uceni oznacuji skupinu obtizi objevujicich se pii osvojovani a uzivani
feci, Cteni, psani, naslouchani a matematiky. VSechny zminéné obtize maji individualni

charakter a vznikaji na podkladé€ dysfunkci v centralni nervoveé soustave.

Specifické poruchy uceni se mohou objevovat soubézné s jinymi handicapy (senzorické
postizeni, mentalni retardace) nebo s vn&jSimi vlivy jako jsou napiiklad odlisnd kultura,

nedostatecné nebo neimérné vedeni, ale nevznikaji jako jejich ptimy disledek.

Poruchy uceni se neprojevuji pouze v oblastech, kde 1ze pozorovat problémy nejvyraznéji
ale maji fadu spole¢nych projevil. Casto se projevuji ve vétsi ¢i mensi mife poruchy feci, potize

pii soustiedéni, poruchy pravolevé orientace a dalsi.
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e Dyslexie — porucha osvojovani ¢tenaiskych dovednosti

e Dysgrafie — porucha osvojovani psani

e Dysortografie — porucha osvojovani pravopisu

e Dyskalkulie — porucha osvojovani matematickych dovednosti

e Dyspraxie — porucha osvojovani, planovani a provadéni volnich pohybu

e Dysmuzie — porucha osvojovani hudebnich dovednosti

Dyslexie

Dyslexie je nejstarsi, a tedy nejvice zmapovana porucha uceni. Jedna se o poruchu, kterd
ovliviiuje schopnost jedince osvojit si ¢tenaiské dovednosti. Provazi ¢lovéka cely zivot a nelze
Ji odstranit nebo vylécit, 1ze ale zmirnit jeji dopad vhodnymi reedukaénimi postupy. Dyslexie
je neurologicky podminénd a byvé i1 Casto dédicna. NejcastéjSimi projevy jsou pomalé cteni
plné chyb a neporozuméni ¢teného textu. DéEti s poruchou osvojovani ¢tenarskych dovednosti
malo ¢tou, coz mé za nasledek snizenou slovni zasobu a s malou slovni zasobou se dité pomaleji
rozviji 1 v jinych oblastech. Ve Skole pak mize dyslektik zaostavat za spoluzaky a mit pocit

ménécennosti a odlouéeni. [1-3]

Typologie a teorie dyslexie
Typologie dle Matéjcka
Profesor Matéjcek rozdélil dyslexii do nasledujicich typt:

e Typ A —u dyslexie typu A pievladaji poruchy v zékladni organizaci smyslovych dat
S vyloucenim pfitomnosti poruchy smysli
o Podtyp Al — ptevladaji obtize v sluchové analyze
o Podtyp A2 — prevladaji obtize ve zrakové analyze
e Typ B —tento typ je velice podobny typu A, ale je k nému pfidruZena lehka mozkova
dysfunkce
e Typ C — jednd se poruchu v integratnich mechanismech, ¢teni je mechanické a bez
porozumeéni
o Podtyp C1 — dité ¢te bez obtizi ale bez porozuméni a problémem byva i pisemny
projev
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o Podtyp C2 — dit¢ ma problémy se syntetizaci, ¢te jednotliva pismena, ktera
nespoji do slov

e Typ D —jedna se o nespecificky typ dyslexie [4]

Inverzni teorie

Inverzni teorie tvrdi, ze déti s dyslexii zaménuji tvarové podobna pismena, jako jsou a-0, b-

p, d-b, d-p, n-u, n-m. K zdmén¢ pismen dochazi i pfi poslechu, dité ¢asto nerozlisi §-z, ¢-S. [4]
Typologie dle Bakkera

Tato typologie vychazi z myslenky, ze jsou mozkové hemisféry funkéné specializované.
Levé hemisféra zpracovava jazykové podnéty a dava sloviim vyznam, diky levé hemisféie dava
jazyk smysl. Pravd hemisféra zpracovava vizudlni a akustické znaky. Pfi dyslexii dochazi
k dysbalanci v souhie pravé a levé hemisféry. Jedna z hemisfér pracuje vice nez druha,

hovoiime tak o dyslexii typu P a L. [4]
Fonologicka teorie

Fonologicka teorie hovoti o dyslexii jako o typu jazykové poruchy. Tato teorie pracuje
S pojmem fonémové uvédomeni, coz znamend schopnost analyzovat ve slovnim celku jeho
sublexikalni ¢ast, fonémy (Foném je nejmensi dale nedélitelna jednotka slova). Dyslektici maji

problémy jednotlivé fonémy rozeznavat a Casto je i zaménuji. [1],[4]
Hypotéza dvojiho deficitu a teorie rychlého zpracovani

Veskeré obtize dyslektikli nestacila vysvétlit fonologicka teorie, a proto bylo nutné ji
rozs$ifit. Badatelé u dyslektiki zjistili deficit v rychlosti zpracovani podnéta. Byl vytvoren test
rychlého pojmenovani, pfi kterém méli testovani rychle ¢ist znaky, které dobte znali (pismena,
Cislice). Na zakladé testovani bylo pozorovano, ze celd fada dyslektikli potfebovala delsi ¢as ke
zpracovani znaku neZ kontrolni skupina. Tento test odhalil, Ze dyslektik nemél problém znak

rozpoznat, ale potfeboval pouze vice casu.

Hypotéza dvojiho deficitu tedy tvrdi, Zze dyslektici mohou mit deficit ve fonémovém
uvédoméni, ale nemusi byt pfitomen deficit v rychlém zpracovani, nebo mohou mit fonémové

uvédoméni v poradku ale deficit v rychlém zpracovani nebo posledni, a zaroven neptiznivejsi

pro dyslektiky, deficit v obou oblastech. [4]
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Teorie vizualniho deficitu

Teorie vizualniho deficitu pfedchazi magnocelularni teorii, ktera ji dale dopliiuje. Tato teorie
ukazuje, ze fonologicka teorie nestaci k tomu, aby postihla v§echny problémy, které dyslektici
pocituji. Autofi této teorie se zabyvali zpracovanim vizualni informace (pismena, slova) a
zjistili pfitomnost abnormalit, které nazvali vizualni perzistence. Zjistilo se, Ze u nékterych

dyslektikii pretrvava vizualni informace déle, nez by méla.

Vizualni perzistence se jednoduse testovala. Na platno byla promitana pismena napft. L, E,
D, ktera tvofila slovo led. Pismena se promitala jednotlivé, postupné a mezi promitanymi
pismeny byla pauza. Cas mezi pismeny se postupné zkracoval a zjistilo se, Ze nékteii dyslektici

pozorovali piekryvani pismen, a tudiz dochazelo k problému ve slozeni celého slova. [4]
Magnocelularni teorie

Magnoceluldrni teorie se vénuje hlavné dyslektikiim, ktefi popisuji pifi ¢teni chaotické
pohyby textu, ve kterém se pak Spatné orientuji. Hlavnim aktérem v této teorii je magno a
parvoceluldrni systém. Magnocelularni systém umozZiiuje zpracovani podnétu pifi nizkém
osvétleni a malém kontrastu. Systém je siln€¢ myelinizovan a vedeni vzruchu je rychlejsi, a proto
je magnocelularni systém velmi citlivy pro kratké Casové intervaly. Parvocelularni systém je

citlivy na barvy a zpracovava drobné detaily.

Pfi ¢teni ma magnocelularni systém za praci plynulé pfechazeni z pismena na pismeno.
Pokud ma ¢tenar deficit v magnoceluldrnim systému, pismena ptetrvavaji a zacnou se piekryvat

a hovotime, jako v predeslé teorii, o vizudlni perzistenci.

Autofi této teorie pfiSli s moZnosti kompenzace deficitu magnocelularniho systému.
Magnocelularni systém je citlivy pro svétlo s vinovou délkou v modré oblasti. Svétlo o téchto
vlnovych délkach stimuluje funkci magnoceluldrniho systému. Dyslektikiim s timto deficitem
se doporucuje pouzivani modrych filtr v brylich, kontaktnich ¢ockach nebo v podobé
pfiloznych folii. Modry filtr dyslexii nevylé¢i ani neodstrani ale ma vliv na snizeni

nepiijemnych projevi. [4]
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Cerebralni (mozeckova) teorie

Cerebralni teorie navazuje a rozsifuje fonologickou teorii a hypotézu dvojiho deficitu o
tvrzeni, ze vedle Ctenaiskych obtizi maji dyslektici i fadu dalSich pfidruzenych problémi

rozde€lenych do ¢tyt skupin:

1. celkova motoricka neobratnost

2. hudebni obtize

3. problémy s odhadem a orientaci v Case
4

problémy s vykonavanim automatickych ukont, které bézn¢ Setii ¢as a energii. [4]

Reedukace dyslexie

Dyslektické obtize 1ze zmirnit vhodnymi reedukaénimi postupy, u kterych je dilezité myslet
na to, Ze kazdy dyslektik je original a potfebuje na vSechny faze reedukacniho postupu riznou

casovou dotaci a také pristup.
1. Vyvozovani pismen

Prvnim krokem je spojovani souhldsek a samohldsek s obrazkem nebo jinou nazornou

ukazkou jako je napiiklad ¢¢¢¢ — kocka, 4aaa — oteviena tsta u 1ékare dalsi. [3]
2. Spojovani slabik, slabikovani

Dalsim logickym krokem je ze souhlasek a samohlasek tvofit slabiky. Pro tyto ucely je

vhodné pouziti kartic¢ek. [3]
3. Cteni celych slov a vét

Dité se snazi zkracovat pauzy mezi slabikami a ¢ist cela slova a nasledné i kratsi véty. [3]
4. Porozumeéni ¢teného textu

Déti se Casto soustfedi vice na techniku ¢teni, ale uz nevénuji pozornost obsahu. Porozuméni
textu se da trénovat pfifazovanim slov k obrazkim, ilustrovanymi ¢astmi textu nebo

vynechanim slov pro domysleni. [3]
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5. Zamény pismen

Dyslektici Casto zaménuji podobna pismena, proto je diilezité tuto problematiku trénovat jak

¢tenim, tak i poslechem. [3]
6. Dvoji ¢teni

Jedna se o nespravny navyk pii ¢teni. Dité si nejdiiv potichu pteslabikuje slovo a nasledné
ho nahlas celé precte. Tato technika vznikd, pokud dité rychle sko¢i od slabikovani ke ¢teni
celych slov a vét. Proto je dulezité se ke slabikovani vratit, plynule navazat na cteni slov a

nasledné vét. [3]
7. Ulpivani na slabikach

Ulpivani na slabikéch je pfitomno u déti, které si nenacvicily plynuly pohyb oci, dilezity
pro plynulé ¢teni textu. Dité vyrdzi slabiky a nejde mu plynule piecist slovo. Pro odstranéni
problému se pouzivaji okénka (viz obrazek), kterymi se pohybuje po textu a trénuje se ¢teni

v rychlosti pohybu tohoto okénka po textu. [3]

Obrdzek 13: Cteci okénko.

8. Naméty pro praci s textem

Dilezité je déti pii ¢teni zabavit, a tak je nutné jim vymyslet dalsi aktivity spojené se Ctenim.
Potfebujeme, aby si ¢teni zautomatizovaly. Vhodné je naptiklad ¢teni ve dvou, stanoveni cild,

vyhledavani nejkratsich/nejdelsich slov v textu, vyhledavat slova s uréitym poctem pismen atd.

[3]
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9. Cteni a spoluprace hemisfér

Tato metoda se pouziva hlavné u dyslexii typu L a P (typologie dle Bakkera). Vychazi
z faktu, ze levou ruku ovlada prava hemisféra a pravou ruku leva hemisféra. Podle toho, jakou
hemisféru potfebujeme pii ¢teni stimulovat, pouziva dit¢ k orientaci v textu patficnou ruku.

Jinak feCeno, pokud je slabé prava hemisféra, dit¢ piejizdi prstem levé ruky po ¢teném textu.

[3]

Vyzkum, ktery se opird o vySe zminéné teprie, probihal na 8. Zakladni Skole Ladova ana 1.

Zakladni skole Na Valech, od treti do devaté tidy.
Dale bylo nutné stanovit vylu¢ovaci kritéria:

e Nesouhlas rodi¢u
e Anomdlni barvocit

e Vizus do blizka horsi nez 0,8

Pomiicky

e Test na ¢teni do blizka.

e Test na barvocit, Color Vision Test od iSIGHT v podob¢ aplikace na iPad.

e Text pro vybér filtrti, Gryvek z pohadky O pernikové chaloupce od Bozeny Némcové.

e Barevné filtry Cerium Overlay Testing set, vybrané filtry rose, apple, yellow, blue, aqua

e Test sloZzeny z normalnich i vymyslenych slov, test sloZzeny pouze z normalnich slov a
test slozeny pouze ze slov vymyslenych.

Testy byly vytvofené se zaméefenim na dyslektickou problematiku zaménovani podobnych

pismen jako n-u, p-d atd.
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oblouk lad opadavat dob proud doubo
oblaka ¢izina zimni kSir nyni livola
byliny ninymi podoba obrbla feéi1 recap
louka 3Sdosu bedla dabidyba latindol lopata
otréza podat obazli um lajda hrabé
koupija mouka drestel bodlak Svopa
klobouk mnou bfiza lasdo kiece poda
krac¢ek dap dopad svopa pradlo kvapida
napad badop

badop napad kvapida pradlo 3Svopa dopad
dap kriéek poda kiefe lasdo biiza mnou
klobouk 3Svopa bodlik drestel mouka
koupija hrabé lajda um obazli podat
otréza lopata latindol maslo dabidyba
bedla Sdosu louka fecap fe¢1 obrbla
podoba ninymi byliny livola nyni ksir
zimni ¢izina oblaka doubo proud dob

opadavat lad oblouk

Obrazek 2: Testy slozené ze slov vymyslenych a normalnich.

lad dob douboé ¢izina ksir livola ninymi
obrbla fecap Sdosu dabidyba latindol
otréza obazli um lajda koupija drestel
Svopa mnou lasdo poda dap Svopa
kvédpida bada lad dob doubd c¢izina ksir
livola ninymi obrbla fecap 3dosu
dabidyba latindol otréza obazli um lajda

koupija drestel Svopa mmnou lasdo poda

dap Svapa kvapida badop

napad pradlo dopad kricek kiefe biiza
mnou klobouk bodlak mouka hribé um
podat lopata maslo bedla louka feci
podoba byliny nyni zimni oblaka proud
opadavat oblouk nadoba napad pradlo
dopad kruéek kieée biiza mmnou klobouk
bodlak mouka hrabé um podat lopata
maslo bedla louka fe¢i podoba byliny

nyni zimni oblaka proud opadavat oblouk

nadoba

Obrazek 3: Nalevo test ze slov vymyslenych a napravo test ze slov normalnich.

Technika méreni
1. Osobni informace
Zaci jsou dotdzani na jméno, pifjment, vék a tfidu.
2. Test na vizus do blizka
Pokud Z4ci nosi bryle, je nutné, aby je méli i v pritbéhu testovani.
3. Test na barvocit

Kvili velkému veékovému rozsahu byl zvolen test s barevnymi terCiky na principu

Farnsworth D-15, ktery zvladnou i mladsi déti.
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4. Vybér filtru

Filtry jsou vybirany podle subjektivniho nazoru ditéte. Na text jsou postupné predkladany

filtry a dité si samo urci, se kterou barvou se text jevi ptijemnéjsi, lepsi.
5. Cteni testil

74k ¢te vzdy jeden test celkem &tyfikrat v poradi bez filtru, s filtrem, s filtrem a bez filtru.
Kazdé cteni trva 30 s. Sledovanymi parametry jsou celkovy pocet slov a pocet chyb. Tyto
hodnoty ndm poskytnou informaci o rychlosti ¢teni, kterd je definovana, jako pocet spravné

prectenych slov za jednu minutu, v tomto pfipad¢ za ptil minuty.

Pribézné vysledky

Vyzkumu se zacastnilo 19 dyslektikti z toho 10 chlapci a 9 divek, a 19 nedyslektiki z toho
6 chlapcii a 13 divek.

Dyslekticka skupina Kontrolni skupina

m chlapci m chlapci
m divky m divky
Graf 1: SloZeni dyslektické skupiny. Graf 2: SloZeni nedyslektické skupiny.

Nejcastéji vybirany filtr, u obou skupin, byl zluty (yellow). U dyslektické skupiny si Ctyii
zéci vybrali Cerveny (rose), Ctyfi zaci modry (aqua) a zbyli dva Zaci si vybrali zeleny (apple) a
modry (blue). Ctyfi déti v kontrolni skuping si vybraly modry (blue), tfi Zaci modry (aqua),

jeden Cerveny (rosa) a zeleny (apple) si nevybral zadny.
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Cetnost filtri: Dyslekticka skupina
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Graf 3: Vybér barevnych filtrii dyslektické skupiny.

Cetnost filtrii: Kontrolni skupina
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Graf 4: Vybér barevnych filtrii kontrolni skupiny.

1. Cast vyzkumu

Prvni ¢ast vyzkumu se tykala okamzZitého uc¢inku barevnych f6lii na rychlost ¢teni, ktery byl
vztazen na vék. Cteny text byl test slozeny ze slov smyslenych i normalnich. Z grafu zavislosti
rychlosti ¢teni na vé€ku u dyslektika (Graf 5) Ize pozorovat u vékové skupiny 1. stupen zlepsSeni
pfi Cteni pies folie o 1,5 slova za 0,5 min, zatimco u vé€kové skupiny 2. stupent doslo s foliemi
ke zhorSeni 0 0,4 slov za 0,5 min. V grafu zavislosti rychlosti ¢teni na v€ku u kontrolni skupiny

(Graf 6) je mozné pozorovat zlepSeni pii Cteni pres folie v obou vékovych skupinéch.
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Zavislost rychlosti ¢teni na véku : dyslektici

250 - M bez filtra

20,7 20,3  msfiltry
20,0

15,0
10,0

50

Rychlost ¢teni [slov/30s]

0,0

1.stupent 2.stupeil

Graf 5: Zavislost rychlosti ¢teni na véku u dyslektické skupiny.

Zavislost rychlosti ¢teni na véku : kontrolni

35,0 - skupina

30,0 279 29,1 Wbez filtri

m s filtry

25,0 1
20,0 1
15,0 f
10,0 +
5,0 -
0,0 -

Rychlost ¢teni [slov/30s]

1.stupent 2.stupent

Vék

Graf 6: Zavislost rychlosti ¢teni na véku u kontrolni skupiny.

2. Cast vyzkumu

Druha ¢ast vyzkumu se zabyvala porovnanim dvou testtl, testu slozeného ze slov normélnich
(Test 1) a z testu slozeného ze slov smyslenych (Test 2). Z davodi malého vzorku zaku je zde
uvedena pouze tabulka shodnotami bez dalsiho statistického zpracovani. Zluta policka
obsahuji primérné hodnoty rychlosti ¢teni, kde je mozné pozorovat u dyslektické skupiny
zlepSeni pti pouziti folii u obou testi, zatimco u kontrolni skupiny doslo u Testu 1 ke zhorSeni

pii pouziti filtrti a u Testu 2 ke zlepSeni.
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Tabulka 1: Porovnani rychlosti cteni dyslektikii a nedyslektikii pii pouZiti Testu 1 a Testu 2.

