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Spherical Aberration
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Introduction

The major goal of refractive correction is to
achieve and maintain good functional vision without
the degradation of retinal image quality. In recent
years, with the knowledge obtained from the
advances of wavefront technology and the advent of
various measurement techniques, the focus of prac-
titioners' interest has been concentrated on improving
the quality of vision after correcting refractive
abnormality. The advances have reached to refractive
surgery or intraocular lenses as means for correcting
monochromatic higher-order aberrations in a clinical
environment.

In the case of contact lens, considering the possi-
bility of improving visual quality by controlling
ocular aberrations, contact lens manufacturers have
approached by applying aspheric optics to the design
of soft contact lenses in order to correct higher-order
aberrations (HOA), mainly spherical aberration (SA),
which is based on optical theory that an aspheric
design generates a negative SA to compensate for the
positive corneal SA. If such an effect is possible with
aspheric design of soft contact lenses, it can postulate
that aspheric soft contact lenses are greater than
conventional spherical ones to achieve improving
visual quality.

The aim of this study was to compare visual
performance and optical quality measurement in

subjects wearing aspheric and spherical soft contact
lenses and verify whether aspheric design lens has a
real impact on their visual performance during the
normal viewing conditions. To do so, visua perfor-
mance was evaluated by measuring high and low
contrast visual acuity and contrast sensitivity between
the two lens designs worn on the same eyes. Optical
quality was estimated by measuring total higher order
aberration and spherical aberration between the two
lens designs worn on the same eyes.

Methods

1. Subjects

Fifty patients who were using commonly conven-
tional soft contact lenses participated in our study.
100 eyes of 50 subjects (female: 37, male: 13 ; mean
age, 25.5+5.8 year) had best-corrected monocular
visual acuity of 20/20 or better with both contact
lenses and spectacles on each eye. None of the
subjects had any ocular diseases other than refractive
errors, such as myopia (-1.50 to -8.00D: -4.10+1.67)
and regular forms of astigmatism (<-0.50D), as well
as any normal contra- indication for soft contact lens
wear.

2. Contact Lenses
Aspheric soft contact lens (SDD, Bausch & Lomb)



and spherical soft contact lens(Morning -Q S38,
Interojo, Korea) were employed for comparison of
optical and visual performance between them in this
study. The subjects who had been wearing spherical
soft contact lens successfully were masked from the
packaging material for the lenses and were having
been asked to wear them at least eight hours every
day for 15days.

3. Visual performance

Visual acuity measurements were made under
photopic(191 lux) and mesopic(22 lux) lighting
conditions with a natural pupil and undertaken
subjective manifest refractions, using high(100%) and
low(20%) - contrast ETDRS acuity chartsto report log
MAR visua acuity. The measure distance was 4 m.

To measure contrast sensitivity(CS), we used
OPTEC 6500 Vision Tester™ (Stereo Optical Co.,
Inc., Chicago, USA). In our study, CS testing was
made monocularly under photopic (85.0cd/m?) and
mesopic(3.0cd/m”) conditions. Each subject was
examined with five spatial frequencies (1.5, 3, 6, 12,
and 18 cpd) and nine contrast levels. The measure-
ments were done with their best optical correction
(two soft contact lens types and spectacle lenses) in
place with undilated pupils.

4. Wavefront Aberration Measurement

Ocular wavefront aberrations were measured using
Wave-Scan WavefrontTM (VISX, Santa Clara,CA,
USA) with a Hartmann-shark wave-sensor. In this
study, total RMS HOA and SA(Z4°) for a 4-mm pupil
were measured.

Results & Discussion

Both high and low contrast visual acuity for
photopic and mesopic conditions were significantly
better in the aspheric contact lenses (SDD) than the
spherical contact lenses (S38). High contrast visua
acuity (HCVA) and low contrast visual acuity
(LCVA) under photopic condition was significant
difference between the two lens designs (p<0.001
and p=0.03, respectively). Statistically significant
differences between the two lens designs were found
for both mesopic HCVA and LCVA (p<0.001 and

p=0.04, respectively).

Wearing the aspheric contact lens significantly
improved the mean CS at each of the five spatia
frequencies for both photopic and mesopic conditions
compared with the spherical contact lens (p<0.001).

Both two lens designs displayed lower levels of
SA and total RMS HOA compared with the unaided
condition (p<0.001 and p<0.005, respectively). The
change in negative SA was greater in the aspheric
soft contact lenses than the spherical soft contact
lenses(p<0.001). For aspheric soft contact lenses,
there was a datistically significant correlation
between the change in the tota HOA and the
refractive error (r=0.327, p=0.018) as wel as
between the change in the SA(Z.°%) and the refractive
error (r=0.324, p=0.001).

Many studies have supported the notion that as-
pheric contact lens reduces aberrations and improves
visual quality, but these studies were generaly
reported that the effect of the aspheric contact lenson
vision was too scanty to be of clinical significance.
Although spherical aberration may not affect visual
acuity, it is able to have influence on the quality of
vision.
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Fig. 1. Inverted microscopic photograph (x200) of clone cell.

Fig. 2. Inverted microscopic photograph (x200) of clone
cultured in the 5% naringin solution.

Fig. 3. Inverted microscopic photograph (x200) of clone
cultured in the 1% naringin solution.

Fig. 4. Inverted microscopic photograph (x200) of clone
cultured in the 0.5% naringin solution.

