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ŻŚſƽ�������Ƹţ�šŹŚĩ�ƕƺƳ�ƹŵ�Żř�ƵŵŚƠŤſř�Śŝ�ǀ�������ƶºĩ�ƢºƤŰƯ�Ǝſƺţ�ƵŶƃ�ƶ
ƹŹƽ�Ʊō����ŚƷA���ƹ�B���ŵƺŝ�ƵŶƃ�ƶŤƃƺƳ���ƭŚŬƳř�Ŷƃ�������Ƶƹźĭ�ƹŵ�źƷ�Źŵ

����ŵŚŤŝ�Śŝ�řŶŤŝř�ƪưƗ�ơŚţř�ŹŵƿƲ�ÎÍ�ƹ�Ƶŵřŵ�ƺƄŤƀƃ�řŹ�ƮƄģ��ŶƇŹŵ�
���ƹŹ�řŹ�ƱŚƃ�žĜſƽ��ŝ�šŹƺƇ�ǀ���������ƲŤºƃřŸĭ�Żř�žºě�ƹ�ƶºŤųřŶƳř�ŹŚư

šŚŤſřƹŹŚƠƬŝ�ƫ��ǀŗŚĩƹŶǀ��ƲÏ�ŶƇŹŵ���ŝ�ŢƸū�ƾ�ƀůƾ�Ż�ƿ���ƶºưŰŤƬƯ�ź
Źżţƿ�Ŷƃ�Ƣ�����ƣ�Żř�ƵŵŚƠŤſř�ŚŝǀĤƾ�ůřźū�ƾ���ř�ƹ�ƶŤƃřŵźŝ�řŹ�ĨųŚƳ�ƿ�Ʋ

ƶŝ�ƶƤƐƴƯ�šŹƺƇ�bare Sclera�źƷŚƔţ�ƿŢƟŚ�����ƵŵŚƠŤºſř�Śºŝ�žĜſ
�ţ�Żřǀ�ŝ�ƚǀƺŤƀƽ�ƵŹŚưƃ���ƽ�ÎÒ��Ƴźƣ�ŮƐſ�ǀ��ƫ�ƹ�ƶǀ���ŮƐƀƯ�ŽƺŞưƃŶ��

ƹř�Ƶƹźĭ�Źŵ�Ʃ �ŪƠſřƯ�ƶŝ�ƶŤƄƛōǀŚƯƺŤƿƀǀ�ƲÏ�ŶºƇŹŵ����šŶºƯ�ƶºŝ�� �
Ðƣŵ�ǀƹŹ�ƶƤƽbare Sclera Ŷƃ�Ƶŵřŵ�Źřźƣ����ƮƄģ��ƭźſ�Śŝ�žĜſ

��Ƶŵřŵ�ƺƄŤƀƃ�řŹ����ƵźƐƣ�ŚƸŤƳř�Źŵ���ƽ��ºŤƳō�ƾ�ŝǀţƺ�ºǀ�ƴƠƯřźƬĩ�Ĩǀ���ƶºŝ�ƪºĪ
����ŚºſřźŤţ�ŵŚºưě�ƵřźưƷƿƬĪǀ�����ŝ�ƮƄºģ�Źŵ�řŹ�Ʋǀ�����ƵŵƺºưƳ�ƵŵŚƠŤºſř�ŹŚºư��

ƶŝ��ŹŚƄƟ�ŹƺƏƽ���ƱŚưƀƳŚě�ƮƿŵƺưƳ�����ŝ��ƭƹŵ�Ƶƹźĭ�Źŵƶ�Śūƽ��ƵŵŚƠŤºſř��
�Ư�ŻřǀŚƯƺŤƿƀǀ�ů�Ʋǀ���ºůřźū�ƪưƗ�Ʋƾ���ƵźºƐƣ���ƽ�Ư�ǀŚƯƺŤ�ºƿƀǀ��Ʋc���Śºŝ�

��ŢƔƬƛÏ�Í�Ư�ǀƬƾ���Ư�Źŵ�ƭźĭǀƬƾ�ƫǀ����Śºŝ�ŹŚºƸģ�źŤ����ŻƹŹ�Źŵ�Ź�ºŝƶ��šŶºƯ� �
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Ï���Ŷƃ�ƵŵŚƠŤſř�ƶŤƠƷ���Śſƿ����ºůřźū�ƪºůřźƯ�źƾ������Ʃƹř�Ƶƹźºĭ�ƶŝŚƄºƯ��
ŵƺŝ��źŤƸŝ�ƿ�ŵ�Ʋƿ�����Ɨ�Śºŝ�ƵŶƃ�ŭǈƇř�Ŷǀ�������šŹŚºģ�Żř�ƵŵŚƠŤºſř�Śºŝ�Ĩºƴ

�ƵŻřŶƳř�ƲƬƴſř�ĭǀźƽ���ƹ����żºǀƳ�����ưƄºģ�ƪºųřŵ�ŹŚƄºƟƾ������Żř�ƵŵŚƠŤºſř�Śºŝ�
�ƴƬěř�źŤƯƺƳƺţǀ��ƶºĩ�ƲƯŶƬĭ�ƲƄ��ǇŚºŝ�Ţºƣŵ�Żřƾƿ���Ţºſř�ŹřŵŹƺºųźŝ�

ƵŻřŶƳř�ĭǀźƽŶƃ��� 

ƘƯǀŹŚ�ŚƷƽ�����ŶƳř�ƲŤƃřŵ�ƶƘƫŚƐƯ�ƶŝ�ŵƹŹƹ�ƿ�ºſŚĪǀ����ºůřźū�ƪºưƗ�Ʊƺƾ�
��ŚƋŹ�ƹ�ĨƴųŚƳƿ�ŞŤĩ�Ţƾ�řźŝ�ƽ������ŝ�ŵƺºŝ�ƶƘƫŚƐƯ�Źŵ�Ţĩźƃ�ǀ�ƳřŹŚºưƾ�

