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1. ÅÉÓÁÃÙÃÇ

¼
ôáí ðáñáôçñïýìå Ýíá ìáêñéíü áíôéêåßìå-
íï, ôï áìöéâëçóôñïåéäéêü åßäùëï ôïõ
óôü÷ïõ åßíáé êáëÜ åóôéáóìÝíï. ¼ôáí á-

ðïöáóßóïõìå íá åóôéÜóïõìå óå Ýíá êïíôéíü áíôéêåß-
ìåíï åßíáé áðáñáßôçôç ç áýîçóç ôçò äéáèëáóôéêÞò é-
ó÷ýïò ôïõ ïöèáëìïý ãéá ôç äéáôÞñçóç åõêñéíïýò
åéäþëïõ (Ó÷Þìá 1). Áõôü áðïôåëåß êáé ôï êýñéï åñÝ-
èéóìá ãéá ôçí åíåñãïðïßçóç ôïõ ìç÷áíéóìïý ôçò
ðñïóáñìïãÞò, ï ïðïßïò "ðáñÜãåé" ôá áðáñáßôçôá óÞ-
ìáôá ðïõ èá ðñïêáëÝóïõí ôç óýóðáóç ôïõ áêôéíù-
ôïý ìõüò êáé ôçí áýîçóç ôçò éó÷ýïò ôïõ êñõóôáë-

ëïåéäïýò öáêïý ìå Ýíá ìç÷áíéóìü ðïõ Ý÷åé ðåñé-
ãñáöåß áðü ôïí Helmholtz ðñéí áðü 150 ÷ñüíéá.1

Ç ðñïóáñìïãÞ äåí åßíáé Ýíá áìéãÝò áíôáíáêëá-
óôéêü: ìðïñåß íá õðÜñîåé Ýíá éó÷õñü åèåëïíôéêü
óôïé÷åßï óôïí Ýëåã÷ü ôïõ. Ï ðñïóäéïñéóìüò ôùí å-
ñåèéóìÜôùí ðïõ "ïäçãïýí" ôçí ðñïóáñìïãÞ Ý÷åé á-
ðïôåëÝóåé ìßá áðü ôéò ðñùôáñ÷éêÝò ðåñéï÷Ýò Ýñåõ-
íáò. Áí êáé åßíáé ãíùóôü üôé ç åíåñãïðïßçóç ôçò
ðñïóáñìïãÞò ìðïñåß íá ðñïêëçèåß áðü ìç-ïðôé-
êïýò ðáñÜãïíôåò, üðùò ç åããýôçôá ôïõ óôü÷ïõ,2, 3

ïé áëëáãÝò óôï ìÝãåèïò ôùí åñåèéóìÜôùí ðïõ âñß-
óêïíôáé óå ìéá óôáèåñÞ áðüóôáóç, ðïõ óõ÷íÜ åñ-
ìçíåýïíôáé ùò áëëáãÝò óôçí áðüóôáóç4,5 êáé ç äéï-

ÁÍÁÓÊÏÐÇÓÇÁÍÁÓÊÏÐÇÓÇ

×áñáêôçñéóôéêÜ ðñïóáñìïóôéêÞò éêáíüôçôáò ôïõ öáêïý

Ó. ÐËÁÚÍÇÓ, É. ÐÁËËÇÊÁÑÇÓ
ÂáñäéíïãéÜííåéï ÅñãáóôÞñéï Ìåôáìïó÷åýóåùí & Ìéêñï÷åéñïõñãéêÞò ôïõ Ïöèáëìïý (ÂÅÌÌÏ), ÔìÞìá Ïöèáëìïëïãßáò

Ç ðñïóáñìïãÞ áíáöÝñåôáé óôçí éêáíüôçôá ôïõ êñõóôáëëïåéäoýò öáêïý íá áëëÜæåé ó÷Þìá

ìå óêïðü ôç âÝëôéóôç åóôßáóç áíôéêåéìÝíùí óå êïíôéíÝò áðïóôÜóåéò. Áí êáé ï ìç÷áíéóìüò

ôçò ðñïóáñìïãÞò Ý÷åé ðåñéãñáöåß ìå ìåãÜëç áêñßâåéá åäþ êáé 150 ÷ñüíéá, ïñéóìÝíá âáóéêÜ

÷áñáêôçñéóôéêÜ ôïõ, üðùò, ãéá ðáñÜäåéãìá, ç áêñßâåéá, ç óôáèåñüôçôá êáé ç ðïéüôçôá ôïõ

åéäþëïõ êáôÜ ôçí ðñïóáñìïãÞ, äåí Ý÷ïõí ðëÞñùò áðïóáöçíéóèåß. Áõôü ôï Üñèñï ðåñéãñÜ-

öåé ôá ìïíôÝëá ðñïóáñìïãÞò ðïõ Ý÷ïõí ðñïôáèåß åíþ ðñáãìáôïðïéåß ìéá áíáóêüðçóç ôùí

÷áñáêôçñéóôéêþí ôçò ìå Ýìöáóç óôéò áëëáãÝò ðïõ ðñïêýðôïõí óôçí ðïéüôçôá ôçò áìöéâëç-

óôñïåéäéêÞò åéêüíáò.

ËÝîåéò åõñåôçñßáóçò: ÐñïóáñìïãÞ, ðïéüôçôá áìöéâëçóôñïåéäéêïý åéäþëïõ, áêñßâåéá
ðñïóáñìïãÞò, óôáèåñüôçôá ðñïóáñìïãÞò
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öèáëìéêÞ äéáöïñÜ6,7, ôï ðñùôáñ÷éêü åñÝèéóìá ãéá
ôçí ðñïóáñìïãÞ áðïôåëåß ç èüëùóç ôïõ áìöéâëç-
óôñïåéäéêïý åéäþëïõ8,9.

¸÷åé åðßóçò ðñïôáèåß üôé ïé ïðôéêÝò åêôñïðÝò õ-
øçëÞò ôÜîçò (ð.÷. óöáéñéêÞ åêôñïðÞ), ïé ïðïßåò ìåé-
þíïõí ôçí ðïéüôçôá ôïõ åóôéáóìÝíïõ åéäþëïõ,10

ðáñÝ÷ïõí éó÷õñÜ êáôåõèõíôéêÜ åñåèßóìáôá ãéá ôçí
ðñïóáñìïãÞ. Ãéá ðáñÜäåéãìá Ý÷åé áðïäåé÷èåß üôé ç
ðñïóáñìïãÞ åßíáé óôáèåñüôåñç óå ðïëõ÷ñùìáôé-
êïýò áðü ü,ôé óå ìïíï÷ñùìáôéêïýò óôü÷ïõò11 êáé ü-
ôé ç ðáñïõóßá ôçò ÷ñùìáôéêÞò åêôñïðÞò åðçñåÜæåé
åõìåíþò ôï åýñïò êáé ôçí áêñßâåéá ðñïóáñìïãÞò12.
ÅðéðëÝïí, õðÜñ÷ïõí åíäåßîåéò üôé ïé áóõììåôñéêÝò
ìïíï÷ñùìáôéêÝò åêôñïðÝò, üðùò ï áóôéãìáôéóìüò
êáé ôï êþìá, ðñïóäßäïõí óçìáíôéêÝò áëëáãÝò óôï
ìç÷áíéóìü ôçò ðñïóáñìïãÞò13,14.

ÅðïìÝíùò, åíäéáöÝñïí áðïôåëåß ç ìåëÝôç êáé á-

îéïëüãçóç âáóéêþí ÷áñáêôçñéóôéêþí ôçò ðñïóáñ-
ìïóôéêÞò éêáíüôçôáò, üðùò ôï åýñïò, ç óôáèåñüôç-
ôá, ç ôá÷ýôçôá êáé ç áêñßâåéÜ ôçò, êáèþò åðßóçò êáé
ôá ïðôéêÜ êáé öõóéïëïãéêÜ ÷áñáêôçñéóôéêÜ ôùí âáóé-
êþí äïìþí ðïõ ôçí êáôåõèýíïõí. Ìéá óýíïøç ôùí
ðáñáðÜíù ðáñïõóéÜæåôáé óôéò åðüìåíåò åíüôçôåò.
Ïé çëéêéáêÝò ìåôáâïëÝò ôçò ðñïóáñìïãÞò (ðñå-
óâõùðßá) èá ðáñïõóéáóôïýí óå Üëëï Üñèñï.

2. Ï ÌÇ×ÁÍÉÓÌÏÓ ÔÇÓ ÐÑÏÓÁÑÌÏÃÇÓ

Åßíáé ãíùóôü üôé ç åëáóôéêÞ êáé éíþäçò äïìÞ ôïõ
öáêïý ðåñéêëåßåôáé ìÝóá óôï åëáóôéêü ðåñéöÜêéï. Ç
èÝóç ôïõ öáêïý óôï ïðôéêü óýóôçìá ôïõ ïöèáë-
ìïý åîáóöáëßæåôáé áðü ôçí õðïóôÞñéîç ðïõ ðáñÝ-
÷ïõí óôïí éóçìåñéíü ïé ßíåò ôçò æéííåßïõ æþíçò ìÝ-
óù ôùí óõíäÝóåþí ôïõò óôï ðåñéöÜêéï êáèþò åðß-
óçò êáé áðü ôçí ßñéäá (óôï ðñüóèéï ìÝñïò) êáé ôï
õáëþäåò óþìá (óôï ïðßóèéï ìÝñïò). Óôçí ðñáãìá-
ôéêüôçôá ôï ðåñéöÜêéï êáé ïé ßíåò ôçò æéííåßïõ æþíçò
áðïôåëïýí ôï óýíäåóìï ìåôáîý ôïõ öáêïý êáé ôïõ
áêôéíùôïý ìõüò êáé ãéá áõôü ðáßæïõí óçìáíôéêü ñü-
ëï óôç "ìåôÜäïóç" ôçò äýíáìçò ðïõ ðñïêáëåßôáé á-
ðü ôç óýóðáóç ôïõ áêôéíùôïý ìõüò ãéá ôçí áëëáãÞ
ôïõ "ó÷Þìáôïò" ôïõ öáêïý, áðáñáßôçôç ðñïûðüèå-
óç óôçí ðñïóáñìïãÞ.