Fig. 5. Inverted microscopic photograph (x200) of clone
cultured in the 0.2% naringin solution.
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Table 1. Total astigmatism measurements for different

methods (unit: D)

Ages N Mean £ SD
(Group) Vt#7 | Java'srule | Auger'srule
-1.13 -0.91 -0.40
10 25
+0.62 +0.78 +0.49
-1.12 -0.92 -0.41
20 22
+0.91 +1.14 +0.72
-0.70 -0.37 -0.06
30 24
+0.50 +0.62 +0.39
Vt #7 ; Astigmatism of subjective findings
Table 2. Result of Post. hoc test
Group 10 age | Group 20 age | Group 30 age
(Dunnett's T3) (Tukey) (Tukey)
1|2 0.631 0.730 0.083
3 0.000 0.033 0.000

1; Subjective finding astigmatism, 2; Javal'srule,

3; Auger'srule

-1.75 4
1.5 4

-1.25 4

Diopter (D}

-0.75 A

-0.5 4

-0.25 4

Vi# 7

Javal'srule

Different measuring method

Auger'srule

Fig. 1. Subjective total astigmatism measurement show
significantly differed from Auger's rule.

(***; p<0.001)
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ol &5k et G Al o] 1004}, B] ARA|QL
aejar okdEet k= HAldo] gle e s A Table 1. Comparison of Questionnaire score in before
At A JARE= Tk 20~-304 9] e watching a 2D-3D movie in possible group and
Ao 2 AAEHe A, YA 407 (50.0%), o] 4] 40 impossible group
H(50.0%) 0.2 & 809o] zroJstyh. AA A ¢l Group 2D 3D
as2Ws gronu, A% 75 501 (62.5%) N N
A% 742 30%(37.5%) o] 9l o). P c 80 %
(N=43) unc 0 0
2. ZAAjHiH IP ¢ 80 8
) (N=27) unc 0 0

gaEg o] Wi =ioll ARE-E o] %l 07 o 416
A 7R A A e HEZALE 0] 4319
o, 2 A1A] & ZAH(Nonocular
symptoms) I} +=2]ZAH(Ocular symptoms) &2 =

]
o] MERA YT

P: Possible, IP: Impossible
C: Comfortable, Unc: Uncomfortable
N: Number of persons
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Table 2. Comparison of Questionnaire score in after
watching a 2D-3D movie in possible group.
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Table 3. Comparison of Questionnaire score in after
watching a 2D-3D movie in impossible group.
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Table 1. Analysis of result for subject

V.A (D,N) OuU:1.2/0U:1.2
N.PC (Acc/PL) 13cm/ 18cm
Distance lateral phoria
lexo
(Howell)
Near lateral phoria 2exo
NRC (D) O/100
PRC (D) O/200
NRC (N) O/150
PRC (N) O/200
AC/A 2/1
Supra/ infravergence None/ None
NRA / PRA +2.50D / -1.00D
Acc (-LENS F-71H) OuU: 4D
MAF/BAF (-)failed / 1cpm (-)failed
OD: +1.50D
MEM
OS: +1.50D

V.A: Visual Acuity, PL: Penlight
D: Distance, N: Near
(O): Blur, ((J): Recovery
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Table 2. Comparison of NRC of near in before watching
a 2D-3D and after watching a 2D-3D movie in possible
group and impossible group

Table 3. Comparison of PRC of near in before watching
a 2D-3D and after watching a 2D-3D movie in possible
group and impossible group

2D 3D
Group
M+SD p MxSD p
Before
©) 17.03+6.31A 17.07£6.74A
0.007 0.409
After
16.44+6.13A 14.52+6.90A
©)
Before
24.00+7.58A 23.91+8.45A
P ()
0.321 0.260
(n=43) | After
23.67+7.17A 22.21+8.87A
(L)
Before
) 17.40+7.30A 17.67+8.40A
0.795 0.112
After
17.49+6.57A 16.09+8.31A
(L)
Before
©) 17.1145.63A 17.53+6.00A
0.528 0.892
After
16.94+557A 17.47+5.62A
(@)
Before
23.88+6.58A 23.73+7.58A
IP (L)
0.101 0.091
(n=27) | After
22.65+6.24 A 20.78+7.86 A
(0)
Before
) 16.92+6.82A 16.77+7.46 A
0.548 0.447
After
) 16.65+6.89A 15.97+7.36 A

P: possible, IP: impossible

(O): blur, ((): break, (A): recovery

mean(M) + standard deviation(SD)

p <0.05: significantly different compared with after
watching a 2D and 3D movie.
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Group
M+SD p M+SD p
Before
©) 17.03+6.31A 17.07£6.741
0.007 0.409
After
16.44+6.13A 14.52+6.90A
©)
Before
24.00+7.58A 23.91+8.45A
P ()
0.321 0.260
(n=43) | After
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IP (0 R R
0.101 0.091
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22.65+6.24 A 20.78+7.86 A
()
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A) 16.92+6.82A 16.77+7.46 A
0.548 0.447
After
16.65+6.89A 15.97+7.36 A
(2)