ĪƄººų�ŹŚººģŵ�ƶººĩƾŶººƃ�ƿ�ƹ�ƮƄººģ�Ŷººƿŝ�ŚǀŹŚººưƽ�ŚººƷƽ�Ʊĥǈººĩ�
ƫƺĪººſřƹ�ƹ�ŹǇƺĪººſřƹǀŶººƳŵƺŝ�Ţ��ŶƳŶººƃ�ũŹŚººų�ƶººƘƫŚƐƯ�Żř���

ř���žƴū�ƹ�Ʋſ�šŚƗǈƏ��Ɩºưū�Źƹōƽ��ƵŶºƃ����ƵŻřŶºƳř��ĭ�ºǀźƽ���ŹŚƄºƟ�
�ƮƄģ�ƪųřŵ��ŝ�šŶů�ƹǀŚƴƾƿ�ŝ�ƶưƷ�Źŵǀ�ř�ƱřŹŚºư��ƭŚºŬƳ�Ŷºƃ����ƕƺºƳ
�ůřźū�ƪưƗƾ���Śŝ���ƫŚưŤůř�ƉŹřƺƗ�źĩŷƾ���ŝ�ƶŝ�Ʊō�ǀ���ºƋƺţ�ƱřŹŚºưǀ�Ů

�ƃ�Ƶŵřŵ��ƋŹ�ƹ�ŶŚƿ�ƶƯŚƳ�Ţ��ƽ��ºŞŤĩ�ƾ�����ŵźĭ�Ÿºųř�ƱŚºƳō�Żř��ºƿŶ����žĜºſ
ŝǀƳřŹŚưƾ��řźƃ�ƶĩ�ƿ���Ÿě�řŹ�ƪưƗ�ƎƿƶŤƟź��ŚƋŹ�ƿ���ƶƯŚƳ�ŢŞŤĩƾ���ŚƌƯř�řŹ�

ŶƳŵƺưƳ��ŢƸū��ºůřźū�ƪưƗƾ��ĨºƴųŚƳ�ŵŹřƹ �ŶºƃŶƳ����ƶºŝ�ŚƴưºƋ�
ŝǀ��ř�Źŵ�ƱřŹŚưƿ��Ƌƺţ�ƅƺƈų�Ʋǀ����ƵźƐƣ�ƶĩ�Ŷƃ�Ƶŵřŵ�Ů��ƽ���źƔƳ�ŵŹƺƯ�
Ưƾ�����ů�ƪĪƃ�ƹŵ�ƶŝ�ŶƳřƺţǀ�����ůřźū�ƪưƗ�Żř�ŶƘŝ�ƹ�Ʋƾ�řźŝ�ƽ�ŝ�ǀ�ƱřŹŚư

���ŵƺƃ�ƵŵŚƠŤſř�ř�ƶĩ�ºƿ�����ƶºŝ�ŢºƫŚů�ƹŵ�Ʋ���ě�ŹƺºƔƴƯ�ºǀ����ƁƹŹ�Ʊŵźºĩ�řŶ
ŚƤƯ�ƮƷ�Śŝ�ŜſŚƴƯƿŶƃ�ŶƴƷřƺų�ƶƀ����

ŝǀ��ƱřŹŚưƿ����ŻƹŹ�ĨƿĨ�ƹ���ƶŤƠƷ�ƹŵ����ƿĨ�������ƹ�ƵŵŻřƹŵ��ƶƳ��Ƃƃ��ƶſ�
�����řźū�ƪưƗ�Żř�žě�ƵŚƯ�ƵŵżƳŚě�ºůƾ��������Īºƃżě�ƮƄºģ�ƵŚºĮƳŚƯŹŵ�ƶºŝ�ƾ�

�ƺưƳ�ƶƘūřźƯƵŵ���Īƃżě�Ǝſƺţ�ƾ��������ƭŚºŬƳř�ƶƬųřŶƯ�ƕƺƳ�ƶŝ�ŢŞƀƳ�ƶĩ�
ƵŶƃ�����Ƶŵƺŝ�ƵŚĭōŚƳ���ºƏ��Ţºſřƾ�ř��ºƿ����šŶºƯ�ƲěǀĮ�ºǀźƽ��ŶºƃŶƳ���Źŵ
ƶƯŚƳźŝ��ƽ�ě�ǀĮǀźƽŝ�ǀ�ƱřŹŚºư��ŚºŤƳ�ƿŚƘƯ�Ūƿ���ƹ�ƶºūƺţ�Śºŝ�šŚºƴ�ºƿ��ƶºŝ�ƵĦ

�ƫŚưŤůř�ƉŹřƺƗƾ�ě�ǀ�ƶŝ�ƵŶƯō�Ƃ�Əƣŵ�Źƺǀ�Ƣŵźĭ�ŢŞŧƿŶ��Ƶŵřŵ��ŚºƷƽ�
������ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ƵŶƯō�Ţſŵ�ƶŝ��ŚºƷƽ��ŹŚºƯō�ƽ������źŗƺƨºſř�ƽŚºƧ�

ţƾ�ƵŻřŶƳř��Ţƀţ�ĭǀźƽ�ŚƷƽ��źţřƺºŤƯ��Repeated Measurement��
�ƁƹŹ�ƹGEE��Generalized Estimating Equation���ŮƐººſ�Źŵ� �

ƾƴƘƯ��ƽŹřŵÍÒ�ÍŶƴŤƟźĭ�Źřźƣ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ŵŹƺƯ����
��
��

ƿƶŤƟŚ��ŚƷ��
������ƿƟŚƶŤ�ŚƷƽ����������Żř�ƶºĩ�ŵřŵ�ƱŚƄºƳ�ƶºƘƫŚƐƯ�ÒÖŝ�ǀ���Ƶƹźºĭ�ŹŚºư�ºƿ�Ĩ

