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Q� !" �JK� LRG� ��. ��' S2 T�	

80%E !"� F
 UVWX <Y'�[1]

. !Z� [\ T

K !Z# ]I !Z�� .^�. _D:�� !Z� ‘_

T4 -`�a bc'K d2 eI� ; � �2 fZ’�

� T	W2 TK !Z� g4W+ h	W+ i�[2]

. TK

!Z� j-`(6m) 72 T
k -`�a lTW� '2

!Z mn� �+ Xo' W2 8p'�[2-4]

. �q. rs

t�a2 TKW+ �2 eI� �2 Bu�� bc'2

eI� Tv) �wG� wx
y G2 BuE z{ |�.

}Oa rst� 6 < bc'2 ~� ; � �2 fZ�

�]���\ �u  3G�. '0 �' bc'2 eI�

TvG\ �wG2 fZ�]I!Z'O G2�,TK !

Z' 20/10� ��O/ �� ]I !Z� �K �G�a

2 ��	 ��'� 6 � ��[5,6]

. () y�, ��, ��

;, ��r, �� &# �' �% �/	 eI� �:
y

G2 ��	 �]�� � BX��� u�4 ]I !Z'

3���. }Oa �]��	 BXZ� lTG2� �+

]I !Z�  34 3LO 6 � ��[7]

. GK�, ]I !

Z	 lT� �+ Xo' W2 lT !r�' ��WK

d� + b' ���, () ]I !Z� ¡4 g, ¢�

2 X£ ¤¥	 ¦§ ¨M, UY� 8© &	 'ª� -	

�2 «'�[5,7]

.

}Oa ¬ ¢�2 y ®]� �+ ¯� °B	 ±²

' ³EG2 �´� µ�+ °B¶·	 ¯�' ]I !Z

� ¨¸2 ¹º� lT»��¼ ½�� ]I !Z ¢��

X¾ ¿À� S�¿ 4�.

�� � ��

1. ��

¬ ¢�2 .°, ÁÂÃ¶· ÄT >�¿  TK !Z

' 1.0'�'�, Q°!� Y¤E ��� °ÅÆ' �2

>9Ç 30È� >��� GÉ�. >�	 ÊË .'2

21.17´É�.

2. ��

1) �� �� 	


mn� ½a RÌ >�¿� >G¦ 21Í� mn� Î!

G¦ ]I !Z# ]: ÏI!� ÐÑ� Ò�4 Q°!

'�' �Ó� v�G� RÌ mn� Î!GÉ�.

TK !Z� 5m -`�a chart projector� '²G¦ Q
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° !Z� lTGÉ�.

2) �� �� 	


]I!Z�'&[7-9]	ÔÕ�Ö-G¦¢�¿Ec×

¤¥4 ØU -Ùw ]I !Z lT Ú¸� '²G¦ �

Ó# �' lTGÉ�(Fig. 1). ¬ ¢��a n²� ]I

!Z lT Ú¸2 g�a2 Wood0 Abernethy
[10]

,

Smither0 Kennedy
[11]E n²4 ~# ªnG�, g,�a

2 '[7-9]

, °[5]

, Û[12]

, Ü[13]

, Ý[14] &� 	
 n²� ~#

�� j`� ¤¥WÞ�. ßm¿0 r[à	 -`2 2m�

GÉ��, áO'� â�ãä� '²G¦ Û		 Landolt

C !å� ØU-Ù� Ïn!æ DB 1.5m ç+k r[à

� ènW/é GÉ�.

ØU-Ù�ØU�/� 1/100 rpm(revolutions per minute)

êë� ¿ªì\ ÜC6 � �2 í� ØURä� Ú±G

É��, �� 70 rpm(420 deg/sec)îK ØU' EfG/é

GÉ�. 74, r[à� ï Dn. �	 ðñ ò�' �/

é ó¯ �[ô�� '²G¦ Kõ# �c� 'ö2 j1

õ ÷ø� ¤¥GÉ�.

