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Introduction

Glaucoma represents a group of ocular disorders
that are characterized by the loss of retinal ganglion
cells and their axons, damage to the optic nerve, and
gradual loss of visua fields. Although glaucoma has
often been linked etiologically to high intraocular
pressure, it is now evident that IOP is not the only
risk factor that patients have in common. Growing
evidence obtained from clinical and experimental
studies, suggests the involvement of the immune
system in glaucoma.

The association of the immune system to glaucoma
has conflicting aspects, as both neuroprotective and
neurodestructive. T-cell mediated immune responses
may initially be beneficial to limit neurodegenera
tion. However, failure to properly control aberrant,
stress-induced immune responses may convert this
protective immunity into an autoimmune neurode-
generation. Wax et al. first reported elevated antibody
reactivity in patients with normal tension glaucoma
(NTG) and recently have found several serum
autoantibodies against antigens such as heat shock
proteins (HSPs), 7 -enolase, glutathione s-transfer-
ase, phosphatidylserine, and « -fodrin.

Autoantibodies can also be detected in the sera of

+ Corresponding author address : Koon-Ja Lee, Department
of Optometry, Eulji University, Yangji-dong, Sujeong-gu,
Seongnam-si, Gyeonggi-do, Korea, Tel: +82-31-740-7182

patients with other autoimmune diseases and exist
even in heathy people. Thus, it is important to
develop a screening method that focuses on disease-
specific changes.

The purpose of this study was to investigate novel
and specific serum autoantibodies in patients with
glaucoma and identify autoantigens.

Materials and Methods

Patients and Sample Collection

Thirty-eight glaucoma patients and forty control
volunteers (Table 1) were included in this study and
had routine ophthalmol ogic examination.

Sera were promptly separated from the collected
whole blood and then stored at -70°C until use.

Sample preparation, 1-DE, and subsequent

Western blotting

Bovine optic nerve were dissected from eyes
obtained at a local abattoir within 2 hours of death
and homogenized in ice-cold lysis buffer. The ali-
quots of tissue extract were separated on 8% poly-
acrylamide gels with SDS (SDS-PAGE). After elec-
trophoresis, one gel was electroblotted onto nitro-
cellulose membranes and the other gel was stained
with Colloidal Coomassie Blue G-250 solution. The
blotting membranes were blocked and incubated with
serum from subjects. Membranes were then incu-
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Table 1. Characteristics of patients with glaucoma and controls

Galucoma patients Control
Characteristic Diabetic Healthy
POAG NTG ) Cataract
Retinopathy controls
No. of sample 25 13 9 1 20
Sex(M/F) 11/14 5/8 8/1 3/8 14/6
Age MeantSD 50+ 15 54+ 16 52+ 12 68+ 14 47 + 13

bated with peroxidase conjugated anti-human IgG
antibody. Immunoreactive proteins were visualized
using an enhanced chemiluminescence (ECL) system.

Sample preparation, 2-DE, and subsequent

Western blotting

The 2-DE separation was performed with pH3-10
IPG strips and 9% (v/v) SDS-polyacrylamide gels (8
X 8 cm). One gel was stained with Colloidal Coom-
assie Blue G-250 solution and the other gel was
electroblotted onto nitrocellulose membranes. Western
blotting after 2-DE was performed. For immunore-
active protein spot detection, 2-DE protein spot
patterns and ECL detected spots were matched using
ImageMaster™ 2D Platinum software.

In-gel digestion with trypsin and extraction of pep-

tides and LCQ Mass Spectrometric Data Analysis

Protein spots were excised from Coomassie Blue
stained gels and digested with trypsin. The tryptic
peptides were extracted and analyzed on an HP 1100

HPLC. Peak lists from MS/MS spectra were exported
as individual files in dta format using Bioworks 3.3
software. A single text file was searched against the
Nationa Center for Biotechnology Information
(NCBI) non-redundant database (October 2007) with
amammalian species restriction using MASCOT.

Enzyme-Linked |mmunosorbent Assay

Each well of plates was coated with purified
recombinant human VCP, and serum samples from
subjects were added and incubated. The bound
antibodies were reacted with horseradish peroxidase-
conjugated protein A. The plates were read at 450 nm
in aplate reader.

Results

1. 1DE and Western blot analysis
Individual serum samples yielded different 1gG

autoantibody patterns against bovine optic nerve

proteins. In the Western blot images we found a

1 2 3 4 5 6 7 8

o'

«C

10 11 12 13 14 15 16 17

Fig. 1. Screening of sera from individuals by 1-DE Western blot analysis.