Ç ãíþóç ðïõ õðÜñ÷åé óÞìåñá ó÷åôéêÜ ìå ôï ìç-
÷áíéóìü ðñïóáñìïãÞò óôçñßæåôáé óôç èåùñßá ôïõ
Helmholtz (1856). ¼ôáí êïéôÜìå ìáêñéÜ, ôï áêôéíùôü
óþìá åßíáé ÷áëáñùìÝíï êáé ç ìåãÜëç äéÜìåôñïò
ôçò áêôéíùôÞò áðüöõóçò äéáôçñåß ôéò ßíåò ôçò æéí-
íåßïõ æþíçò ôåôáìÝíåò (Ó÷Þìá 2). Áí êáé äåí Ý÷åé äé-
åõêñéíéóèåß ìå ðïéï ôñüðï ç óõóôïëÞ ôïõ áêôéíù-
ôïý ìõüò åðçñåÜæåé ôçí ðßåóç ðïõ áóêïýí ïé ßíåò
óôï öáêü, åßíáé ãíùóôü üôé áõôÝò ïé ßíåò åðéóõíÜ-
ðôïíôáé óôïí éóçìåñéíü, óôï ðñüóèéï êáé óôï ïðß-
óèéï ìÝñïò ôïõ ðåñéöáêßïõ. Ôï áðïôÝëåóìá ôùí
äõíÜìåùí ôÜíõóçò ðïõ áóêïýí ïé ßíåò óôï åëáóôé-
êü ðåñéöÜêéï, ôï ïðïßï áðïôåëåß ôï "êáëïýðé" ôïõ
öáêïý, åßíáé ç ìåßùóç óôçí êáìðõëüôçôá ôùí åðé-
öáíåéþí, ôç äéÜìåôñï (áðüóôáóç ìåôáîý ôùí äýï é-
óçìåñéíþí) êáé ôï ðÜ÷ïò ôïõ öáêïý (óå óýãêñéóç
ìå ôçí in vitro öõóéïëïãéêÞ ìïñöÞ ôïõ).

ÊáôÜ ôçí ðñïóáñìïãÞ ï áêôéíùôüò ìõò óõóðÜ-
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Ó÷Þìá 1. (ÐÜíù) ÐáñáôÞñçóç åíüò ìáêñéíïý áíôéêåéìÝíïõ (ðïõ
èåùñçôéêÜ âñßóêåôáé óôï Üðåéñï, óôçí ïðôïìåôñßá ïðïéïäÞðïôå
óçìåßï óå áðüóôáóç >6m). Ãéá Ýíáí åììåôñùðéêü ïöèáëìü ôï
åßäùëï åßíáé êáëÜ åóôéáóìÝíï óôïí áìöéâëçóôñïåéäÞ. (ÊÜôù)
Ãéá ôçí ðáñáôÞñçóç åíüò áíôéêåéìÝíïõ óôá 20 cm áðáéôåßôáé
ðñïóáñìïãÞ 5D (ç áðáéôïýìåíç ðñïóáñìïãÞ, óå D, éóïýôáé ìå
ôï áíôßóôñïöï ôçò áðüóôáóçò, óå m). Ôáõôü÷ñïíá, áðáéôåßôáé
óýãêëéóç ôïõ Üîïíá ôïõ ïöèáëìïý.
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ôáé, ìåéþíïíôáò ôç äéÜìåôñï ôçò áêôéíùôÞò áðüöõ-
óçò (êáôÜ ðåñßðïõ 1,6 ÷éë.), ìå áðïôÝëåóìá íá õ-
ðï÷ùñåß ç ðßåóç óôéò ßíåò ôçò æéííåßïõ æþíçò, ïé ï-
ðïßåò ÷áëáñþíïõí (Ó÷Þìá 2). ¸ôóé, ôï åëáóôéêü ðå-
ñéöÜêéï êáé ï öáêüò áíáêôïýí ôçí ðéï êõñôÞ öõóéï-
ëïãéêÞ ôïõò ìïñöÞ, äçëáäÞ, áõîÜíåôáé ç êõñôüôç-
ôá ôçò ðñüóèéáò êáé ïðßóèéáò åðéöÜíåéáò, áõîÜíåôáé
ôï ðÜ÷ïò ôïõ öáêïý åíþ ç ðñüóèéá åðéöÜíåéá ìå-
ôáôïðßæåôáé ðñïò ôá åìðñüò, ðëçóéÜæïíôáò ôïí êå-
ñáôïåéäÞ (ç ïðßóèéá åðéöÜíåéá ðáñáìÝíåé ó÷åäüí
óôçí ßäéá èÝóç). Ôï óõíïëéêü áðïôÝëåóìá åßíáé ç
áýîçóç ôçò äéïðôñéêÞò éó÷ýïò ôïõ öáêïý, áðáñáß-
ôçôç ãéá ôçí åóôßáóç êïíôéíþí áíôéêåéìÝíùí. ¼ôáí ï
áêôéíùôüò ìõò ÷áëáñþíåé áöüôïõ ðáýåé ç ðñïóáñ-
ìïóôéêÞ ðñïóðÜèåéá, ç Ýíôáóç ôùí éíþí ôçò æéííåß-
ïõ æþíçò óôïí éóçìåñéíü ôïõ öáêïý áõîÜíåôáé êáé
ðÜëé.

Ï Helmholtz åß÷å äþóåé êé Ýíá ñüëï óôçí ßñéäá
óôï ìç÷áíéóìü ôçò ðñïóáñìïãÞò, ðéóôåýïíôáò üôé
åßíáé õðåýèõíç óå Ýíá âáèìü óôçí áëëáãÞ ôçò êá-

ìðõëüôçôáò ôçò ðñüóèéáò åðéöÜíåéáò ôïõ
öáêïý. Áñãüôåñá ï Fincham15 áìöéóâÞ-
ôçóå ôçí ðáñáðÜíù èåùñßá áðïäåéêíýï-
íôáò üôé ç ðñïóáñìïãÞ åßíáé öõóéïëïãéêÞ
óôéò ðåñéðôþóåéò áóèåíþí óôïõò ïðïßïõ
áðïõóéÜæåé ç ßñéäá (áíéñéäßá). ÂÝâáéá, ç é-
äÝá ôçò åìðëïêÞò ôçò ßñéäáò óôï ìç÷áíé-
óìü ôçò ðñïóáñìïãÞò äåí Ý÷åé áðïññé-
öèåß ðëÞñùò ìéá êáé ðéóôåýåôáé üôé õðÜñ-
÷åé ç ðéèáíüôçôá íá Ýëêåé ôï áêôéíùôü

óþìá ðñïò ôá ìÝóá, åíþ ðñüóöáôá âñÝèçêå üôé ðß-
èçêïé óôïõò ïðïßïõò Ýãéíå éñéäåêôïìÞ ðáñïõóßáæáí
ìåéùìÝíç ðñïóáñìïãÞ êáôÜ 40%16. Åðßóçò ï Fin-
cham, Ýäùóå éäéáßôåñç óçìáóßá óôï ðåñéöÜêéï, ôï-
íßæïíôáò üôé ïé åëáóôéêÝò ôïõ éäéüôçôåò åßíáé õðåý-
èõíåò ãéá ôçí áëëáãÞ ôçò êáìðõëüôçôáò, êáé ç ó÷å-
ôéêÞ áêéíçóßá ðïõ ðáñáôçñåßôáé óôçí ïðßóèéá åðéöÜ-
íåéá ïöåßëåôáé óôï ãåãïíüò üôé ôï ðÜ÷ïò ôïõ ðåñé-
öáêßïõ óôïí ïðßóèéï ðüëï åßíáé ìåéùìÝíï.

ÂÝâáéá, áíÜìåóá óôéò ðïëõÜñéèìåò, "óõìðëç-
ñùìáôéêÝò" óôç èåùñßá ôïõ Helmholtz, ðñïôÜóåéò,
ðïõ êáôáôÝèçêáí ôá ôåëåõôáßá ÷ñüíéá êáé áöïñïý-
óáí êÜðïéåò äåõôåñåýïõóåò ôñïðïðïéÞóåéò, îåðÞ-
äçóå êáé ìéá ñéæïóðáóôéêÞ Üðïøç,17 ç ïðïßá âáóß-
óôçêå óå in vivï ðáñáôçñÞóåéò ðïõ ïäçãïýóáí óôï
óõìðÝñáóìá üôé ç ðåñéï÷Þ ôïõ éóçìåñéíïý ôïõ öá-
êïý ìåôáêéíåßôáé ðñïò ôï óêëçñü (êáé ç äéÜìåôñïò
ôïõ öáêïý áõîÜíåôáé) êáôÜ ôç äéÜñêåéá ôçò ðñï-
óáñìïãÞò. Ùò áðïôÝëåóìá áíáðôý÷èçêå ìéá êáé-
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Ó÷Þìá 2. Ìç÷áíéóìüò ôçò ðñïóáñìïãÞò. ¼ôáí êïé-
ôÜìå Ýíá ìáêñéíü áíôéêåßìåíï, ï áêôéíùôüò ìõò Ý÷åé
ôç ìÝãéóôç äéÜìåôñï êáé êñáôÜåé ôéò ßíåò ôçò æéííåß-
ïõ æþíçò ôåíôùìÝíåò (ã). ÁõôÝò ìå ôç óåéñÜ ôïõò
áóêïýí äõíÜìåéò ôÜíõóçò ðïõ "åðéðåäþíïõí" ôéò å-
ðéöÜíåéåò ôïõ öáêïý (á). ÊáôÜ ôçí ðñïóáñìïãÞ, ï
áêôéíùôüò ìõò óõóðÜôáé (ç äéÜìåôñïò ôïõ áêôéíù-
ôïý óþìáôïò ìåéþíåôáé) (ä). ¼ôáí ï ìõò óõóðÜôáé,
ïé ßíåò ÷áëáñþíïõí ìå áðïôÝëåóìá ï öáêüò íá á-
íáêôÜ ðéï "óöáéñéêÞ" ìïñöÞ êáé íá áõîÜíåôáé ç äéï-
ðôñéêÞ ôïõ éó÷ýò (â). ÐáñÜëëçëá, ç ðñüóèéá åðéöÜ-
íåéá ìåôáêéíåßôáé ðñïò ôïí êåñáôïåéäÞ, åíþ ç ïðß-
óèéá åðéöÜíåéá ðáñáìÝíåé ó÷åäüí óôçí ßäéá èÝóç.
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íïýñãéá èåùñßá óýìöùíá ìå ôçí ïðïßá ç óýóðáóç
ôïõ áêôéíùôïý óþìáôïò Ý÷åé ùò áðïôÝëåóìá ôçí
áýîçóç (êáé ü÷é ôç ìåßùóç, óýìöùíá ìå ôçí ðåñé-
ãñáöÞ ôïõ Helmholtz) ôçò ôÜóçò ôùí éíþí ôçò æéí-
íåßïõ æþíçò ðïõ ðñïêáëåß "åðéðÝäùóç" ôçò ðåñé-
öÝñåéáò ôïõ öáêïý êáé áýîçóç ôçò êáìðõëüôçôáò
óôï êÝíôñï ôùí åðéöáíåéþí ôïõ. Ðéï ðñüóöáôåò Ý-
ñåõíåò üìùò (Ó÷Þìá 3) áìöéóâÞôçóáí ôá åñåõíçôé-
êÜ áðïôåëÝóìáôá ôïõ Schachar, áðïäåéêíýïíôáò ü-
ôé êáôÜ ôçí ðñïóáñìïãÞ ôüóï ï öáêüò üóï êáé ôï
áêôéíùôü óþìá ìåôáêéíïýíôáé ìáêñéÜ áðü ôï óêëç-
ñü ÷éôþíá êáôÜ ôç äéÜñêåéá ôçò ðñïóáñìïãÞò, åíþ
ôáõôü÷ñïíá åðÝñ÷åôáé ìåßùóç óôç äéÜìåôñï ôïõ
öáêïý18.