P: possible, IP: impossible

(O): blur, (O): break, (A): recovery

mean(M) + standard deviation(SD)

p <0.05: significantly different compared with after
watching a 2D and 3D movie.
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Fig. 1. Comparison of changes in distance contrast

sensitivity between of reducing to a minimum PD,

increasing to a maximum PD and #7A.
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o7, v A& A (put into practice), x| 4] & AlgtA o] k. = Ao Ao A 522 AHQl
8-(use), A3 (implement), -3--8&(apply)st= 5 ©] A5 HrgetE ArE ol g Arga &
EFHET A5 9 Al 7HA =8 ke HE S ©f o Atk AT FH T o] 7tEY Q] g R 50
FOo2N Ao utA 2ALS v A, o 2o| TAHA P EA 7= ] 9714 A
SHA A4S vt A, e A 244l 9] 5, 7HA] Logo ueto 7 sk AR 2 LASE thoFst
T T St g 34 3 Aol 7R Sh5 A S et A; Sl ATt A oL
o} S o] Ab A} A A 5HA| 42§ 0] o] 7 th & 7tEY Y s A sol 2 W =d A
Ao, st = E4l o ook agE= S AAIS A AP Rho] AE A AL AA
halo A But ol e St E E skl AE EA S AR AH =T 9T Halv) o] o
NN = Aduots AH, & AIE S48 Ao A3l QJtt. o]e} A AEH 19 HFA S I
FTastEE OE F 7HA] A e oA Ae Het = A 5] Y AFH el FHHA
AR Aes #3 WA S48l oF ghrk= Aol B vA I Qe B JA] Syl Q=
Sternberg 2] 50| Z<] Aot} S =
2ElH 10 JF A 5o B2 B4 H 25, AA
2. Ao M3 X|s OlEN st& A A, A 250 37HA] P o &2 FEE
Sternberg 5-(1998) 2] o1 Lol A A} 3] }9} 15}t UL, Folle Fol R At A4 A A] A
FAS AFH A IS FxRde= T 74 sk AR AEE B4k E AA
A), BAH ALE FX 5= EHA, A3 A ABAZA gt AA| A 5o BRsH ob&
< S5 I FATA(EA A, FolH, AR 2] St W8-S v o 2 ZpAINke] b 2 A4 Y
A A E ZHEe s)o g A, 7]y FHAAE A YEl A= FoE A5 G4
& B7h B4 4 sy B7F A9 o5 B A Fastch 2% tH o] 3744 25 FdS 7t
A2 StE 7S AAS Ay, BE FIbo A A Z sk Aol AfQIAbet 1 A5 L = A A
FA S AT AHErt S5 B9kt & oF Mg a1k &gt 7|29 HE5H A =4
3 A B AL 2457 93 =S AA B A} Hotes o 2239 A3E 94dsk=d 3383
B, dubziol =91e AAF el HwHS o, FFE 7 & ASZ 7| = Ak
HEA L SAF7) 98t 592 A A3 8tal g agnd ofd 7HA] e @& o8 Al
HEo] 71 HAL A, BAA AH B} Aeld Bl A AAR AATe) ZA el diste &
AF B AAA A3 FotollA BE D5 AtA = 37HA A5 shelade] F&EFaLAt
E2AAHE BYvhal Hauskgleh B3 A4k gk 244 2] 52 24 (analyze), % 7} (evaluate),
A7t Ford s B0l A5 45ty 9 WH(udge), H|a(compare)e} T £ (contrast) 5=
3t 22 Hre & o 3w A o] 9tul AR TEHS 2o, o)A A5 2 (create), U
oo ¥ A3HE A F(invent), A2 We] ghi(explore), At
(imagine), 5= (suppose), of| = (predict), Aj =& of
ﬂ'%%qﬂ} Q]‘FZ}_] _7“3‘_!}':01 lel-'-'_-!: E]]qoj—e 2_01 L]H—] A3l & 2t (sy 1_0)-]—
59 90| 3t sHoln, AAAH 252 A
1. AHIHIS| 43 X|s R0 WE ns of Z-&3stAY, FHL HSIA 7| AY B A5t
st& HMa2fol 1t FH L Aoy AT BAS HAT
719 kA Fette] 5o wap-shy AT F e TEHe=E, W A& AH(put into
A E o) AR sh5S S35k gk Al 5ol practice), A4 2-§(use), A 3P (implement), 5-&
U 71243l g5s ol o AIAtE a1 sty (apply)dt+= 52 5ol 23H .
H7|Rohs = Axge) oheket d=ka s %, 37HA] A5 30 519 s 21 w5
S 9 A&t 24 2 ok A F o] W shHAtEo] 7HA A F8Y FHE 3
ghako] - stAFHQL, ShAbAR} A Yt 5 chek o Ial7] =4 &5 Al HHe AT ¢ U=F
gk ol 4= k5ol A 9] ghs5o] 2 E o] R ThE o St 4= shg Ak 9 kg AtR A2 1A g
& AAstarete o] g% vheksh kAo A HAo] A E A T+ U F = A
Aoy Aed £ HFol| st AL 3 49 S et H8 ek A Ho