�ƯǀŚƯƺŤƿƀǀ�ů�Ʋǀ�ƪưƗ�Ʋ����ÐÒ���źƠƳ��Ð�ÒÖ�ŶƇŹŵ������ƹ�ŵźƯÏÑ��źƠƳ�
�Ô�ÑÍ�ŶƇŹŵ������ƹ�ƱŻ��ŻřÓÍ�ŝ�ǀŹŚư���ƭƹŵ�Ƶƹźĭ��ƯǀŚƯƺŤƿƀǀ�Żř�ŶƘŝ�Ʋ

ƪưƗ����ÏÖ���źƠƳ��Ð�ÑÕ�ŶƇŹŵ������ƹ�ŵźƯÐÎ���źƠƳ��Ô�ÒÎ�ŶƇŹŵ����ƱŻ
��ººƴƘƯ�ƝǈŤººųř�ƶººĩ�ŶººƳŵƺŝƾ�Źřŵƽ��Ï�Í p��ººŝǀƀººƴū�Ʋǀ�ƹ�Ţ

Ƶƹźĭ�ŚƷƽ����ŶƄƳ�ƵŶƷŚƄƯ�ƶƘƫŚƐƯ�ŢŰţ���ƯǀĮƳŚǀ�ƴſ�Ʋƾ���Ƶƹźĭ��ºƿ�Ĩ
Ö�ÎÐtÍÐ�ÑÓƳ�ƭƹŵ�Ƶƹźººĭ�ƹ�ƩŚººſ�ººǀ�żÓ�ÎÒtÐ�ÑÒ�ŵƺººŝ�ƩŚººſ�� �

��ř�Żř�ƶĩƿ��Ƴ�źƔƳ�Ʋǀ��ƴƘƯ�ƝǈŤųř�żƾ�Źřŵƽŝ�ǀ�ºĭ�ƹŵ�Ʋź�Ƶƹ�řŶºŤŝř�Źŵƽ�
�ŢƃřŶƳ�ŵƺūƹ�ƶƘƫŚƐƯ�Ô�Í P����

ŚƤƯººƿƶƀ�ƽŝ�šŶººů�ǀŚººƴƾƿřŶººŤŝř�Źŵ�ƽ��ƶººĩ�ŵřŵ�ƱŚƄººƳ�ƶººƘƫŚƐƯ�� �
ƯǀĮƳŚǀ��ŝ�šŶů�ƲǀŚƴƾƿ�Źŵ�����Ƶƹźĭ�ƹŵ�ƿ�����ţźţ�ƶºŝ�ƹŵ�ƹ�Ĩ�ºǀ���źºŝřźŝ�Ŝ� �

�ŚººŝÎ�ÍtÔÕ�Í�ƹ�Ï�ÍtÕÒ�ÍººƯ�ƾ��ººŝ�ƝǈŤººųř�ƶººĩ�ŶººƃŚŝǀ�ƹŵ�Ʋ
ƯººǀĮƳŚǀ�ººƴƘƯ�ŮƐººſ�Źŵ�Ʋƾ�Źřŵƽ�ŵƺººŞƳ��ÓÐ�Í P��ººƴĤưƷ�ǀ�Ʋ

ŚƤƯºººƿƶƀ�ƽưƄºººģ�ƪºººųřŵ�ŹŚƄºººƟ�ƾřŶºººŤŝř�Źŵ�Ƶƹźºººĭ�ƹŵ�ƽ�� �
�ººƴƘƯ�ƝǈŤººųř�ƶººƘƫŚƐƯƾ�Źřŵƽ�ŢººƃřŶƳ��Ó�Í P��ƶººŝ�ŹƺººƏƽ�� �

�Ư�ƶĩǀĮƳŚǀ����ưƄºģ�ƪųřŵ�ŹŚƄƟ�Ʋƾ�����Ƶƹźºĭ�Źŵ��ºƿ��ĨÒ�ÎtÎÓ���Źŵ�ƹ�
���ƹŵ�ƵƹźĭÖ�ÎtÎ�ÎÓ�ƶŝ���ŶƯō�Ţſŵ��ƱŚưƷ��ŹřŵƺưƳ�Źŵ�ƶĩ�ŹƺƏ�ºƿ�Ĩ

����Ư�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳǀĮƳŚǀ��ŝ�šŶů�ƲǀŚƴƾƿ��ƵŻřŶƳř�Źŵ��ĭǀźƽ�ŚƷƽ�
ƿ����ŻƹŹ�Ĩƿ��Ĩƹ�����ƶŤƠƷ�ƹŵ�ƿ��������ƵŵżƳŚºě�ƹ�ƵŵŻřƹŵ��ƶƳ��Ƃƃ��ƶſ��Ĩ

�ůřźū�ƪưƗ�Żř�žě�ƵŚƯƾ���ºƐų�ŶºƳƹŹƾ��ºƴƘƯƾ�Źřŵƽ���ŵřŶºƳ�ƱŚƄºƳ�
�Ð�Í P���ƴĤưƷ�ƹ�ǀ�ŝ�Ʋǀ���Ư�Ƶƹźĭ�ƹŵ�ƲǀŤŚƯƺ�ºƿƀǀ��ºů�Ʋǀ����ƹ�ƪºưƗ�Ʋ

���Ƴ�ƪưƗ�Żř�ŶƘŝǀ���ºƴƘƯ�ƝǈŤųř�żƾ�Źřŵƽ����ŶƄºƳ�ƵŶƷŚƄºƯ���Õ�Í P���� �
���ŹřŵƺưƳ�ŹŵÏ�Ƴ�ǀ�Ɯţ�ż�ºǀǀ�Ư�šřź�ºǀĮƳŚǀ������ưƄºģ�ƪºųřŵ�ŹŚƄºƟ�Ʋƾ���ƶºŝ�

ĪƠţǀ���ŚưƳ�Ƶƹźĭ�ƹŵ�Ĩƿ������żŬţ�ƶºĩ�Ţſř�ƵŶƃ�Ƶŵřŵ�Ƃ�ºƿ��ƬŰţ�ƹ�ƶ�ºǀ�ƪ
��Ɛų�ŶƳƹŹ�šŚƗǈƏřƾ�ƴƘƯ�ƾ��Ə�Źřŵƾ�ƱŚƯŻ��ŚƷƽ�ƵŻřŶƳř��ĭǀźƽ���ƵŶºƃ�

řźŝƽ�řƿ�ƜŤƯ�Ʋǀ����ŵřŶƳ�ƱŚƄƳ�ź�Ò�Í P���ƴĤưƷǀ��Ư�Źŵ�ƲǀĮƳŚǀ��ŹŚƄƟ�Ʋ
�ưƄģ�ƪųřŵƾ�ŝ�ǀ�Ƴ�Ƶƹźĭ�ƹŵ�Ʋ�ºǀ��ºƴƘƯ�ƝǈŤºųř�żƾ�Źřŵƽ��ƵŶƷŚƄºƯ�

�ŶƄƳ�Ð�Í P�����
��
��

��
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��
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���ƁƹŹ�Żř�ƵŵŚƠŤºſř�ŚºŝGEE��Generalized Estimating Equation��
�źţŚºººƯ�ŹŚŤųŚºººſ�ƶºººĩƿĮŤƀºººŞưƷ�žĪƾ�Ʊō�Exchangeable�� �

�����ƶºººƬųřŶƯ�ƕƺºººƳ�ƲŤƟźºººĭ�źºººƔƳ�Źŵ�Śºººŝ�ƹ�Ŷºººƃ�śŚºººŴŤƳř� �
�ººººſŹźŝ�ƱŚººººƯŻ�ƹƾ��ººººƴƘƯ�ƝǈŤººººųř��ŵƺººººƗ�ƾ�Źřŵƽ�Źŵ�� �

Ưºººǀ���ŶƄºººƳ�ƵŶƷŚƄºººƯ�Ƶƹźºººĭ�ƹŵ�ŵƺºººƗ�Ʊřż�Ö�Í P���ŚºººƯř� �
ƯººǀººƴƘƯ�ƍŚººŞţŹř�ŵƺººƗ�Ʊřżƾ�Źřŵƽ�Śººŝ�ƶººŝ�Ţººƃřŵ�ƱŚººƯŻ�ŹƺººƏƽ�� �

������řżººƟř�ŵƺººƗ�ŵŹřƺººƯ�ƱŚººƯŻ�ŢººƃŸĭ�Śººŝ�ƶººĩƿ�ƱŚƄººƳ�Ƃ�ŵřŵ�� �
�ÍÍÎ�Í P����

��

�ƩƹŶūÐ�Żƺţ�ƿƳřƹřźƟ�ƖƾĪƠţ�ƶŝ�ƶƘƫŚƐƯ�ŢŰţ�Ƶƹźĭ�ƹŵ�Źŵ�ĨƴųŚƳ�ŵƺƗ�ǀƱŚƯŻ�Ĩ�ŚƷƽſŹźŝ�ƾ��
ƯǀŚƯƺŤƿƀǀů�ƲǀƪưƗ�Ʋ��ƯǀŚƯƺŤƿƀǀƪưƗ�Żř�ŶƘŝ�Ʋ�� ƵŻřŶƳř�ƱŚƯŻ�ĭǀźƽƪưƗ�Żř�ŶƘŝ���

ƶŤƃřŶƳ�ŵƺƗ��ƶŤƃřŵ�ŵƺƗ��ƶŤƃřŶƳ�ŵƺƗ��ƶŤƃřŵ�ŵƺƗ��
ƿŻƹŹ�Ĩ���ÎÍÍ��ÒÖ������ÎÍÍ�ÓÍ�����
ƿƶŤƠƷ�Ĩ���ÎÍÍ��ÒÖ������ÎÍÍ�ÓÍ�����

ƶŤƠƷ�ƹŵ���ÎÍÍ�ÒÕ������ÎÍÍ�ÓÍ�����
ƿ�ƵŚƯ�Ĩ���ÎÍÍ��ÒÖ������ÎÍÍ�ÓÍ�����

�ƵŚƯ�ƶſ���Ö�ÖÑ�ÒÓ���Î�Ò�Ð���Ô�ÖÓ�ÒÕ���Ð�Ð�Ï��
ƵŚƯ�Ƃƃ���Ï�ÖÐ��ÒÒ���Õ�Ó�Ñ���Ð�ÖÐ�ÒÓ���Ô�Ó�Ñ��
ƵŚƯ�ƶƳ���Ð�ÖÎ�ÑÏ���Ô�Õ�Ñ���Ö�ÖÍ�ÑÍ���Î�Ö�Ñ��
ŻřƹŵƵŚƯ�Ƶŵ���Ï�ÖÐ�ÒÒ���Õ�Ó�Ñ���Ï�ÖÐ�ÒÒ���Õ�Ó�Ñ��

ƵŚƯ�ƵŵżƳŚě���Ï�ÖÐ�ÑÎ���Õ�Ó�Ð���Ï�ÖÏ�ÑÔ���Õ�Ô�Ñ��
��

ŦŰŝ���
�����ŚººŤƳƿººƴƘƯ�ƝǈŤººųř�ƶººƘƫŚƐƯ�Ūƾ�ŹřŵƽĨººƴųŚƳ�ŵƺººƗ�Źŵ�řŹ�� �

��ŵřŶƳ�ƱŚƄƳ�Ƶƹźĭ�ƹŵ�Źŵ��ºƴƘƯ�ƝǈŤųř�ƱŚƯŻ�ŢƃŸĭ�Śŝ�ŚƯř�ƾ�Źřŵƽ�
�Ư�Źŵǀ�����Ŷºƃ�ƵŶƷŚƄƯ�ĨƴųŚƳ�ŵƺƗ�Ʊřż���ºƴĤưƷǀ��Ʋƿ�ƶºŤƟŚ��ŚºƷƽ�ř��ºƿ�Ʋ