Landolt C !å	 ùà ÔÑ� �, G, ú, u 4EK Ô

Ñ�� �ûWÞ��, r[à ë� ènWÞ� <	 cB

' 3.75 cmE W/é G¦ 2m -`�a 0.8 !å	 cB

� �/é ÜTGÉ�.

lTÎ	 ÜÈ� 8	 ï� �>� üê!æ Ef4

ÁÃOrÃ(contrast)E ý� �ø� ªKGÉ�, lTÎ

°	 Ü/2 200 Lux� _TG\ GÉ�.74,þ` �T

>E 8±� �'�� n²G¦ ]I !Z� lTG2 ]

° þ`E bc'K d/é �T!æ Q°	 °��]�

�� !å� �xG/é GÉ�.

ßm¿2 ¯�¶· 72 �¯èÈ4 ÁÂÃ¶·� ±²

G� � ë� ±¯ ¶·� ±²G� ]I !Z� lTG

É�. °B ¶·	 ¯� � �� EK� èÈ4 ¯, ��

¯, ��¯, 	¯, 
¯�� èÈ4 ¯� !¥�� ��¯,

��¯, 	¯, 
¯ �a� Î�� GÉ�.

!å	 '] �/2 speed controller� 	
 40 rpm(240

deg/sec)�a !¥G¦ 1/100 êë� ØU�/� ü �

L!æ ßm¿E !å	 ÔÑ� ��\ >�6 � ��

<	 rpm� XéGÉ�. 3~5Ø	 ¢�� -� �, ¬ Î

�� �� ÔÕ�� 5Ø Î!G¦ EÚ ý� �0 EÚ

�� �� � 3Ø	 ÊË� M�� åXGÉ�.

�	 � 
�

1. � ��� ��� ��

BPIØn �¯�À 4¯�(��¯, 	¯, 
¯, ��¯)�

n²G¦ ±¯ ¶·� ��+ p�è#�� lTGÉ�

(Fig. 3). ¦Xa X�� �Ú� .�,� Y�� p�è#

�� .���. p�è#�� Shimadzun	 UV-Vis

Spectrophotometer(UV-2450)� n²G¦ 350~800 nm�

lTGÉ�.

Cr-39(90%)¶·	p�è#��¿�,E!��,:

� Ð5�a 90%	 è#�� �¦1Þ�. ��¯(66%)	

Bu2 400 nm8ä k:�� è#�' ³EGõa 550

nm�a �� è#� 90%� �¦1Þ�. ��¯(49%)	

Bu2 430 nm8ä �LGÉ� è#�� 600 nm�a E

Ú �� è#�� �¦1Þ�. 74 ¿� ÊËè#��

�% ¯� ¶·�� ý\ lTWÞ�. 	¯(29%)	 Bu

2 500 nm�a 45%'Þ� 600 nm�a2 EÚ �� è#

�� �¦1Þ�. 
¯(23%)	 Bu2 EÚ �� ¿�

è#�� �¦1Þ��, 550 nmîK ï� -	 üêGÉ
Fig. 1. A schematic diagram of the dynamic visual acuity

device.

Fig. 2. Experiment process.
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�. 550 nm8äk:��³EG¦ 732 nm�a�� è

#�� �¦1Þ� :�îK £� ªKGÉ�.

¬ ¢�� '²4 ¶·	 ¯�� �Ó# ��. ±¯ '

U	 CR-39� CIE ¯//�a úå(0.30,0.31)� .��

�. ��¯� ¯/ úå(0.40,0.47), 
¯� ¯/ úå

(0.59,0.39), ��¯� ¯/ úå(0.18,0.16), 	¯� ¯/

úå (0.25,0.48)� psGÉ�(Fig. 4). 

°ÅÆ' �2 >9Ç 30È� >��� 4 ¯�� }%

]I!Z¹º2èÈ4¯� 100% Xo��G¦"¯

�x óp�� £�GÉ�. �  # .° >�¿	 Bu

��¯�a 86%� ]I !Z' EÚ ý\ lTWÞ�, �

�¯ 84%, 	¯ 82%, 
¯ 78% ���lTWÞ�(Fig. 5).