TEST1 PRUMER | TEST1 f.PRUMER | TEST 2 PRUMER TEST 2 f. PRUMER
pocet pocet pocet pocet
vék | pohlavi | barvaf.| slov | chyby |rychlost| slov | chyby |rychlost] slov | chyby |rychlost| slov | chyby |rychlost
14| Zena apple 30,5 0,5 30 36 1,5 34,5 16 3,5 12,5 18,5 4,5 14
15 muz blue 40,5 1 39,5 48 1 47| 27 4 23 26,5 1,5 25
15| Zena blue 24,5 2,5 22 26| 1,5 24,5 11,5 3 8,5 13,5 2,5 11
30,50 35,33 14,67 16,67
K 13| 7ena | yellow 56 0 56 52,5 1 51,5 45 5,5 39,5 46,5 2,5 44
K 14| zena |yellow | 24,5 2,5 22 26 1,5 24,5 11,5 3 8,5 13,5 2,5 11
K 15| Zena aqua 37,5 0,5 37 39,5 0,5 39 32,5 0,5 32 34,5 0 34,5
47,17 44,67, 31,67 33,33

o Test1 - test slozeny ze slov normalnich

o Test1f. —test1 éteny s filtrem

e Test 2 — test sloZeny pouze ze slov smyslenych
o Test2f. — Test 2 ¢teny s filtrem

o D —dyslektik

e K -—nedyslektik (kontrolni skupina)

Diskuze

Pouziti barevnych folii pro kompenzaci dyslexie je stale t¢ématem pievazné zahrani¢nich
odbornych studii. Mnohé¢ studie potvrdily pozitivni efekt barevnych filtrii zv1asté u déti, které
trpi Skotopickym syndromem nebo také Irlen syndromem, zrakovym stresem atd. Stéle ale
existuji studie, které pozitivni G¢inky barevnych folii neguji. Jako ptiklad je studie z roku
2011 od autord Stuart J. Ritchie, Della Sala S, McIntosh RD s nazvem Irlen colored overlays
do not alleviate reading difficulties. Studie se zucastnilo 61 zakt ve véku 7—12 let, ktefi trpéli

obtiZemi pfi ¢teni. Studie neprokazala okamzity ucinek pti pouziti folii. [6]

Zahrani¢ni zdroje jako inspirace pro vyzkum v nasich podminkéch jsou problematické
tim, ze se technika méfeni neda aplikovat bez velkych tprav testového textu. Jinak feceno,
anglicky mluvici déti maji trochu jiné dyslektické obtize nez déti mluvici cesky. Z tohoto
davodu nestaci anglicky text pouze pielozit, prekladem zmizi z textu potiebné jevy, se

kterymi maji dyslektici problémy (vySe zminéna zdména pismen).

Dal8im problémem, ktery miZe v naSich podminkéch zkreslit vysledky, je fakt, ze
pedagogicko-psychologické poradny viibec nepracuji s pojmem Irlen syndrom nebo vizualni
stres ale pouze s dyslexii. To znamena, ze déti s dyslexii a déti s Irlen syndromem jsou hozeny

do stejného pytle.
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Anotation

This article is divided in two parts. First part deals with specific reading disorders,
especially dyslexia. Also it concerns with theories of dyslexia origin and dyslexia
reeducational approaches. The second part of this article focuses on hypotheses, research
conditons, research methods, estimate results and discussion.
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Specific learning disorders

Specific learning disorders mark the group of difficulties appearing with language learning
and using, reading, writing, hearing and maths. All difficulties mentioned have an individual

characteristics and emerge on the base of dysfunction of CNS.

Specific learning disorders may occur along with another handicaps (sensory or mental
handicap) or with outter influences such as culture differences, poor or even lack of guidance,

but they don’t emerge as their direct effect.

Learning disorders don’t only display when you can notice their intensive expression, but
they have many symptoms in common. They often display as bigger or smaller speech

disorder, troubled concentration, rigt-left orientation disorder etc.

e Dyslexia — learning of reading skills disorder

e Dysgraphia — learning of writing disorder
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e Dysorthographia — learning of grammar disorder
e Dyscalculia — learning of math skills disorder
e Dyspraxia — learning, planning and volitional motions disorder

e Dysmusia — learning of music skills disorder

Dyslexia

Dyslexia is the oldest, therefore the most examined learning disorder. Individuals having
this disorder have a problem with learning the reading skills. It follows the individual the
whole life and it can not be removed nor cured, it could only be reduced by proper
reeducation methods. Dyslexia is conditioned neurologically and can be often hereditary. The
most common symptoms are slow reading full of mispelling and not understanding the text
itself. Children with learning of reading skills disorder don’t read much, which leads to their
lack of vocabulary, which then causes the slower development of the child in other skills.
These school students may lag behind their classmates and have the feeling of inferiority and

separation. [1-3]

Typology and theory of Dyslexia
Typology by Matéjcek
Profesor Matéjcek divided dyslexia to following types:

e Type A —at this type of dyslexia there are dominating disorders in basic organisation
of sensory data with exclusion of any senses damage present
o Subtype Al — domination of problems in auditory analysis
o Subtype A2 — domination of problems in visual analysis

e Type B —very similar to the type A, but in addition there is presence of mild brain
dysfunction

e Type C —disorder of integration mechanisms, reading is mechanical without
understanding
o Subtype C1 — the child reads with no problems, but without understanding the text,

can have problems with writing
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o Subtype C2 — the child has problems with synthesis, meaning it reads separate
letters and doesn’t connect them to words.
e Type D — non-specified type of dyslexia [4]

Inverse theory

Inverse theory claims, that children with dyslexia change similar shaped letters such as a-o,
b-p, d-b, d-p, n-u, n-m. This letter replacement can also take place while hearing, §-Z, ¢-§ can

make troubles in recognition. [4]
Typology by Bakker

This typology comes out of a thought, that brain hemispheres are specialized by function.
Left hemisphere processes language impulses and gives the words the meaning, thanks to the
left hemisphere the language makes sense. Right hemisphere processes visual and auditory
marks. Having dyslexia means having disbalanced the cooperation of both left and right
hemispheres. One of the hemispheres works more than the other one, so we can speak about

the dyslexia type R and L. [4]
Phonological theory

Phonological theory speaks about dyslexia like it is a type of language disorder. This
theory works with the term phoneme notification, which means the ability to analyse
phonemes in whole word (The smallest, further unbreakable unit of a word). In conclusion

there occur problems with recognition and/or replacement of these phonemes. [1],[4]
Hypothesis of dual deficiency and theory of fast processing

Not every trouble people with dyslexia have could have been explained by phonological
theory, therefore it had to be extended. The researchers have found some deficiency in
impulse processing speed at dyslexia patients. There was made a test of quick denomination,
where the tested subjects should fast read the characters they knew well (letters, numbers).
According to this test, it has been observed, that lots of people with dyslexia needed more
time to process the characters displayed, than the control group. This test revealed, that the
individual suffering from dyslexia had no problem to recognize the character displayed, he

just needed more time to do so.

Hypothesis of dual deficiency claims, that people with dyslexia can have some deficiency

at phoneme notification, but there is no deficiency at fast processing, or they can have
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phoneme notification allright, but fast processing deficiency, or at last they can have both

kinds of deficiency, which is most positive for them. [4]
Theory of visual deficiency

Theory of visual deficiency precedes the magnocellular theory, which supplements this
theory further. This theory shows, that the phonological theory isn’t capable enough to
describe all the problems the dyslexia patients feel. The authors of this theory dealt with
visual information processing (letters, words), and found the presence of abnormalities, which
they called the visual persistence. It has been found that the visual information processed by

people with dyslexia lasts longer than it should.

Visual persistence was easy to test. They projected letters on screen, such as letters L, E,
D, which form together the word LED. The letters were projected individually, consecutively,
and with a pause between them. The time for a pause between individual letters was
shortening on and on, and it has been found out, that some of the patients have seen the

overlay of displayed letters, thus there was a problem with whole word composition. [4]
Magnocellular theory

Magnocellular theory mainly deals with dyslectics, who describe chaotic text movement
during reading, which makes reader’s bad orientation in the text. The main actor in this theory
is magno and parvocellular system. The magnocellular system makes you process the impulse
while low light intensity and low contrast conditions. This system is strongly myelinised,
which makes the signal travel fast, therefore the magnocellular system is very sensitive to

short time intervals. Parvocellular system is sensitive to colours and processes tiny details.

While reading, the magnocellular system is responsible for continuous passing from one
letter to another. If there is any deficiency in this system, these letters persist and begin to

overlay, so we talk, as mentioned earlier, about the visual persistence.

Authors themselves came up with a possibility of compensation of magnocellular system
deficiency. Magnocellular system is sensitive for wavelength of blue colour. This wavelenght
stimulates the function of magnocellular system. So it is advised to people with dyslexia to
use blue filters in glasses, contact lenses or as a reading foil. Blue filter of course does not
heal the dyslexia, neither makes it disappear, but it has the influence to lower the disorder’s

uncomfortable signs. [4]
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Cerebral theory

Cerebral theory connects on and extends the phonological theory and hypothesis of dual
deficiency with statement, that besides the reading problems, dyslectics also have other

problems allied, divided into four groups:

1. overall motorial ineptitude

2. musical problems

3. problems with time estimation and orientation
4

problems with doing automatic acts, normally saving time and energy [4]

Dyslexia reeducation

Dyslexia problems can be relieved by proper reeducational procedures, where it is urgent
to think about every dyslectic as an individual, who needs different time donation for all

reeducational procedure phases and also needs different approach. [3]
1. Letters deducing

The first step is to connect consonants and vowels with a picture or another illustrative

sample, such as ¢¢¢¢ — kocka, 4aaa — opened mouth at doctor’s check-up. [3]
2. Connecting syllables

The next logical step is to make syllables out of consonants and vowels. For this purpose is

proper to use cards. [3]
3. Reading whole words and sentences

Child tries to shorten the pauses between syllables and read the whole word and further

whole short sentences. [3]
4. Understanding of text being read

Kids often focus more on reading technique, while they don’t concern about the text
content. Understanding of text can be trained with word-picture assignment, with illustrated

parts of text or with absence of some words, so children can think of a word that fits the best.

[3]
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5. Letters replacement

Dyslectics often replace similar letters, therefore it is important to train this issue through

both reading and listening. [3]
6. Double reading

This is a wrong habit during reading. The kid firstly speaks the word silently for itself
(syllable by syllable) and after this reads it whole loudly. This technique occurs if the child
moves too fast from syllables connecting to whole words and senteces reading. Thus it is
important to go back to syllables connecting and fluently move to words reading and

sentences consequently. [3]
7. Sticking to syllables

Sticking to syllables occurs at children, who did not train their fluent eye movement,
needed for fluent text reading. This kid strikes the syllables out and it can not read the word
fluently. To remove this problem, there are boxes used (as shown in the picture), which move
above text and make the kid train reading, while moving this box. [3]

Picture 1: Reading box

8. Suggestions for working with text

It is important to entertain kids while reading, so it is necessary to make up another
activities connected with reading. We need them to make reading automatical. It is
appropriate to use reading in pair, setting some targets, searching for the shortest/longest

words in text, searching for words with certain amount of letters etc. [3]
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9. Reading and hemispheres cooperation

This method is used mainly at type L and R dyslexia (Bakker). It comes out of a fact, that
the left hand is controlled by right hemisphere and right hand by left hemisphere. According
to which hemisphere we need to stimulate during reading, the child uses proper hand to orient
itself in text. Differently spoken, if the right hemisphere is the weak one, the child points on
the text with the finger of the left hand. [3]

The research, based on the aforementioned theories, took place at 8th Elementary school
Ladova and 1st Elementary school Na Valech, in classes from 3rd to 9th grade.

Next there had to be made some excretory conditions:

e Parent’s disagreement
e Anomalous colour perception

e Near visus worse than 0,8

Materials

e Near reading test

e Colour perception test, Color Vision Test by iSIGHT as an iPad app.

e Text for filters selection, the extract from fairy tale by Bozena Némcova.

e Chromagen filters Cerium Overlay Testing set, selected filters rose, apple, yellow, blue,
aqua

e Normal and made up words test, normal words test only, and made up words test only.

Tests were created to focus on dyslectic matters of replacing similar shaped letters n-u, p-d

etc.

222



oblouk lad opadavat dob proud doubo
oblaka ¢izina zimni kSir nyni livola
byliny ninymi podoba obrbla feéi1 recap
louka 3Sdosu bedla dabidyba latindol lopata
otréza podat obazli um lajda hrabé
koupija mouka drestel bodlak Svopa
klobouk mnou bfiza lasdo kiece poda
krac¢ek dap dopad svopa pradlo kvapida
napad badop

badop napad kvapida pradlo 3Svopa dopad
dap kriéek poda kiefe lasdo biiza mnou
klobouk 3Svopa bodlik drestel mouka
koupija hrabé lajda um obazli podat
otréza lopata latindol maslo dabidyba
bedla Sdosu louka fecap fe¢1 obrbla
podoba ninymi byliny livola nyni ksir
zimni ¢izina oblaka doubo proud dob

opadavat lad oblouk

Picture 2: Test of made up and normal words mixed.

lad dob doubd ¢izina kdir livola ninymi
obrbla fecap S5dosu dabidyba latindol
otréza obazli um lajda koupija drestel
Svopa mnou lasdo poda dap 3vopa
kvédpida bada lad dob doubd dizina kSir
livela ninymi obrbla fecap S$dosu
dabidyba latindol ofréza obazli um lajda

koupija drestel Svopa mmnou laddo poda

dap Svapa kvapida badop

ndpad pradlo dopad kricdek kiede biiza
mnou klobouk bodlak mouka hrabé um
podat lopata maslo bedla louka feci
podoba byliny nyni zimni oblaka proud
opadavat oblouk nadoba napad pradlo
dopad kricek kiefe bfiza mnou klobouk
bodlak mouka hrabé um podat lopata
maslo bedla louka feéi podoba byliny
nyni zimni oblaka proud opadavat oblouk

nadoba

Picture 3: Made up words test on the left and normal words test on the right.

Measuring technique
1. Personal information

Pupils are asked for name, surname, age and grade.
2. Near visus test

If pupils wear glasses, it is necessary for them to wear glasses all the time during

measurement.
3. Colour perception test

Because of wide age range, there was chosen a colour dots test based on Farnsworth D-15,

which is suitable even for younger kids.
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4. Filter selection

Filters are chosen according to subjective opinion of the student. These filters are one by
one put over a text and the kid chooses itself, which colour is the most comfortable and suitable
for it.

5. Test reading

Every student reads only one text four times in total in order without filter, with filter, with
filter nad without filter. Every reading lasts 30 seconds. Tracked parameters are the total amount
of words and total amount of mistakes. These values offer us information about the reading
speed, which is defined as the amount of correct words read per one minute, in 30 seconds in

this case.

Running results

This research participated 19 dyslectics (10 boys and 9 girls), and 19 non-dyslectics (6 boys
and 13 girls).

Dyslectic group Control group

m boys m hoys

mgirls | girls

Graph 1: Setup of dyslectic group. Graph 2: Setup of control group.

The most chosen filter in both groups was the yellow one. In dyslectic group four students
have chosen rosa filter, four students aqua filter, and the rest two students one apple and one
blue filter. Four students in control group have chosen blue filter, three students aqua filter, one
student rosa filter and none of them have chosen apple filter.

224



Filter choices: Dyslectic group
10 T 9

o N A O
—
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rosa agua yellow apple blue
Graph 3: The choice of chromagen filters in dyslectic group.

Filter choices: Control group

12 1 11
11 +
10 +
9 4
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1 4
il 3
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rosa aqua yellow apple blue

Graph 4: The choice of chromagen filters in controlc group.

1st Part of research

The first part of research focused on the immediate effect of chromagene filters on reading
speed, which was applied on age. The raed text was test composed ofnormal and made up
words. In Graph 5 you can notice reading improvement through filters for 1.5 word per a half
minute at 1st degree group, whereas at 2nd degree group there was a slight decrease for 0.4
word per a half minute. At the control group (Graph 6) there was an improvement in both

groups.
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15,0
10,0
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Reading speed [word/30s]

Reading speed dependent on age: dyslectics

20,7 203 ™ no filters

m filters

1st degree 2nd degree
Age

Graph 5: Reading speed dependent on age in dyslectic group.

Reading speed dependent on age: control group

no filters
+ 279 291 F®

m filters

1st degree 2nd degree
Age

Graph 6: Reading speed dependent on age in control group.

2nd Part of research

The second part of research focused on comparison of two tests: normal words test (Test 1)
and made up words test (Test 2). Because of little amount of students tested so far, there is
presented a chart (Chart 1) with data without any further statistical processing. Yellow fields

contain average reading speed values, where you can see improvement at dyslectics group in
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both tests using filters, whereas at control group there was worsening at Test 1 using filters and

improvement at Test 2.

Chart 1: Comparison of reading speed of dyslectics and control group using Test 1 and Test 2.

TEST 1 Average TEST 1 f. Average TEST 2 Average TEST 2 f. Average
Filter | Words Words Words Words
Age | Gender| colour |amount| Faults | Speed |amount| Faults | Speed [amount| Faults | Speed |amount| Faults | Speed
D 14| Male | apple 30,5 0,5 30 36 1,5 34,5 16 3,5 12,5 18,5 4,5 14
D 15 Male blue 40,5 1 39,5 48 1 47 27, 4 23 26,5 1,5 25
15| Female| blue 24,5 2,5 22 26 1,5 24,5 11,5 3 8,5 13,5 2,5 11
30,50 35,33 14,67 16,67
K 13| Female | yellow 56 0 56 52,5 1 51,5 45 5,5 39,5 46,5 2,5 44
K 14| Female | yellow | 24,5 2,5 22 26 1,5 24,5 11,5 3 8,5 13,5 2,5 11
K 15| Female| aqua | 37,5 0,5 37 39,5 0,5 39 32,5 0,5 32 34,5 0 34,5
47,17 44,67 31,67 33,33

e  Test 1 - normal words test

e Test1f. —Test1read with filters
e  Test 2 —made up words test

e Test2f. — Test 2 read with filters
e D —dyslectic group

e K -—control group

Discussion

Using chromagene filters for dyslexia compensation is mostly still a topic of foreign
studies. Many of them confirmed the positive effect of chromagene filters, especially for
children, suffering from Scotopic syndrom (also known as Irlen syndrome or visual stress).
But still there are studies negating these positive effects of chromagene filters. For example,
there is a study of 2011 published by authors Stuart J. Ritchie, Della Sala S, McIntosh RD
called Irlen colored overlays do not alleviate reading difficulties. There were 61 students
participating this study a tage between 7 and 12 years, suffering from reading disabilities.

This study did not prove the immediate effect with filters usage. [6]

These foreign sources as an inspiration for research at our conditions are problematic,

from the point of measurement techniques, because we can’t apply the exact same technique
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without some significant changes, i.e. english speaking children have a little different
dyslectic problems than czech speaking children. At this point, it’s not enough only to
translate the english text, because by translation we get rid off the problematic letter groups.

Another problem, which may distort the results at our conditions, is the fact, that
pedagogical-psychological counseling do not at all operate with term Irlen syndrome or visual
stress, but only with the term dyslexia. This means, that children with dyslexia and children

with Irlen syndrome are taken as one group.
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Vliv oslnéni na vySetieni zrakové ostrosti
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Anotace

Tento prispévek je zaméfen na problematiku oslnéni zrakového systému. V praci je feSen
vliv oslnéni na vySetieni zrakové ostrosti a jeho disledky na zrakové funkce. Uvodem se
seznamime s pojmem osInéni a s nim souvisejicim intraokularnim rozptylem. Tato prace je dale
podlozena vyzkumem, ktery se zabyva vlivem oslnéni na vysetfeni zrakové ostrosti a na
rozpoznavani znakd pti snizeném kontrastu. K zjisténi vlivu oslnéni na zrakovy systém jsou

zpracovana a porovnana namétend data bez oslnéni a s oslnénim.