2.1. ÁëëáãÝò óôç äéïðôñéêÞ éó÷ý ôïõ öáêïý
Ç äéïðôñéêÞ éó÷ýò ôïõ öáêïý ðñïóäéïñßæåôáé áðü

ôéò áêôßíåò êáìðõëüôçôáò ôçò ðñüóèéáò, r1, êáé ôçò
ïðßóèéáò, r2, åðéöÜíåéáò, ôï äåßêôç äéÜèëáóçò, nL,
êáé ôï ðÜ÷ïò, t, ôïõ öáêïý áðü ôçí ðáñáêÜôù åîß-
óùóç: 

F == FF11+F22 - tt/n FF11F22 (1)

¼ðïõ F1 êáé F2 ç éó÷ýò ôçò ðñüóèéáò êáé ïðßóèéáò å-
ðéöÜíåéáò ôïõ öáêïý, áíôßóôïé÷á, ïé ïðïßåò õðïëï-
ãßæïíôáé áðü F1 = nL -1,336 / r1, F2 = 1,336 - nL / r2

(1,333 åßíáé ï äåßêôçò äéÜèëáóçò ôïõ õäáôïåéäïýò
õãñïý êáé õáëþäïõò óþìáôïò). ¼ôáí ç åîßóùóç (1)
÷ñçóéìïðïéçèåß ãéá íá åêöñÜóåé ôç ìåôáâïëÞ óôç
óõíïëéêÞ éó÷ý ôïõ öáêïý êáôÜ ôçí ðñïóáñìïãÞ
(ðïõ ðñïêýðôåé áðü ôéò áëëáãÝò óôéò áêôßíåò êá-
ìðõëüôçôáò êáé ôï ðÜ÷ïò ôïõ öáêïý) ï õðïëïãé-
óìüò äåí åßíáé áðïëýôùò áêñéâÞò. Áõôü ïöåßëåôáé
óôï ãåãïíüò üôé ï äåßêôçò äéÜèëáóçò ôïõ öáêïý
(nL) åßíáé êëéìáêùôüò, äçëáäÞ ðáñïõóéÜæåé ìéá âáè-
ìéáßá êáôáíïìÞ ôüóï êáôÜ ìÞêïò ôçò äéáìÝôñïõ ü-
óï êáé ôïõ áîïíéêïý ðÜ÷ïõò (ð.÷., óýìöùíá ìå ôï
áðëïúêü ìïíôÝëï ôïõ Gullstrand, åëáôôþíåôáé áðü
1,406 óôïí ðõñÞíá óå 1,386 óôï öëïéü), åíþ åðß-
óçò ìåôáâÜëëåôáé ìå ôçí ðñïóáñìïãÞ19-21. Ðñü-
óöáôåò ìåëÝôåò21 ìïíôåëïðïßçóáí êáé áõôüí ôïí
ðáñÜãïíôá (GRIN model - FGRIN) ãéá ôïí áêñéâÞ õ-
ðïëïãéóìü ôùí áëëáãþí óôç óõíïëéêÞ éó÷ý ôïõ
öáêïý êáôÜ ôçí ðñïóáñìïãÞ.

3. ÅÕÑÏÓ ÐÑÏÓÁÑÌÏÃÇÓ

Ç ìÝãéóôç ðñïóáñìïãÞ (óå D) ðïõ ìðïñåß íá å-
ðéôý÷åé Ýíáò ïöèáëìüò ïíïìÜæåôáé åýñïò ðñïóáñ-
ìïãÞò. Ãéá Ýíáí åììÝôñùðá, ôï åýñïò åêôåßíåôáé
èåùñçôéêÜ áðü ôï "ïðôéêü Üðåéñï" ìÝ÷ñé ôçí ðéï êï-
íôéíÞ áðüóôáóç ðïõ ìðïñåß íá äéáêñßíåé êáèáñÜ Ý-
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Ó÷Þìá 3. Êßíçóç ôïõ öáêïý êáé ôïõ áêôéíùôïý óþ-
ìáôïò ðïõ ðáñáôçñåßôáé óå Ýíá 6÷ñïíï ðßèçêï êáôÜ
ôçí ðñïóáñìïãÞ (ç ïðïßá åðéôåý÷èçêå ìå ôç ÷ñÞóç
"ðáñáóõìðáèçôéêïìéìçôéêþí" öáñìÜêùí). Åßíáé ðñï-
öáíÝò üôé ï éóçìåñéíüò ôïõ öáêïý êáé ôï áêôéíùôü
óþìá ìåôáêéíïýíôáé êáôÜ ôçí ßäéá êáôåýèõíóç (ìá-
êñéÜ áðü ôï óêëçñü ÷éôþíá), åíþ õðÜñ÷åé ãñáììéêÞ
ó÷Ýóç ìåôáîý ôïõ ðïóïý ìåôáêßíçóçò êáé ôçò ðñï-
óáñìïãÞò. Ç êéíÞóåéò êáôáãñÜöçêáí ìå ôç ìÝèïäï
ôçò âéíôåï-ãùíéïóêïðßáò (áðü Glasser and Cambell,
199918).
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íá ãñÜììá (ð.÷., áí ôï êïíôéíü óçìåßï åßíáé óôá 25
cm, ôï åýñïò ðñïóáñìïãÞò åßíáé 4D). Ôá üñéá ìåôá-
îý ôùí ïðïßùí åêôåßíåôáé ç ðñïóáñìïãÞ ïíïìÜæï-
íôáé áðþôåñï êáé åããýò óçìåßï ðñïóáñìïãÞò êáé
êáèïñßæïíôáé áðü ôç äéÜèëáóç ôïõ ïöèáëìïý. Ãéá
Ýíáí ìýùðá ôï áðþôåñï óçìåßï äåí åßíáé óôï ïðôé-
êü Üðåéñï, åíþ ôï åããýò óçìåßï ìåôáôïðßæåôáé ðëç-
óéÝóôåñá óôïí ïöèáëìü: ôï åýñïò ðñïóáñìïãÞò ü-
ìùò äåí åðçñåÜæåôáé. 

H áîéïëüãçóç ôïõ åýñïõò ðñïóáñìïãÞò ðñáã-
ìáôïðïéåßôáé óôçí êëéíéêÞ ñïõôßíá õðïêåéìåíéêÜ, ìå
ôç âïÞèåéá åíüò åéäéêÜ-êáôáóêåõáóìÝíïõ ÷Üñáêá
(ãíùóôü ùò RAF rule), ðÜíù óôïí ïðïßï åßíáé ðñï-
óáñìïóìÝíï ôõðùìÝíï êåßìåíï. Ï áóèåíÞò áíáöÝ-
ñåé ôï åýñïò áðüóôáóçò ðïõ ìðïñåß íá äéáâÜóåé ôï
êåßìåíï, ìå áðïôÝëåóìá íá êáôáãñÜöåôáé ç äéáöï-
ñÜ (óå D) ìåôáîý ôïõ áðþôåñïõ êáé ôïõ åããýò óç-
ìåßïõ ðñïóáñìïãÞò. Ôï åýñïò ðñïóáñìïãÞò áñ÷ß-
æåé íá ìåéþíåôáé óôáèåñÜ áðü ôéò áñ÷Ýò ôçò åöçâé-
êÞò çëéêßáò ìå Ýíá ñõèìü ðåñßðïõ 0,4 D/÷ñüíï, ãéá
íá óôáèåñïðïéÞóåé óå ìéá ôéìÞ ãýñù óôç 1D óôçí
çëéêßá ôùí 50 åôþí. ÐñÝðåé üìùò íá óçìåéùèåß, üôé
ôï åýñïò ðñïóáñìïãÞò ðïõ õðïëïãßæåôáé ìå ôïí
ðáñáðÜíù õðïêåéìåíéêü ôñüðï õðåñåêôéìÜ ôçí
ðñáãìáôéêÞ áëëáãÞ ôçò äéïðôñéêÞò éó÷ýïò ôïõ öá-
êïý, ëüãù ôïõ âÜèïõò åóôßáóçò (ôï ïðïßï áõîÜíå-
ôáé ìå ôç ìýóç ôçò êüñçò), åíþ åðçñåÜæåôáé áðü ôï
ìÝãåèïò, ôï êïíôñÜóô êáé ôç öùôåéíüôçôá ôùí
ãñáììÜôùí, êáèþò åðßóçò ôïí áóôéãìáôéóìü êáé ôéò
ïöèáëìéêÝò åêôñïðÝò õøçëÞò ôÜîçò ôïõ áóèåíÞ.
Óôçí ðñáãìáôéêüôçôá, Üôïìá çëéêßáò ìåãáëýôåñçò
ôùí 50 åôþí äåí ðñïóáñìüæïõí êáèüëïõ, áëëÜ
ìðïñïýí íá äéáêñßíïõí áíôéêåßìåíá óå áðüóôáóç
ðåñßðïõ ìÝ÷ñé 1 ìÝôñï (1D), ëüãù ôïõ áõîçìÝíïõ
âÜèïõò ðåäßïõ åóôßáóçò, ðïõ ðñïêýðôåé áðü ôç ìé-
êñÞ óå äéÜìåôñï êüñç ôïõò.