- 83 -



2. ANEBYD} sHE0| B4 2o £TE J)4S YL IS BEES A
ol EXA EAE AT 4 Yk AAHe =5 EsS AT
ahok =23 Aujo] ool o 853k Eaj ot 2t Ho A P54 2EYS F54 8
3= sto| A BA2 s Asts Aol whe FolA SFEAES FEHoE EAE 28t
7tol AglE AP d(Zone of Proximal 7t B A, LU= YulE A4Sk, 7t
Development)o| 2} 3tt}. 3t at A= gast A AEe AU HS RSk Aol A At
7] o8& EAAS AT = YRR St A = FEHOIA SARER, oGAe A SRR
AHEEE AR Bolye S-S A Ystr] ¢ L HAEHAE 45 AMEY B4 9T
o ARG EE B e W ok S8 wetl, sy & FREkeloF aie
Aol Aol wet ol @ AU LAl MEAZ US| BANE R AhETe
A3 To|= HRAAH H3|E 3 T ojof 3t Bt AFAHo|1l =2 HIeE 714 Eg o A7E
sk Aol Fol A Aol ot FA FR W Asho] 28 g2 e A E YR
A oS FPghal £ 5= Qlof, 18 Hhe Aok Hop FAs A& 1% a4 A
ol of W 2w o] o] o Shgo] AW e AolMo] BolX i EAls|do]  Azba o]t
S-S tjAF o2 TIP(tutor intervention profile)S
REY g7l AL UL ok et 5 A 2
o) A9E Pmst, oh B A, A4
sh, A s 243} ol F Welgke] Ad = ] /1A theFet AN EY A Foll A b At
o050z stEASo] stso 714 matola st oMl T FH FFH Y wEol w2 AAET A
S Qeh st Ee Yush B, 4 Sepge T Hwel AAE gEsle xZRAL R
NAS 7Fx3= ZZ A2 EE(process tutor)7} (process tutor), A-3-2 AHEY 1F3}, FHE-S
ADA QAo 514 Y Axste Ang 5 SANEYI Sk, e REol S oY
€] (expert/content tutor) .t} ©] B}40] =go] @y o SMET AR anpAelty E g vhefet o
s 2 ok, A0 A AAEY 12 (550 Aukz SAE LY & A sk P—J AsHBEE 4%
ol BEu AFH L, AY SeAEe] RejoA T MEY Al FURIA, ofmzh 2742
A A5t stso] Was 9O Hre 2 9] kol 747 er7g et 1%4011741 o5 AFlol &
Loa7), IAE AMEY 18@ESe Autde  H7F AEAS At anlEof sk, oS 1
BE ol vl Fevl ARt ok mx AR AT AR AR A,
£ At Al Ea, aea 2EY s IE
(59 AubAQl Hxulk AlF) 59 Al 7HA &5 g |
T A3H 2ANED AAE RS A5 A=
o] AP AL BH 315111, BHs A AJRL EF 1. P vanGeert & H. Steenbek(2005). The Dynamics
of A9 29l mUHYY, Hod £ of scaffolding. New Ideas in Psychology 23.
Z)ol AFH o ® Frojst So] 4Ale] 52 B pp-115-128.
Aok ¥ 1 H AHEG ol AEF S A 2. Tania Gastdo Saliés(2002). Promoting Strategic
Tukz] 2t 120 A AJEL FAS O S Competence: What Simulations Can Do for You.
Exﬂﬁl—oﬂ 9lol A & FI}A o] 1 A A L FE Simulation & Gaming. Vol.3. september pp.280-
A o] A7) BA Y A0l e AL B S 283
9l r,} 3. Nicole Liboiron & Gloria Soto(2006). Shared
Zyo AFEYy} sk 2L oY= storybook reading with a student who use alter-
A ZL5}o] Q1A BB Zo| WA EAEE oo o] % native and augmentative communication: A
AL e w28 FL ok, Y& A 4], A4 description of scaffolding practices. Child Lan-
o A&, 291 FdEgFoly A7A gEx guage Teaching and Therapy 22,1. pp. 69-95.
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NTMOIAOIAM ZE=M [inell Lab color space

N =
Zejate] Wao] M24e HAs] 913t 7] %o
# Q17be] Azt malo] ol sk gl ot & o
AuA grech shukstE Azhe] ot et
g W el o Aeld WAL, BA HeA as
Sof o8] 2 G W] o], T W]
it 7ol SHEA 9517 of el A= o
3 glek o] @ BA Aot MY HelE

2] 8h(psychophysics) o] th. A4 2] Z}+©] mechanism-
4at o] R.G. B cone?] A 4=-8-A| 2} rod9] § e o~
EA ol ol =3E F y-b, r-g 2D of] 93} o
A= AMzFo]Are R G.B cone?] 3 483
o] o] A, M7} mechanism 5 y-b, r-g A ' o] 4
of osff WrAYghrt. A z; o] kAol Al A St e gl
o] TEA lineo] EAYsHA Hth. Mz} HARE Al
A ZFof| 9ol ZFAY line Aol 7F7k-2- A3k A4l
O MZ7} 747k Mg TFete] EAG 4, Y
e 1Y ARgR

2 At Mol iAol TEA lineol ot A
kA HTE AlEstglon 24 Az (dich-
romatism) ©]AF . A 14" (protanopia) <173 =
A G2 shof, xy A FHEA oA =4
line?] &Ej= B A5}o] 22213} 5}, Lab space®
d&kst7] etk 2t parametert A A AFsE At

olgd i7"

FA9 4EE et = shte] 7122 el AL
ZF agol thet A O S AEE & 5 Ae '
FHE ot AZE =29 7HA G &2 F 400-700 nm
Ao flolng Ao Fre s 11 ¥

+ DANAL AN : 500714 WEBAA BT S22
160(F¥45) TEL 062-520-2285 FAX 062-520-2366
E-mail:ygkim00@paran com

Qhefl = o1 A
Aoz Bitzr

uau =2 A7}
B(435.8nm) 2] £ /\_1,1"
4Hom 1ET 5 gk
BA =Y A C=R.G
Hapo| ztzbe] oL XY
% 57} 9he.