Klic¢ova slova

Oslnéni, citlivost na oslnéni, intraokularni rozptyl

OslInéni zrakového systému a s tim souvisejici problematika intraokularniho rozptylu je
vV optometristické 1 oftalmologické praxi Casto podceniovdno. Za normadlnich svételnych
podminek se nadmérnym jasim u oslnéni nelze zcela vyhnout. Oslnéni Ize povazovat
za negativni faktor ptisobici na zrakovy systém, ktery mize narusit nasi koncentraci, zptisobit
unavu zraku a nepohodli, degradovat pozorované scény, omezit velikosti zorné¢ho pole, nebo
nas na okamzik zcela ,,oslepit®.

Nekteti jedinci 1 presto, Ze jsou spravné vykorigovani, si st€Zuji na naruseni zrakové pohody.
Pfi¢inou mohou byt nehomogenity v jednotlivych strukturach oka nebo s vékem se projevujici
patologické zmény. Standardni vySetteni zrakové ostrosti bez oslitujiciho zdroje nedokaze tyto
obtize odhalit, proto bylo vyvinuto nékolik specialnich metod pro jejich testovani. S rostoucim
vékem dochazi k zvySeni miry intraokuldrniho rozptylu, coz miiZze vyvolat zamlZené vidéni a
snizenou schopnost vnimat kontrast a barvy. Intraokuldrni rozptyl je vniman s vyssi citlivosti u
0s0b s pocinajici kataraktou.

Uvedeny vyzkum se snazi zjistit vliv oslnéni na zrakové funkce a porovnat vySetieni
refrakénich vad s oslnénim a bez oslnéni. Soucasti vyzkumu je také porovnani naméfené

hodnoty minimalniho kontrastu pro rozpoznani znakt bez a s osInénim.
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Oslnéni

Jedna se o nepfiznivy stav zraku, pii kterém se narusi zrakova pohoda. Zrakova pohoda je
pojem, ktery vystihuje celkove ptijemny psychologicky stav a zaroven optimalni funkci celého
zrakového systému.

OslInéni vznika pii ptiliS velkych rozdilech jasii, kdy dojde k piekroceni mezi adaptability
zraku. Oslnéni je zapti¢inéné nadmémym jasem nebo nevhodnym rozlozenim jasii v zorném
poli. Dochazi k naruseni ¢innosti zrakového systému, ¢imz se znesnadnuje, az zhorsuje vidéni.
RozliSuje se nékolik druhii oslnéni z hlediska pfic¢iny a svételné techniky. Kazdy druh oslnéni
zpusobuje specifické obtize zrakového systému. Faktorem ovliviujici citlivost na oslnéni byva
vek, mira intraokularniho rozptylu, onemocnéni ¢i patologické zmény oka.

S pfibyvajicim vékem byva oslnéni mnohem nepiijemnéjsi a mize vést az k astenopickym

potizim (nauzea, paleni a slzeni o¢i, bolest hlavy). [1,2]

Citlivost na oslnéni je mozné urcit pomoci zrakové ostrosti a kontrastni citlivosti pfi
vySetfeni bez a s oslnénim, z rozdilt hodnot je dana citlivost. Citlivost lze také zjistit pomoci
métfeni mnozstvi rozptyleného svétla v oku. [3] Subjektivné je mozné hodnotit citlivost na

oslnéni naptiklad pomoci de Boerovy klasifika¢ni stupnice [4].

Oslnéni miize zpisobit ztratu kontrastu jako dusledek intraokuldrniho rozptylu, coz se
projevi na kvalité sitnicového obrazu.

V oftalmologické praxi nebyva béznou soucasti vySetieni citlivosti na oslnéni nebo vySetieni
kontrastni citlivosti. Tato vySetfeni by mohla doplnit komplexni informace o celkovém stavu
zrakového sytému. Testovani citlivosti na oslnéni a kontrastni citlivosti byva vyuzivano
k diagnostice o¢nich chorob, screeningu zraku a také k vyvoji implantace intraokularnich

cocek. Poznatky z téchto méteni mohou slouzit také pii vyvoji v refrakéni chirurgii. [5]

Intraokularni rozptyl

U normalniho zdravého jedince dochdzi v urcité mife k intraokuldrnimu rozptylu, ktery
zavisi na veku, patologickych zménach oka (katarakta), pigmentaci a na refrakénich
chirurgickych zékrocich. Mira intraokularniho rozptylu je pro kazdého jedince individudlni,
dokonce se muze lisit pro pravé a levé oko. U mladého zdravého oka mira intraokularniho
rozptylu je z 1/3 zpiisobena rohovkou, z 1/3 zpisobena ¢ockou a z 1/3 duhovkou, bélimou a
o¢nim pozadim. Tyto poméry zavisi predev§im na véku a pigmentaci.

ZvySeny rozptyl svétla negativné ovliviuje kvalitu sitnicového obrazu. Rozptylené svétlo na
sitnici zpusobuje predevsim snizeni kontrastu, rozmlzeni obrazu, oslnéni, halo jev. K rozptylu
dochazi na nehomogenitach optické soustavy oka, tedy za vznik rozptylu miize predevsim

skléra, rohovka, duhovka, o¢ni ¢ocka, sklivec a sitnice.
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Intraokularni rozptyl je povazovan za zrakovou funkci, kterd se v populaci navysuje,
nezévisle na zrakové ostrosti a kontrastni citlivosti. Plati skute¢nost, ze ¢im je vétsi rozptyl

svétla, tim je horsi kvalita vnimaného obrazu.

nizky intraokularni rozptyl  zuvyseny intraokularni rozptyl

Obr. 1: Rozptyl svétla v oku a vliv na kvalitu vidént

Navyseni intraokularniho rozptylu mize mit vétsi vliv na kvalitu zraku nez pokles zrakové
ostrosti. [6-11]

Zrakova ostrost a intraokuldrni rozptyl se méni zcela nezavisle na sobé. Zrakova ostrost se
ztraci vlivem katarakty a neprtihlednosti dal$ich médii. Snizeni zrakové ostrosti neni zptisobeno
intraokuldrnim rozptylem, ale mize byt zapfi¢inéno aberacemi. Intraokuldrni rozptyl neni

ovlivnén refrakénimi vadami, na rozdil od zrakové ostrosti. [12]

Vztah intraokularniho rozptylu a oslnéni

Fyziologické oslnéni (angl. disability glare) snizuje zrakové vnimani vytvorenim zativého
jasu (angl. veiling luminance) na sitnici. Oslnéni je pfic¢inou fyzikalniho procesu, ktery ma za
nasledek zvySeni miry intraokularniho rozptylu. Oslnéni se d& kvantifikovat méfenim
intraokularniho rozptylu. Méfeni oslnéni a intraokularniho rozptylu je obzvlast vyznamné
pro fidice, jedince s kataraktou a po refrakcénich chirurgickych zakrocich. Oslnéni v pocatecni
fazi vyvoje katarakty je Casto divodem pro¢ lidé ptestavaji fidit v noci. Béhem nékolika
poslednich let doslo k pokroku ve vyvoji testll s oslnénim. VEtSina métfeni jak zrakové ostrosti,
tak i kontrastni citlivosti Ize provadét za ptitomnosti oslitujiciho zdroje. Zadny z testii viak neni
celosvétové uznavanym standardem. Test rozptylu svétla (angl. stray light meter) umoziuje
pfimé meéfeni intraokuldrniho rozptylu, misto métfeni G€inku na zrakovy vjem. Proto je

povaZovan za ,,zlaty standard®. V dne$ni dobé€ se intraokuldrni rozptyl méti bézné dostupnym
piistrojem C-Quant. [3,13-15]
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Obr. 2: C-Quant pristroj firmy Oculus [16]

Citlivost na oslnéni 1ze méfit prostfednictvim kontrastni citlivosti za mezopickych podminek
pomoci Mesotestu, Nyktotestu a Nyktometru. Tyto testy je vhodné pouzit pii vySetieni fidict.

Testy jsou prizpisobené pro simulaci silni¢niho provozu. [3,13,17]

C

Obr. 3: Nyktometr vlevo a Mesotest firmy Oculus vpravo [18,19]

Mnoho autori uptednostituje méfeni citlivosti na oslnéni pro zhodnoceni zrakové schopnosti fidici
a pro stanoveni katarakty, ale v souc¢asné dob¢€ neni toto zahrnuto ve smérnici Evropské unie. MoZnost
zafazeni testll na oslnéni nebo rozptyl svétla je komplikované, protoze neexistuje celosvétoveé uznavana

metoda nebo technika méfeni. [3,13,14,20]

Zkoumany soubor a metodika vyzkumu

Vyzkum byl realizovan na Fakulté biomedicinského inzenyrstvi CVUT v Praze. Cilem
bylo zjistit, zda pti oslnéni dojde k poklesu zrakové ostrosti a také zda pti oslnéni dojde
k zhor$eni rozpoznatelnosti znaki pii snizeném kontrastu.

VySetteni se zucastnili jedinci vékovych kategorii od 21 do 81 let. K méteni byl vyuzivan
polarizovany LCD optotyp CS Pola600 od firmy Essilor [21]. Na optotyp byly nainstalovany
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LED pasky, které slouzily jako osliujici zdroj. LED pasky byly umistény vertikalné po
stranach optotypu. Na obrazku 4 je zobrazen LCD optotyp CS Pola600 se zapnutym LED
osInénim. Oslitujici zdroj dosahoval hodnoty ~ 17 000 c¢d.m, ktera byla naméfena piimo u
zdroje oslnéni. Vysetieni probihalo za fotopickych podminek na vzdalenost 6 m bez oslnéni i
s oslnénim. Osvétleni v mistnosti bylo cca 800 1x. Hodnota osvétleni se v misté vysetieni
navysila o 95 Ix v disledku osIlnéni. Méfeni osvétleni bylo provadéno pomoci luxmetru
Velleman DVM 1300 [22] a hodnoty jasu byly ziskany nepfimym méfenim pomoci luxmetru
[23].

Vysetieni slouzilo ke zjisténi zrakové ostrosti a k rozpoznani znakti pii snizeném kontrastu
bez oslnéni a s oslnénim. Pro kazdého probanda byly nastaveny stejné podminky vysetieni.
Proband fixoval kazdy dany znak na fadku s nejlepsi hodnotou vizu bez i s oslnénim. Adaptacni
doba pfi vySetfeni se zapnutym osliiujicim zdrojem byla 4 minuty. Metodika postupu vySetieni
byla nasledujici: anamnéza, objektivni refrakce, naturalni vizus, sférocylindricka refrakce (bez
oslnéni), binokularni vyvazeni, vySetieni binokuldrnich funkci, test na pravé nekonecno,
kontrola vizu s oslnénim, rozpoznani znak pti snizovani kontrastu s korekci bez oslnéni a poté

S oslnénim.

Systém CS Pola600 umoziuje snizovat kontrast na hodnoty 75 %, 50 %, 40 %, 30 %, 20 %,
10 %, 7,5 %, 5%, 3 % a 1,5 %. Nejvyssi hodnota kontrastu je 100 % a nejnizsi je 1,5 %. Pii
snizeni kontrastu zaroven dochazi k obméné pismen. Vysetfeni v pfitomnosti oslnéni bylo
provadéno na fadku s dosazenim nejlepsi hodnoty vizu a proband fixoval kazdy znak, ktery se
pokusil rozpoznat. Béhem vySetfeni bez osliujiciho zdroje byl jas optotypu nastaven na
246 cd.m a s osliiujicim zdrojem byl jas optotypu snizen na 143 cd.m™2. Hodnoty jasii jsou
maximalni a minimalni mozné nastavitelné hodnoty u daného typu optotypu. Ke zméné jasu

pozadi dochézelo za ucelem ztizeni podminek pfi vysetfeni s osliujicim zdrojem.

Obr. 4: LCD optotyp CS Pola600
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Vysledky méreni

Porovnani zrakové ostrosti bez a s oslnénim

Nameéfené hodnoty zrakové ostrosti jsou porovnany na grafu ¢. 5, kde jsou znazornény data
vSech klientli bez ohledu na vék bez oslnéni a s oslnénim. Z grafu ¢. 5 mizeme vycist, ze oslnéni
ma vliv na vySetfeni zrakové ostrosti. Pfi vySetfeni v piitomnosti oslitujiciho zdroje nastal

viditelny pokles hodnoty vizu oproti vySetfeni bez oslnéni.

Pro zjisténi zavislosti mezi hodnotou zrakové ostrosti bez a s oslnénim je pouzit Pearsontiv
korela¢ni koeficient [24], ktery dosahuje hodnot od -1 do +1. Hodnota Pearsonova korela¢niho
koeficientu je r = 0,96, coZ potvrzuje témé&f perfektni linearni zavislost, tj. zrakova ostrost pii

oslnéni se snizila prakticky stejnou mérou u vSech vysetiovanych jedinci.

Dvouvybérovym parovym T-testem na stfedni hodnotu bylo prokazano, ze mezi vySetienim
zrakové ostrosti bez oslnéni a s oslnénim je statisticky signifikantni rozdil na hladiné
vyznamnosti o =0,05aa=0,01.

Zrakova ostrost s osinénim a bez oslnéni
1,6

15

14

13

1,2 :
11
1

0,5

Vizus

0,8

O bez osInéni M s osInénim

Graf 5: Namérena zrakova ostrost bez a s oslnénim

Porovnani hodnot kontrastu bez a s oslnénim

Na grafu €. 6 jsou porovnana data vSech klientii bez ohledu na vék. Naméfené minimalni
hodnoty kontrastu testového fadku bez oslnéni, které klient jesté rozpoznd, jsou u kazdého
klienta individudlni. U téméf kazdého klienta se projevilo zhorSeni vnimani kontrastu
s osInénim, tj. vzristem minimalni hodnoty kontrastu testového fadku, které klient jesté

rozpozna.
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Hodnota Pearsonova korela¢niho koeficientu je r = 0,88, coz stale potvrzuje silnou linearni
zavislost, tj. kontrast testového fadku, které klient jesté rozpozna pii oslnéni, se zvysil prakticky

obdobnym zptsobem u vSech vysetfovanych jedincti.

Z grafu €. 6 je patrné, ze jeden klient ve véku 25 let se vymyka ostatnim vysledkiim, coz
prikladdm tomu, ze dany klient uziva léky na thyreopatii a diabetes mellitus. Dany klient doséhl
bez oslnéni minimalni hodnoty kontrastu 40 % a s oslnénim doslo k posunu, tedy zhorSeni az
na 75 %.

V pfitomnosti oslitujiciho zdroje nastalo zhorSeni na 75 % hodnoty kontrastu u dalSiho
klienta, pficemz bez oslnéni byla hodnota kontrastu 50 %. V tomto ptipadé se jedna o klienta
ve véku 73 let, u kterého je diagnostikovéan pocinajici stupen katarakty. Klient uvedl, ze uziva
Iéky na deprese, coz v kombinaci s po¢inajicim stupném katarakty muze vysvétlovat tyto

neobvyklé zmény.

Z vysledku ostatnich klientii vidime, Ze bez osInéni pievazuji hodnoty kontrastu mezi 20 az
30 %. Pii oslnéni nastane zhorSeni, tudiz je nutnd vyssi troven kontrastu potiebného
k rozpoznani znakl. V pfitomnosti osliujiciho zdroje pievazuji hodnoty kontrastu mezi
30 az 40 %.

Dvouvybérovym parovym T-testem na stiedni hodnotu bylo prokdzano, ze mezi minimalni
hodnotou kontrastu potfebného k rozpoznani znakti na nejmensim ¢teném tadku bez oslnéni a

s oslnénim je statisticky signifikantni rozdil na hladin¢ vyznamnosti o = 0,05 a a = 0,01.

Hodnoty kontrastu s osinénim a bez oslnéni
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Graf 6: Hodnoty kontrastu bez a s oslnénim
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Analyza naméienych dat vzhledem k véku klienta

S pfibyvajicim vékem se méni struktura o¢nich medii, coz se muze projevit na zrakové

ostrosti a na minimalni hodnoté kontrastu potfebného k rozpoznani znak?.

Pro tuto analyzu vychézime z primérnych hodnot naméfeného vizu v kazdé dané veékové
skuping. Na zaklad¢ primérnych hodnot zrakové ostrosti v kazdé vékové skupiné byl sestaven

graf €. 7, na kterém je vidét patrny pokles zrakové ostrosti s piibyvajicim vékem.

Pti zkoumani zavislosti mezi hodnotou zrakové ostrosti a vékem klienta je pouzit Pearsontiv
korela¢ni koeficient. Zaporné hodnoty koeficientu potvrzuji nepiimou zavislost dat, naopak
kladné hodnoty koeficientu potvrzuji piimou zavislost dat. Hodnota Pearsonova korela¢niho
koeficientu pro zjiSténi zévislosti mezi primérnou hodnotou vizu bez oslnéni a vékem klienta
je r = -0,56, coz dokazuje fakt, Ze s ptibyvajicim veékem klesa hodnota zrakové ostrosti.
Hodnota Pearsonova korela¢niho koeficientu pro zjisténi zavislosti mezi pramérnou hodnotou
vizu s oslnénim a v€kem klienta je r = -0,55. Zjisténé hodnoty urcitym zplisobem ukazuji na

sttedné silnou linearni zavislost mezi primérnou hodnotou vizu a vékem klienta.

U spojnic trendu, které pfislusi primérnym hodnotam zrakové ostrosti, jsou uvedeny
hodnoty koeficientu spolehlivosti. Hodnota koeficientu spolehlivosti u primérné hodnoty

zrakové ostrosti bez osInéni je R? = 0,776 a u praimérné hodnoty zrakové ostrosti s oslnénim je
R? =0,7961.

Primérné hodnoty zrakové ostrosti v zavislosti na véku
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Graf 7: Priumérné hodnoty zrakové ostrosti v zavislosti na véku bez a s oslnénim

Dalsim zjistovanym vztahem jsou hodnoty kontrastu bez a s oslnénim v zavislosti na véku,
pficemz opét vychdzime z primérnych hodnot naméfeného kontrastu v kazdé dané vékove

skuping.
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Na grafu €. 8 jsou zndzornény primérné hodnoty naméfeného kontrastu v kazdé vékové
skuping. V tomto piipadé¢ mizeme naopak pozorovat zhorseni, tedy s vyssim vékem je potieba

vy$si hladina kontrastu pro rozpoznani znakl na nejmensim ¢teném tadku.

Hodnota Pearsonova korelacniho koeficientu pro zjisténi zavislosti mezi vékem klienta a
pramérnou hodnotou kontrastu bez oslnéni je r = 0,28 a pfi oslnéni je r = 0,19. V ptipadé
kladné korelace hodnoty, jak kontrastu, tak véku stoupaji, ovSem hodnoty neprokazuji ptili§

velkou zavislost.

Hodnota koeficientu spolehlivosti u primérné hodnoty kontrastu bez oslnéni je R? = 0,3642

a u nam¢feného kontrastu s oslnénim je R% =0,4519.

Primérné hodnoty kontrastu v zavislosti na véku
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Graf 8: Primérné hodnoty kontrastu v zavislosti na véku bez a s oslnénim

Diskuze

Dle zadanych cilii prace byl na zdkladé dvouvybérového parového T-testu na hladiné
vyznamnosti 5 % a 1 % potvrzen signifikantni vliv oslnéni na vySetieni zrakové ostrosti,

coz znamena celkové zhorSeni kvality vidéni pti oslnéni zrakového systému.

Ptedchozi studie z roku 2016 [25], ktera si stanovila stejné podminky vySetfeni, prokéazala
také signifikantni vliv oslnéni na vySetfeni zrakové ostrosti u jedinct ve véku od 20 do 65 let.
Signifikantniho poklesu zrakové ostrosti a kontrastni citlivosti v pfitomnosti oslitujiciho zdroje
dosahly i dalsi studie [26-28], které jsou zaroven zaméfeny na jedince s kataraktou.