Åßíáé, åðïìÝíùò, åõíüçôï üôé ãéá ôçí áêñéâÞ á-
îéïëüãçóç ôïõ åýñïõò ðñïóáñìïãÞò (êáé ãåíéêÜ ôçò
ðñïóáñìïóôéêÞò éêáíüôçôáò) åßíáé áðáñáßôçôç ç
÷ñÞóç áíôéêåéìåíéêþí ìåèüäùí. Áõôü ìÜëéóôá ãßíå-
ôáé üëï êáé ðåñéóóüôåñï óçìáíôéêü ìéá êáé Ýíá ìå-
ãÜëï ìÝñïò ôçò ïöèáëìïëïãéêÞò Ýñåõíáò Ý÷åé åðé-
êåíôñþóåé ôï åíäéáöÝñïí ôïõ óå ÷åéñïõñãéêÝò äéá-
äéêáóßåò áðïêáôÜóôáóçò ôçò ðñïóáñìïãÞò (óôçí
ðñáãìáôéêüôçôá, óõæçôÜìå ãéá áðïêáôÜóôáóç åíüò

ìéêñïý ðïóïý ðñïóáñìïãÞò). ÁíôéêåéìåíéêÝò ìåôñÞ-
óåéò åðéôõ÷Üíïíôáé ìå ôç ÷ñÞóç ôïõ õðÝñõèñïõ ï-
ðôüìåôñïõ (êáé Üëëùí åéäéêÜ êáôáóêåõáóìÝíùí
äéáèëáóßìåôñùí) åíþ ç ÷ñÞóç áðåéêïíéóôéêþí ìå-
èüäùí (óõóôÞìáôá óÜñùóçò ìå õðÝñç÷ïõò - ìá-
ãíçôéêÞ ôïìïãñáößá) ìðïñåß íá âïçèÞóåé óôçí êá-
ôáãñáöÞ áëëáãþí óôá âéïìåôñéêÜ êáé ïðôéêÜ ÷áñá-
êôçñéóôéêÜ ôïõ ïöèáëìïý ðïõ óõììåôÝ÷ïõí óôï
ìç÷áíéóìü ôçò ðñïóáñìïãÞò.

4. ÔÑÉÁÄÁ ÔÇÓ ÊÏÍÔÉÍÇÓ ÏÑÁÓÇÓ

Åßíáé ðñïöáíÝò üôé êáôÜ ôç äéüöèáëìç üñáóç,
ôá êïíôéíÜ áíôéêåßìåíá áðáéôïýí ôáõôü÷ñïíç áëëá-
ãÞ óôçí ðñïóÞëùóç üóï êáé óôç óýãêëéóç ôùí á-
îüíùí ôùí äýï ïöèáëìþí. Ãéá áõôü äåí áðïôåëåß
Ýêðëçîç ç äéáðßóôùóç üôé ïé ìç÷áíéóìïß ôçò ðñï-
óáñìïãÞò êáé ôçò óýãêëéóçò, áëëÜ åðßóçò êáé ï ìç-
÷áíéóìüò ðïõ åëÝã÷åé ôç äéÜìåôñï ôçò êüñçò ôïõ
ïöèáëìïý, áëëçëïóõíäÝïíôáé êáé äéáìïñöþíïõí
ôçí "ôñéÜäá ôçò êïíôéíÞò üñáóçò". Ùò áðïôÝëåóìá,
êáôÜ ôçí áëëáãÞ ôçò ðñïóÞëùóçò óå Ýíá êïíôéíü
áíôéêåßìåíï, ç ðñïóáñìïãÞ êáé ç óýãêëéóç áõîÜíï-
íôáé åíþ ç äéÜìåôñïò ôçò êüñçò ìåéþíåôáé (ìýóç).
ÌÜëéóôá Ý÷åé õðïëïãéóôåß üôé ï áíáëïãßá ìýóçò
ôçò êüñçò áíÜ äéïðôñßá ðñïóáñìïãÞò åßíáé ðåñß-
ðïõ 0,18 ÷éë./D (Ó÷Þìá 4), áí êáé ðáñáôçñïýíôáé
óçìáíôéêÝò äéáöïñÝò ìåôáîý áôüìùí22-24. ÐñÝðåé
íá óçìåéùèåß üôé ç ãñáììéêÞ ó÷Ýóç ðïõ ðáñáôçñåß-
ôáé óôï ó÷Þìá 4 ðáýåé íá éó÷ýåé óå õøçëÜ åðßðåäá
áðáéôïýìåíçò ðñïóáñìïãÞò (ðÜíù áðü ôá üñéá
ôïõ åîåôáæüìåíïõ), ëüãù ôïõ ãåãïíüôïò üôé ç ìý-
óç ôçò êüñçò (êáé ç óýãêëéóç) óõíå÷ßæïõí íá ëáì-
âÜíïõí ÷þñá áëëÜ äåí åßíáé åöéêôÞ ðåñáéôÝñù
ðñïóáñìïãÞ.

Ïé ðáñáðÜíù ìç÷áíéóìïß åëÝã÷ïíôáé áðü áíþôå-
ñá öëïéþäç êÝíôñá êáé êõñßùò ôçí ðáñáóõìðáèçôé-
êÞ ïäü. Ôï êåíôñïìüëï ìÝñïò ôçò äéáâßâáóçò ôùí
"ïðôéêþí ðëçñïöïñéþí" áðáñáßôçôùí ãéá ôçí ðñï-
óáñìïãÞ (äçëáäÞ ôçí ýðáñîç èïëïý åéäþëïõ) á-
ðïôåëåß ôï ïðôéêü íåýñï ìÝóù ôïõ ïðïßïõ ðñáãìá-
ôïðïéåßôáé ç åðåîåñãáóßá ôïõò óôçí ðñï-öëïéþäç
ïðôéêÞ ïäü áëëÜ êáé óå áíþôåñá öëïéþäç åðßðåäá.
Ç óõóôïëÞ ôïõ áêôéíùôïý ìõüò åðÝñ÷åôáé áðü ôç
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äñáóôçñéüôçôá ôùí ðáñáóõìðáèçôéêþí éíþí ìå
ðñïÝëåõóç ôïõò ðõñÞíåò Edinger-Westphal, ðïõ
âñßóêïíôáé óôï ìåóåãêÝöáëï. Ç óõìðáèçôéêÞ íåý-
ñùóç äéáäñáìáôßæåé ìéêñüôåñï ñüëï óôéò ãñÞãïñåò
áëëáãÝò ðïõ áðáéôïýíôáé êáôÜ ôçí ðñïóáñìïãÞ,
áëëÜ ìðïñåß íá åðçñåÜóåé ôéò ðéï ìáêñïðñüèåóìåò
ôïíéêÝò áëëáãÝò ðïõ óõíäÝïíôáé ìå ôçí ðáñáôåôá-
ìÝíç êïíôéíÞ åñãáóßá (ãíùóôÝò êáé ùò "óðáóìüò"
ôçò ðñïóáñìïãÞò).

5. ÁÊÑÉÂÅÉÁ ÐÑÏÓÁÑÌÏÓÔÉÊÇÓ ÉÊÁÍÏÔÇÔÁÓ

Ç áêñßâåéá ôçò ðñïóáñìïãÞò ðåñéãñÜöåôáé áðü
ôçí êáìðýëç óõó÷åôéóìïý ôçò ðñïóáñìïãÞò (ôçí
áëëáãÞ ôçò äéáèëáóôéêÞò êáôÜóôáóçò ôïõ ïöèáë-
ìïý) ìå ôçí áðáéôïýìåíç ðñïóáñìïãÞ (Ó÷Þìá 5).
¼ðùò åßíáé åìöáíÝò, ç áíôéóôïé÷ßá äåí åßíáé Ýíá
ðñïò Ýíá, áëëÜ äéáðéóôþíåôáé ìéá õðåñ-ðñïóáñìï-
ãÞ ãéá ôá ìáêñéíÜ åñåèßóìáôá (ð.÷. Ýíá ãñÜììá "Å"),
êáé ìéá õðï-ðñïóáñìïãÞ ãéá ôá êïíôéíÜ åñåèßóìáôá.
Ç õðï-ðñïóáñìïãÞ áõîÜíåôáé üóï ôï åñÝèéóìá
ðëçóéÜæåé óôï åããýò óçìåßï ôçò ðñïóáñìïãÞò. Ç
êåíôñéêÞ ðåñéï÷Þ ôçò êáìðýëçò áðüêñéóçò/åñåèß-
óìáôïò åßíáé ó÷åäüí ãñáììéêÞ, åíþ ç êëßóç ôçò åß-
íáé ëéãüôåñï áðü ôç ìïíÜäá. Ç êëßóç ôçò êáìðýëçò

ìåôáâÜëëåôáé ìå ôï öùôéóìü25 (âë. ðáñáêÜôù), ôçí
çëéêßá,26 ôç äéÜìåôñï ôçò êüñçò (ìéêñÝò êüñåò "ïäç-
ãïýí" óå ìåãáëýôåñç õðï-ðñïóáñìïãÞ êáé õðåñ-
ðñïóáñìïãÞ, ëüãù ôï áõîçìÝíïõ âÜèïõò åóôßá-
óçò)27 êáé ôá éäéáßôåñá ÷áñáêôçñéóôéêÜ ôïõ åñåèß-
óìáôïò (ð.÷. ìÝãåèïò, êïíôñÜóô, öùôåéíüôçôá,
÷ñùìáôéêüôçôá, âë. ãéá áíáóêüðçóç Charman,
199528). Ïé åðéðôþóåéò áõôþí ôùí "óöáëìÜôùí" å-
óôßáóçò óôçí ðïéüôçôá ôçò åéêüíáò áíáëýïíôáé óå
åðüìåíç åíüôçôá.