ÁÂÃ¶· ±²¿	 Bu�/ ]I !Z lT  #2

.°# �!EK� ��¯�a 98%� EÚ ý"�, 	¯

97%, ��¯ 90%, 
¯ 89% ��� lTWÞ�(Fig. 6).

!"UV£2 [\ # EK I£� �ûW+ �2�, $

�� �KG� bcÛ, RQ, í>M/� ��\ UVG2

Magnocellular(M-cell) system# ¯# T:� '¨K, �>

Fig. 3. Transmittance of tinted lenses. 

Fig. 4. The CIE chromaticity coordinate of tinted lenses.

Fig. 5. Dynamic visual acuity of the naked eye according to

color.

Fig. 6. Dynamic visual acuity of contact lens wearers accord-

ing to color.
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M/� MÄ: �`\ UVG2 Parvocellular system(P-

cell)�� .%+ ; � ��. '   Magnocellular system

� bcÛ� �KG�, &a! =	 'Ñ�](vergence)�

ÜTG2�, Ray &	 ¢�� 	Gõ Yellow filter� n²

Gõ Ô
E W2 ��¯� ¤-
1+ M-cell	 ®]�

'k!(�� GÉ�[15]

. 7 Yap
[16]# Rieger

[17]2 Yellow

filter� ±²Gõ >M�/(contrast sensitivity)E Ñ���

� GÉ�. bcÛ� �xG2 ]I!Z 74 M-cell	 X

f# ¡�')��,�� eIOG*O/bcÛ'��

õ >M�/E òí) ç+K\ W2� �� ¯�	 ¶·

� '²Gõ '� �+
1X <Y� .°# ÁÂÃ¶·

±²¿�a R# ]I !Z' EÚ ý\ lT� ~��

���. Dõ, 
¯�a	 ]I !Z' EÚ �\ .��

2�, '[18]� 	Gõ 
¯�a	 �è#�� Ø¯ �Ó�

� �� '� }O è#� �L� �4 !Z	 íG, >M

�/	 íGE ª	G\ .�,�� G¦ ¬ ¢�	  #

0/ _¸GÉ�.

'0 �' ¶· ¯�� 	
 ]I !Z� Ñ�!--.

íG!. � ��/� �]�� � ý� ]I !Z� 3

G2 Bu ¶· ¯�	 �Â� �+ A � X
y 6 ~

�� nÀ��.

� �

1. .°�a ¯� ¶·� }% ]I !Z	 ¹º2 ��

¯, ��¯, 	¯, 
¯ ��� lTWÞ�.

2. ÁÂÃ¶· ÄT	 Bu ¯� ¶·� }% ]I !Z

	 ¹º2 ��¯, 	¯, ��¯, 
¯ ��� lTWÞ�.
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Differences of Dynamic Visual Acuity According to Optical Lens Color

Min-A Lee, Young Ji Kim and Ju-Hyun Jeong�

Department of Optometry, Konyang University

 (Received January 27, 2011: Revised March 15, 2011: Accepted March 19, 2011)

Purpose: The purpose of this study is to investigate the differences of dynamic visual acuity to color of optical

lens. Methods: we measured dynamic visual acuity using 5 colored lenses (transparent, yellow, blue, green,

brown) for 30 university students. Results: Dynamic visual acuity were highest on yellow colored lens and

lowest on brown colored lens, for both of naked eyes and contact lens wearers. Conclusions: It can be concluded

that optical lens color can influence on dynamic visual acuity. Selection of colour lense can enhance or decrease

of dynamic visual acuity. Therefore, a selection of colour lense should be carefully decided especially for athletes

who needs a good dynamic visual acuity. 