Na zaklad€ provedené statistické analyzy byl potvrzen signifikantni rozdil pfi rozpoznavani

znaku pfi snizeném kontrastu bez oslnéni a s oslnénim na hladiné vyznamnosti 5 % a 1 %.
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Nejcastéji dochdzelo k chybovosti pfi Cteni v blizkosti oslitujiciho zdroje, tedy na krajich
optotypu. Statisticka analyza experimentalné namétenych dat této prace, ktera potvrdila
statisticky vyznamné zmény zrakové ostrosti a minimalniho kontrastu pro rozpoznani znakt
optotypu pii oslnéni, koresponduje velmi dobfe s jiz diive provadénymi mezinarodnimi
studiemi vlivu oslnéni na zrakové funkce [17,25,26,29,30-32].

Namétena zrakova ostrost byla zkoumdna i s ohledem na vék klienta. Vysledek Pearsonova

korelacniho koeficientu potvrzuje, Ze s pfibyvajicim v€kem klesd hodnota zrakové ostrosti.

Dalsim pozorovanym parametrem byla minimalni hodnota kontrastu bez a s oslnénim
v zavislosti na v€ku klienta. Dle Pearsonova korelacniho koeficientu byla prokazdna malé
linearni zavislost dat, pficemz kladné hodnoty koeficientu znamenaji, Ze s vy$sim vékem je

zapotiebi vyssi hodnota kontrastu pro rozpoznani znakli na daném fadku.

Pokud si tyto poznatky prevedeme do bé&zného zivota, mizeme konstatovat, ze oslnéni
negativné ovliviiuje nas zrak pii nejriznéjsich ¢innostech. [7,14] Z tohoto divodu bychom se
méli nadmérnym jasim zpisobujici nezadouci oslnéni pii vysetfeni zraku ve vysetfovacich
mistnostech vyhnout. Na druhou stranu, pokud bychom chtéli vySetfovat v pfitomnosti

osliiujiciho zdroje, mohl by slouzit jako indikéator nestandardnich patologickych stavt oka.

Jak tyto poznatky vyuZit v praxi v riznych oborech? Moznosti se nabizi hned nékolik.
Naptiklad automobilové spolecnosti pti vyvoji a konstrukci svétlometii mohou vyuzit poznatkti
Z testovani citlivosti na oslnéni za ¢elem minimalizace oslnéni protijedoucich automobild.
Dal$i mozné vyuziti je v interiérovém designerstvi pfi navrhovani vhodného rozmisténi
osvétleni v mistnosti (kancelaf, zubni ordinace). A v neposledni fad¢ pfi vyvoji intraokuldrnich

coc¢ek a novych metod v refrakéni chirurgii.

Za mozny nedostatek v experimentalni ¢asti prace povazuji, Ze nebylo provedené vySetieni
funkce kontrastni citlivosti [33] v pfitomnosti osliiujiciho zdroje, coz bohuzel nebylo mozné
z diivodu pouzitého optotypu, ktery neumozituje vysetiit funkci kontrastni citlivosti. Kontrastni
citlivost by prokazala vétsi rozdily ve vySetfeni s oslnénim a bez oslnéni, jak vyplyva
z mnohych provedenych védeckovyzkumnych studii v minulosti [25,29,34-36].
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Annotation

This contribution is focused on problematics of glare of visual system. In this work is solved
influence of glare on visual acuity testing and consequences on visual functions. Introduction
we get to know with term of glare and related with intraocular scatter. The impact of glare on
testing the visual acuity and recognizing signs during lowered contrast are discussed in the
experimental part. There would be elaborated and compared measured data, with glare and
without glare, for detection of glare influence.

Key words
Glare, sensitivity to glare, intraocular light scatter

Glare of the visual system and related with problematics of intraocular scatter is in the
optometrist and ophthalmological practice often underestimated. During normal light
conditions cannot be avoided excessive brightness at glare. Glare can be considered for a
negative factor acting on the visual system, who can disrupt our concentration, cause eye fatigue
and discimfort, degrade the observed scenes, limit the size of the field od view, or completely
,,blind* us for a moment.

Some individuals despite, that they are correctly corrected, complain about disruption of
visual comfort. Of this reason could be an inhomogeneous in the individual human eye textures
or a pathological changes manifesting with age. The standard visual acuity testing without glare
source cannot detect this difficulties, therefore several special methods have been developed.
With increasing age occurs to increasing amount of intraocular scatter, which can cause blurred
vision and reduced ability to perceive contrast and color. Intraocular light scatter is perceived
with higher sensitivity in people with cataract.

This research seeks to determine the effect of glare on visual functions and compare
examination of refractive errors with glare and without glare. Part of the research is also
comparing the measured minimum contrast value for recognition signs without glare and with
glare.
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Glare

It is an adverse eye condition, in which visual comfort is impaired. Visual comfort is a
concept, which describes overal pleasant psychological condition and at the same time optimal
function of the whole visual system.

Glare is caused by excessive brightness differences, when the adaptability limits are
exceeded. Glare is caused by excessive brightness or inappropriate distribution of brightness in
the field of view. There is a disturbance in the visual system, making it difficult to make vision
even worse. There are several types of glare in terms of cause and lighting technology. Each
kind of glare causes specific difficulties in the visual system. The factor affecting glare
sensitivity is age, amount of intraocular scattering, diseases or pathological changes in the eye.

As age increases, glare is much more unpleasant and can lead to asthenopic problems
(nausea, burning and tearing eyes, headache). [1,2]

Glare sensitivity can be determined by visual acuity and contrast sensitivity during the
examination without and with glare, the difference in values gives a sensitivity. Sensitivity to
glare. Sensitivity to glare can also be determined by measuring the amount of scattered light in
the eye. [3] Subjectively, it is possible to evaluate glare sensitivity, for example, by using de
Boer’s grading scale [4].

Glare can cause a loss of contrast as a result of intraocular scattering, which translates into
retinal image quality.

Sensitivity to glare and contrast sensitivity is not a common part of the examination in
ophthalmological practice. These examinations could complement complex information on the
overal condition of the visual systém. Glare sensitivity testing and contrast sensitivity is used
to diagnose eye diseases, vision screening and also for the development of intraocular lens
implantation. Knowledge from these measurements can also be used in refractive surgery. [5]

Intraocular light scatter

A normal healthy individual experiences some intraocular variation, which depends on age,
pathological changes in the eye (cataract), pigmentation and refractive surgery. The degree of
intraocular scattering is individual for each individual, even may vary for the right and left eye.
In a young, healthy eye, the degree of intraocular scattering is 1/3 caused by the cornea, 1/3 by
the lens and 1/3 by the iris, sclera and eye background. These ratios depend primarily on age
and pigmentation.

Increased light scattering negatively affects the quality of the retinal image. Scattered light
on the retina is primarily caused by reduced contrast, image blur, glare, and halo phenomena.
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Scattering occurs on the inhomogeneities of the optical system of the eye, ie sclera, cornea, iris,
ophthalmic lens, vitreous humor and retina can be the primary cause of scattering.

Intraocular scattering is considered to be a visual function that increases in the population
independent of visual acuity and contrast sensitivity. The fact is that the greater the light
scattering, the worse the perceived image quality.

nizky intraokularni rozptyl  zuvyseny intraokularni rozptyl

Obr. 1: Rozptyl svétla v oku a vliv na kvalitu vidént

Picture 1: Light scattering in the eye and effect on vision quality

Increasing intraocular scattering can have a greater effect on visual quality than a decrease
in visual acuity. [6-11]

Visual acuity and intraocular scattering vary completely independently. Visual acuity is lost
due to cataract and other media opacity. The reduction in visual acuity is not due to intraocular
scattering, but may be caused by aberrations. Intraocular scattering is not affected by refractive
errors, unlike visual acuity. [12]

The relation between intraocular scattering and glare

Disability glare reduces visual perception by creating veiling luminance on the retina. Glare
is the cause of the physical process that results in increased intraocular scattering.
Glare can be quantified by measuring intraocular scattering. Glare and intraocular scattering
measurements are particularly important for drivers, cataract individuals, and refractive
surgery. Glare in the early stages of cataract development is often the reason people stop driving
at night. Over the past few years, progress has been made in developing glare tests. Most
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measurements of both visual acuity and contrast sensitivity can be made in the presence of a
dazzling source. However, none of the tests is a globally recognized as standard. The stray light
meter allows direct measurement of intraocular scattering, instead of measuring the effect on
visual perception. Therefore, it is considered a "gold standard". Today, intraocular scattering is
measured with a commercially available C-Quant device. [3,13-15]

Picture. 2: C-Quant device from Oculus company [16]

Glare sensitivity can be measured by mesopathic contrast sensitivity using Mesotest,
Nyktotest and Nyktometer. These tests are useful when examining drivers. Tests are tailored
for road traffic simulation. [3,13,17]

1 <}

Picture 3: Nyktometer on the left and Mesotest on the right from Oculus company [18,19]

Many authors prefer to measure glare sensitivity to assess driver vision and cataract
determination, but this is not currently covered by the European Union Directive. The
possibility of incorporating glare or light scattering tests is complicated because there is no
globally recognized method or technique of measurement. [3,13,14,20]
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Examined file and methodology of research

The research was realized on the Faculty of biomedical engineering CVUT in Prague. The
aim of this survey was to find out whether glare lowers visual acuity and if glare during lower
contrast make recognizing signs worse.

Individuals aged from 21 to 81 years participated in this examination. For measuring was
used polarized LCD optotype CS Pola600 from Essilor company [21]. On the optotype were
placed LED tapes, which were used as glaring resource. LED tapes were positioned vertically
along the sides of the optotype. In the picture number 4 there is a LCD optotype CS Pola600
displayed with LED glare on. Glaring source achieved numbers ~ 17 000 cd.m, which were
measured directly next to the source. The examination took place with phototopical conditions
within the distance 6 metres without and with glare. Illumination in the room was around 800
IX. As a result of glare the size of illumination was raised by 95 Ix in the place of examination.
Measurement of illumination was performed with luxmeter Velleman DVM 1300 [22] and the
value of brightness were obtained by indirect measuring with luxmeter [23].

The examination were used to discover visual acuity and to recognize signs within lower
contrast with and without glare. Every proband had the exact same conditions for the
examination. Proband was fixing every sign on the line with the best visus value with and
without glare. Adaptive time during the examination with the glaring resource on were 4
minutes. Methodics of the examination were worded as follows: anamnesis, objective
refraction, natural visus, spherocylindric refraction (without glare), binocular balance,
binocular functions testing, test for true infinity, control of the visus with glare, recognition of
signs with progressivelly lowered contrast with correction without glare and afterwards with
glare.

System CS Pola600 allows to lower contrast to 75 %, 50 %, 40 %, 30 %, 20 %, 10 %, 7,5 %,
5%, 3% a 1,5 %. The highest value of contrast is 100 % and the lowest is 1,5 %. During the
process of lowering the contrast the numbers are also changed. The testing with the presence of
glare was provided on the line with the best value of visus and proband was fixing every sign,
which he was trying to recognize. In the course of testing without the glaring source the
brightness of the optotype was set to 246 cd.m and with the glaring source the brightness of
the optotype was lowered to 143 cd.m™. The values of brightness were set to the highest and
the lowest figure as possible at this particular optotype. The exchange of the brightness of the
background was made for proband to worsen the conditions during the examination with glaring
resource.
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Picture. 4: LCD optotype CS Pola600

Measurement results
Comparison of the visual acuity with and without glare

Measured values of visual acuity are compared on Graph No. 5, where is data of every client
displayed, regardless of age with and without glare. Graph No. 5 shows that glare has an effect
on visual acuity testing. During the examination in the presence of a glare source, there was a
visible decrease in the visual value compared to a non-glare test.

The Pearson correlation coefficient [24] is used to detect dependence between the value of
visual acuity with and without glare. The Pearson correlation coefficient reaches values from -
1to +1. The value of Pearson's correlation coefficient is r = 0,96, which confirms almost perfect
linear dependence. That means the visual acuity in glare has been reduced in virtually the same
way on every examined individual.

A two-tailed paired T-test showed that there is a statistically significant difference between

the visual acuity without glare and with a glare at the significance level a = 0,05 and a = 0,01.
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Zrakova ostrost s oslnénim a bez oslnéni
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Graph no. 5: Measured visual acuity without (blue) and with (red) a glare

Comparison of contrast values with and without glare

Graph No. 6 compares the data of all clients regardless of age. The measured minimum
values of the contrast of the test line without the glare that the client still recognize are individual
to each client. Nearly every client experienced a deterioration of contrast perception with glare,
ie an increase in the minimum value of the test line contrast that the client still recognizes.

The value of Pearson's correlation coefficient is r = 0,88, which still confirms the strong
linear dependence, i.e. the test line contrast that the client still recognizes when glare has
increased in a similar manner for all individuals examined.

Graph No. 6 shows that one client at the age of 25 goes beyond the other results, which 1
attach to the fact that the client uses medications for thyreopathy and diabetes mellitus. The
client reached a minimum contrast value of 40 % without glare and with glare, a shift occurred
with a deterioration of up to 75 %.

In the presence of a glare source, there was a deterioration of the contrast value to 75 % of
the next client, with a glare of 50 %. In this case, it is a 73 -year-old client who is diagnosed
with an incipient cataract. The client said he was using medication for depression, which, in
combination with the onset of cataract, might explain these unusual changes.

From the results of other clients, we can see that without glare, contrast values between 20 %
to 30 % prevail. When glare occurs, deterioration occurs, so a higher level of contrast is needed
to recognize the characters. In the presence of glare source, contrast values prevail between
30 % and 40 %.
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A two-tailed paired T-test on the median value proved that between the minimum contrast
values needed for character recognition on the smallest read line without glare and with glare
is a statistically significant difference in the significance level a = 0.05 and o = 0.01

Hodnoty kontrastu s osinénim a bez oslnéni
a0
-

70

60

50 o J—

) Bl _
30

20 —

Kontrast [%]

10

e

O bez oslnéni M s osInénim

Graph No. 6: Contrast values without (blue) and with (red) a glare

Analysis of measured data considering the client's age

As age increases, the structure of the ophthalmic media changes, which can be reflected in
visual acuity and the minimum amount of contrast needed to recognize the characters.

For this analysis, we proceed from the average values of the measured vision in each given
age group. Based on the average visual acuity values in each age group, Graph No. 7 shows a
noticeable decrease in visual acuity with increasing age.

In an exploration of dependency between the value of visual acuity and the age of the client
is used Pearson’s correlation coefficient. Negative values of the coefficient confirm the indirect
dependence of the data, while positive values of the coefficient confirm the direct dependence
of the data. The value of Pearson's correlation coefficient for determining the dependency
between the average value of the vision without glare and the age of the client is r =-0.56. The
value of Pearson's correlation coefficient for determining the dependency between the average
visual value and the glare and age of the client is r = -0.55. The values found a point to a
moderate linear relationship between the average visual value and the age of the client.

For trendlines that are attributable to average visual acuity values, the reliability coefficient
values are given. The value of the reliability coefficient for the average visual acuity value
without glare is R? = 0.776 and for the average visual acuity with glare is R?> = 0.7961.
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Graph No. 7: Average visual acuity values depending on age without (blue) and with (red)a glare

Another ascertain relationship is the contrast-free and glare-dependent values of age, again
based on average measured contrast values in each age group.

Graph No. 8 shows the average measured contrast values in each age group. In this case, on
the other hand, we can observe a deterioration, i.e. with a higher age, a higher contrast level is
needed for character recognition on the smallest read line.

The value of Pearson's correlation coefficient to determine the relationship between client
age and mean non-glare contrast is r = 0.28 and r = 0.19 when glare. In the case of a positive
correlation of value, both contrast and age increase, the values do not show too much
dependence.

The value of the reliability coefficient for the average contrast without glare is R?>= 0.3642,
and for the contrast measured with glare is R? = 0.4519
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Primérné hodnoty kontrastu v zavislosti na véku
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Graph No. 8: Average contrast values depending on age without (blue) and with (red) a glare

Discussion

Based on the two-tailed paired T-test the significant influence of glare to the examination of
visual acuity was confirmed on the level of importance with the values 5 % and 1 %. That
means there is a general worsening of the quality of vision when the visual system is dazzled.

Previous study from the year 2016 [25], which set the exact same conditions during the
testing, also proved significant influence of glare on the examination visual acuity in individuals
aged from 20 to 65 years. The significant decrease of visual acuity and contrast sensitivity with
the glare source on proved also other studies [26-28], which were focused on clients with
cataract.

According to accomplished statistic analysis the significant difference was proved during
recognizing signs with lower contrast without glare and with glare on level of importance with
the values 5 % and 1 %.

Most of the mistakes were made when the clients were reading next to the glaring source,
thus on the margin of the optotype. The statistic analysis of experimental measured dates from
this assignment which confirmed statistically important changes of visual acuity and minimal
contrast for recognizing signs of optotype during glare coresponds very well with international
studies made on the impact of glare on visual functions [17,25,26,29,30-32].

Measured visual acuity was studied also regarding to the age of the client. The result of
Pearson’'s correlation coefficient confirms, that with increasing age the value of visual acuity is
decreasing.
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Addiotional observed parameter was the minimal value of contrast with and without glare
depending on age of the client. According to Pearson's correlation coefficient there was proved
minor linear dependence of dates, whereas the positive values means, that with increasing age
the higher value of contrast is needed to recognize sings on the given line.

Therefore if we convert this knowledge into ordinary life, we can say that glare negatively
affects our eyesight during various activities. [7,14] For this reason, we should avoid excessive
brightness causing unwanted glare during the examination of the eyesight in the examination
rooms. On the other hand, if we would like to investigate the eyesight in the presence of a
dazzling source, it could serve as an indicator of non-standard pathological conditions of the
eye.

How to use this knowledge in practice in different fields? There are several options available.
For instance, automotive companies could use the knowledge of glare sensitivity testing to
minimize glare on oncoming vehicles in developing and designing headlamps. Another possible
usage of glare sensitivity is in the proces of designing the appropriate lightning layout in the
room (office, dental office). And last but not least, in cause of development of intraocular lenses
and new methods in refractive surgery.

The possible shortcoming in the experimental part of the thesis is that the contrast sensitivity
function [33] was not examined in the presence of a dazzling source, which, unfortunately, was
not possible because of the optotype used, which does not allow to investigate the contrast
sensitivity function. Contrast sensitivity would show greater differences in the examination
with and without glare as shown by many past scientific research studies [25,29,34-36].
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Vplyv svetelnych podmienok na vySetrenie zrakovych funkcii
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Anotace

Tento prispevok poukazuje na problematiku vplyvu svetelnych podmienok na
vySetrenie zrakovych funkcii. V ivode je poukdzané na normy upravujice Standardné
vySetrovacie podmienky. Nasledne su zhrnuté fyziologické zmeny zrakového systému po
zmene adaptacného jasu pozorovatela a poukazujem tiez na vysledky existujucich stadii
zaoberajlcich sa zmenami zrakového systému po zmene adaptacného jasu pozorovatela.
Experimentalna c¢ast poukazuje na prakticky overené vysledky zmeny korekcie

a rozpoznavania znakov pri roznych urovniach kontrastu optotypu.

KPacéové slova

Mezopické videnie, svetelné podmienky, zrakova ostrost’, kontrastna citlivost’, Pelli-Robson

test.

Predchadzajuce Studia poukazuju, Ze svetelné podmienky predstavuju jeden z faktorov,
ktorym je mozné ovplyvnit' zrakovi ostrost, kontrastnii citlivost, hibkové videnie a farebné
videnie. Zrakova uloha zatazend stupiiom zrakovej inavy moze byt povazovana za vysledok
nespravne zvolenych svetelych podmienok. Ajked svetelné podmienky na urovni
mezopického videnia vykazuju zhorSenie zrakovej kvality, Stadia nepoukazuju na Statisticky
signifikatné zmeny subjektivnej refrakcie. V optometristickej praxi, je mozné prihliadat’ k ISO
normdm, ktoré charakterizuju svetelné podmienky pre vySetrovacie miestnosti z hl'adiska

fotometrickych velicin.
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ISO normy pre refrakéné miestnosti

Medzinarodny institat ISO stanovuje normy, ktoré charakterizuju zékladné podmienky
pre optometristické vySetrenie. Normy upravuju pomocou fotometrickych veli¢in osvetlenie na
pracovisku. Uréuju podmienky pre prezentaciu Standardného optotypu a podmienky pre pracu

s vizualnymi displejmi zaloZenych na plochych paneloch.