= (700nm) G(546. 1nm)
sakstel wE Mg 7t

XR+ YG+ ZB=C (1)

G.BL MAF Fo Mz EAe 7]&o] 7
G AYg AR Folet shol, YA mo MY CE
—5H =X,Y,Z=R.G. 59,] 7L7¥94 Oko]

=

WA EASHE PHE o F BT 24
§ 7Hssheh WAl 49 ReG=B=1

19314 CIE9] ]/\1 A5+ RGB2] spectrum®] 3= %]
209192

A=A r 79 RGB %F-2 380-780nm 1}

o},

ojw A]REof tat HA} spectrum HE ¢ (), 3
r,9,b <l

F Aol A =2 gholl gt |A& Lok H

r= [ w0)F (Nix @

79,0 = T A)ol 2ol A2 spectrum 333
ol d A= 3F B0t R.G.B 3E2 A&
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gt AAE AT AR KE =935t R.G.B
of UH ()72 glol7] $3sl RGB th4l Af=-2- 3
FAX,Y, 22 88, r,g,b & LS WHOR
XY Z 9o #zwigte] w3 (H)ghvte 2 HItAIZ]
Color matching function ¢1 z(\), y(A\), z(\) 2 #
dstH

X= K/w(A)E (A)dx (3)

y= K/W)g (A)dA

7= K/w()\)§ (A\)dx

e “
Y
YT Xvv+z
z= 4 =l—z—y
X+Vv+2

X, Y, z& M T 3% (chromaticity coordinates)2}il
o o] ke A} x+y+z=1o|t}. 1B E xety
O R 23S & o ok 2 ER 2 Al AR
oAl x, yE M FxEE AMHGE 4= 9l
= 2 A Aot Mgow nHE HE Y
UrERd S 9lTh XYZ A3 A 9] b 243
-gcq ?3] ;<]7Lx4 7“&494 Lwlo] x%z’z};‘(] OJ—o]-
AARA O A R ZFHE B A A Qo] o]}t o]
FH Aol A 1976\d CIEZ} ¥H= CIE 1976(L*a*b*) <]
color space CIELAB systemo] Al = A} o] 2 A -7
J AAR-=AG), FAG-FAYE 47
a*b* =2 YelH 2% ' 3 (luminosity index)
2 Uerd 5 91, o] AL FWe(light-dark)E o
Z(L*)o & 3}o] 334 CIELAB L*atb* S S <=
Qltt. o] sysemE H )} 917k A|ZHA Ao A
LH B FJe 2 2 stAY AR} 2 21
Abah AR wigko] 419) Ml A M o2 Ahg o] ALg-

OIt

S flo O of [‘_,‘i
L FE

Tos il =

§

3 gtk % @b LA ghS 3 HEE Y @
% 9let.

L'= 116(%)]/3*16 (5)
a’ = 500 [(%)1/3—(7)/)“3}
b = 200 [(%)1/3—(72)“3}

n mn

a=b=0 o1 45 Y] F74el 8 och. 7] %
Al NCS = 4@ =, 21(5)ef o gt AF A2l
Hunter's Lab space= & 51'd

L=10- Y2 (6)
a=175(X Y,/X,) Y2
b=70(Y—% Y,/Z) V"

243 A 7 (dichromatism) o] 3.
(protanopia) Q17495 A gjAre 2
HEA ANA == lined] FEHE B4 8ko] 4
3} 3}aL, Lab space® % 3ta}7] $1%F 7t parameter
oA AbskT = BRlEY +H
700nm % & o] A3 (0.74, 0.26) H3+ T, &
2hel & shte] 2hele oA AAkst] 9§,
2] Yol 0.4, 2= line o] y ¥ o] 0552
Ao A Lab M 37to 2 WM3A| A Lab spaceS
A s

oo

f
dr BN oJl = o

A% g 2%

1. &1 Mztol

A ZFo] AFA} 2] mechanism 118 5} ¢] 5o, 244
& A 7+ (dichromatism) o] A} 2. A 14 7 (protanopia)
A5 B, o] A2 A RE Ag H¢-
ojth. o] A& r-gAd Fr o] 1 F ‘*"«l
HadQl 34 Rol gl7] o] E3t= o] rg
A &= E|3}sto] 75 8FA] kA "ok webA Crg
= QU Hrh o o]et B2 AES HAAAe T E A
ZhAdE Zherh 4 A Ad
sh2] ¢7] W Zoll U A= y-b A qto] EA 5}
A "}l o] AL B} A o] Mzhzlul Zo]x] 7] u)
ol Al 1 AZE o] A= Fo] s abo] ol
G o AR dHAA "ok A AR
o ZA o 7 KE 2o o] 277|712 9] ¥ 17} &
PO 2 7] wFof HEEo Hy Zo
SHA| E ek AL ZE o] Ak o] A o] =)
Aol 2 A go] Hok. & mE M 2749
of osto] AT 4= 17| wiTo M4t
9 =5 l et A Ao Al = A e

S

T rg 2ol &

o
Hm

=

L 2 = o %ﬂ
° jﬁ b flo i

s

>

rﬁ’L'

;1

i

_BE

lo

HU

m o

o
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3
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Fig. 1049k Zro] HAapel glolo] HEL Ao]
2 Hol EFEE Holth oot e EEAA
2 17k obY 3 of g At 4 Gk EEAAS
At & wHE WET. o +¥HL #A R
o] Aol BRECE Al 142 ol 4] ® o
ol & YA H(A) © Wstolth. o] & &
EANE7] e ged] B Zu A Ee
A 2Rt ol | Aol o5 71 bke A
EL B3 M S QR3] YA s AT A
e ghg waA) Eek A 2| zko] A H Ajztol
AgAke] % vt A B o) Mot e g
2 9351x] ¢ EA line ¢l &= (confusing
color) line o] 7} 7} 7h-g- A& €617 ETh
0.9~
= Protanopia (1)
0.7 —
y -
0.5 |
0.3~ (j.k)
0.1 ]
0.1 03 05 07
X
Fig. 1. x-y color space in protanopia.
2. M 1 MZIo| oM ==M line2| Lab
-3—?.*