Åßíáé êáôáíïçôü üôé óôï óçìåßï ðïõ ç êáìðýëç
áðüêñéóçò ðñïóáñìïãÞò / áðáéôïýìåíçò ðñïóáñ-
ìïãÞò óõíáíôÜ ôçí åõèåßá 1:1 ç ðñïóáñìïãÞ ôïõ
ïöèáëìïý åßíáé ßóç ìå ôçí áðáéôïýìåíç ðñïóáñìï-
ãÞ. Áõôü ôï óçìåßï Ý÷åé ðåñéãñáöåß ùò óçìåßï çñå-
ìßáò ôçò ðñïóáñìïãÞò åðåéäÞ Ý÷åé ðáñáôçñçèåß üôé
óå áõôÞ ôçí áðüóôáóç åóôéÜæåé ï ïöèáëìüò áðïõ-
óßá åðáñêïýò ïðôéêïý åñåèßóìáôïò (ð.÷. óôï áðü-
ëõôï óêïôÜäé, óå êåíü ðåäßï). Åðßóçò Ý÷åé äéáóôáõ-
ñùèåß üôé áõôü ôï óçìåßï áíôáðïêñßíåôáé óôï óç-
ìåßï ôïíéêÞò ðñïóáñìïãÞò, åêåß ðïõ õðÜñ÷åé éóïñ-
ñïðßá ìåôáîý ðáñáóõìðáèçôéêïý êáé óõìðáèçôéêïý
óõóôÞìáôïò. Áí êáé õðÜñ÷åé ìåãÜëç êáôáíïìÞ ôïõ
ôïíéêïý óçìåßïõ ðñïóáñìïãÞò (Ó÷Þìá 6), ï ìÝóïò
öõóéïëïãéêüò ïöèáëìüò óå êáôÜóôáóç "çñåìßáò" ãß-
íåôáé åëáöñÜ ðéï ìõùðéêüò, êáôÜ ðåñßðïõ 1.0-1.5
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Ó÷Þìá 4. ÌåôáâïëÞ ôçò äéáìÝôñïõ ôçò êüñçò ãéá äéá-
öïñåôéêÜ åðßðåäá ðñïóáñìïãÞò. Ïé ìåôñÞóåéò ðñáãìá-
ôïðïéÞèçêáí óå ïêôþ åîåôáæïìÝíïõò. ÊÜèå óçìåßï á-
ðïôåëåß ôç ìÝóç ôéìÞ 50 ìåôñÞóåùí (áðü Plainis et al.,
2005)23.
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Ó÷Þìá 5. ÔõðéêÝò êáìðýëåò óõó÷åôéóìïý
ôçò ðñïóáñìïãÞò ìå ôçí áðáéôïýìåíç
ðñïóáñìïãÞ. Åßíáé ðñïöáíÝò üôé ç áíôé-
óôïé÷ßá äåí åßíáé Ýíá ðñïò Ýíá (ç áíôé-
óôïé÷ßá 1:1 ðåñéãñÜöåôáé áðü ôç äéáêå-
êïììÝíç ãñáììÞ). Ðéï óõãêåêñéìÝíá, ï ï-
öèáëìüò ðñïóáñìüæåé ðåñéóóüôåñï áðü
ü,ôé ÷ñåéÜæåôáé ãéá ìáêñéíÜ (õðåñ-ðñïóáñ-
ìïãÞ) êáé ëéãüôåñï ãéá êïíôéíÜ áíôéêåßìå-
íá. Ïé ìåôñÞóåéò ðñáãìáôïðïéÞèçêáí
óôïí Ýíá ïöèáëìü áôüìùí çëéêßáò 24-33
åôþí, ìå ôç ÷ñÞóç åíüò Badal ïðôüìå-
ôñïõ (ãéá ôçí ðñïâïëÞ åíüò ãñÜììáôïò
óå äéáöïñåôéêÝò áðïóôÜóåéò) ðïõ åíóù-
ìáôþèçêå óå ìéá óõóêåõÞ áíß÷íåõóçò ìå-
ôþðïõ êýìáôïò (COAS, Wavefront Sci-
ences) (áðü Plainis et al., 200523). Íá ôïíé-
óôåß üôé ôá "óöÜëìáôá" óôçí ðñïóáñìïãÞ
åßíáé ìéêñüôåñá êáôÜ ôç äéüöèáëìç üñá-
óç.

Ó÷Þìá 6. Óõ÷íüôçôá óêïôïðéêÞò åóôßáóçò
óå 48 åîåôáæüìåíïõò (96 ïöèáëìïß) íåá-
ñÞò çëéêßáò. H ìÝóç ôéìÞ åßíáé ðåñßðïõ -
1,15D. Ïé ìåôñÞóåéò ðñáãìáôïðïéÞèçêáí
ìå õðÝñõèñï äéáèëáóßìåôñï (Canon R1)
óå áðüëõôï óêïôÜäé.
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D, äçëáäÞ "ðñïóáñìüæåé" óå ìéá áðüóôáóç ðåñßðïõ
70 -100 åê.29, 30. Áðü áõôü óõìðåñáßíïõìå üôé óå
óõíèÞêåò áðüëõôïõ óêïôáäéïý (áðïõóßá åñåèßóìá-
ôïò) ï ïöèáëìüò áðïêôÜ ìõùðéêÞ äéÜèëáóç êé åðï-
ìÝíùò Ý÷åé äõóêïëßá íá åóôéÜóåé åõêñéíþò Ýíáí ìá-
êñéíü óôü÷ï. Aõôü ôï öáéíüìåíï Ý÷åé ÷áñáêôçñéóôåß
ðáëéüôåñá ùò óêïôïðéêÞ åóôßáóç Þ íõêôåñéíÞ ìõù-
ðßá. Óôçí ðñáãìáôéêüôçôá, üìùò, êáôÜ ôéò íõêôåñé-
íÝò óõíèÞêåò äåí åðéêñáôåß áðüëõôï óêïôÜäé, áëëÜ
"ìåóïðéêüò" öùôéóìüò ëüãù óõíÞèùò ôçò ðáñïõ-
óßáò ðåñéâáëëïíôéêïý öùôéóìïý (ïäéêüò öùôéóìüò,
öþôá ôùí áõôïêéíÞôùí, öùò áðü öåããÜñé/áóôÝ-
ñéá). Ùò áðïôÝëåóìá ôï ìÝãåèïò ôçò íõêôåñéíÞò
ìõùðßáò äåí îåðåñíÜåé ôéò 0,25D. Åßíáé ðéèáíüí, âÝ-
âáéá, ïñéóìÝíá Üôïìá ìå õøçëÝò ôéìÝò óêïôïðéêÞò
åóôßáóçò íá ðáñïõóéÜæïõí êÜðïéï ðñüâëçìá, êáé
áõôïß áðïôåëïýí ôïõò êáôÜëëçëïõò õðïøÞöéïõò
ãéá ðåñáéôÝñù Ýñåõíá.

Åðßóçò åßíáé óçìáíôéêü íá óçìåéùèåß üôé ç ðñï-
óáñìïãÞ åßíáé Ýíá ÷áñáêôçñéóôéêü ðïõ "ïäçãåßôáé"

áðü ôá êùíßá31. Ùò áðïôÝëåóìá, åìöáíßæåé ôç ìÝãé-
óôç "áðüäïóç" óå öùôåéíÝò óõíèÞêåò, ìåéþíåôáé
óôïí áìõäñü öùôéóìü (ìåóïðéêüò öùôéóìüò), åíþ
åßíáé ó÷åäüí áíåíåñãÞ óå óêïôïðéêÝò óõíèÞêåò ü-
ôáí ôá ñáâäßá åßíáé ïé êõñßáñ÷ïé öùôïûðïäï÷åßò
(Ó÷Þìá 7).

6. ÓÔÁÈÅÑÏÔÇÔÁ 
ÔÇÓ ÐÑÏÓÁÑÌÏÓÔÉÊÇÓ ÉÊÁÍÏÔÇÔÁÓ 

ÊáôÜ ðáñáôÞñçóç åíüò áíôéêåéìÝíïõ óå ìéá óôá-
èåñÞ áðüóôáóç ç äýíáìç ôïõ ïöèáëìïý äåí åßíáé
áðïëýôùò óôáèåñÞ. Áíô' áõôïý ðáñïõóéÜæåé ìéêñÝò
äéáêõìÜíóåéò, ðïõ Ý÷ïõí åýñïò ðïõ êõìáßíåôáé ìå-
ôáîý 0,10 êáé 0,40 D, áíÜëïãá ìå ôá åðßðåäá ðñï-
óáñìïãÞò (Ó÷Þìá 8). Ôï ðëÜôïò ôùí äéáêõìÜíóåùí
äéáöÝñåé åðßóçò ìåôáîý ôùí åîåôáæïìÝíùí32. Åðß-
óçò, ïé äéáêõìÜíóåéò ìåãáëþíïõí üôáí ôï åðßðåäï
öùôéóìïý ìåéþíåôáé áðü öùôïðéêÜ óå ìåóïðéêÜ å-