Key words: Dynamic visual acuity, Colored lens, Sports vision
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��: � ��� ����	 �
�� ���� �� ��� ���� ����� !"#$ %&�' ()*

+, !-*./. ��: 012 3456 7+ 83 9:!;6 20/20(1.0) 6
< ��� 26=(>, 6=, ?, 20=)

	 �
�� @AB��C �� ���(Low addition) ���� �����' DE*./. 2F GH2 I, !"#

J)� K��C �� 9:!;, �L!, �MN�, (OB, (OH6P, QFB, RST H6P, �� U=

!V	 W:*./. XY()� SZ[ %&�C U\� ]^�� �P*? ()*./. ��: 83�� J)2

K��C �� !;� 2�_ ��' GH2 `a bc 20/20 6
6d/. K��C �� �L!, �MN�C

RST H6P� ����$ @AB ������� ef[��  gh� i6� 7d/. 83�� W:2 (O

B, (OH6P, QFB j�+ �� U=!V� SZ[�� ���� ����� GH I @AB��k/ a

l*./. XY()� ��mn$ opq ]^�� ���� �����, K��C opq ]^� @AB��'

U\*+ %&*� r�� stu/. ��: �vw ����6 �� mn$ opq !"# xHP�� ���

� ������ y z{" |Y� @AB }~���k/ ���� �����' U\�/. � �� �$� �

��� ����� GH6 �!� �� !��*� ����� xH� r�� )�q/.

���: }~���, ���� }~���, �� !"#

 ·······························································································································································································································

� �

��� ��� ��	 
�� �� ��� ���

��� ���� �� ��� �� ! "# �$% �&

' (�. )* +,-	  .� �-/ ��� �� � 

� 01� 234 567 8�$� ��� 9:�� �;

< => ? @ �AB => 4C� DE  FG� H# D

IJ!KL �:�� �� MNJ4 OPO' (�. ��

 ! QR4 S DI!K7L VDU(visual display unit)

� D. T UL� �:�� �� V�WX4 OP�

Y (�. ��� 9:4 "# DIJ!7 Z! OPO

WX# [\]^U _`5 >�a�(asthenopia, eye

strain)
[1-3]B .b	 D.;c, [\d4 2e;�O

.4;f g% h, 2�\� [i, 2jX�, k�� lm

�, Dn j� o�!7 p���[4]

.

q�! 4r� >�a�	 s4] n� tu8% 4

.;< t� �v	 wK;', x�yz% {|�}~

�- >���� �`��4 ����L��� xD� ]

^� >���� ��5] �9;��. ]^� >���

 ��� 9:� f��� [\ =d�� �� p�;

>�a�� N�	 n� �L� ��L� ��� ���

�`5b (�[5]

. a���% n� ]^� >���� �

�5' �>� ]^� �X% ���! �B >��� �

����	 z�; H# G!K ]^� �����!

�� 1�L(%��� �|��.�rO 4r�]^�

����� �� f ¡�5f g' (�¢� >���

� £¤�f� =>. ¥# ��L ¦§¨© �����

	  .; �4 Lª4 « ��� ����.

¦§¨©��� ¬V�# K m��](Alternating),

F��](Simultaneous)� O®¯, F��] ¬V�# �

� o�! �B F°o(Concentric), E\(Diffractive), v

�6(Aspheric) ¬V��� �3;' (�[6,7]

.

m��] ¬V�# 40±² >���� v³� o�

� X2� ;2� O�bf', X2 o��, ;2 �

��.�� �`5b (�(Fig. 1). m��] ¬V�# ;

´��! "4 �.5c, µ�4 9# ;´�� ;�

���� ���: �	
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~� h ;>¶! ��� ff5b F·4 �� ;2!

n¸;¢� �.2� ~�� ¹K « Y (Lº L�

»�.

F��] ¬V�# �z� 4F% ¼� ���� o�

� D½% � �� �±² >���� 40±²���

¬V�U �¾K o��� 0$��, ���� X4 F

�! ¿À!ÁLº ; ��4�.�� D.5 ÂÃ�

�� �23 F��] ¬V�% �.;' (�. F��

] ¬V�� ;O� F°o ¬V�# o.2 LY Ä

�.2 LY� ��� 0° Ä ÅÆ 23% ÇrÈ'

( o� ��� 5b (�(Fig. 1). v�6 ¬V�# �

����� C6 É# Ê6% ���±² >���� Ë

4 v�6�� �`; �Ì4�. ÍÎ��� C62	

v�6�`Ï �� ���0°! �.2� n¸;¯,Ê

62	 v�6 �`;6 o.2� �� 0°! n¸;K

��.���0°! �.2� n¸;K 56 ���9:

4 "# DI!7 x.;¯, o.2� ��0°! n¸;

K 56 o�� 9:4 "# DI!7 x.�7 ���

¬V�# D.V� µ:U 9:��, �� j% 'Ð�

7 Ñ�Ï Y (�. v�6 ¬V�# F°o ¬V�U

�¾K 0$�� �^�7 ��� 9:��	 N·��

8²4 (f@, F·� ]! �B �Ò� ÓÔ �X4

OP� Y ( |²4 (�[8]

. �B7 ]^� �����

� F��] v�6 ¬V�� ¦§¨© ÂÃ����

�ÕÏ ��� ����.

¦§¨© ÂÃ��� 40� 4Ê! OPO ±] T

0] =>�� �� ��� �dÖ; Ä 8�$ ���

9:4 "# DI% n� o.� ÂÃ���! ��L	

��;< o��� ~�� R>� �d% N·Ï Y (L

º�`5b(�.Ä�×Ø� ���9:��OPO

��� �dÖ; WXU l.X� MN, �d�� MN	

F�! �ÑÏ Y ( ��4�.

2010Ù ÚN�� ����� Û� VÜ!7 C� ��

��� Û� 0 ;´��� 9%4' ÂÃ���� 91%	

{f;��¯ ÂÃ��� Û�# �6��� 61%, ÝÞ

�� 22%, l.�� 3%, ¦§¨©U ß=vC 12%, ]P

1%� và� OPá�[9]

. =>� ����� Û�! ��

ÚN�� �M[D! �;6 ¦§¨© ÂÃ��� 24%,

ß=vC 8%, ;´ ¦§¨©�� 5%	 ���¯ Oâf

63% |±² �����	 Û�� ��� OPá�[10]
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« Y (f! �� æ�� �1� ç�4�. +,-	

 .; �$4 W�Ï ? @ �AB ¼è]]� é "

# pC4 êX5 @ë ]ì ����� í.V� ��

� 9:!7 xp5 >� a�� �� T R>� ��

 % n� ]^� ������ æ�� �1Ï ��� �

4O Ú&!7 4r� a���% î��� ]^� ��

���� _ï� ðM# Cñ� ç�4�.

�B7òæ����9:4"#H#�ó�%�

X�� ¦§¨© ÂÃ���� |±² ÂÃ���	 ��

2~$ í.�ô Ê ��� �]^¶D� z�L T @e

L! �å �M[D	 ¼� ¦§¨© ÂÃ���� í.

4 ���� _ï� �]^! l¸ õ�% |±²��

� vm;'V �ö;��.

�� � ��

1. ���

ò æ� ����� í.! õ�% s Y ( )÷

� >øù4 S �ó� 26i(úV 6i, <V 20i, ûü

æý 23.04þ1.28�) 52>% �XV� z�;��. �XV

� m��d# �>�d 20/20(1.0)4X4¯, j��6 Û

�! �� k�� ��« Y ( � k�� C-0.75 D 4

;	 �X��;��.ûü�\4XL��L −3.15þ

1.58 D��¯, �À ��# �~�z 7.87þ0.26 mm, �

~�z 7.72þ0.23 mm4', �À� µ�# 11.36þ0.70

mm, ûü �À��(K)# 7.79þ0.26 mm4	�.

2. �����

1) 	
���

�XV� �d m�! D.� ÂÃ� ÂÃ���

‘Hilafilcon B’ �ø� ��� C�µ� 14.2 mm, ��Î

� 8.6 mm, yó2 µ� 8.00 mm, 0°
� 0.14 mm

(−3.00 D ]»), �Yà 59%� ��� 2~ í. ���

‘SofLens
TM

59’ (Bausch & Lomb Inc. USA) ���D.5

	�(Table 1).

Fig. 1. Alternating and simultaneous (concentric) design for

multifocal contact lenses (D=Distance, N=Near).
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2) ��� �����

¦§¨© ÂÃ��� ‘Polymacon’ �ø� ¥# ��

L(Low addition) ‘SofLens Multifocal’ (Bausch & Lomb

Co. USA)��	 D.;��(Table 1). �� C�µ�

14.5 mm, ��Î� 8.8 mm, yó2 µ� 8.00 mm, 0°


� 0.10 mm(−3.00 D]»), �Yà 38.6%� 5b (�.