L=10-Y"? )
a=175(1.02X— v)/ VY2
b="7.0(Y—0.8472)/ V2

SZEA liney=mx +n 9
LA Ao A8k 7]& 7] mofl FA gl B=
8 F3E (k) A =

o 452 Yol polod, £ line § 243 y
S|
=

Table 1. Parameters in x-y color space, tristimulus values
and Lab color space

X
X-y y= (k—jn) Y+n
space
z=1—x— (k*n) Y—‘rn
J
zY
X_
(k_An) Y+n
J
X, Y, Z
tristimulus Y=p
values (L0—z— (k_i”’)y+n)Y
7=
7(]{_”) Y+n
J
L=10Y2
Lab 17.5(1.02X—Y)
a= Ry E—
space Y
7.0(Y—0.8472)
b= Y1/2

71&71(m)= (k-n)/j o], TkeFe]l 700nm F & <]

M FF(0.74, 0.26)2 A LbaL, AH23] Ygho] 0.490]
o, =AM line Fofl y A% o] 0.5¢1 495 | A5}
o] Lab 27t o 2 ¥3ls}H Table 29} 711 Fig. 2

+ Lab Spaceo]] LERH 13 s ofr.

Table 2. Parameter in Y=0.4, (j, k)=(0.74, 0.26) and x—0
y—0.5

X 0.000 0.200 0.400 | 0.600 | 0.700
y 0.500 0.435 0.370 | 0.305 | 0.273
X 0.000 0.183 0.432 | 0.786 1.282
Z 0.400 0.335 0.248 | 0.124 | 0.039
a | -11.075 | -5.907 | 1125 | 11.121 | 17.873
b 0.877 1313 | 2123 | 3265 | 4.064
Y=0.4. L=6.320
45
401 Lab Color Space .
a5l Protanopia /
[ ]
ﬁ 30
i_" 25}
o ]

20
Y=0.4
15+ (i, K)=(0.74, 0.26)
x—0, y—05
10 /

05} ¢ G—|— +R

-15 -10 5 0 5 10 15 20 25 30
a(+R-G)

Fig. 2. a-b Coordinate of Lab color space in protanopia.
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Y=0.4. L=6.320

line of confusing color

b *

Lab Space
Fig. 3. Lab color space in protanopia.

Xy ZFEA 0| A2 o] ClELab #ito A= o
Aol E=4 line 23S & 4 . CIE
Lab F 7ol Al ab BHS 2 stH 929 1o
A 74 7 e WA 2k iAo A 7HE Tk
Aol sl M x}(color difference)o] ™, &

gz & THEH AE=[(Aa)?+ (b))’ 2 &
Sy, E=A line AMS] M= 2| Zkel 4= 913
vt 2] 25t A| gl et
28

A1 7k o] A= r-g defectol] oj3at 714 7}
7o A e of A A AFAFQF Alo]dh Al patterng:
v AL o

L Mot A A

4, A
3, A zbo| 4R AR T BE
=<

R

- %2 o
A

neol 7}+%

A1 M zrol o A &= Lines ClELab color
space?] EMA FHE T 5= AAHS A7)
ShlTh T35k oAl A 2 Mz e AL B ol b
o} A1 ZE o] o] &= 2helS 700nm < < 9
A 2L3E (0.74, 0.26), 1= 2] YZEo] 04, ==4 line
o]y o] 0.5%1 oA Lab AF7to & W3t
of srufa} &= A 327} 2] A4k of LhEl Rt

A} A}
B ol =208} 20109 % -G FFEkA}

A Aol sl == A

Frzd

1 A&, M43 Mzbol4 mechanism, gt
38}3] 7], 1, 127 (1996).

2. &<, Hhdel, MZF A AR FTP D-15 Zret
ol 2} o5, otbysh 3] 7], 5, 31(2000).

3. &, e A7 HARE FTP D-159]
No.1-5 Zre A, o ghA| #3}3] 4], 2, 115 (2000).