ðßðåäá33. Ïé äéáêõìÜíóåéò áõôÝò ï-
öåßëïíôáé óôçí áóôÜèåéá ôïõ ìç÷áíé-
óìïý áíÜäñáóçò, äçëáäÞ óôá ìç÷á-
íéêÜ ÷áñáêôçñéóôéêÜ ôïõ êñõóôáëëï-
åéäÞ öáêïý, ôç äïìÞ ôïõ áêôéíùôïý
ìõüò êáé ôùí éíþí ôçò æéííåßïõ æþ-
íçò êáé óôïí êáñäéáêü óöõãìü10,34,35.
Ðéóôåýåôáé üôé áõôÝò ïé ìéêñÝò áëëá-
ãÝò ðñïêáëïýí ðáñïäéêÝò ìåôáâï-
ëÝò óôï contrast ôïõ åéäþëïõ êáé ìå
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Ó÷Þìá 7. Åðßäñáóç ôùí áëëáãþí ôçò öùôåé-
íüôçôáò ôùí åñåèéóìÜôùí (óå cd/m2) óôçí
êáìðýëç óõó÷åôéóìïý ðñïóáñìïãÞò/ áðáé-
ôïýìåíçò ðñïóáñìïãÞò ãéá 4 áóèåíåßò. Ôá
âÝëç óçìåéþíïõí ôçí ôéìÞ ôçò óêïôïðéêÞò å-
óôßáóçò (äéÜèëáóç óôï áðüëõôï óêïôÜäé), ç
ïðïßá óõìðßðôåé ìå ôï óçìåßï ôïíéêÞò ðñï-
óáñìïãÞò. Åßíáé åìöáíÝò üôé óå ÷áìçëÝò ìå-
óïðéêÝò óõíèÞêåò (0,05 cd/m2) äåí õðÜñ÷åé
ìåôáâïëÞ ôçò ðñïóáñìïãÞò áí êáé áëëÜæåé ç
áðüóôáóç ôùí åñåèéóìÜôùí (áðü Johnson,
197625).
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áõôüí ôïí ôñüðï óõíåéóöÝñïõí óôç âåëôéóôïðïßç-
óç ôçò ðïéüôçôáò ôçò åéêüíáò ðïõ ó÷çìáôßæåôáé
óôïí áìöéâëçóôñïåéäÞ36-38. Ùò áðïôÝëåóìá, äéáêõ-
ìÜíóåéò ìåãáëýôåñïõ ðëÜôïõò áðáéôïýíôáé üôáí ôá
óöÜëìáôá ðñïóáñìïãÞò åßíáé ìåãÜëá (êÜôé ðïõ
óõìâáßíåé óå õøçëÜ åðßðåäá áðáéôïýìåíçò ðñï-
óáñìïãÞò), ìå óêïðü íá åóôéÜóïõí, Ýóôù êáé ðáñï-
äéêÜ, ôï ìç-êáëÜ åóôéáóìÝíï åßäùëï, óôïí áìöé-
âëçóôñïåéäÞ23,39.

7. ×ÑÏÍÏÉ ÁÍÔÉÄÑÁÓÇÓ ÊÁÉ ÁÐÏÊÑÉÓÇÓ

×ñüíïò áíôßäñáóçò åßíáé ôï ÷ñïíéêü äéÜóôçìá
ðïõ ìåóïëáâåß áðü ôçí åìöÜíéóç ôïõ åñåèßóìáôïò
ìÝ÷ñé ôçí Ýíáñîç ôçò áðüêñéóçò ôçò ðñïóáñìïãÞò.
Ùò ÷ñüíïò áðüêñéóçò ïñßæåôáé ï ÷ñüíïò ðïõ ìåóï-
ëáâåß áðü ôçí Ýíáñîç ìÝ÷ñé ôç óôáèåñïðïßçóç ôçò
áðüêñéóçò (Þ ìÝ÷ñé ç áðüêñéóç íá öôÜóåé óå ìéá

óôáèåñÞ ôéìÞ, ð.÷. óôï 75%
ôçò ôåëéêÞò áðüêñéóçò) (Ó÷Þ-
ìá 940). Ãéá Ýíá åñÝèéóìá ðïõ
áëëÜæåé áðüôïìá áðüóôáóç
ðñïóáñìïãÞò (áðü ìáêñéÜ óå
êïíôÜ) ï ÷ñüíïò áíôßäñáóçò
åßíáé ðåñßðïõ 0,4 äåõôåñüëå-
ðôá, åîáñôÜôáé áðü ôçí çëéêßá

ôïõ åîåôáæïìÝíïõ áëëÜ ü÷é áðü ôá ÷áñáêôçñéóôéêÜ
ôïõ åñåèßóìáôïò (óôü÷ïõ). Ï ÷ñüíïò áðüêñéóçò
ðáñáìÝíåé óôáèåñüò êáé êáôÜ ôçí áðï-ðñïóáñìï-
ãÞ (ìåôáôüðéóç óôü÷ïõ áðü êïíôÜ óå ìáêñéÜ), áë-
ëÜ ìðïñåß íá ìåéùèåß óå ðåñéðôþóåéò üðïõ ôï åñÝ-
èéóìá åßíáé ðñïâëÝøéìï, êáôáäåéêíýïíôáò ôçí ðá-
ñïõóßá åíüò "ìç÷áíéóìïý ðñüâëåøçò" óôï óýóôçìá
åëÝã÷ïõ ðñïóáñìïãÞò9. Ç êáèõóôÝñçóç ôùí 400
msec ïöåßëåôáé óôï ÷ñüíï ðïõ áðáéôåßôáé ãéá íá
öôÜóåé ôï åñÝèéóìá (ìÝóù ôùí óõíÜøåùí ôùí äéá-
öüñùí êõôôÜñùí óôçí ïðôéêÞ ïäü) óôá êÝíôñá ôïõ
åãêåöÜëïõ ðïõ åßíáé õðåýèõíá ãéá ôçí åðåîåñãá-
óßá ôïõ ïðôéêïý óÞìáôïò, êáé åðßóçò áðü ôïí ëáí-
èÜíïíôá ÷ñüíï ðïõ ìåóïëáâåß ìÝ÷ñé íá åíåñãïðïé-
çèåß ï ìç÷áíéóìüò ôçò ðñïóáñìïãÞò (óýóðáóç á-
êôéíùôïý óþìáôïò, ÷áëÜñùóç ôùí éíþí ôçò æéííåß-
ïõ æþíçò êáé áëëáãÝò óôï öáêü). Ï ÷ñüíïò áíôß-
äñáóçò áíôéèÝôùò åîáñôÜôáé ôüóï áðü ôá ÷áñá-
êôçñéóôéêÜ ôïõ óôü÷ïõ üóï åðßóçò êáé áðü ôçí á-
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Ó÷Þìá 8. ÄéïðôñéêÝò äéáêõìÜíóåéò
ðñïóáñìïãÞò ãéá Ýíá ÷ñïíéêü äéÜ-
óôçìá 6 äåõôåñïëÝðôùí ãéá äéáöï-
ñåôéêÜ åðßðåäá áðáéôïýìåíçò ðñï-
óáñìïãÞò (áðü ôï ïðôéêü Üðåéñï ìÝ-
÷ñé 7,63 D) ãéá äýï åîåôáæïìÝíïõò.
Ãéá ìáêñéíÜ åñåèßóìáôá ïé äéáêõìÜí-
óåéò ðáñïõóéÜæïõí ôï ìéêñüôåñï åý-
ñïò, ôï ïðïßï áõîÜíåôáé üóï ï óôü-
÷ïò ðëçóéÜæåé ôïí ïöèáëìü. Ðáñáôç-
ñÞóôå åðßóçò ôç äéáöïñÜ óôï åýñïò
ôùí äéáêõìÜíóåùí ìåôáîý ôùí äýï
åîåôáæïìÝíùí (áðü Plainis et al.,
200523).
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ðáéôïýìåíç áëëáãÞ óôçí ðñïóáñìïãÞ áðüêñéóçò.
¼ðùò ðáñáôçñåßôáé óôï ó÷Þìá 9, áõîÜíåôáé ãåíéêÜ
ó÷åäüí åêèåôéêÜ ìå ôï ðïóüí ôçò áðáéôïýìåíçò
ðñïóáñìïãÞò êáé êõìáßíåôáé áðü 0,2 ìÝ÷ñé ðåñßðïõ
1 äåõôåñüëåðôï. Åßíáé ÷áñáêôçñéóôéêü üôé ï ÷ñüíïò
áðüêñéóçò ãéá ìåãÜëá åðßðåäá áðï-ðñïóáñìïãÞò
åßíáé ãñçãïñüôåñïò áðü áõôüí ôçò ðñïóáñìïãÞò.
Áõôü ïöåßëåôáé óå äéáöïñÝò óôá ÷ñïíéêÜ ÷áñáêôç-
ñéóôéêÜ ôùí íåõñéêþí éíþí ðïõ åßíáé õðåýèõíåò ãéá
ôçí "åíåñãïðïßçóç" ôçò ðñïóáñìïãÞò êáé ôçò áðï-
ðñïóáñìïãÞò. Íá ôïíéóôåß üôé êáôÜ ôç äéüöèáëìç
ðñïóáñìïãÞ ï óõíïëéêüò ÷ñüíïò åßíáé óçìáíôéêÜ
ìéêñüôåñïò.

8. ÐÏÉÏÔÇÔÁ ÁÌÖÉÂËÇÓÔÑÏÅÉÄÉÊÇÓ ÅÉÊÏÍÁÓ 
ÊÁÔÁ ÔÇÍ ÐÑÏÓÁÑÌÏÃÇ

Åßíáé ãíùóôü üôé ï ïöèáëìüò åêôüò áðü ôá áðëÜ
äéáèëáóôéêÜ óöÜëìáôá (ìõùðßá, õðåñìåôñùðßá, á-
óôéãìáôéóìüò), üðùò êÜèå ïðôéêü óýóôçìá, ðáñïõ-
óéÜæåé ìéá óåéñÜ áðü ìïíï÷ñùìáôéêÝò åêôñïðÝò õ-
øçëÞò ôÜîçò (ð.÷. óöáéñéêÞ åêôñïðÞ, áêüìá êáé êá-
ìðõëüôçôá ðåäßïõ)10. Ùò áðïôÝëåóìá, áêüìá êáé
óôçí ðåñßðôùóç üðïõ ç ðéèáíÞ áìåôñùðßá Ý÷åé
äéïñèùèåß (ìå ïöèáëìéêïýò öáêïýò, öáêïýò åðá-

öÞò Þ äéáèëáóôéêÞ ÷åéñïõñãéêÞ), ôï åßäùëï ðïõ
ó÷çìáôßæåôáé óôïí áìöéâëçóôñïåéäÞ, äåí åßíáé áðü-
ëõôá åõêñéíÝò, áëëÜ ðáñïõóéÜæåé êÜðïéá èüëùóç
ëüãù ôçò ýðáñîçò ÷ñùìáôéêþí êáé ìïíï÷ñùìáôé-
êþí åêôñïðþí áëëÜ êáé ôçò ðåñßèëáóçò10,41. Ãéá ðá-
ñÜäåéãìá, ç ðáñïõóßá èåôéêÞò óöáéñéêÞò åêôñïðÞò
(ðïõ áðïôåëåß ôçí ðéï ìåëåôçìÝíç åêôñïðÞ) õðï-
äçëþíåé üôé ïé áêôßíåò ðïõ äéáäßäïíôáé áðü ôçí ðå-
ñéöÝñåéá ôçò êüñçò õðüêåéíôáé óå éó÷õñüôåñç äéÜ-
èëáóç, áðü ôéò êåíôñéêÝò (ðáñáîïíéêÝò) áêôßíåò. Ùò
áðïôÝëåóìá, üôáí ç äéÜìåôñïò ôçò êüñçò ìåãáëþ-
íåé, ç äéÜèëáóç ôïõ ïöèáëìïý ãßíåôáé ðéï ìõùðéêÞ.
Ôï áíôßóôñïöï éó÷ýåé üôáí ç ôéìÞ ôçò óöáéñéêÞò å-
êôñïðÞò åßíáé áñíçôéêÞ. 