4 ��� ¬V�# F��] ¬V� 0 v�6 ¬V��

� C62	 v�6�� �`;��(Fig. 2).

3. ���� � ����

�� í.VJ# �>! |±²��	 2~$ í.� Ê

Å� ¦§¨©��� m�;< 2~$ í.;��. _�.

��� ‘Renu
®

 fresh
TM

 multi-purpose solution’ (Bausch &

Lomb Co., USA)% 4.;< �� í. Ê �, ö� T

�ì% ;Lº ;��¯ ;� 6�$ 4X �Í í.;L

º ;��.

4. �� ��� ��

�\¶D	 ¼� o�� �Cm� �% ��;' �²

�� �� Ê o.LY	 Ñ�;�', k�(C-0.75 4;)

� ( �� �6j�;< Û�;��. ¦§¨© ÂÃ�

��� ��LY ¥# ��L(+0.75 D ~ +1.50 D) ��

� Û�;��. a�X� û� �� í. 203 Ê >�

� X�!7 �� ªµ�% û�; F� a�U ���

0°>�U �À% �# �L	 û�; �� a�% û

�;��. )* ¦§¨©��!7 0°>�4 >56 x

ý X(ghost images)
[11]U �ñ�(haloes) �X[12]4 OP�

Y (�¢� 0°>�4 �� ��� Û�;��.

5. �� !"

1) �#!"

o��� ���� �d¶D Optec 6500
®

Vision

Tester(Stereo Optical Co, Inc. Chicago, IL. USA.)	 4.

;< �>�� ¶D	 ç�;��. o�� �d¶D

‘Far Acuity Binocular(3000-042)’ ��	 4.;�', ��

� �d¶D ‘Near Acuity Binocular Letters(2000-189)’

��	 4.;< ¶D;��.

2) $%�

o�����¶D Optec 6500
®

Vision Tester	4.

;< ç�;�', ¶D�� ‘Far point Stereo Depth

Perception(2000-024)’ ��	 D.;��. ����� �

{ 400~20(Seconds of Arc)� ��5	�. ��� ��

� ¶D ¹K ���	 ��Ï Y (�¯ �8 �� �

4' ( ¶D� ‘Stereo Fly SO-001 Test’(Stereo Optical

Co, Inc, Chicago. IL. USA.)	 D.;< Ry>�8. Ê

40cm ��!7 ��;��. �{ 800~40(Seconds of

Arc) f 9|`� 5b (�.

3) &'(�

[\ �²# [\ �² �(Bernell. USA)% 4.;< �

>!7 ‘Push-Up’ �Ì% 4.;< �# [i�� 40 cm

��!7 ��	 �XV� Z��� � 4 � q± Ó

Ô4 OPO ��	 ��;��. ¶D! D.� ��

��� �� 20/30 ]	 D.;��¯ �!�% n� 3

Table 1. Lens specification of single vision contact lens and

multifocal contact lens

Lens

Parameters

Single Vision Multifocal

Manufacture Bausch & Lomb

Product name  SofLens 59  SofLens Multifocal

Material  Hilafilcon B  Polymacon

Water content  59%  38.6%

FDA group Group II Group I

Manufacturing method Cast mold

Base curve  8.6 mm  8.8 mm

Diameter  14.2 mm  14.5 mm

Powers −0.50D to −9.00 D  Plano to −9.00 D

Addition − Low(+0.75 D~+1.50 D)

Optical zone diameter  8.00 mm  8.00 mm

Center thickness 0.14 mm(−3.00 D) 0.10 mm(−3.00 D)

Design  Unifit design

 Front aspheric, 

Center-near

Oxygen transmissibility  22 × 10
−11

 24 × 10
−11

Specific gravity  1.119  1.12

Refractive index  1.4036  1.43

Fig. 2. Aspheric design of simultaneous design for multifocal

contact Lenses.