Pre Standardné a vysetrovacie optotypy aich prezentdciu upravuje v najnovsej verzii
Z roku 2018 podmienky charakterizujuce Standardné podmienky vySetrovania. Norma urcuje
test Landoltovych kruhov za Standardny optotyp. Klinicky opototyp je charakterizovany ako
optotyp odlisny od Landholtovych kruhov, ktory sa pouziva na uréovanie zrakovej ostrosti.
Norma 8596-2018 urcuje i presné poziadavky na jas pri vySetreni. Jas pozadia optotypu je
uréeny rozmedzim hodndt 80-320 cd/m?. Jas prezentovaného Standardného optotypu by nemal
presiahnut’ 15 % z jasu okolia opototypu pokial sa refrakény vykon odohrava v temnej
miestnosti. Svetelné zdroje a odrazové plochy v zornom poli pacienta by mali byt’ tmavsie ako
tabul’ka optotypu prezentovana vo vhodne zvolenom mieste. Taktiez by sa v zornom poli

vysetrovaného nemali nachadzat’ ziadne priame a nepriame zdroje oslnenia. [1]

Obrdazok 01: Standartny optotyp

Na obrazku 1 je prezentovany Standardny optotyp s poZiadavkami na jas jeho pozadia,
veli¢iny: d predstavuje priemer Landoltového kruhu, Ly jas okolia optotypu a 4Ly variabilitu
jasu v oznacenej oblasti. Jas v blizkom okoli znaku (do priemeru 2 d) by sa nemal menit o viac
ako £30 % priemerného jasu pozadia. Jas v celom rozsahu pozadia by nemal kolisat’ viac

ako +50 % priemerného jasu pozadia. ISO EN 1246 (2002) normalizuje podmienky vySetrenia
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vo vnutornych priestoroch. Podmienky boli urCené sohladom na zrakovi pohodu
a bezpecnost’. Zretel’ bol tiez brany na prevadzanie zrakovych vykonov v nie vzdy idealnych
podmienkach po dobu dlhsich ¢asovych intervalov. Pre prostredie na vykon o¢ného vysetrenia
boli stanovené hodnoty osvetlenia, indexu oslnenia UGRL a indexu farebného podania pre

zdroje osvetlenia Ra. Hodnoty st poukazané v tabul’ke 1. [2]

Tabulka 1: Tabulka s odporucenymi hodnotami pre vySetroviiu zraku

Typ interiéru, Em[IX] UGRL Ra
prevadzané
vySetrenie

Vseobecné

osvetlenie 300 19 80
priestorov
Vysetrenie
vonkajSej Casti oka 1000 - 90

Citacie testy a testy
rozliSovania farieb 500 16 90
S testovymi
tabul’kami

Fyziologické zmeny zrakového systému po zmene adaptacného jasu

Spektralna citlivost’ oka je individudlna u kazdého pozorovatela. Udéava zavislost
citlivosti Pudského oka k jednotlivym vlnovym dizkam viditelnej oblasti svetla. Maximum
krivky za skotopickych podmienok je posunuté k niz§im hladindm vinovych dizok, hlavna
detek¢nu tlohu zohravaju tyCinky. Krivky zobrazujice spektralnu citlivost’ l'udského oka st

prezentované obrazkom 2.
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Obrazok 2: Spektralna citlivost ludského oka

Zmeny korekcie za zniZzenej tirovne osvetlenia mozu byt pricinou réznych faktorov. Na
zhorSeni zrakovej ostrosti za mezopickych podmienok maji vplyv — no¢na myopia, sféricka
aberdcia, velkost’ zornice, nervové aspekty, chyba akomodécie, chromatickd chyba, difrakcia.

[3]

Noc¢na myopia je primarne zapri¢inend tonickou zlozkou akomodacie, ktorej pokles je
mozny sledovat’ ako zavislost’ na veku. Tonickd zloZka akomodicie nie je podmienena
podnetom v zornom poli. Je to fyziologicky navodeny stav, spdsobeny tzv. pokojovym napétim
cilidrneho svalu. Za mezopickcyh podmienok dochddza k rozSireniu zornice na 6,37+0,89 mm
(za fotopickych podmienok 4,06+0,7 mm). Pri prechode z mezopickych do fotopickych

podmienok §tadium zaznamenava posun stredu zornice nazalne (0,13+£0,07 mm). [4, 5]

i . Photopic

[ N
Absolute rod Cone  Rod saturation Damage

threshold threshold begins possible

Good colour vision,
good acuity

Obrazok 3: Zmena velkosti zornice
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Zmeny zrakovych funkcii

Testovanim kontrastnej citlivosti dosahujeme odlisSnych vysledkov v zavislosti
na vekovej skupine testovanych arovnako Vv zavislosti na pouzity typ testu. V porovnani
s Franfurkt-Freiburg testom kontrastnej citlivosti a funkénym testom kontrastnej citlivosti (test
prevadzany na piatich priestorovych frekvenciach) je dosahované najlepSiecho opakovania
pouzitim Peli - Robson tabulky za fotopickych podmienok. Tento fakt bol pozorovany pri
testovani subjektov vo vekovom rozmedzi 21-69 rokov. Pre jedincov s kataraktou je najlepsie

opakovatel'ny test kontrastnej citlivosti test pouzivajuci pismena. [6]

Kontrastna citlivost’ rastie pri pouZiti testov s pismenami pri vysokej hodnote jase okolia
(900 cd/m?). Tento fakt plati iba pri vySetrovacej vzdialenosti 4 m pri zakladnej frekvencii
pismen 3,49 Ciar/stupen a za podmienok, ze zornica nie je kontrolovana. Pri testovani
kontrastnej citlivosti pomocou sinusovej krivky. AvSak vysokd hodnota adaptaéného jasu
pozorovatela sposobi zniZenie kontrastnej citlivosti. Optimalne hodnoty kontrastnej citlivosti

st dosahované pri jase 9 cd/m?. [7]

Zornica l'udského oka ma pruznejsie reakcie na farebné podnety nez na svetelné. Zeleny
ter¢ vnimany za skotopickych podmienok je achromaticky, avSak za mezopickych podmienok
dostava Cisty zeleny nddych. Farba ovplyviiuje viditelnost predmetu v zavislosti na
adapta¢nom jase. Tento jav je mozné pozorovat’ u trichromaticky vidiacich jedincov, avsak i
u jedincov s poruchou farebného videnia. Protanopovia vykazuju zvySenu citlivost’ na zmeny
jasu. Pri jase 200 cd/m? protonopovia prednostne vnimaju iba zlta a bielu farbu. Pri prechode

k mezopickému videniu (0,2 cd/m?) dokazu detegovat aj iné farby. [8, 9]

Ludia s poruchou detekcie zelenej a cervenej farby (najméd deuteranopia) dosahuju
lepSich vysledkov pri testovani farebného videnia pomocou Ischihara tabuliek pri pouziti
volfrémovych Ziariviek. Testovanim na Ischihara tabulkdch a pouZzitim volfrdmového
osvetlenia dochadzalo k zniZeniu poctu deuteranopov, ktorym bola detegovana porucha

farebného videnia pri normalnom dennom osvetleni. [10]

Uroviiou adaptaéného jasu mozeme tiez ovplyvnit binokularne videnie. Zmena
hibkového videnia je pozorovatelna najmi u zniZenia jasu stimulov jedného oka. Miera
konvergencie pozitivne vzrastd pri zniZeni svetelnych podmienok. Signifikantnd korelacia
medzi konvergenciou a svetelnymi podmienkami je povazovana za nasledok zmeny velkosti
zornice. ZvacSenie velkosti zornice pri znizovani svetelnych podmienok mé za nasledok
znizenie hibky ostrosti pozorovaného objektu Znizenim hibky ostrosti Iudské okolo viac
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akomoduje a konverguje, aby dokazalo vytvorit' ostry obraz na sietnici. Pozitivne zvySenie
konvergencie pri znizenych svetelnych podmienkach méze mat’ za nasledok astenopické

problémy a pocit zrakovej unavy. [11, 12]

Testovanie zrakovej ostrosti je mozné povazovat' za najcastejSie pouzivany sposob
vySetrovania zrakovych funkcii. Zrakova ostrost’ je dolezitym faktorom, ktory ovplyviiuje
zrakovll pohodu a komfortné videnie na vSetky vzdialenosti. Zrakova tloha prevadzana
V beznom Zivote pozorovatel’a nie je vykondvana vzdy za idealnych svetelnych podmienok.
Mnohé studia poukazuju, ze zmenou adaptacného jasu dochadza ku zmene zrakovej ostrosti.
Zmena zrakovej ostrosti mdze byt tiez podmienend zmenou jasu optotypu alebo druhom

zvoleného optotypu.

Vekom podmienend makuldrna degeneracia u pacientov naruSuje i rozliSovanie
kontrastu. Testovanim zrakovej ostrosti u pacientov s makularnou degeneraciou pri pouZziti
Bailey —Lovie optotypu s vysokym kontrastom $tadia poukazuju na vysledky Vv rozmedzi
logMAR hodnoét 1,18- 0,0; pri pouZiti optotypu s nizkym kontrastom 1,44-0,22. Na zaklade
dosiahnutého vysledku bola vytvorena predikcia, ze Bailey-Lovie s vysokym kontrastom sa da

povazovat za uzito¢ny pri testovani subjektov s makularnou degeneraciou. [13]

Pri testovani zrakovej ostrosti na Bailey —Lovie tabulke bol zisteny rozdiel v zrakovej ostrosti
medzi dvomi troviiami kontrastu tabuliek v priemernej hodnote 2,5 riadku. Tento rozdiel bol
uréeny Stadiom, kde bolo testovanych 86 subjektov so sférickymi refrakénymi chybami

v rozmedzi 4 dpt-7,25 dpt s cylindrami do -3 dpt. [14]

Experimentalna ¢ast’

Experimentalnou ¢astou by som rada poukézala na zmenu zrakovej ostrosti pri réznych
urovniach kontrastu optotypu azmenu vyslednej korekcie po zmene adaptacného jasu
pozorovetal’a. Meranie bolo prevadzané pomocou refrakénej jednotky - Pascal 3D (obr. 4). [15]
Pre nasledné spracovanie vysledkov bol zapis vyslednej korekcie prepocitany na sféricky
ekvivalent. [16] Na urcovanie zrakovej ostrosti bola pouzitd LogMar stupnica. Pre d’alSie
spracovanie vysledkov, boli hodnoty dosiahnutého vizu interpolované. Vysetrenie zrakovej

ostrosti pri rdznych urovniach kontrastu bolo prevadzané pomocou Pelli-Robson testu.
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Stanovenie vysledku Pelli-Robson testu prebiehalo so subjektivne stanovenou korekciou za
fotopickych podmienok. Po stanoveni korekcie, zrakovej ostrosti a Peli - Robson testu za
fotopickych podmienok boli upravené podmienky osvetlenia v refrakénej miestnosti a optotypu
na mezopické. Adaptacna doba po zmene svetelnych podmienok bola 5 minut. Nasledne bola
prevadzana kontrola zrakovej ostrosti, rozpoznavania znakov pri roznych trovniach kontrastu
a vyslednej korekcie za mezopickych podmienok. Pouzitd vySetrovacia miestnost’ bola bez
vonkajSieho osvetlenia. Vyuzité fotopické a mezopické podmienky vo vySetrovacej miestnosti

odpovedali hodnotam osvetlenia 360 Ix; 1,2 Ix.

Vysetrované subjekty pozorovali optotyp na televiznej obrazovke, ktord bola
zobrazovana pomocou techniky zobrazenia v zrkadle. Jas obrazovky odpoveda za fotopickych

podmienok 240 cd/m? a za mezopickcyh podmienok 75 cd/m?.

S 1ol &

Obrazok 4: Refrakcnd miestnost

K testovaniu bolo pouzitych 50 ndhodne vybranych klientov, 27 zien a 23 muzov. Vekové
rozlozenie klientov bolo od 16-76 rokov. Vyber Statistického siboru nebol obmedzeny
ziadnymi d’al§imi podmienkami, nakol'’ko som vo svojej praci chcela obsiahnut’ o najvacsie
vekové spektrum srozmanitou anamnézou. Priemerny vek vzorku ludi testovanych

Vv experimentéalnej Casti bol 33,36 rokov. Vekové rozlozenie je prezentované grafom 1.
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Graf'1: Vekové rozlozZenie

Vysledky boli spracované pomocou software SPSS - Statistical Package for the Social
Sciences. Pouzity nastroj bol ,,analyza kovariancie pre data pre-post test®. Data boli testované
pre hladinu vyznamnosti 5 %. Vyhodnotenie prebiechalo porovnanim hladiny vyznamnosti
S p— hodnotou. Pokial’ p hodnota spliiovala podmienku p < 0,05, premennu sme povazZovali
za Statisticky vyznamnu. Vysledky st prezentované na nasledujtcich grafoch. Po vyhodnoteni
nameranych dat bolo zistené, Ze po zmene svetelnych podmienok na mezopické dochadzalo
k statisticky vyznamnej zmene sférického ekvivalentu. Grafy poukazuji na zmenu korekcie bez
ohl'adu na vekové rozloZenie $tatistického suboru. Zmena nastavala vzdy binokularne, preto na
grafoch mdézeme pozorovat’ mierny pokles strednej hodnoty sférického ekvivalentu pravého
i lavého oka. Priemerna zmena korekcie binokularne predstavovala — 0,11 £0,13 dpt. Zmena
nastala v o¢akavanom smere. Pozorujeme miernu myopizaciu po zmene svetelnych podmienok

na mezopické.

Zmena sférického ekvivalentu pravého oka Zmena sférického ekvivalentu P'avého oka

_— 2
0
- 2

Sféricky ekvivalent [dpt]
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Po zmene svetelnych podmienok dochadzalo i k zhorSeniu vysledku Pelli - Robson testu.
Pomocou testu sme ziskali vysledky rozpoznavania znakov pre rézne urovne kontrastu
optotypu. V pripade vysledku Pelli-Robson testu mozeme nielen pozorovat zhorSenie
rozpoznania kontrastu ale irastucu tendenciu Vv zavislosti na veku. Tato zmena bola
vyhodnotena pomocou koeficientu B, ktory nadobuda hodnotu 0,007 ateda modzZeme
konstatovat’, Zze vysledok Pelli-Robson testu sa u daného $tatistického suboru zhorSoval o 7 %

na kazdych 10 rokov. Priemerné zhorSenie vnimaného kontrastu predstavovalo 21 %.

100% Priemerné hodnoty Pelli-Robson testu

90%

80%

70%

60%

50%

40%

30%

20%

Priemerna hodnota kontrastu [%]

10%

0%

0-25 26-35 36-45 46-55 56-65 66-80
i fotopické podmienky Vekové kategorie

= mezopické podmienky

Graf 2: Vysledky Pelli - Robson testu

Pri testovani boli zaznamenavané i zmeny zrakovej ostrosti, avsak po prevedeni

Statistickej analyzy nebol zisteny Statisticky signifikatny vysledok.
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Diskusia

Pre vicsie prepojenie vysledku s praxou prebehlo testovanie 15 o¢nych optik v Prahe.
V optikach bolo pomocou luxmetru zaznamenané osvetlenie, a to bolo nésledne porovnané

s odporucenou hranicou osvetlenie podl'a ISO EN 1246 (2002). [2]

Namerané hodnoty osvetlenia mézeme vidiet’ na grafe 3.
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Graf 3: Namerané hodnoty osvetlenia pre 15 optik

Po uvézeni individuality kazdého pacienta pokladdm, za ddlezit¢ poznat zmeny
zrakového systému, ktoré nastanti po zmene adapta¢ného jasu optotypu. V Statistickom subore
boli dva pripady u ktorych zmenou svetelnych podmienok dochadzalo k vyraznejSej zmene
zrakovych funkcii. Muz, 22 rokov, po operacii keratokonu — dioptrickd zmena predstavovalo -
0,5 dpt. U muza s pocinajucou kataraktou zhorSené svetelné podmienky vyvolali vyrazné
zhorSenie v rozpoznavani kontrastu. Vysledok Pelli-Robson testu za mezopickych podmienok
sa lisil 0 72 %. Z vyskumu je patrné, Ze zmenou svetelnych podmienok mozeme ovplynit nielen
vnimanie kontrastu ale i samotny vysledok subjektivnej refrakcie. Priemerna zmena vnimania
kontrastu navodena zmenou svetelnych podmienok testovaych subjektov predstavovala 21 %.
Tento vysledok je porovnatelny s vysledkami predchadzajucich vysledkov, kde priemerna
zmena Pelli - Robson testu predstavovala zhorSenie o2 az 3 skupiny pismen po zmene
svetelnych podmienok na mezopické. [17] Nakol’ko som mala moznost’ pracovat’i s osminkami

dioptrie, z vyskumu mozeme sledovat’ i citlivost’ pacientov na takto nizku hodnotu korekcie.
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Zmena korekcie sice nepodporila vylepsienie zrakovej ostrost’, av§ak navodila u vysetrovanych

pohodlnesie precitanie najmesieh rozpoznavaného riadku.

Nakol’ko neexistuju ziadne rozsiahle kontroly, ktoré¢ by kontrolovali stav refrakénych
miestnosti o¢nych optik, povazujem za dolezité, aby optometrista pracujiuci V refrakénej
miestnosti, ktord svojimi  svetelnymi  podmienkami  nevyhovuje  Standardnym
podmienkam, pocital s moznymi skresleniami subjektivnej refrakcie a dbal tak na pohodlie

klienta.
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Annotation

This contribution shows the effect of lighting condictions on examination of visual
functions. In the first part there are presented I1SO standards of lighting condictions for
examination rooms. Continue with physiological changes of visual system which happen after
change of illumination and i also point to the resaults of existing studies which sumarized visual
changes due to changing illumination. The experimental study shows changes in corection and
an ability to recognize different levels of chart contrast for varying light condictions.

Key words
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chart.

Previous studies suggest that lighting conditions represent one of the factors that can
affect visual acuity, contrast sensitivity, stereoscopic and colour vision. The visual task affected
by with the degree of visual fatigue can be considered to be the result of improperly selected
lighting conditions. Although lighting conditions at the level of mesopic vision show
degradation of visual quality, the studies do not indicate statistically significant changes of
subjective refraction. In optometrist practice we can consider ISO standards and
recommendations of lighting conditions for examination rooms in terms of photometric

quantities’ characteristics.
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ISO Standards

ISO standards produced by International organization of 1ISO standards characterized
documentation of lighting conditions for optometry practice. Standards recommend conditions
in terms of photometric quantities” characteristics. The presentation of standard optotype and
work with visual displays based on panels is characterized by ISO standard as well. Conditions
for standard optotype are presented by the newest version of ISO standard which was declared
in 2018. The Landolt ring optotype is declared like standard optotype. Others optotypes are
called clinical. Standard 8596-2018 determines exact requirements for lighting condition of
standard optotype. The background of standard optotype shall be
80-320 cd/m?. If the examination is acting in dark room the luminance of presented standard
optotype shall be not more than 15% of the surrounding field. Presented optotype in suitable
place should be lighter than light sources and all reflected areas in visual field of observer.