Ç óöáéñéêÞ åêôñïðÞ áðïôåëåß ôçí åêôñïðÞ õøç-
ëÞò ôÜîçò ðïõ ìåôáâÜëëåôáé ÷áñáêôçñéóôéêÜ ìå ôçí
ðñïóáñìïãÞ. Åßíáé áîéïóçìåßùôï óå üëåò ôéò ðåñé-
ðôþóåéò ç óöáéñéêÞ åêôñïðÞ êéíåßôáé óå ðéï áñíçôé-
êÝò ôéìÝò êáôÜ ôçí ðñïóáñìïãÞ42-44. Áõôü öáíåñþ-
íåôáé óôï ó÷Þìá 10, üðïõ ðáñïõóéÜæåôáé. ÁíÜëïãåò
ìåôáâïëÝò óõìâáßíïõí êáé ãéá Üëëåò åêôñïðÝò õ-
øçëÞò ôÜîçò (ð.÷. ïñéæüíôéï êáé êáôáêüñõöï êþìá).
Ðéóôåýåôáé üôé áõôÝò ïöåßëïíôáé óå áëëáãÝò óôï
ó÷Þìá êáé ôç èÝóç ôïõ öáêïý êáôÜ ôçí ðñïóáñìï-
ãÞ45, 46.

Óôï ó÷Þìá 11 ãßíåôáé ìéá ðñïóðÜèåéá åîïìïßù-
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Ó÷Þìá 9. "ÄõíáìéêÝò" áðïêñßóåéò ðñïóáñìïãÞò
ãéá åñåèßóìáôá 2D, 4D êáé 6D áðáéôïýìåíçò
ðñïóáñìïãÞò. Ïé äéáêõìÜíóåéò óôéò áðïêñßóåéò
åßíáé åìöáíåßò êáé óå áõôÞ ôçí ðåñßðôùóç. ×á-
ñáêôçñéóôéêÞ åßíáé ç áýîçóç ôïõ ÷ñüíïõ áðü-
êñéóçò ìå ôçí áðáéôïýìåíç ðñïóáñìïãÞ (ç ìå-
ãáëýôåñç êáèõóôÝñçóç ðáñáôçñåßôáé ãéá ôï å-
ñÝèéóìá 6D). Ï ÷ñüíïò áíôßäñáóçò (÷ñïíéêü
äéÜóôçìá ìÝ÷ñé íá áñ÷ßóåé ç áðüêñéóç) ðáñá-
ìÝíåé óôáèåñüò óå üëåò ôéò ðåñéðôþóåéò (ðåñß-
ðïõ 400 msec). Áîéïóçìåßùôç åßíáé ç ðáñáôÞ-
ñçóç üôé ï ÷ñüíïò áðüêñéóçò êáôÜ ôçí áðï-
ðñïóáñìïãÞ åßíáé ìéêñüôåñïò (áðü Kasthuriran-
gan et al., 200340).
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óçò ôçò ðïéüôçôáò ôïõ áìöéâëçóôñïåéäéêïý åéäþ-
ëïõ ãéá áðáéôïýìåíç ðñïóáñìïãÞ ßóç ìå 8,05 D. Ç
ðïéüôçôá ôïõ åéäþëïõ åêôéìÞèçêå ìå ôç ÷ñÞóç êá-
ôÜëëçëïõ ëïãéóìéêïý êáé áëãïñßèìùí ðïõ ÷ñçóéìï-
ðïéïýíôáé ãéá ôçí áîéïëüãçóç ïðôéêþí óõóôçìÜôùí,
üðùò ç ÓõíÜñôçóç MåôáöïñÜò Äéáìüñöùóçò. Áðü
ôá ãñáöÞìáôá óõìðåñáßíïõìå üôé ç "éäáíéêÞ" áíôé-
óôïé÷ßá ìåôáîý ðñïóáñìïãÞò êáé áðáéôïýìåíçò
ðñïóáñìïãÞò äåí ïäçãåß óôç âÝëôéóôç ðïéüôçôá åé-
äþëïõ, üðùò èá Þôáí ôï áíáìåíüìåíï, êáé áõôü ï-

öåßëåôáé óôç ìåôáâïëÞ ôçò ôéìÞò ôçò
óöáéñéêÞò åêôñïðÞò êáôÜ ôçí ðñïóáñ-
ìïãÞ. Ùò áðïôÝëåóìá ç âÝëôéóôç åéêüíá
óôïí áìöéâëçóôñïåéäÞ ó÷çìáôßæåôáé ãéá
ðñïóáñìïãÞ ßóç ìå 7,00 D. ¢ñá Ýíá ìÝ-
ñïò ôçò õðï-ðñïóáñìïãÞò äéêáéïëïãåß-
ôáé áðü ôçí ýðáñîç ôùí ïðôéêþí åêôñï-
ðþí ôïõ ïöèáëìïý. ¼ðùò ðáñáôçñåß-
ôáé âÝâáéá, ï åîåôáæüìåíïò ðáñïõóéÜæåé

õøçëüôåñá åðßðåäá õðï-ðñïóáñìïãÞò (ç ðñïóáñ-
ìïãÞ åßíáé ßóç ìå 5.39 D), ìå áðïôÝëåóìá ç ðñáã-
ìáôéêÞ áìöéâëçóôñïåéäéêÞ åéêüíá íá åßíáé áñêåôÜ
"èïëÞ". 

Ç ðñüïäïò ðïõ Ý÷åé óçìåéùèåß ôá ôåëåõôáßá
÷ñüíéá óôçí áíÜëõóç ìåôþðïõ êýìáôïò ôùí ï-
öèáëìéêþí åêôñïðþí ìå ôç ÷ñÞóç åîåëéãìÝíùí ïñ-
ãÜíùí, èá âïçèÞóåé óôçí êáëýôåñç óõó÷Ýôéóç ôçò
ðïéüôçôáò åéêüíáò ìå ôá ÷áñáêôçñéóôéêÜ ôïõ ìç÷á-
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Ó÷Þìá 10. ÌåôáâïëÝò óôç óöáéñéêÞ åêôñïðÞ ãéá
åðôÜ ïöèáëìïýò óå ó÷Ýóç ìå ôçí ðñïóáñìïãÞ.
ÊÜèå óçìåßï áðïôåëåß ôïí ìÝóï üñï 50 ìåôñÞóå-
ùí êáé ïé ìðÜñåò ±1SD (ôõðéêÞ áðüêëéóç).

Ó÷Þìá 11. Ðñïóïìïéþóåéò ôçò åéêüíáò ðïõ ó÷çìáôßæåôáé óôïí áìöéâëçóôñïåéäÞ: (áñéóôåñÜ) 1:1 áíôéóôïé÷ßá, (êÝíôñï) âÝëôéóôç åéêü-
íá, (äåîéÜ) ðñáãìáôéêÞ áðüêñéóç üôáí ç áðáéôïýìåíç ðñïóáñìïãÞ åßíáé 8,05 D.
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íéóìïý ôçò ðñïóáñìïãÞò ðïõ èá ïäçãÞóïõí óôçí
åîáãùãÞ áóöáëþí óõìðåñáóìÜôùí. 

Åõ÷áñéóôßåò

Åõ÷áñéóôïýìå ôïõò ×áñßëáï Ãêßíç êáé ¢ñç Ðáë-
ëÞêáñç ðïõ âïÞèçóáí óôçí áîéïëüãçóç ôçò ðïéü-

ôçôáò ôïõ áìöéâëçóôñïåéäéêïý åéäþëïõ ìå ôç ÷ñÞ-
óç êáôÜëëçëïõ ëïãéóìéêïý êáé õðïëïãéóôéêïý áë-
ãüñéèìïõ. Ï ÓùôÞñçò ÐëáÀíçò áðïôÝëåóå õðüôñï-
öï ôïõ Éäñýìáôïò Êñáôéêþí Õðïôñïöéþí (2003-
2004) ãéá ôçí åêðëÞñùóç ìåôáäéäáêôïñéêÞò Ýñåõ-
íáò ìå èÝìá "MåôáâïëÝò óôçí ðïéüôçôá ôçò åéêüíáò
ðïõ ó÷çìáôßæåôáé óôïí áìöéâëçóôñïåéäÞ ëüãù ôçò
ðñïóáñìïãÞò ôïõ ïöèáëìïý".
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SUMMARY

Accommodative function of the human eye

S. PLAINIS, MSc, PhD, I. PALLIKARIS, MD, PhD

Vardinoyiannion Eye Institute of Crete (VEIC), Deparment of Ophthalmology, School of Medicine University of Crete

The accommodative response refers to an increase in the power of the crystalline lens that is sufficient to main-

tain a clear image when looking at a nearby object. Although the accommodation mechanism has been widely

explained for more than 150 years some aspects of its physiological function have not been clarified. This

manuscript reviews the proposed theories regarding the function of the accommodative control system, con-

centrating on the evaluation of its steady -state errors in focus and their possible effect on retinal image quality.