�ƶººƘƫŚƐƯŵřŵ�ƱŚƄººƳ�ƶººĩ�ººůřźū�Źŵƾ��ƮƄººģ�ĨººƴųŚƳ��ƝǈŤººųř
ººƴƘƯƾ�Źřŵƽººŝ�ǀŝ�Ƶƹźººĭ�ƹŵ�Ʋǀ�Żř�ƵŵŚƠŤººſř�Ƶƹźººĭ�ƪƯŚººƃ�ƱřŹŚººư

ƯǀŚƯƺŤƿƀǀ�ů�Ʋǀ�������Ư�Żř�ƵŵŚƠŤºſř�Ƶƹźĭ�ƹ�ƪưƗ�ƲǀŚƯƺŤ�ºƿƀǀ��Żř�ŶºƘŝ�Ʋ
ŝ�šŶººů�źººƔƳ�Żř�ƪººưƗǀŚººƴƾƿưƄººģ�ƪººųřŵ�ŹŚƄººƟ�ƹ�ƾ�ŵƺººūƹ�

řŶƳŢƃ��ƴĤưƷ�ƹ��ǀ�ě�ƲǀĮǀźƽ�ŝ�ǀ���Źŵ�ƱřŹŚưƿ����ŻƹŹ�Ĩƿ���ƹŵ��ƶŤƠƷ�Ĩ
���ƶŤƠƷƿ��ƵŚƯ�Ĩ������������ƵŚƯ�ƵŵżƳŚě�ƹ�ƵŚƯ�ƵŵŻřƹŵ��ƵŚƯ�ƶƳ��ƵŚƯ�Ƃƃ��ƵŚƯ�ƶſ�

��ůřźū�ƪưƗ�Żř�žěƾ��ºƴƘƯ�ŶºƳƹŹ�ƾ�Źřŵƽ�ºŝ�ǀ��Ƶƹźºĭ�ƹŵ�Ʋ��źºƔƳ�Żř
Ɯţǀǀ��ƜŤƯ�ƹŵ�šřźǀ��ŝ�šŶů�źǀ�Śºƴƾƿ�����ưƄºģ�ƪųřŵŹŚƄºƟ�ƹ�ƾ���ƱŚƄºƳ

ŵřŶƳ����ř�ƶƘƫŚƐƯ�Źŵƽ���ƳŚĪƯ�Ǝſƺţ�ƶĩ�ǀĪƾ��ƫƺſŹ�ƹ�ƾ����ŵřĦºƳ��Õ����ƶºŝ

�ſŹźŝ�ŹƺƔƴƯƾ��Ư�ƂƤƳ�ǀŚƯƺŤ�ºƿ��ƲƀC�ºůřźū�Źŵ�ƾ���ĨºƴųŚƳ�ƵŵŚºſ�
�ř�ƮƄģ���������ƳŚºƯŹŵ�Ƶƹźºĭ�ƹŵ�Ţºſř�ƵŶºƃ�ƭŚŬƳƾ��ŝ�Żř�ǀ����ƪƯŚºƃ�ƱřŹŚºư

Źŵƿ��ƵŶƴƴĩ�ŢƟŚƯǀŚƯƺŤƿƀǀƷƹźĭ�ƹ�Ʋƾ�Ư�ƶºĩ�ǀŚƯƺŤ�ºƿƀǀŹŵ�Ʋƿ��ŢºƟŚ
�ŶƳŵƺŝ�ƵŵźĪƳ����ŚƤƯ�ŵŹƺºƯ��ºƿ�������Ƭĩ�šřŶƷŚƄºƯ�ƶºĩ�ŶºƴŤƟźĭ�ƶƀǀƴǀ�ºĪƾ�
�ƴƘƯ�ƝǈŤųřƾ�Źřŵƽ�ŝ�ǀ����ŵřŶƳ�ƱŚƄƳ�Ƶƹźĭ�ƹŵ�Ʋ���ř�ƶŝŚƄƯ�ºƿ�ŤƳ�Ʋǀ��ƶºŬ
�ƶƘƫŚƐƯ�Źŵ��ƽ��Ƴ�źƋŚů�ǀ���ưƄģ�ƪųřŵ�ŹŚƄƟ�żƾ���ŝ�šŶů�ƹ�ǀŚƴƾƿ�ŝ�ǀƲ�

���ƴƘƯ�ƝǈŤųř�Ƶƹźĭ�ƹŵƾ�Źřŵ�ƽ���ŵřŶºƳ�ƱŚƄƳ����������Ţºſř�źºĩŷ�ƶºŝ�ƭŻǇ� �
��ƶƘƫŚƐƯ�Źŵ�ƶĩ��ƽ�ƳŚĪƯ�ǀĪƾ���ƫƺºſŹ�ƹ�ƾ�Ư�ŵřĦºƳ��ºǀ��ºŝ�Źŵ�ŵƺºƗ�ƱřżǀƲ� �

���Ƶƹźĭ�ƹŵ�ƴƘƯ�ƝǈŤųřƾ��������ř�ƶºĩ�ŵƺºŝ�Ƶŵřŵ�ƱŚƄƳ�Źřŵ�ºƿ��ºƯ�Ʋƾ��ŶºƳřƺţ� �
�ř�ƶŝƿ�ƫŵ�Ʋǀ���������ƶºƘƫŚƐƯ�Ʊō�Źŵ�ƶºĩ�ŶƃŚŝ�ƪ�ºƿ������ƵŶºƃ�ƱŚºƯŹŵ�Ƶƹźºĭ�Ĩ� �
�Ư�ŚŝǀŚƯƺŤƿƀǀ���Śŝ�Ʋƿ��������ŚƤƯ�ŵŹƺºƯ�ƵŶƄºƳ�ƱŚºƯŹŵ�Ƶƹźĭ�Ĩ�ºƿ���Źřźºƣ�ƶƀ

�Ţſř�ƶŤƟźĭ���ř�ƲưƋ�ƿ�řźŝ�ƶĪƴƽ���Ƴ�ƵŶƄƳ�ƱŚƯŹŵ�Ƶƹźĭ�śŚŴŤƳř�ǀ�Żř�ż
ŚƷŶƷŚƃƽ�ŹŚţ�ƿŴƾ������ĩ�ƶºĩ�Ţſř�ƵŶƃ�ƵŵŚƠŤſř�ǀƠ�ºǀ��Ɩºưū�Ţ�Źƹōƽ�
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̀˺

��ƳŚººƯŻ�ƵŻŚººŝ�ƹŵ�Źŵ�šŚººƗǈƏřƾººƯ�ƾ���ŶººƃŚŝ�šƹŚººƠŤƯ�ŶººƳřƺţ�� �
�ƶƘƫŚƐƯ�Źŵ�řƽ�����ƩŚſ�Źŵ�ƶĩ�ÏÍÍÔ��ĩźţ�Źŵ��ºǀ����Ǝºſƺţ�ƶō���ƥŚºƯŹŚĜǀƫ�ƹ
ƱřŹŚĪưƷ��Ö������Ư�Żř�ƵŵŚƠŤſř�Ŷƃ�ƭŚŬƳř�ǀŚƯƺŤ�ºƿƲƀ�ÍÏ�Í��ƶºŝ���šŶºƯ� �

Ð�ƣŵ�ǀ�ŧŚţ�ƶƤǀ�ŤŞŨƯ�źƾ��Ư�źŝ�ǀ��������ºĤưƷ�ƹ�ŵřŵ�ƱŚƄºƳ�ĨƴųŚƳ�ŵƺƗ�Ʊřżǀ�Ʋ
������ŶƳŚſŹ�ƲĪưƯ�ƪƣřŶů�ƶŝ�řźƳō�ƉŹřƺƗ���ƶĩř�ºƿ����ƵŶºƴƷŵ�ƱŚƄºƳ�Ʋ��ƽ�

řŹŚººĩƾƿƯ�ǀŚƯƺŤººƿƀǀ�ƉŹřƺººƗ�ƂƷŚººĩ�ƹ�ĨººƴųŚƳ�ƱŚººƯŹŵ�Źŵ�Ʋ� �
��ůřźū�Żř�ŶƘŝƾ�Ư�ƾ���ƶƘƫŚƐƯ�ƶĩ�ŶƃŚŝ��ƽ��Ƴ�źƋŚů��ºǀ������ƶºĩ�ŵřŵ�ƱŚƄºƳ�ż
��Ư�Żř�ƵŵŚƠŤſřǀŚƯƺŤ�ºƿƀǀ����ºů�ƶºģ�Ʋǀ�����ƹ�ƪºưƗ�Ʋ�������ƪºưƗ�Żř�ŶºƘŝ�ƶºģ

ůřźūƾ�����ƶºŝ�ŹŵŚƣ�ĨƴųŚƳ����ě�ŵƺºŞƸŝ�ƹ�ƉŹřƺºƗ�ƂƷŚºĩǀ�ŶºƯŚŚƷƽ�
ůřźūƾ�Ư�ƾ�ŵƺƃ��ŚŤƳƿ�ř�Ūƿ������ºƴƘƯ�ƝǈŤºųř�ƶºƘƫŚƐƯ�Ʋƾ�Źřŵƽ���Źŵ�řŹ�

������ŵřŶƳ�ƱŚƄƳ�Ƶƹźĭ�ƹŵ�Źŵ�ĨƴųŚƳ�ŵƺƗ�����ŚºŤƳ�ŶºƴƳŚưƷƿ����Żř�ƪºƇŚů�Ū
řƿ���ƶƘƫŚƐƯ�Źŵ��ƶƘƫŚƐƯ�Ʋ�ƽ�ƱřŹŚĪưƷ�ƹ�ƱŚưůŹ��ÎÑ��Ƴǀ��ƝǈŤºųř�ż

ƴƘƯƾ�Źřŵƽ�ŝ�ǀ����Ư�Żř�ƵŵŚƠŤſř�ƱŚƯŻ�ƲǀŚƯƺŤƿƀǀ��Ʋ��ºůǀ�����ƹ�ƪºưƗ�Ʋ�ºƿ�Ś
���ůřźū�ƪưƗ�Żř�ŶƘŝƾ������ĨƴųŚƳ�ŵƺƗ�Śŝŵƿ�����ƶºĩ�ŶƄƳ�ƵŶƿ�ƶºŤƟŚ��ŚºƷƽ�

řƿ��Śţ�ƶƘƫŚƐƯ�Ʋ�ºǀƿ�ŵ�Ŷƿ�źºĮƽ���ř�źºŝ��ºƿ��ƌºƣ�Ʋǀ��ºƯ�ƶƾ��ŶºƃŚŝ���ŚºƠţ�šƹ
ƶƘƫŚƐƯ��ƽ���ƶƘƫŚƐƯ�Śŝ�źƋŚů���ƽ�������ƶºƳƺưƳ�ƮºŬů�ƱřŹŚºĪưƷ�ƹ�ƱŚưůŹ�

ŝǀ��ƶƴƯřŵ�ƹ�źŤƄ��ƽ�ƴſ�ƾ�ŝ�ǀ�Ư�ƱřŹŚưƾ����ƶƘƫŚƐƯ�Źŵ�ƶĩ�ŶƃŚŝ��ƽ���ƱŚºưůŹ�
�ƱřŹŚĪưƷ�ƹ��ÕÑ��Żř�ƮƄģ��ÓÒ�ŝ�ǀ��ŹŚư��ƶºƴƯřŵ�Śŝ��ƽ��ƴºſ�ƾ�ÏÍ����Śºţ�ÔÍ�

����ŶƳŵƺŝ�ƵŶƃ�ƶƘƫŚƐƯ�ŵŹřƹ�ƩŚſ��řźŝ�ƹ�ƽ����šŶºƯ��ºƿ�����ŢºŰţ�ƩŚºſ�Ĩ
ěǀĮǀźƽ���ŶƳŵƺŝ�ƶŤƟźĭ�Źřźƣ����ƶƘƫŚƐƯ�Źŵ��ƽ���žĮƴƿŹŵŹ���ƱřŹŚºĪưƷ�ƹ
�ÎÒ�����ƩŚſ�ŹŵÏÍÍÑ������Ʊō�Źŵ�ƶºĩ�ÒÍ�����Żř�ƮƄºģ�ÑÖ�ŝ�ǀ����ŢºŰţ�ŹŚºư

ſŹźŝƾ����Ư�ƹ�ŢƟźĭ�Źřźƣ�ǀŚƯƺŤƿƀǀ��ƲC������ºů�ŶºƇŹŵ�Ūƴºě�ǀ���ƪºưƗ�Ʋ
���ŢƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ŚŤƳ�ƿ����Ư�ƶĩ�ŵřŵ�ƱŚƄƳ�ŪǀŚƯƺŤƿƀǀ��ƲC��Ūƴě�

�ů�ŶƇŹŵǀ���ĭƺƬū�Źŵ�ƪưƗ�ƲǀźƽźŧƺƯ�ĨƴųŚƳ�ŵƺƗ�Żř���ºƯƾ��ŶºƃŚŝ��
��Ư�Żř�ƵŵŚƠŤſřǀŚƯƺŤ�ºƿƀǀ��ºů�Ʋǀ����������ºůřźū�ƪºưƗ�Żř�ŶºƘŝ�ƹ�ƪºưƗ�Ʋƾ�

��ƴƘƯ�ƍŚŞţŹř�ĨƴųŚƳƾ�Źřŵƽ�ŝ�šŶů�źƔƳ�Żř�ǀ�Śºƴƾƿ���ƪºųřŵ�ŹŚƄºƟ�ƹ�
ưƄģƾŵřŶƳ�ƱŚƄƳ�����

��
ƶŬǀŤƳ��ƽźǀĭ��
�����������ŵŚƠŤſř�Źŵ�źŤưĩ�šǈĪƄƯ�ƶŝ�ƶūƺţ�Śŝ��Ư�Żř�ƵǀŚƯƺŤƿƀǀ��ºů�Ʋǀ�Ʋ

�ůřźū�ƪưƗƾ�Ƈƺţǀ�Ư�ƶƾ����ř�ƭŚŬƳř�Źŵ�ŵƺƃƿ����ºůřźū�ƕƺºƳ�Ʋƾ�ř��ºƿ�Ʋ
����ĭ�ŵřźƣ�źƔƳ�ŶƯ�ƶŤĪƳǀŵź�����ř�šƺƣ�ƍŚƤƳ�Żřƿ�����ƶºƳƺưƳ�ƮŬů�ƶƘƫŚƐƯ�Ʋ

ŝººǀŚƤƯ�Źŵ�Ʊō�źŤƄººƿ��ººƯ�ƶŝŚƄººƯ�šŚººƘƫŚƐƯ�Śººŝ�ƶƀƾŶººƃŚŝ����Żř
ŵƹŶŰƯƿŢ�ŚƷƽ�ř�ƿ��Ƴ�ƶƘƫŚƐƯ�Ʋǀ�Ư�żƾ������ºųźŝ�ƶƘūřźƯ�ƭŶƗ�ƶŝ�Ʊřƺţ�ƾ�

ŝ�Żřǀě�ƭŚŬƳř�Źŵ�ƱřŹŚưǀĮǀźƽ�Ʒŵźĩ�ƵŹŚƃř�Ś����
��

�ƹ�źƿŶƤţ�źĪƄţ��
�����ŶŝƿººſƺƴǀƺƳ�ƶƬººƿ��ƹ�ƁŻƺººƯō�ƭźººŤŰƯ�ŢººƳƹŚƘƯ�Żř�ƱŚĭŶƴƀ

������Īºƃżě�ƭƺºƬƗ�ƵŚĮƄºƳřŵ�ƂƷƹĦěƾ����ºƴĤưƷ�ƹ�ħřŹř�ǀ��Ƭĩ�Żř�Ʋ�ºǀƶ��ƽ�
ŝǀƳřŹŚưƾ���������ŶºƳŵƺưƳ�Ţĩźºƃ�ƶºƘƫŚƐƯ�Źŵ�ƶºĩ�������ƳřŵŹŶºƣ�ƹ�źĪƄºţ�ƾ�
Ưƾ�ŚưƳƿŶƴ��řƿ��Ŷĩ�Śŝ�ŭźƏ�ƲÑÔÏřŹƺƃ�Źŵ�ƽ�ƄºƷƹĦě�ƾ��ơǈºųř�ƹ�

Īƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵƾƶŝ�ħřŹř�ƺƈţ�ƿſŹ�ŜǀŢſř�ƵŶ���
���
��

References 

1- American Academy of Ophthalmology. Basic 

and clinical science course, External disease and 

cornea. San Francisco. 2007-2008. 

2- Tamson W, Jaeger EA. Duane�s clinical 

ophthalmology. Volume 6. Philadelphia: 

Lippincot. 1998: 1-10. 