There should be no direct or indirect source of glare in visual field too. [1]

Picture 5: Standard optotype

In the picture 1 we can see standard optotype and description of requirements for light
conditions of background. The quantities presented in the picture means: d-avarage of Landolt
ring, Lv is luminance of surround of the optotypes and ALy variability of luminance in the
denoted area. Luminance of near area of the opotypes (not more than 2d) should not vary more
than £30 % of average surrounding luminance. The entire area of optotype background
luminance should not vary more than +50 %. 1ISO EN 1246 (2002) recomend conditions of
lighting for examination rooms. Recommendations respect visual comfort and safety. Visual

work which is performing in not ideal condition for longer time intervals was considered as
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well. ISO standard represents maintained illuminance, unified glare rating limit UGRL and

colour rendering index Ra. Recommended values are presented in the schedulel. [2]

Schedule 2: Recomended values

Type of interior, Em[IX] UGRL Ra
task activity
General lighting

300 19 80
Examination of the
outer eye 1000 - 90

Reading and colour
vision tests with 500 16 90
vision charts

Physiological changes in the visual system after a change of luminance
The spectral sensitivity of the eye is individual for each observer and indicates the

sensitivity of the human eye to the individual wavelengths of the visible light region. The

peak of the curve under scotopic conditions is shifted to lower wavelength levels, the rods

have the major detection role. The curves are presented in the picture 2.

Human Spectral Sensitivity Curves
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Picture 6: Spectral sensitivity of the human eye
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Changing the correction at a reduced light level can cause various factors. The
deterioration of visual acuity under mesopic conditions is affected by - night myopia, spherical
aberration, pupil size, nerve aspects, accommodation error, chromatic error, diffraction. [3]
The night myopia is primarily caused by the tonic component of the accommodation which
reduction is age-dependent addiction. The tonic component of accommodation is not
conditional on the vision field. It is a physiologically induced state, caused by so-called. tension
of the ciliary muscle. Under mesopic conditions, size of the pupil spreads to 6.37 £ 0.89 mm
(4.06 = 0.7 mm under photopic conditions). Upon transition from mesopic to photopic

conditions, the study records the pupil's center shift by nasal (0.13 £ 0.07 mm). [4, 5]

Photopic

& | |

8 H
Absolute rod Cone  Rod saturation Damage
threshold threshold begins possible

Good colour vision,
good acuity

Picture 7: Changes of the pupil size

Changes in visual functions

By testing the contrast sensitivity, we achieve different results depending on the age
group tested and also depending on the type of test used. Compared to Franfurkt-Freiburg, a
contrast sensitivity test and a functional contrast sensitivity test (a test performed on five spatial
frequencies), the best repeated resaults is achieved by using a Peli-Robson chart under photopic
conditions. This has been observed in subjects 21-69 years of age. For individuals with cataract,
the best repeated contrast sensitivity test was observed the using charts with letters. [6]

The contrast sensitivity increases with the use of letter tests for high photopic light
conditions (900 cd / m 2). This fact was observed only at a distance of 4m at a basic frequency
of etters 3,49 lines / degree and under conditions that the pupil is not controlled. During contrast
sensitivity testing using sine wave. However, the high level of observer adaptation brightness
will cause a decrease in contrast sensitivity. Optimal contrast sensitivity values are achieved at
9cd/ m? [7]
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The pupil of the human eye has more resilient responses to color stimuli than to
luminous ones. The green target perceived under scotopic conditions is achromatic, but under
mesopic conditions it receives pure green tinge. The color affects the visibility of the subject
depending on the adaptation light conditions. This phenomenon can be observed in trichromatic
individuals but also in individuals with color vision impairment. Protanops show increased
sensitivity to brightness changes. At 200 cd / m?, protonopies perceived only yellow and white.
Under mesopic conditions (0.2 cd / m?) they can detect other colors as well. [8, 9]

People with impaired detection of green and red colour (especially deuteranops)
achieve better results when testing of the color vision is performing with Ischihara charts using
tungsten fluorescent lamps. Testing with Ischihara charts and using tungsten illumination
reduced the number of deuteranops that were detected like subjects with color vision defects in

normal daylight. [10]

The level of adaptation luminance can also affect binocular vision. The change in
stereopsis is particularly noticeable in reducing the luminance of stimuli of one eye.
Convergence rates increase positively when light conditions are reduced. Significant correlation
between convergence and light conditions is caused by pupil change. Increasing the pupil size
while reducing light conditions cause a reduced of depth of field of the observed object.
Reducing the depth of field causes that the human eye accommodates and converges to create
a sharp image on the retina. A positive increase in convergence under reduced light conditions

can result in asthenopic problems and a sense of visual fatigue. [11, 12]

The visual acuity testing can be considered like the most commonly used method for
detection of visual function. Visual acuity is an important factor that affects vision comfort for
all distances. The visual task performed in the normal life of the observer is not always
performed under ideal light conditions. Many studies show that by changing adaptation light
conditions visual acuity is changed. The change in visual acuity may also be conditioned by a
change in the brightness of the optotype or the type of selected optotype.

Patients with age-related macular degeneration also interferes with contrast
differentiation. By testing visual acuity in patients with macular degeneration using a high
contrast Bailey-Lovie optotype, the results show results in the logMAR range of 1.18-0.0; using

a low contrast optotype show results 1.44-0.22. Based on the result obtained, a prediction was
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made that Bailey-Lovie with high contrast can be considered useful in testing subjects with
macular degeneration. [13]

When testing the visual acuity of the Bailey-Loves table, there was a difference in
visual acuity between the two levels of contrast of the chart with an average of 2.5 rows. This
difference was determined by studies where 86 subjects with spherical refractive errors were
tested in the range of 4 dpt-7.25 dpt with cylinders up to -3 dpt. [14]

Experimental part

In the experimental part, 1 would like to point out the change in visual acuity at
different levels of the optotype contrast and changes in correction for varying light conditions.
The measurement was carried out using a refractive unit - Pascal 3D (picture 4). [15] For
subsequent processing of the results, correction was converted to a spherical equivalent.[16]
The LogMar scale was used to determine visual acuity. Obtained values of visual acuity were
interpolated. Examination of visual acuity at different levels of contrast was performed using
the Pelli-Robson chart. Determination of the Pelli-Robson chart was conducted with subjective
correction under photopic conditions. After determination of the correction, visual acuity and
Peli-Robson test under photopic conditions, the illumination conditions in the refractive room
and optotype were adjusted to mesopic. The adaptation time after changing the light conditions
was 5 minutes. Then | controlled visual acuity and resaults of Pelli-Robson chart with same
corrections which was used under photopic light conditions. The examination room was without
external lighting. The photopic and mesopic conditions in the examination room corresponded
to values 360 Ix; 1.2 Ix.

The investigated subjects observed the optotype on a television screen that was
imaged using a mirror imaging technique. The screen brightness corresponds to 240 cd / m?

under photopic conditions and 75 cd / m? under mesopic conditions.

275



Picture 8: Examination room

50 randomly selected clients, 27 women and 23 men were used for testing. The age
distribution of clients was from 16 to 76 years. The selection of the statistical set was not limited
by any other conditions, as | wanted to include as much age spectrum as possible with different

anamnesis. Age distribution represents graph 1.

Age distribution

M 66-80
W 56-65
u 46-55
W 36-45
W 26-35
22 W 16-25

Age distribution

0 5 10 15 20 25

Number of testing subjects

Graph 1: Age distribution
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ekvivalent [dpt]

Sféricky

The results were processed using SPSS software - Statistical Package for the Social
Sciences. The tool used was "covariance analysis for pre-post test data". Data was tested for a
5% significance level. The evaluation was done by comparing the significance level with p
—value. If the p value met p <0.05, the variable was considered statistically significant. The
results are presented in the following graphs. After evaluation of the measured data, it was
found that after changing the light conditions to mesopic, there was a statistically significant
change in the spherical equivalent. The charts show a change in the correction, regardless of
the age distribution of the statistical file. The change always occurred binocularly, so we can
observe a slight decrease in the mean value of the spherical equivalent of both the right eye and
the left eye on the graphs. The mean change in binocular correction was - 0.11 + 0.13 dpt. The
change occurred in the expected direction. We observe mild myopization after changing light

conditions to mesopic.

Zmena sférického ekvivalentu pravého oka Zmena sférického ekvivalentu Pavého oka

1
"

*
kvivalent [dpt]
mI

N T— N S

O Fotopické podmienky B Mezopické podmienky O Fotopické podmienky B Mezopické podmienky

After changing the light conditions results of Pelli-Robson chart getting worse as
well. Using the Pelli-Robson chart we have obtained results of recognition letters for different
levels of optotype contrast. The results of Pelli-Robson chart represent graph 2. In the case of
the Pelli-Robson test, we can not only observe a deterioration in contrast recognition, but also
an increasing tendency depending on age. This change was evaluated using a B coefficient of
0.007 and thus we can conclude that the Pelli-Robson test result for the given statistical set
deteriorated by 7% for every 10 years. The average deterioration in perceived contrast was
21%.

277



100% Average results of Pelli-Robson chart

90%

80%

70%

60%

50%

40% l h.d [S—

30%

Average value of contrast[%]

20% |

10% -

0% -
0-25 26-35 36-45 46-55 56-65 66-30

@ photopic Age categories

i mesopic

Graph 2: Results of Pelli Robson chart

Changes in visual acuity were also observed in the test, however, no statistically

significant result was found after statistical analysis.

Discussion

15 eye optics in Prague were tested for greater interconnection of results with practice.
Illumination was recorded in the optics by measurement with the luxmeter and this was
subsequently compared to the recommended illumination limit according to ISO EN 1246

(2002). We can see that measured values correlate around recommended value- graph 3.
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Graph 3: Measurement of illumination in 15 optics

Considering the individuality of each patient, | think it is important to know the
changes in the visual system that occur after the change in adaptive light conditions. In the
statistical source, there were two cases where the change in light conditions resulted in a more
pronounced change in visual functions. Man, 22 years old, after keratoconus surgery - dioptric
change was -0.5 dpt. Man with cataract, impaired light conditions caused a significant
deterioration in contrast recognition. The result of the Pelli-Robson test under mesopic
conditions varied by 72%. It is clear from the research that by changing the light conditions we
can influence not only the perception of contrast but also the result of subjective refraction. The
average change in contrast perception induced by the change in light conditions of the test
subjects was 21%. This is comparable with previous studies which measured I'-3 group of letters
average change of resault for Pelli-Robson chart. [17] | was able to work with eighth of dioptery
so we can also monitor the sensitivity of patients to such a low value of correction. Although
the change of the correction did not support the improvement of visual acuity, the change of

correction induced more comfortable reading of the lowest recognized line.

There are no extensive checks to check illumination in refractive rooms, | consider it
is important that an optometrist working in a refractive room, which does not comply with the
standard conditions should consider possible distortions of subjective refraction, so as to ensure

the client's comfort.
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Bc. Tomas Dobrensky

Aplikace multifokalnich kontaktnich ¢ocek

CooperVision Limited, Ceska Republika

Anotace: Aplikace multifokalnich kontaktnich ¢ocek je obecné povazovdna za vyrazné
aspektl a jejich disledném dodrzovani se GspéSnost prvnich aplikaci blizi béznym vysledkiim
s ostatnimi typy ¢ocek. A pokud pfipocteme také vliv stavu o¢i u klientl v presbyopickém véku,
jsou mnohdy az prekvapivé vysoké. V textu se vénuji nékterym technickym aspektiim aplikace
multifokdlnich kontaktnich cocek, feSeni nejCastéjSich obtizi a nepfesnosti v dosazeném
vysledném vidéni a to i ve vztahu k pouziti rozdilnych dioptrickych designti kontaktnich

éocek.

M¢kké multifokalni kontaktni Cocky vyuzivaji pro dosazeni multifokalniho ucinku efektu
obecné oznaCovaného jako sférickd aberace, presnéji otvorova vada polohy. Diky ni je
dosazeno zvySeni hloubky ostrosti oka a i za podminek jeho mensi akomodac¢ni schopnosti je
umoznéno ostré vidéni do dalky i na blizko. Zjednodusené pak hovotime o ‘“asférickém
multifokalnim designu”, ptipadné o rozdilném dioptrickém uc¢inku kontaktni cocky v centru a

periferii optické zony.

Sféricka aberace optické zony skute¢né zplisobuje, Ze paprsky se v riizné vzdalenosti od optické
osy a centra ¢ocky lamou rizn€. Pokud jejich lom je vétsi v periferii a mensi v centru cocky,
jedna se o tzv. pozitivni sférickou aberaci. Takovy typ kontaktnich cofek oznacujeme jako
cocCky s centralni zonou do dalky, nékdy také jako tzv. D typ (z anglického distance= dalka).
Hodnoty s adici, tedy pro vidéni do blizka pak lezi v periferii ¢ocky typu D.

Pokud tomu je naopak, tedy lomivost paprskil je v centru optické zony vyssi nez v jeji periferii,
oznacujeme sférickou aberaci jako negativni. O cocce pak hovotime jako o typu s centrem do
blizka, neboli N typ (z anglického near= blizko). A samoziejmé& pak plati, ze multifokalni

kontaktni cocka typu N ma hodnoty bez adice, tedy pro vidéni do dalky, ve své periferii.
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Celkovy dioptricky ucinek a také vysledny efekt u konkrétniho klienta zalezi na celkovém
poméru vzajemné vztaznych dioptrickych hodnot v systému kontaktni ¢ocka + oko. Do

vysledku vyrazné zasahuji:

- vlastni aberac¢ni profil oka: vétSina presbyopickych o¢i vykazuje pozitivni sférickou aberaci.
Pti pouziti ¢ocky typu D (centrum dalka) se tak v téchto ptipadech podpoii ptirozena asféricita
a s ni spojend hloubka ostrosti. Pokud ale oko klienta vykazuje vlastni negativni sférickou

aberaci, projevi se podobny posilujici efekt pii pouziti Cocky typu N (centrum blizko).

- centrace a pohyb Cocky na oku: pro spravnou funkci kazdého korekéniho prvku véetné
kontaktni coCky je zasadni pfesna centrace — umisténi optické zony cocky pted zornici klienta.
Pti decentraci se navozuji dal§i vady optického systému (napt. koma, prisma, astigmatismus
Sikmych paprsk), které vyrazn€ zhorSuji vidéni. Citlivost na decentraci se zvysuje s rostouci

sférickou aberaci ¢ocky, tj. s vyssi adici a je vyssi u N typu Cocky.

- velikost zornice a jeji dynamika s vy$Sim v€kem se Sitka zornice pfirozen¢ zmenSuje a proto
muze dochazet k mensi schopnosti vyuzivat multifokalni design kontaktni ¢ocky. Projevem je
vypadek perifernich dioptrickych hodnot ¢ocky, tedy pro D typ chybi ¢teni, a pro N typ dalka.
Pti kombinaci obou typli cocek na o¢ich dochazi k projevu blizkému pouziti €isté monovision

techniky, tedy jedno vidi pouze na dalku a druhé pouze do blizka.

- dioptricky profil konkrétni ¢ocky: rozlozeni, umisténi a Sitka zon s riznymi Gcinky, tvar
kiivky (pribeh optické mohutnosti smérem od stiedu do periferie Cocky) maji dopad na ostrost
vidéni, schopnost vyuzivat jednotlivé dioptrické zony a také na potfebny cas k adaptaci na

multifokalni kontaktni CocCky.

Pti aplikaci multifokalnich kontaktnich ¢ocek je vZdy nutné vychéazet z aktudlné¢ nameétené
refrakce do déalky a to v pfesnych hodnotich (maximum plus nebo minimu minus) a adice
stanovené podle pozadované pracovni vzdalenosti. Pokud zjistite astigmatismus v hodnotach
vysSich jak 0,75 cylindru, vZzdy hledejte feSeni v multifokalni torické ¢occe. Dioptrické korekce
vys$$i jak Ctyti dioptrie standardné piepocitejte na nulovou vrcholovou vzdélenost ¢ocky. Urcete
si senzorickou dominanci zamlZovacim testem, ide4dln¢ do dalky i do blizka. Je obvyklé, Ze
jedno oko je ¢astéji vyuzivano pro vidéni do dalky a druhé do blizka. Tento fakt pak byva v

souladu pravé se senzotickou dominanci o¢i.
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Pti aplikaci multifokalnich kontaktnich ¢ocek se v ramci zobrazeni projevuji soucasn¢ ostré
obrazy z optickych zo6n pro danou vzdalenost a neostré obrazy zprostiedkované ostatnimi
dioptrickymi oblastmi ¢ocky. Napftiklad pro zobrazeni D ¢ockou pfi pohledu do dalky plati, ze
ostry obraz odpovidajici centralni optické zoné¢ je soucasné¢ doprovazen neostrym obrazem
vznikajicim v periferii, kde jsou dioptrické hodnoty vice ,,plusové®. Vysledkem tak je obraz,

ktery je sice Citelny, ale doprovazi jej rusivé stiny — duchy a mensi kontrast.

Potlaceni vnimani neostrého obrazu je véc adaptace na multifokalni kontaktni ¢ocky, stoji
mimo optiku a je za ni odpovédnd mozkova ¢innost zrakovych center. Obecné miizeme adaptaci
zlepSit pouzitim co nejnizSich hodnot adic pii zachovani pozadované funkce. Nizzsi adice

znamena mensi rozdil v ostrosti obrazu mezi oblastmi do dalky a do blizka.

Ostrost vidéni s multifokalnimi ¢ockami findlné hodnotime az po uplynuti adaptacni doby, tedy
obvykle pii nasledné kontrole po tydnu pouzivani. Pokud hledame moznosti zlepSeni hodnoty
korekce, pouzivame volné zkuSebni Cocky bez nasazené brylové obruby nebo testovaci
flippery. Pfi hodnoceni si také v§imame Sitky zornice s ohledem na zapojeni optickych zoén na

dalku a blizko.

Pro spokojenost klienta je vzdy dilezitda maximalni mozna mira ostrosti vidéni na dalku, proto
neni mozné podkorigovani dominantniho oka v zén¢ do dalky. Dal$i rozostfeni obrazu na dalku
je zplsobené vlivem zony do blizka a plati, Zze ¢im je vysSi hodnota adice, tim je vyssi rozdil v
ostrosti obrazu obou optickych zon. Mozné feSeni je snizenim hodnoty adice na oku ur¢eném
k divani se do dalky — obvykle dominantni oko. DilleZit4 je nasledné zpétna kontrola zrakové
ostrosti do blizka. Pro multifokélni kontaktni CoCky plati, Ze pouzita adice na obou o¢ich nemusi

byt stejnd, proto si mizeme dovolit upravit pouze jedno oko.

Pti neostrém vidéni klienta do blizka se ¢astéji vyuziva posun nominalni (zékladni) hodnoty
kontaktni ¢ocky smérem do vysSsi plus na oku ureném pro vidéni na blizko — obvykle
nedominantni oko. Vyuzivdme tak mirny stupet monovision techniky — tedy jedno oko je vice
korigovano pro vidéni do dalky a druhé pro vidéni do blizka. Pokud ptidavek je v hodnoté +0,25
nebo +0,5 D, byva velmi dobie klientem tolerovany bez viditelného dopadu na binokulérni

ostrost vidéni do dalky.

Pokud ani tak nedosdhneme uspokojivé ostrosti vidéni do blizka, mizeme jesté piistoupit k

navyseni hodnoty adice ¢ocky opé€t na oku pro vidéni do blizka. Stale ale musime mit na paméti,
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ze kazdé navyseni hodnoty adice piindsi vétsi rozdil ostrosti v jednotlivych optickych zonach,
o kterém jsme jiz mluvili diive. Proto vzdy zpétn€ musime provést binokularni kontrolu zrakové

ostrosti do dalky.

V piipad€, ze mdme moznost kombinovat riizde designy multifokalnich ¢ocek na ocich, tedy
pouzit jak typ D, tak N, mdme moznost dal§iho zpfesnéni celkového nastaveni korekce podle

individualnich potteb klienta.