Key words: accommodation, steady-state errors in focus, accommodation dynamics, retinal image quality,
ocular aberrations.

1. Helmholtz HV. Handbuch der Physiologischen Optik.
Vol. Volume 1, 1856.

2. Rosenfield M, Ciuffreda KJ, Hung GK. The linearity of
proximally induced accommodation and vergence. In-
vestigative Ophthalmology & Visual Science 1991; 32:
2985-91.

3. Hung GK, Ciuffreda KJ, Rosenfield M. Proximal contri-
bution to a linear static model of accommodation and
vergence. Ophthalmic and Physiol Optics 1996; 16:
31-41.

4. McLin LN, Jr., Schor CM, Kruger PB. Changing size
(looming) as a stimulus to accommodation and ver-
gence. Vision Res 1988;28:883-98.

5. Koh LH, Charman WN. Accommodative responses to
anisoaccommodative targets. Ophthalmic and Physiol
Optics 1998;18:254-62.

6. Jaschinski W. Fixation disparity and accommodation
for stimuli closer and more distant than oculomotor
tonic positions. Vision Res 2001;41:923-33.

7. Tsukamoto M, Nakajima T, Nishino J, et al. The bino-

ÂÉÂËÉÏÃÑÁÖÉÁ



×ÁÑÁÊÔÇÑÉÓÔÉÊÁ ÐÑÏÓÁÑÌÏÓÔÉÊÇÓ ÉÊÁÍÏÔÇÔÁÓ ÔÏÕ ÖÁÊÏÕ

cular accommodative response in uncorrected
ametropia. Optometry and Vision Science 2001;78:
763-8.

8. Toates FM. Accommodation Function of Human Eye.
Physiol Reviews 1972;52:828-63.

9. Campbell FW, Westheimer G. Dynamics of accommo-
dation responses of the human eye. J Physiol 1960;
151:285-95.

10. Charman WN. The retinal image in the human eye.
Progress in Retinal and Eye Res 1983;2:1-50.

11. Aggarwala KR, Kruger ES, Mathews S, Kruger PB. Spec-
tral bandwidth and ocular accommodation. Journal of
the Optical Society of America A. Optics, Image Sci-
ence, and Vision 1995;12:450-5.

12. Stone D, Mathews S, Kruger PB. Accommodation and
chromatic aberration - Effect of spatial- frequency.
Ophthalmic and Physiol Optics 1993;13:244-52.

13. Campbell FW, Westheimer G. Factors influencing ac-
commodation responses of the human eye. J Opt Soc
Am 1959;49: 568-71.

14. Wilson BJ, Decker KE, Roorda A. Monochromatic aber-
rations provide an odd-error cue to focus direction.
Journal of the Optical Society of America A. Optics,
Image Science, and Vision 2002;19:833-9.

15. Fincham EF. The changes in the form of the
crystalline lens in accommodation. Transactions of the
Optical Society of America 1925;26:239-69.

16. Vilupuru AS, Roorda A, Glasser A. Spatially variant
changes in lens power during ocular accommodation
in a rhesus monkey eye. J Vis 2004;4:299-309.

17. Schachar RA. Cause and treatment of presbyopia with
a method for increasing the amplitude of accommo-
dation. Ann Ophthalmol 1992;24:445-7, 52.

18. Glasser A, Campbell MC. Biometric, optical and physi-
cal changes in the isolated human crystalline lens with
age in relation to presbyopia. Vision Res 1999;39:
1991-2015.

19. Atchison DA, Smith G. Optics of the Human Eye. Ox-
ford: Butterwoth -Heinemann, 2000.

20. Gullstrand A. How I found the machanism of intracap-
sular accommodation. Nobel lecture 1911:11 December.

21. Garner LF, Smith G. Changes in equivalent and gradi-
ent refractive index of the crystalline lens with ac-
commodation. Optometry and Vision Sci 1997;
74:114-9.

22. Alpern M, Mason GL, Jardinico RE. Vergence and ac-
commodation. V. Pupil size changes associated with
changes in accommodative vergence. Am J Ophthal-
mol 1961;52:762-7.

23. Plainis S, Ginis H, Pallikaris A. The effect of ocular aber-
rations on steady-state errors of accommodative re-
sponse. Journal of Vision 2005;(in press).

24. Schaeffel F, Wilhelm H, Zrenner E. Inter-individual vari-
ability in the dynamics of natural accommodation in
humans: relation to age and refractive errors. J Physi-
ol 1993;461:301-20.

25. Johnson CA. Effects of luminance and stimulus dis-
tance on accommodation and visual resolution. Jour-
nal of the Optical Society of America 1976;66:138-42.

26. Charman WN, Heron G. On the linearity of accommo-
dation dynamics. Vision Res 2000;40:2057-66.

27. Ward PA, Charman WN. Effect of pupil size on steady-
state accommodation. Vision Res 1985; 25: 1317-26.

28. Charman WN. Optics of the eye. In: Bass M, Van Stry-
land E, Williams D, Wolfe W, eds. Handbook of Optics,
2nd ed. New York: Mc Graw Hill, 1995; v. 1.

29. Leibowitz HW, Owens DA. Night myopia and the inter-
mediate dark focus of accommodation. J Opt Soc Am
1975;65:1121-8.

30. McBrien NA, Millodo M. Differences in adaptation of ton-
ic accommodation with refractive state. Investigative
Ophthalmology & Visual Science 1988;29:460-9.

31. Campbell FW. The minimum quantity of light required
to elicit the accommodation reflex in man. J Physiol
1954;123:357-66.

32. Stark LR, Atchison DA. Pupil size, mean accommodation
response and the fluctuations of accommodation.
Ophthalmic and Physiol Optics 1997;17: 316-23.

33. Charman WN, Heron G. Fluctuations in accommo-
dation - a review. Ophthalmic and Physiol Optics
1988;8:153-64.

34. Collins M, Davis B, Wood J. Microfluctuations of
steady-state accommodation and the cardiopul-
monary system. Vision Res 1995;35:2491-502.

35. Van Der Heijde GL, Dubbelman M. The change of the
equivalent refractive index of the crystalline lens
during accommodation. Investigative Ophthalmology
& Visual Science 2001;42:52.

36. Alpern M. Variability of accommodation during steady
fixation at various levels of illuminance. J Opt Soc Am
1958;48:193-7.

37. Charman WN, Tucker J. Dependence of accommo-
dation response on the spatial frequency spectrum of
the observed object. Vision Res 1977;17:129-39.

38. Miege C, Denieul P. Mean response and oscillations of
accommodation for various stimulus vergences in re-
lation to accommodation feedback control. Oph-
thalmic Physiol Opt 1988;8:165-71.

Ôüìïò 15, Ôåý÷ïò 2, Áðñßëéïò - Éïýíéïò 2005 217



Ó. ÐËÁÚÍÇÓ, É. ÐÁËËÇÊÁÑÇÓ

39. Charman WN. Accommodation and the through-focus
changes of the retinal image. In: Franzin O, Richter H,
Stark L, eds. Accommodation and vergence mecha-
nism. Basel: Birkhauser, Verlag, 2000.

40. Kasthurirangan S, Vilupuru AS, Glasser A. Amplitude
dependent accommodative dynamics in humans. Vi-
sion Res 2003;43:2945-56.

41. Thibos LN, Hong X, Bradley A, Applegate RA. Accuracy
and precision of objective refraction from wavefront
aberrations. J Vis 2004;4:329-51.

42. Ivanoff A. About the spherical aberration of the eye. J
Opt Soc Am 1956;46:901-3.

43. Atchison DA, Collins MJ, Wildsoet CF, et al. Measure-

ment of monochromatic ocular aberrations of human
eyes as a function of accommodation by the Howland
aberroscope technique. Vision Res 1995; 35:313-23.

44. Cheng H, Barnett JK, Vilupuru AS, et al. A population
study on changes in wave aberrations with accommo-
dation. J Vis 2004;4:272-80.

45. Drexler W, Baumgartner A, Findl O, et al. Biometric in-
vestigation of changes in the anterior eye segment
during accommodation. Vision Res 1997;37: 2789-
800.

46. Roorda A, Glasser A. Wave aberrations of the isolated
crystalline lens. J Vis 2004;4:250-61.

218 ÏÖÈÁËÌÏËÏÃÉÊÁ ×ÑÏÍÉÊÁ

Óôç âéâëéïèÞêç ôïõ Royal College of Ophthalmologists óôï Ëïíäßíï õðÜñ÷åé ìéá óåéñÜ óðáíßùí Ïöèáëìï-
ëïãéêþí Âéâëßùí ìåôáîý ôùí ïðïßùí êáé ôï âéâëßï ôïõ R.Bannister "Breviary of the eyes" (1622) üðïõ ìå-
ôáîý ôùí Üëëùí ï R.Bannister ï ïðïßïò áõôïóõóôÞíåôáé óôïí ðñüëïãï ùò åéäéêüò ÷åéñïõñãüò , ùò ï-
öèáëìßáôñïò êáé ùò éáôñüò ðïõ áóêåß ôçí "physicke"(sic!), óçìåéþíåé ôç "óêëçñßá ôïõ âïëâïý óôï ãëáý-
êùìá". Åßíáé ç ðñþôç ìíåßá óôç âéâëéïãñáöéá ôïõ óçìáíôéêïý áõôïý êëéíéêïý óçìåßïõ óôçí éóôïñßá ôïõ
ãëáõêþìáôïò.

ÕðÜñ÷åé åðßóçò êáé ç ðñþôç Ýêäïóç ôïõ 4ôïìïõ âéâëßïõ ôïõ Sir William Mackenzie "A Practical Treatise
on the Diseases of the Eye" (1830) üðïõ ãéá ðñþôç öïñÜ ìíçìïíåýåôáé ç áýîçóç ôçò åíäïöèÜëìéïõ ðéÝ-
óåùò ùò ÷áñáêôçñéóôéêü êëéíéêü óçìåßï ôïõ ãëáõêþìáôïò.

Eê ôôçò óóõëëïãÞò ÃÃ. ÐÐáëçìÝñç