4. M. D. Fairchild, Color Appearance Modéls,
Addison-Wesley, pp.81-95 (1997).
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=
Saccade® PursuitgE OI83% S & M. 00| Q12 FAN TAl
- T
ZaE - 224 - Hojx - whER
F7de ey Fetat
Nz 52 o st ATE &% A 5o AR
B WAHAY W T SFALS v 2 A} o]
A % (saccade)o] AL wWE &L g Al 23 519 o}
%3] A2 AFHE Qb B0l ek, A5 AT
%= (smooth purstit eye movement)-2 = 2] A & o] Axt g nxt
L e 2R weh Boza, BA o) 4L F4
o}oll k3] Wol b= A w2 YA S o Table 1. thAF A5 9] QL2254
& gt 1 25 AL
N7 QFTe5e A7 Yool T YR 2 | ol& | Yol | 1-Swccae [ 1-Pumsit
oA 74 ke obp B0 okl A qnh E 3 | A | 22 1 1
A FH QL E L FH BBt HEa A S e G L ! :
e 1 1
A% gAY Glold g FAT AT 5 ot : -
A oruALe} 45 8-S 7HA AR HE B3 =T e | 21 i 1
A HEAE RS AL BB 3 sk, g | ur | 21 1 1
o2 Sl ve) 8| g e o w o o | u | 20 1 1
ol BRI S F A7) §IFAE AA hkALE o 0 | #> | 2 : L
Astolof sln, 1 dhfel FS 25 Ak m | o | 38 L 1
Z O A}F] L=
WhALE b ES A RE O E 25 AlE 12 | e | |ZETEAETL
54 AFLEY 2/ ALl E Bl WepN o .
AubH o2 g Frapol A A5 ehLeE o] o] 4 w | o | 1 1
s A A E) S A RbAbe 2 5 15 | 7* | 2 1 1
of oA W A BA ] o4 HEet il U 16 | o [ 30 1 1
A 3tof Lhehet. ST W . ! :
- Ol*x*
w4 -5 (saccade) 7} 4] 57 Q- (smooth oo ; ;
Sh**
pursuit eye movement)S- 53f $h2}2] k7t A 0 | o | 21 1 1
Mo @ Ui 250 Aot shol X Fe 4 SR R 1 1
F=Aof gk o F Jda} gApo] A FA 7] 22 | 3px 21 1 1
o] HAHA QA2 Ak
B7kst ehE gt 25t 4o R Sac
At 9 dhy cade®} PUrSUitS 3+ oLk, tiFE 4Lt Aol
H ool o} o 8 = 0] 201 o] B}Al HER
A2 gk ARZHS v 3] B gkeh,

+ WAIKIRL QI=hN : 500-714 BEPoA| B B2
160(%E) TEL,062-520-2283 FAX 062-520-2366
E-mail:cornea93@paran com
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Table 2. 8% -

2% o5 4 oy
R L R L
7 | 375 | 350 | -400 | -3.75(4}3})
2 | 275 | -050 | -300 | -1.25(4}3})
upx | 600 | -255 | -6.25 | -3.00(%3})
2 | 700 | 520 | -625 | -6.00(3}3})
2+ | 425 | -325 | 500 | -3.75(43)
2+ | 125 | -025 | 225 | -1.00(43)
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Table 2. Findings of before and after vision therapy(Kim OO)

Test Findings (before) Findings (after)
) OD: 0.00D OD: 0.00D
Refractive error
OS: 0.00D OS: 0.00D
Phoria (far) 2AEXO 0.5AEXO
Negative relative convergence (far) */8/4 */12/10
Positive relative convergence (far) 4/7/5 12/16/ 16
Phoria(near) ANEXO 0
Negative relative convergence (near) 10/22/14 12/22/12
Positive relative convergence (near) 5/71/6 20/24122
Negative relative accommodation +2.50D +2.50D
Positive relative accommodation -1.50 -275D
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Bull's eye target, 16 ABO & -8 Goggles #-8-35}
o SH ARE FAL 5 shich

3tk &8-S Vectogram, Aperturerull £ A] ¢

2~3%F 4 Lens sortingx} Bull's eye target2 ©]-&
sho] 2ol FJ o= Tranaglyphs ©]-&3F %
9 (30LA)T 74 (15A)0] AHAFS R, Loose
prisme o] &3t ZF82 12A71%] o| A gl
c}.

4~65#7 Aperture rullE o]|-&3}o] ZF 1090
7}=, WAF 79 7= 7R 88619 31 Vectogram-
NO2(Quoits). NO3(Figure8). NO5(Spirangle), NO6
(Clown), NO10(Mother Goose) 7} E & o] -&35}0] =&
Z2(304)7} 4HE(154), Loose prism 2 o] &

5le] Z7}-2 9]3) +0.50D, +1.00D, +1.50D, +2,00D 3t o Ezg o] 25A71A] 3t 3 2 QA H
292 ol goto] 2 UT 20| PN FFE U
AL A A3}t HometrainingS 16 ABO &9 -& 73#] Vectogram, Aperture rule =H-2 3} A
Goggle EALF 7FE 2] Al (&M 02 4§ +2,00D 22 Hrhote FoA B TR 2
3t EAL 5kA shick =2 254, AL 15474 §ES 3 S A
A7) ER ol Rl W Ao e o Hth
2 Agstgon], sl W T3 A 608 o4 & A7) & R LR EDR
H& A A8l home training- 30+ ol &9 = oj#]aL, HFst7] , M| 7F A= op2al, &
shlth 17 A= $9S 5hl& W7hA 23k B i, ZA Y Hoprh de] B A Hold &
° b, oA g 5 LA B, 1254 BY Sl 5o Hon Avs £A F
Brock string, Bug on string, Barrel Card= %57 St Al7IE AAE Zhel B2 WSS 7HAA o
o] JAro @ by, Teble 13} Zre- A5 7HA Al = St
Table 1. Findings before and after vision therapy
Test Before After
OD : S6.25 C-2.00 180° (0.8)
Old Glasses
OS: S-7.75 C-2.00 180° (0.9)
. OD: S-550 C-2.75 180° (0.9)
Refractive error
OS: S-7.50 C-2.00 180° (0.9)
Near point of convergence 12cm 6cm
Phoria (far) - cover test 12AEXO 9A EXO
Base-out Step vergence (far) X/6/4 X/35/20
Phoria (near) - cover test 272 EXO 23/ EXO
Base-out Step vergence (near) X/1/0 X/45/30
Negative Relative Accommodation +2.00D +2.25D
Positive Relative Accommodation -2.75D -3.00D
Vertical phoria ortho R 1A Hyper
Supravergence o A (0OS) 2/1
Infravergence o A (OS) 6/5
Amplitude of accommodation (push-up) OD:13D/0S: 13D OD:13D/0S: 13D
Accommodative facility (monocular) OD - 0 cpm +1 | OD : 12 cpm
OS: 0cpm +4] 1 0S: 12 cpm
Accommodeative facility (binocular) 0 cpm (+/-A ) 8cpm
Fused X-cylinder (binocular) +0.25D +0.25D
Broad-H-test A A} A Ay
Colour Vision Test (Ishihara Color Vision) A A} A Ay
Worth 4 dot A oA (09) A
. i 200 seconds
Stereoacuity (Titmus fly test) 78141 ol 4] (0S) 80 seconds
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EXO, 78] AF9]= 27AEXO9]| 4] 23AEXO, ¥
7 2] Base-out step vergence 7} X/6/40f A X/35/20
o =7, 277 Baseout step vergence”} X/1/00f A
X/45/302. 2, NRALX= +2.00Do]| 4] +2.50D= PRA
= -2.75D°]| A -3.00D=, Tt =4 §-o] o] ¢t
Ocpmoj| A1 oF9t 12cpm, oFQt =& 80| A& Ocpm
of| 5] 8cpmo. =2, Stereoacuity(Titmus fly test)+= 200
secondsef| 4] 80 secondsZ At4o] A AA A
Ql A7)0 F@L o] A Wttt