Vzdy zde plati, ze pouziti stejného designu na obou oc€ich je binokuldrné snaseno lépe a
adaptace na korekci je rychlejsi. Proto pokud je mozné pouzit dvé ¢ocky typu D, nebo dvé
cocky typu N — ddvame takovému feSeni prednost pred kombinaci D a N ¢ocky. Dlvodem je
jednota v binokularnim nastaveni ¢oc¢ek. U kombinace ¢o¢ek D a N totiz dochazi k parovani
optické zony z centra jedné ¢ocky s periferni optikou ¢ocky druhé. To je pro uzivatele vzdy

wevr

hodnoté¢ adice byva toto feSeni tim nejlepSim moznym.

Snad vam téchto n¢kolik poznamek k aplikaci multifokédlnich kontaktnich ¢ocek pomtze k
pochopeni jejich chovani a vysledného vidéni nositeld. Dulezité je si je uvédomvat uz pii
vybéru vhodné kontaktni ¢ocky. Je proto vhodné se predem podivat i na aplikaéni postup
doporuceny vyrobcem pro konkrétni typ kontaktnich ¢ocek. USettite si tak pomérné hodné ¢asu,

ktery byste museli vénovat opakovanym pokustim pfi aplikaci.
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Bc. Tomas Dobrensky

Fitting of multifocal contact lenses

CooperVision Limited, Czech Republic

Abstract: Fitting process of multifocal contact lenses is generally considered as significantly
more difficult than single vision lenses. But with a proper understanding of the technical aspects
and their consistent adherence, the success of the first fits is close to common results with other
types of lenses. And if we add the effect of eye condition of presbyopic patients, they are
surprisingly high. The text deals with some technical aspects of the fitting of multifocal contact
lenses, solving the most common problems and inaccuracies in the resulting vision, also in

relation to the use of different power designs of contact lenses.

Soft multifocal contact lenses utilize an orifice position defect to achieve the multifocal effect
commonly referred to as spherical aberration. Thanks to this, the depth of vision of the eye is
increased and even under the conditions of its smaller accommodation ability, sharp vision in
the distance and near is possible. Simply speaking, we are talking about “aspherical multifocal
design”, or about the different dioptric effect of the contact lens in the center and periphery of

the optical zone.

Indeed, the spherical aberration of the optical zone causes the beams to refract differently based
the distance from the optical axis and the center of the lens. If their refraction is bigger in the
periphery and smaller in the center of the lens, it is a so-called positive spherical aberration.
This type of contact lens is referred to as a lens with a central zone into the distance, sometimes
also referred to as the D type (from distance). The values with addition, ie for near vision, then

lie in the periphery of the D-type lens.

Conversely, if the refraction of the beams is higher in the center of the optical zone than in its
periphery, we refer to the spherical aberration as negative. The lens is then referred to as the
near-center type, or N type (from near). And, of course, the multifocal N contact lens has values

without addition, that is, for distant vision, in its periphery.
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The overall dioptric effect, as well as the resultant effect for a particular client, depends on the
overall ratio of the relative dioptric values in the contact lens and eye optical system. The result
is significantly influenced by:

* intrinsic aberration profile of the eye: most presbyopic eyes exhibit positive spherical
aberration. In this case, the use of a type D (center for distance) lens will promote natural
asphericity and the associated depth of field. However, if the client's eye exhibits its own
negative spherical aberration, a similar enhancing effect occurs when using N-type lenses

(center for near).

» centering and movement of the lens on the eye: Precise centering - placing the optical zone of
the lens in front of the client's pupil is essential for the correct functioning of each correction
element, including the contact lens. Decentration induces other defects of the optical system
(eg coma, prism, astigmatism of oblique rays), which significantly impair vision. The sensitivity
to decentration increases with increasing spherical aberration of the lens, i.e. with higher

addition and is higher for the N type of lens.

* pupil size and dynamics: with older age naturally diminishes pupil width and hence there may
be less ability to use the multifocal contact lens design. Loss of peripheral dioptric values of the
lens is manifestated — for D type is missing reading and for N type missing the distance vision.
When combining both types of lenses on the eyes, the manifestation is close to the use of pure

monovision technic, ie one eye sees only to distance and second eye only to near.

« dioptric profile of specific lenses: distribution, location and width of zones with different
powers, shape of the curve (course of optical power from the center to the periphery of the lens)
have an impact on visual acuity, ability to use individual diopter zones and time needs for

adaptation on lenses.

For fitting of multifocal contact lenses, it is always necessary to start from the actual measured
refraction at a distance in exact values (maximum plus or minus minus) and additions
determined according to the required working distance. If you find astigmatism above 0.75
cylinder, always look for a solution in a multifocal toric lens. Re-calculate corrections higher
than 4 dpt on zero vertex distance of the lens. Determine your sensory dominance by the fogging
test, ideally for distance and near. It is common for that one eye to be used more often for
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distance vision and the other for near vision. This fact is in accordance with the sensory

dominance of the eyes.

When multifocal contact lenses are fitted, sharp images came from the optical zones for a
distance and blurred images mediated by other dioptric areas of the lens appear simultaneously.
For example, when used a D lens when looking into the distance, a sharp image corresponding
to the central optical zone is simultaneously accompanied by a fuzzy image occurring in the
periphery where the dioptric values are more "plus”. The result is an image that is legible but

accompanied by disturbing shadows - ghosts and less contrast.

Suppressing the blurred image perception is a matter of adapting to multifocal contact lenses,
standing outside the optics and responsible for it is the brain activity of the visual centers. In
general, we can improve adaptation by using the lowest possible addition values while
maintaining the desired function. Lower addition means less difference in image sharpness

between distant and near areas.

The visual acuity with multifocal lenses is finally evaluated after the adaptation period, usually
after a week of use. If we are looking for ways to improve the correction value, we use loose
test lenses without wearing a spectacle frame or test flipper. In the evaluation we also note the

pupil width which connect to regard of using optical zones at a distance and close.

The maximum possible level of sharpness of distance vision is always important for the client's
satisfaction, therefore it is not possible to undercorrect the dominant eye in the distance zone.
Further blurring of the image at a distance is due to the near-zone effect and the higher the
addition value, the greater the difference in image sharpness of the two optical zones. A possible
solution is to reduce the addition value of the eye to look into the distance - usually the dominant
eye. Subsequent visual acuity control to near is also important. For multifocal contact lenses,

the addition used on both eyes may not be the same, so we can afford to adjust only one eye.

When the client's near vision is blurred, a shift of the nominal (baseline) value of the contact
lens towards a higher plus on the eye intended for near vision - usually a non-dominant eye - is
more often used. Thus, we use a mild degree of monovision technic - that is, one eye is more
corrected for distance vision and the other for near vision. If increase is +0.25 or +0.5 D, it is
very well tolerated by the client without a visible impact on the binocular sharpness of distant

vision.
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If we still fail to achieve satisfactory visual acuity to near, we can further increase the value of
the lens addition again on the eye for near vision. However, we still have to keep in mind that
any increase in the addition value brings a greater difference in sharpness in the individual
optical zones we have discussed earlier. Therefore, we always have to carry out a binocular

visual acuity check into the distance.

In case we have the possibility to combine various designs of multifocal lenses on eyes, ie to
use both types D and N, we have the possibility to further refine the overall adjustment of the

correction according to the individual needs of the client.

It is always true that the use of the same design on both eyes is better tolerated binocularly and

adaptation to correction is faster. Therefore, if two D-type lenses or two N-type lenses can be
used, we prefer such a solution to a combination of D and N lenses. The reason is the unity in
the binocular adjustment of the lenses. In fact, in the combination of D and N lenses, the optical
zone is paired from the center of one lens with the peripheral optics of the other. This is always
more demanding for users. However, if high visual acuity is required at both major distances at
a higher addition value, this solution is the best possible one.

| hope that these few notes on the application of multifocal contact lenses will help you
understand their behavior and the resulting vision of the wearer. It is important to be aware of
them when choosing a suitable contact lens. It is therefore advisable to consult in advance the
application procedure recommended by the manufacturer for a particular type of contact lens.

This will save you a lot of time, which you would have to spend repeated attempts during fitting.
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What is Anisometropia?

Anisometropia is a condition that occurs when your eyes have varying refractive powers, which
can cause your eyes to focus unevenly. This condition typically occurs when one eye is a
different size or shape than the other and results in asymmetrical curvatures, asymmetric

farsightedness, or asymmetric nearsightedness.

Anisometropia is one of the most common causes of amblyopia, which is more commonly

known as “lazy eye”.

Anisometropia

We still aren’t entirely sure what causes anisometropia, but having eyes that are significantly
different sizes can be a contributing factor. Individuals with normal vision may have up to a 5%
difference in refractive power in their two eyes, though individuals with a greater difference
than 5% are more likely to develop anisometropia.

Anisometropia affects our binocular vision. Individuals with anisometropia typically see one
larger image in one eye and one smaller image in the other. This causes their vision to blur. As
a result, one eye may become weaker than the other, which may prompt the brain to favor the
stronger eye. This can cause amblyopia if the anisometropia is not caught and treated early.

Individuals with untreated anisometropia may experience:

- Poor depth perception
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- Dizziness

- Headaches

- Nausea

- Visual discomfort

Though anisometropia can be present from birth, it is not typically diagnosed until childhood.
Estimates suggest that around 6% of all children between the ages of 6 and 18 suffer from

anisometropia.

Major Types

There are three types of anisometropia:
- Simple anisometropia

- Compound anisometropia

- Mixed anisometropia.

Simple Anisometropia

Simple anisometropia occurs when only one eye has a refractive error. The eye can be either
hyperopic (farsighted) or myopic (nearsighted). This form of anisometropia can be treated using
eyeglasses. Simple anisometropia causes one eye to see a blurry image while the other eye sees

a clear image.
Compound Anisometropia

Compound anisometropia occurs when both eyes are either hyperopic (farsighted) or myopic
(nearsighted). However, there is still a significant difference in the refractive errors of the two
eyes, so they will need dramatically different prescriptions. This form of anisometropia causes

both eyes to see blurry images, but one eye’s vision will be significantly blurrier.

Mixed Anisometropia
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Mixed anisometropia occurs when both eyes have refractive errors but one is myopic

(nearsighted), and the other is hyperopic (farsighted).

Typical Manifestations & Symptoms

Potential Vision Manifestations

Anisometropia can affect our vision in a variety of ways. This can include:

- Amblyopia: Amblyopia, also called “lazy eye” occurs when the brain begins to favor the eye
with stronger vision over the eye with weaker vision, reducing visual stimulation. This causes

the brain to begin ignoring visual inputs from the weaker eye.

- Strabismus: Strabismus, also called “crossed eyes”, occurs when we are unable to keep our
eyes aligned. This lack of coordination keeps us from being able to focus both eyes on the same

point in space.

- Diplopia: Diplopia, also called “double vision”. Diplopia causes our eyes to send two, slightly
offset images to our brain, causing double vision and confusion. Diplopia can cause eyestrain,

headaches, nausea, sensitivity to light, tired eyes, and dizziness.

Symptoms

Untreated anisometropia can cause a variety of symptoms including:

- Poor depth perception

- Dizziness

- Headaches

- Nausea

- Visual discomfort

Treatment & Management Options

Treatment
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Anisometropia needs to be treated as soon as it is diagnosed. If treatment is delayed the brain
may decide to favor the eye that presents a clearer image over the other eye, leading to
dependence on the stronger eye. If this occurs, the non-favored eye will become increasingly

weaker.

Anisometropia can be treated using a variety of methods, which are determined based on the
severity of the condition. Treatments can include corrective lenses, contact lenses, or laser eye
surgery. For corrective lenses or contact lenses to be effective they will need to be different

prescriptions so that each eye can have its visual needs met.

Individuals with large degrees anisometropia typically cannot rely on corrective lenses for
treatment. Eyeglasses have a magnifying effect, which can significantly change the size of the
image seen by each eye. As such individuals with large degrees of anisometropia may find that
eyeglasses negatively affect their binocular vision.

Management

Depending on the severity of the anisometropia it may be managed without the use of
corrective lenses, contact lenses, or eye surgery. Patching, where the dominant eye is covered
to encourage the weaker eye to pick up the slack, is an effective treatment for amblyopia caused
by anisometropia. Some studies have also shown that children with anisometropic amblyopia
may benefit from the use of prisms instead of using patching.

However, individuals with large degrees of anisometropia will likely require contact lenses or

laser eye surgery.

® ©®
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The final step in subjective refraction is called “Binoocular Balancing”, a process which is

known as sometimes “Equalizing the accommodative effort” or “spherical equalization”.

Goals:
- allows both eyes have the retinal image simultaneously in focus
- an imbalanced correction often leads to asthenopia because of unstable
accommodation
- binocular balancing tests is not to balance VA but to balance the state of

accommodation of the two eyes

It can’t be performed when:
- pX suppresses one eye
- strabismus exists

- px has only one eye

We have several tests that we can use, and for some of this test we need polarization.
- Bi-chrome balance test
- Cowen test
- 2/3 rows test
- Test “Cross”

- Simple method
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Bi chrome balance test / Cowen test
- we set up the test, check polarization and completeness of eye sight
- Bi chrome Balance test:

R.E. sees vertical part of the test

L.E. sees horizontal par of the test

- Cowen test:
R.E. sees upper part of the test
L.E. sees lower part of the test

We start with the eye with better visual acuity and we check it with the “darkness of the
letter/number/ circle”
Client watches letter in the green field and comparing it with the letter in the red field
We ask, “In which field is the letter darker?”
- If the letter is darker in the green field, we add +0,25 D
- If the letter is darker in the red field, we add -0,25 D
When the letters are equally dark on the first eye we can start checking second eye.
After we checked the second eye we check first eye again to see if there is some changes.

We are balancing this way until we don’t have any changes on both eyes. Then we have

refractive balance

https://upload.wikimedia.org/wikipedia/commons/5/54/Rodavist binokul%C3%A4r r%C3%
B6d-gr%C3%B6n balanstest.JPG
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2/ 3 rows test

We set up the test, check polarization and completeness of eye sight

Middle row (if there is one) is for fusion and we can see it with both eyes. We check how far
can client read both rows.

On the eye with better visual acuity we add + sph until the eye is slightly blurred, after that we
do the same thing for the eye with lower visual acuity.

We do this test monocular under binocular conditions.

On the first eye we define the smallest read letter and ask, “Is it with next ‘glass’ clearer or just
smaller and darker?”

- Ifitis clearer, we add -0,25 D, if it’s not we remove the ‘glass’.

We repeat the task on the first eye again and balancing this way until we don’t get any changes

on both eyes. Then we have refractive balance.

Test “cross”

We set up the test, check polarization and completeness of eye sight.

e R.E. sees vertical part of the test

e L.E. sees horizontal part of the test

We blur both eyes with +0,25 D or +0,50 D

We compare darkness of the vertical and horizontal lines

- In front of the eye that sees less dark we add -0,25 D

We compare only darkness, not visual acuity!

We got refractive balance when we can’t get lines any darker.
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https://www.researchgate.net/figure/Positively-polarized-Cross-test-Notes-Left-top-
perception-on-the-Cross-test-without figl 315931310

Simple metode

We observe client’s refraction while we uncover second eye:

a) instantly better “feeling” and better visual acuity
b) better “fecling” in couple of seconds, visual acuity doesn’t have to be better
c) bad “feeling”, visual acuity equal like it was when checked monocular or worse
We check sight simultaneity with +2,00 D in front of each eye.
If the eye sight is simultaneous +2,00 D will disturb eye sight on both eyes.
If the +2,00 D doesn’t disturb one eye, we can’t continue with the test.
We check binocular spherical correction.
We check refractive balance: with +0,50 D we “jump” from one eye to another and ask “On
which eye does it less bother or doest it bother equaly?”

- In front of the eye that bothers less we put +0,25 D

We repeat that operation until the “feeling” is the same on both eyes.
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1. INTRODUCTION

Orthophoria is characterized by perfect alignment of two eyes in all positions of gaze
and at all fixation distances so that the visual axes are parallel for distance and have proper
convergence for near. The problem is that orthophoria is very rare condition. Most of the people
have some amount of heterophoria. Heterophoria or latent squint is a condition in which eyes
in the primary position or in their movement are maintained on the fixation point under stress
only, with the aid of corrective fusion reflexes. When the influence of fusion is removed, the

visual axis of one eye deviates.

There are 3 types of heterophoria: vertical, horizontal and cyclophoria. Vertical heterophoria

usually has more significant impact on vision than horizontal heterophoria.

2. TYPES OF HETROPHORIA

Depending on the direction of deviation of the eye pair from the observation position of fixation,

we differentiate more types of heterophorias:
1. Exophoria
2. Esophoria
3. Hyperphoria / Hypophoria (Hypo / Hyper)

4. Cyclophoria
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1. Exophoria

By excluding the reflection of the fusion, both eyes observe the deviation outward.
Examinee he perceives a crowned twosched object of observation. The fusion with which the
exophoria is compensated acts in a positive (convergent) direction (cf.inside, nasally) and
possible compensation up to 50 cm/m. Because of this, exophoria causes problems only at
higher strengths or when the ability of fusion weakened for additional reasons. Exothermic

correction is performed with the prismatic lying inward (nasally).

2. Esophoria

In the esophoria, the eyes show inward deviation. The examinee notes the two-sided
observed object. The fusion with which the esophoria compensates acts in a negative
(divergent) direction towards (temporarily), so the compensation option is minimal. (6-8cm /
m). The difficulty of seeing the esophoria is unpleasant and you notice it immediately.

Correction of the esophoria takes with prismatic lens with base outwardly (temporally).
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3. Hyper /hypophoria

Hyperphoria- is characterized by a tendency of the eyes to deviate upwards in a vertical

direction, which is held in check by fusion amplitudes.

Hypophoria- is characterized by a tendency of the eyes to deviate downwards in a

vertical direction, which is held in check by fusion amplitudes.
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4. Cyclophoria

Cyclophoria is characterized by a tendency of the eyes to rotate around their sagittal axis

(antero-posterior), which is held in check by fusion amplitudes.
This can be:

e Incyclophoria: Incyclophoria is characterized by inward rotation of the upper pole of
the cornea.

e Excyclophoria: Excyclophoria is characterized by outward rotation of the upper pole of
the cornea.

e Anisophoria: Anisophoria is that type of heterophoria in which the degree of muscular
imbalance varies with the direction of conjugate gaze.

e Due to the minimal compensation options in the divergent direction, the correction
strength is it is necessary to measure well and its tolerability to be checked earlier (with

help temporarily fixed prismatic foils on the lens)

3. DIAGNOSIS

1. Hirschberg test gives a rough objective estimate of the angle at the manifest strabismus

when we have nonoperative clients or when the fixation is bad.




2. Krimsky test: in this test prisms are placed in front of the fixing eye while the light reflects
on the roaches do not become symmetrical. The Krimsky test does not disagree with the eyes,

but only measure manifest deviation.

3. Cover / uncover test reveals heterophoria. The test is performed for long distance and for
nearby using an accommodative target. The examinee fixes the object in front of him. If there
is a doubt about the deviation of the right eye, the examinee covers the left eye and observes
right eye movements. When uncovering the test, which detects heterophoria, the respondent
fixes the object in front of it covers the right eye and after a few seconds reveals. If there is no

movement, it is possible that this is a orthophorisation.
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4. Prism cover test measures the angle of deviation. First, it is done by altering cover test, so
it is the larger prisms are placed in front of one eye with a base opposite to the direction
deviations. The altering test is constantly being performed.

5. Schober test - For this test we use red and green filter. One eye should see a red cross and
other eye should see two green circles. If patient is orthophoric the red cross is in the middle. If
it is not, that means that our patient has some heterophoria. If a red filter is in front of the right
eye and a green filter is in front of the left eye, and cross is going up, that is hypophoria of right

eye (or hyperphoria of left eye). If the cross is going right that is esophoria or left it is exophoria.