3- Alpay A, Ugurbas SH, Erdogan B. Comparing  

techniques for pterygium surgery. Clin 

Ophthalmol. 2009; 3: 69-74. 

4- Raiskup F, Solomon A, Landau D, Lisar M, 

Frucht-perty J. Mitomycin C for pterygium: long 

term evaluation. Br J Ophthalmol. 2004; 88: 

1425-8. 

5- Diazel LT, Villegas VM, Emanuell A, 

Izquierdo NJ. Efficacy and safety of 

intraoperative mitomycin C as adjunct therapy for 

pterygium surgery. Cornea. 2008; 27: 1119-21. 

6- Ozer A, Yildirim N, Erol N, Yurdakul S. Long-

term results of bare sclera, limbal-conjectival 

Archive of SID

www.SID.ir

www.SID.ir


ƵźƐƣ�źǀŧŚţ�ƽ�ƲǀƀƿŚƯƺŤǀƯ� Cƾůřźū�ƪưƗ�Żř�žě�ƹ�Ʋǀů��
��

ƶƬŬƯ��ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹƱŚºŬƳŻ�ƹŵ��ƵŹ��ƽÏÏ��ƵŹŚưƃ�ƽ�ÖÏ���ŹƺƿźƸƃ�ƹ�ŵřŵźƯÎÐÖÐ 

̀˻

autograft and amniotic membrane graft techniques 

in primary ptergium excisions. Ophtalmologica. 

2009; 223: 269-73. 
7- Biswas MC, Shaw C, Mandal R, Islam MN, 

Chakrobortym. Treatment of pterygium with 

conjuctival limbal autograft and mitomycin C-a 

comparative study. J indian Med Assoc. 2007; 

105: 200-4. 
8- Mikaniki E, Rasolinejad SA. Simple excision 

alone versus simple excision plus mitomycin C in 

the treatment of pterygium. Ann Saudi Med. 2007; 

27: 158-60. 
9- Altiparmak UE, Katircio9lu YA, Yagci R, 

Yalniz Z, Duman S. Mitomycin C and conjuctival 

autograft for recurrent pterygium. Int Ophthalmol. 

2007; 339-43.  
10- Bowman WC, Rand MJ. Textbook of 

Pharmacology, 2nd ed. Oxford: Blackwell, 1980; 

3: 14-15. 

11- Rubinfeld RS, Pfister RR, Stein RM, et al. 

Serious complications of topical mitomycin-C 

after pterygium surgery. Ophthalmology. 1992; 

99: 1647-54. 
12- Frucht-Pery J, Siganos CS, Ilsar M. 

Intraoperative application of topical mitomycin-C 

for pterygium surgery. Ophthalmology. 1996; 

103: 674-7. 

13- Massaoutis P, Khemka S, Ayliffew. Clinical 

outcome study of a moddified surgical technique 

for Pterygium excision. Can J Ophthalmol. 2006; 

41: 704-8. 

14- Rahman A, Yahya K, UI Hasan KS. 

Recurrence rate of pterygium following surgical 

excision with intraoperative versus postoperative 

mitomycin-C. J Coll Physicians Surg Pak. 2008; 

18: 489-92. 

15- Rodriguez JA, Ferrari C, Hernández GA. 

Intraoperative application of topical mitomycin C 

0.05% for pterygium surgery. Bol Asoc Med P R. 

2004; 96: 100-2. 

 

 

 

Archive of SID

www.SID.ir

www.SID.ir


�źŤƧŵƾƿŚƋŹ�ŚƋŹ�ƱřŹŚƨưƷ�ƹ���
 

ƬŬƯƶ��ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹƱŚºŬƳŻ�ƹŵ��ƵŹ��ƽÏÏ��ƵŹŚưƃ�ƽ�ÖÏ���ŹƺƿźƸƃ�ƹ�ŵřŵźƯÎÐÖÐ 

̀˼

The Effect of Intra-operative Versus Post-operative Mitomycin C on Recurrent, Visual Acuity 

and Intraocular Pressure after Pterygium Surgery 

 

Rezaei R1, Vali-zade F2, Sadat Ashrafi A2, Almasi-hashiani A3 

1Dept. of Ophthalmology, Arak University of Medical Sciences, Arak, Iran 
2General Practitioner, Arak University of Medical Sciences, Arak, Iran 

3Dept. of Epidemiology, Tehran University of Medical Sciences, Tehran, Iran 

 

Corresponding Author: Rezaei R, Dept. of Ophthalmology, Arak University of Medical Sciences, 

Arak, Iran 

E-mail: dr.rezaee@Arakmu.ac.ir 

Received: 23 Jun 2013          Accepted: 27 Jan 2014 

 

Background and Objective: Pterygium is a common ocular surface disorder. A number of surgical 

procedures are used to remove it. The purpose of this study was to compare recurrent, visual acuity and 

intraocular pressure after pterygium surgery using mitomycin C during and after surgery. 

Materials and Methods: In this interventional study, 119 patients with indications for pterygium surgery 

were enrolled and randomly divided into two groups. In the first group, intraoperative 2% mitomycin C was 

used for 3 min and in the second group, 2% mitomycin C was given four times a day for 2 weeks  The 

patients were followed up for 15 months after the surgery. The data was collected and analyzed by using 

SPSS software (version 16), and repeated measurement test at a significance level of 0.05. 

Results: The mean visual acuity showed no significant difference in intraoperative and postoperative 

mitomycin (P=0.8). Also, the difference in the mean of intraocular pressure between the two groups was not 

significant (P=0.3). 

Conclusion: The use of intraoperative mitomycin-C in pterygium surgery was not correlated with visual 

acuity and intraocular pressure. It is recommended to use mitomycin C in intraoperative methods due to its 

fewer problems.  
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