Frzd
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2],” o &4 &, pp.167-291 (2009).
3 Z 4 A7) % @A 3} vision training,” AR
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(2003).
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Table 1. Findings before and after vision therapy

Test

Before \ After

Refractive error

OD: S-1.00 (1.0)
OS: S-2.00 C-0.50 180° (1.0)

Near point of convergence 5cm 3cm
Phoria (far) - cover test 20 EXO 16 EXO
Base-out Step vergence (far) X/18/12 X/40/35
Phoria (near) - cover test 26 EXO 13 EXO
Base-out Step vergence (near) X/30/25 X/40/35
Negative Relative Accommodation +2.50D +2.50D
Positive Relative Accommodation -2.75D -3.50D
Vertical phoria A 2] A 2]
Supravergence 2/1 211
Infravergence 2/1 2/1
Amplitude of accommodation (push-up) OD:13D/0S: 13D OD:16D/0OS: 16D
Accommodative facility (binocular) 9cpm 18 cpm

. . OD : 12 cpm OD : 17 cpm
Accommodative facility (monocular)

OS:13cpm OS: 16 cpm

Fused X-cylinder (binocular) +0.25D +0.75D
Broad-H-test A Ay A Ay
Saccadic eye Movement A Ay A Ay
Pursuit eye Movement A Ay A Ay
Color Vision Test (Ishiharao] A] 3}-2}) 2 A} 2 A}
Worth four dot A} =] A
Stereoacuity (Titmus fly test) 60 seconds 60 seconds
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3} T} Home training2- Eccentric circl
o §7 F4EAL 54 sheint.

4%t A= Bernell-O-Scope®} BI, BO7} =, g3+ 7}
=, Bernell-O-Scope®} Fusion card, Cheiroscope
trackinge o 83te] §Y FRETAL AA,
Rotating pegboardE- =3} Pursuit eye Movement =
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Z3 7ol o] HTS(Home vision theraphy
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EXO, 248 A= 26 AEXO9 A 13AEXO, ¢
7] 2] Base-out step vergence”| X/18/120 A X/40/35
o 2, 27 2] Base-out step vergence”| X/30/25¢ A
X/40/35=, Fused X-cylinder7} +0.25D o] A +0.75D
2 W3}, PRAL -2.75Do|| A -3.50D%, A o]
et 13Dof A 16D =, et 24 -§-0]/d o] 9cpmo]]
Al 18cpm, Tt =4 gol4do] <t 12cpmeo A
17cpm, 22t 13cpmeof| 4] 16cpm S &2 Al H 3} 5]
Pl

- 141 -

].

=

e

| =]
I_Il_

Michell S., and Bruce W., “Clinica managemant
of binocular vision,” 2th ed., Lippincott williams
& wilkins, pp.20-74 (2002).

S, AN S, A=, FehAl A 2w

2]”, i et A |, pp.167-291 (2009).

ke 3= “ A7) %5 14 ¥} vision training”, A] &
Z 914}, pp.199-297.

Hla=E Q) “ot L =T} Al X2+ 7| &9 By,
% B2 Tk A}, pp.21-72 (2008).

David B. E., “Clinical procedures in premary
eye care,” 2th ed., Butterworth heinemann, pp.
81-154 (2003).



o

P

e
> Mm ..
B wr o
Ho Np
od
T _iﬂ
Y
pis =
- .
ol
- 0 F | | x M A O R R 2
afg 70 | w | & o | Fo | m | m | T
7o | T | T | T uir
o "
—~ ¢
B
N D
ol Jﬂ
=
ol
I I RN I wﬂ
M o O 2 oF | oF | oF | oF
0| T B X vl w| T
B | 1+ R RN
" . .. .. .. .. |
Je N N Al | oA |4 wﬂ
= N N G144 4] g
o
5o = L g
ol ok “H m 0 ok w
G ~ LU
g
Hr wﬁ
o % oA | W W R 7 N T S o
z° N ~ NF ol

200

or
M_Alo
<

—

o]

4o
o

,m.o

—

—~

~O

o
Tor

- 142 -










<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