Subjective ways are:

1. Synoptophore -used to measure the heterophoria angle.
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2. Maddox test - the Maddox rod consists of a series of fused cylindrical red glass rods
that convert the appearance of a white spot of light into a red streak. The optical property
of rod causes the streak of light to be at an angle of 90° with the long axis of the rods.
The Maddox rod is placed in front of one eye and patient fixates with both eyes on a
spot of light. The patient is asked whether the streak produced by Maddox rod passes
through the fixation light seen by the other eye. If not, the patient has some heterophoria.
Advantage of this test is that interpretation of results is easy and also we can do it very
quickly. Disadvantage is that this test is not so precise and should not be used as final

correction.

Ortoreter -This device enables testing of visual sharpness at different distances. Testing is

possible binocular but also for each eye separately.

4. CONCLUSION

Not all heterophorias need correction because if person does not have any symptoms or
difficulties then the correction is unnecessary. If someone have symptoms like headache,
asthenopia, photophobia or difficulty of changing focus then we will give a correction. Every
test that we do has some advantages and disadvantages so we should do more than one test
before we give the final correction. Some of solutions for those who need correction is prism

glasses (we put base of the prism opposite to the direction of heterophoria).
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What is Nystagmus?

The word nystagmus comes from the Greek nystazein, which means fall asleep. Disease
was already known in Greek medicine, but it is only beginning to study with greater interest in
the 19" and early 20" centuries. Nystagmus is an eye disease in which they are not located in a
quiet position but are constantly creating titrating movements that can be in horizontal, vertical
or sloping plane. Titers can be slower or faster, then it's a frequency. In the case of larger and
smaller titers there is amplitude. In recent years, he has been increasingly treated surgically and

conservatively.

Nystagmus is an uncontrolled eye movement, usually from one side to the other, but sometimes
the eyes are shaken up and down and with circular movements. It is often caused by ocular or
neurological disorder. Most people with nystagmus have a vision that is worse than average.
The nystagmus that occurs in the first months of life is called "early onset of nystagmus™ or
"congenital nystagmus.” The nystagmus that develops later in life is called "acquired

nystagmus".
Diagnosis of nystagmus

For diagnosis of nystagmus, the head position and eye position are in the primary
position. When reading an optotype, it is necessary to do an analysis with the electrongmograph
(ENG) or determine how the wrong head position has evolved explore family photography from
childhood. Patients with congenital nystagmus and those with mood-like paresis may have the
wrong headache. Congenital nystagmus occurs within three months of life, it can also be the

result of eye strain to make the child more visible.

The overview of nystagmus and strabismus is performed with cover tests and additional tests

as electrongigography (ENG) and electromigraphy (EMG). EMG tests classify the type and
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shape of the nystagmus, determine the area of the quiet zone, frequency and amplitude. It also

monitors the intensity of nystagmus in all directions of view, before and after surgery.
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Conservative nystagmus treatment

The best optical refractive correction is corrected in all kinds of nystagmus with the
glasses, accurate photo-sensitive glasses can be useful because they protect the eye from the
sun's rays. In larger ametropia, especially in large astigmatisms, better therapy is contact lens

because they have an optical advantage that is to move in accordance with eye movements.

After the operation of the nystagmus, congenital cataracts can occur. Because of this, contact
lenses are placed after surgery because they can significantly reduce and mitigate the symptoms
of congenital cataracts. Prisms are used in the treatment of nystagmus in order to correct head
misalignment and improve visual acuity. They can also help in preoperative nystagmus
treatment, but also as permanent conservative treatment. In the case of chin lifting and viewing
in the vertical plane and in the downward direction, the base of the prism is placed in front of
both eyes. If the chin is lowered and the view is lifted upward, the prisms are placed with the

base facing down in front of both eyes.

The results of the operation, i.e. how the patient underwent surgery, doctors may, to some
extent, presume how well the patient will withstand the prism. They are the only treatment in
case the compensated position is not very pronounced. The prisms of the patients are difficult
to tolerate. Such prisms often have a strength of 4 to 8 diopters. Instead of the prisms, the
stenopeic eyepiece holes can be prescribed with the exercises with the pictures. Some
ophthalmologists also perform orthopedic treatment methods to improve binocular vision.
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Treatment of amblyopia is a problem in latent nystagmus because it can cause occlusion of the

dominant eye and reduce visual acuity.
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Nystagmus blocked in convergence

Convergence can reduce nystagmus. In the nystagmus that is blocked in convergence
the eye is in the posterior position of the esotrope, where the eye abduction is limited. Due to
limited abduction, the nystagmus blocked in convergence can be replaced by a pair of nerve
abdicents (n. Abducens). In the case of abduction of the eye, the nindictive titres are reduced,
with convergence being reduced. Because of this lateral nerve, Adelstein and Curt Ciippers
(1966) called this nystagmus, blocked nystagmus syndrome. In this syndrome, it has been
clinically observed that a large number of patients have strabismus since birth, with the
deviation being unstable and large. Abduction is limited, and ninth-titres are blocked by

convergence.

In 60% of patients with esotropia, signs of blocked nystagmus appear. This group also includes
children who have convergent strabismus. In alternating strabismus, studying and testing
revealed that the angles are variable: they are smaller in distance and closer in vicinity. Such
patients with distant vision have a reduced angle and nystagmus appears, and in the vicinity of
the eye there is an adultery i.e. an inadvertent eye and therefore the angle increases. In such
cases, the angle is dynamic and enhanced by the inversion impulses. The blocked nystagmus
syndrome is conditioned by the innervation of the medial rectus (rectus medialis innerved by n.
Oculomotorius). In this position, the nystagmus convergence is reduced, and the visual function

improved.
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Dissociated nystagmus

Dissociated nystagmus is characterized by the asymmetry of both eyes in both the
amplitude and the direction. Dissociated nystagmus most often occurs in the abducting eye in
intraocular ophthalmoplegia. Such a form of nystagmus is secondary due to medial nerve
lesions. The operation decreases or corrects the angle. They try to eliminate the existing twos,
correct the motility, and establish fusion in as much of a look. The main goal is to achieve a

single binocular vision in the primary position.
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See-saw nystagmus

This kind of nystagmus is present in congenital or acquired form. Congenital see-saw
nystagmus manifests itself as a constant vertical movement. The eye that is raised performs
extortion, and around which the intortage is dropped. The name came from the fact that the eyes
have the impression of a swinging swing down. The acquired see-saw nystagmus is
characterized by conjugated pendular and torso oscillations. The raised eye is rotating inwardly
and the eye around which it slides rotates outwardly. This is repeated in the opposite direction
and gives a see-saw effect. Tortial movements dominate in all directions. The See-saw effect

can be limited to the primary position and the downward view. See-saw nystagmus is very rare.

Conclusion

This seminar paper studied nystagmus, its formation and treatment. As the appearance
of a nystagmus, the head bones are seen in the primary position. By treating, the nystagmus is
trying to correct the first exercises. Exercises are carried out by trying to make the eye just
trying to solve the problem, and ultimately the solution is surgery. The nystagmus operations
have been undergoing great advances over the last 20 years. Mostly, it is a problem with
torticulosis, which can remain after surgery but can be corrected by prisms. When looking at
Snellen's tablets, the patients mostly curve their neck or adjust the body's stance to see it better.
Each type of nystagmus has its own special treatment and exercise. Amplitude and frequency
are variable, and we find them in different directions of view at each nystagmus. The

movements can be horizontal and vertical and are determined by the size of the movement
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WHAT IS

¢ PRESBYOPIA?
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Presbyopia is primarily an inevitable, age-related condition and accordingly its

prevalence in a given population is related to the percentage of individuals surviving to old age.
By the year 2020 the worldwide prevalence is expected to rise to 1.37 billion. The average age
of those first reporting symptoms of presbyopia is between 42 and 44 years of age with a
complete loss of accommodation typically occurring between the ages of 50-55 years.

When you are young, the lens is soft and flexible, easily changing shape. This lets you focus on
objects both close-up and far away. The lens becomes more rigid over the years and it cannot
change shape as easily. This makes it harder to read or do other close-up tasks. There is no way

to stop or reverse the normal aging process that causes presbyopia.
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Normal Vision
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mage on theretina

Age is the primary predictive factor in the development of presbyopia, early loss of
accommodative ability can be induced by certain systemic disease, medications, and trauma.
Gradual onset of blurred near vision is often the first presenting symptom of presbyopia. Those
who utilize near vision in daily activities frequently complain of impairment earlier. Other
symptoms commonly experienced include squinting, headaches secondary to eye strain,
increased light requirement, and need to work from progressively greater distances. Diplopia

can also result from presbyopia.

Models for presbyopia can be generally divided into two categories referred to as lenticular and
extra-lenticular theories. Lenticular theories hold that presbyopia results from age-related
changes in the lens, capsule, and zonular fibers. Proposed extra-lenticular causes include ciliary
muscle dysfunction, loss of elasticity in the posterior zonules or choroid, and even decreasing
resistance of the vitreous humor against the accommodating lens capsule.

The classical theory of accommodation proposed by Helmholtz over 150 years ago states that
the lens under resting tension is held relatively flat when viewing objects at a distance. During
accommodation, the ciliary muscle contracts and moves both anteriorly and inwardly. This
decreases tension on zonular fibers and, in turn, causes increased curvature in the elastic lens

resulting in increased focusing power.
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Presbyopia can be found during a comprehensive dilated eye exam. Your eye doctor likely will
put drops in your eyes to dilate your pupils for the eye health exam. This may make your eyes
more sensitive on light for a few hours after the exam. Dilation enables your doctor to more
easily view the inside of your eyes. If you notice any changes in your vision, you should visit
an eye care professional. The goal of treatment is to compensate for the inability of your eyes
to focus on nearby objects. Corrected near and distance visual acuity testing allows for
evaluation of a patients’ refractive error as well as their functional capacity at near distances.
Near lens prescription can be determined by adding plus power over the distance correction
until clear near vision is achieved. Most nonprescription reading glasses range in power from
+1.00 diopter (D) to +3.00 D. The safest and least invasive management of presbyopia consists
of corrective glasses lenses either as a separate set of reading glasses, contact lenses, bifocals,
or progressive lenses. Prescription reading glasses. If you have no other vision problems, you
can use glasses with prescription Lenses for reading only. You will need to remove these when
you're not reading. Bifocals- these lenses have a visible horizontal line that separates your
distance prescription, above the line, and your reading prescription, below the line. Trifocals-
these glasses have corrections for close-up work, middle distance vision — such as for
computer screens — and distance vision. Trifocals come with two visible horizontal lines in the
lenses. Progressive multifocals- this type of lens has no visible horizontal lines, but has multiple
powers for distance, middle distance and close-up corrections. Different areas of the lens have
different focusing strengths. Office progressives. These lenses have corrections computer-
distance and close work. You generally use these at a computer or for reading and remove them

for driving or walking around.
1. CONTACT LENSES

People who don't want to wear eyeglasses often try contact lenses to improve their vision
problems caused by presbyopia. There are: Bifocal contact lenses, Monovision contact lenses

and Modified monovision.
2. REFRACTIVE SURGERY

Refractive surgery changes the shape of your cornea. For presbyopia, this treatment can be
used to improve close-up vision in your nondominant eye. It's like wearing monovision contact

lenses. Even after surgery, you may need to use eyeglasses for close-up work.
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Conclusion

You can help protect your eyes and your vision by following these tips: have your eyes
checked, control chronic health conditions, protect your eyes from the sun, prevent eye injuries,
eat healthy food, use the right eyeglasses, use good lighting, see your doctor or optometrist
immediately if you experience any of presbyopic symptoms.

Literature:

https://www.aao.org/eye-health/diseases/what-is-presbyopia

https://nei.nih.qgov/health/errors/presbyopia

https://www.mayoclinic.org/diseases-conditions/presbyopia/diagnosis-treatment/drc-
20363329

Picture 1 https://www.google.com/search?g=presbyopia&client=tablet-android-

samsung&prmd=ivbn&source=Inms&tbm=isch&sa=X&ved=2ahUKEwjMI5-
EnL jAhXHTBUIHZImMCnoQ AU0AX0oECA0QAQ&Ccshid=15634790

Picture 2 https://coopervision.com/sites/coopervision.com/files/styles/cv blog/public/blog-

post-images/cv blogs presbyopia.jpg?itok=VZ-2Hr5U&timestamp=1428534216
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Mgr. Roman Heinz

Specifika prizmatické korekce

Varilux senior product specialist, Essilor — optika s.r.o.

Stale vice diskutovanym tématem v praxi ocnich specialist je piedepsani prizmatické korekce.

Tato korekce se snazi odstranit ¢i zmirnit vergencni poruchy binokuldrniho systému.

Zde je potieba podotknout, Ze ne vSechny problémy s binokularnim vidénim maji sviyj zaklad
v poruchdch praveé vergencnich (pfevazné feSeno prizmatickou korekci), ale vétSina téchto

poruch je zptisobena poruchami akomodaénimi.

Projev akomodacnich a vergen¢nich poruch, ktery je umocnén aktudlni ,,digitdlni dobou*, ve
které zijeme, ma typické projevy zplsobené napiiklad zvySenou zatézi pii praci na pocitaci ¢i
jakékoliv praci, kde nam vyrazné nartsta podil ¢asu traveného pfi praci do blizka a v tzv. stfedni

vzdalenosti (prace do vzdalenosti cca 1,5 m).

Mezi typické projevy zpusobené snizenim optimalniho vykonu binokuldrnich funkci patii:
bolesti hlavy, neostrost textu, diplopie, prodleva v preosttovani mezi jednotlivymi
vzdalenostmi, nauzea a dalsi projevy souhrnné€ zvané jako astenopické potize. Klienti ¢i pacienti
s takto typickymi projevy se Casto obraci na nds, specialisty v oboru o¢ni optiky, ortoptiky a

optometrie.

Vysledné predepsani optimalni prizmatické hodnoty, kterd stoji a pada na kvalité postupu
méteni a jeho nasledného vyhodnoceni s ur¢enim a naslednym predepsanim optimalni hodnoty
korekce, s sebou nese 1 urcité charakteristické vlastnosti zobrazeni. Tématem tohoto ¢lanku tedy
neni popis postupu a vyhodnoceni zméfenych binokuldrnich odchylek, ale jejich typické

projevy vnimané nositelem s takto specifickou korekei.
Specifika zobrazovani optickych klint:

Pti aplikaci klinové korekce dochéazi k zobrazovacim vaddm, které ndm mohou vyrazné

komplikovat adaptaci ¢i prodlouzit dobu k tomu potifebnou. Nositel by m¢l byt s témito

316



charakteristickymi vlastnostmi dobfe sezndmen, jelikoz 1 pii souCasném vyuziti

nejmodernéjsich technologii nejsme schopni tyto projevy plné odstranit.

Diky moznostem personalizovanych ¢ocek zohlednujicich individualni parametry nositele
(pupilarni distance, vyska zornice, oto¢ny bod oka) a jeho brylové obruby (pantoskopicky thel,
uhel prohnuti brylového stfedu, parametry o¢nice, zaktiveni lamavych ploch korekéniho ¢lenu)

jsme vsak schopni dosahnout jejich maximalniho mozného potlaceni.

Vyrazného snizeni negativnich projevii dosdhneme i rovnomérnym rozlozenim hodnot

klinového ucinku mezi ob¢ o€i.

Spole¢né nahlédneme do 5ti zdsadnich projevl vad zobrazeni klinovou korekei:
1. Astigmatismus Sikmych paprskii

2. Zkresleni

3. Zména velikosti
4. Disperze

5. Triplopie

1. Astigmatismus §ikmych paprski (ASP)

U projevu astigmatismu Sikmych paprskli nevnima nositel bod jako ostry bod, disledkem
rozdilné lomivosti centralnich a perifernich paprskil. Pro maximalni potla¢eni ASP by méla byt
co nejvice splnéna podminka bodového zobrazeni, tedy aby optickd osa korekéniho ¢lenu
prochézela skute¢nym stiedem otaceni oka nositele. Zde budou ASP pocitovat predevsim
nositelé, u kterych byl pozadovany klinovy uc¢inek navozen pomoci decentrace brylové cocky
v obrubé. Casto jsme se na predpise od lékafe mohli setkat se zkratkami MHD & MVD. Tyto
zkratky oznacuji hodnoty maximalni decentrace cocek, horizontdlni (MHD) ¢i vertikélni

(MVD).

Takto pfedepsana korekce je velice nepfesna, jelikoz je vyrazné ovlivnéna velikosti o€nice bryli
a zvolenym prumeérem Cocky, pupilarni rozteci a také vyskou centrace. Pravé u téchto korekei
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muze dochazet k vyznamnému projevu astigmatismu Sikmych paprska, zplsobujicimu

zkresleni a snizené ostrosti obrazu i pti pfimém pohledu.

2. Zkresleni

ZKkresleni zptsobuje rozdilné pfi¢né zvétseni v celkovém obrazovém poli. Projev zkresleni je
umérny s vysi hodnoty predepsané korekce. Zakladni zkresleni délime na poduskovité (typické
pro plusové hodnoty dioptrii) a soudkovité (typické pro minusové dioptrie). V piipadu
prizmatické korekce se mohou linie pozorovaného obrazu jevit protazené ve sméru baze klinu.
Vysledné zkresleni je ovlivnéno postavenim béaze klini. U klind s pfedepsanou bazi vertikalné
se jevi vice zkreslené linie horizontalni. U béazi pfedepsanych v horizontalni roviné se jevi

zkresleni linii vertikalnich.
3. Zména velikosti obrazu

Pti aplikaci prizmatické korekce mtize dojit ke zméné€ vnimani perspektivy nositelem. Projevem
miuiZze byt zhorSena orientace v prostoru zpisobena zménou odhadu vzdalenosti. Na tento projev
je vzdy velice dilezité upozornit ,,prvonositele” naptiklad pii fizeni auta. Na tuto zménu
zobrazeni si 1ze pomérné brzo a lehce zvyknout. Zdanlivé zvétSeni nebo zdénlivé zmenseni
obrazu oznacujeme jako makropsii respektive mikropsii. U konvergen¢niho nastaveni os obou
o¢i (sbihavého — esoforie), kde mame nastaveny béaze klinu smérem temporalnim, mizeme
zaznamenat dojem zmenSeného obrazu. U klinli nastavenych bazi dovnitf, osy o¢i jsou

rozbihavé (divergen¢ni — exoforie) miizeme vnimat zvétSeni obrazu.
4. Disperze

Typickou vadou zobrazeni klinovych ¢ocek je disperze svétla. Po priichodu hranolem dochézi
k riznému lomu monochromatického svétla pro jednotlivé spektralni délky. Disperze se
vyrazné projevuje diky priichodu ptes dvé optické plochy. Po prichodu pies jednu optickou
plochu je tihel, ktery mezi sebou sviraji fialové a modré paprsky, takika zanedbatelny. Vyrazny
odklon zpiisobi pravé druhd plocha hranolu a hodnota thlu, ktery sviraji. Hodnotu disperze
vyjadiujeme pomoci Abbeova ¢isla. Disperzi 1ze minimalizovat pomoci Upravy centrace a co

nejbliz8§iho posazeni korekéniho ¢lenu smérem k oku.
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5. Triplopie

Jedna se o vznik tzv. parazitnich obrazli po obou strandch pozorovaného piedmétu. Jeho
vzdalenost od pozorovaného predmétu se zvétSuje s narlstajici hodnotou klinového
ucinku. Kvalitni povrchova tprava (antireflex) mize dosdhnout vyrazného potlaceni tohoto
jevu. Obecné se vibec nedoporucuje aplikovat prizmatickou korekci alespon bez zakladni

antireflexni Gpravy.
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