1. Lane 1, protein markers; Lane 2, Coomassie blue stain; Lane 3-4, serafrom healthy individuas; Lane
5-6, sera from DMR; Lane 7-8, sera from cataract; Lane 9-11, sera from NTG; Lane 12-17, sera from
POAG. Arrows indicate the 240kDa (a), 220 kDa (b), 100 kDa (c), and 85 kDa(d) bands. 100 and 220
kDa band were observed in patients with POAG and NTG.
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region at 85-270 kDa that demonstrated increased
autoantibody reactivity in POAG and NTG samples.
We selected two prominent bands at 100 and 220
kDafor further analysis.

2. 2DE and Western blot analysis

In order to purify and identify these presumed 100
kDa and 220 kDa autoantigens, we performed 2-DE
SDS PAGE to separate bovine optic nerve lysates.
This was followed by an immunoblot assay. An
immunoreactive spot, with an estimated molecular
mass of 100 kDa and an isoelectric point of 5.1 - 5.4,
was observed in the sera of patients with POAG
(Figure 2). Notably, the protein with an estimated
molecular mass of 220 kDa was not observed in
2-DE immunoblot analysis.

A B
pH3 pHI10
MW ;
1 ¥ A
120 . - %
—r 1 Fa )
b . b
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34 (2 Fd
! - o
e

Fig. 2. 2-DE immunoblot analysis of autoantibodies in
glaucoma patients.

The boxed areain (A) is shown at higher magnification in
(B). The arrows (B and b) indicate the location of
proteins(100 kDa, |EP 5.1~5.4) recognized by sera from
patients with glaucoma. Western blot analysis was
performed with lysates from bovine optic nerve and sera
from healthy individuals (a), POAG (b), diabetic retinopathy
(c), and cataract (d) patients, as primary antibodies.

3. LC—Mass Spectrometric Data

Analysis

The Coomassie blue stained gel spots estimated
autoantigen in glaucoma (Fig. 2) was cut from the
gels, digested with trypsin, and analyzed by LC-
MS/MS and SwissProt protein sequence database.
The 100 kDa protein was identified as valosin-
containing protein (VCP), composed of 806 amino
acids with a predicted molecular weight (Mw) of

89,330 and a theoretic isoelectric point of 5.14. The
220 kDa protein was identified as fodrin, composed
of 2,472 amino acids with a predicted Mw of 278,466
with a theoretic isoelectric point of 5.18 (Fig. 3). We
looked at these antigenic proteins as strong candi-
dates for biomarkersin glaucoma.

yi6 yi3  yi1 y4
20 ETV{EVPQ\J{%I’@%‘GL#j"RR
. 80 yiz ¥ ¥5
g7
Lo

yi3

02168]" 151740
= 30
k| bed yi2
209 ya Y5 y*8873.5 yu 141r.49
0] ..5172983331 85739 | | 123048

400 600 800 1000 1200 1400 1600 1800 2000
m/z

(A) Tota ion chromatogram. (B) Tandem mass (MSMS)
spectrum of one peptide.
Fig. 3. Identification of the immuno- reactive proteins as
VCP by LC-MS/MS.

4. Serological evaluation

To evaluate the 100 kDa band which was identified
as VCP, we Western blotted the bovine optic nerve
proteins using sera from 25 POAG, 13 NTG, and 40
other individuals as controls. Table 2 shows the fre-
quency of positive reactivity of VCP against autoanti-
body in the sera of glaucoma patients and contrals.

Table 2. Frequency of anti-VCP-IgG antibody in patients
with glaucoma and controls

Healthy
controls

No. of sample 25 13 9 11 20
No. of positive

Characteristic POAG NTG DR Cataract

ant-VCP-1gG 8 1 0 0 0
antibody
Frequency(%) 320 7.7 0 0 0

0.06° 0.04° 0.02° 0.002"

p-value

#p-valuefor POAG vs. NTG,

® p-value for POAG vs. Diabetic Retinopathy

¢ p-value for POAG vs. Cataract,

9 p-value for POAG vs. Healthy controls
DR : Diabetic retinopathy
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5. Determination of anti—VCP antibody
levels in control and patients with
glaucoma by ELISA

The concentration of anti-VCP antibody in POAG

was higher than that of control (p<0.01) (Table 3).

Table 3. Determination of anti-VCP antibodies levels

Conc. of anti-VCP antibody
mean=SD t p
Control 9.43+16.65
POAG 19.49+60.61 255 0.01
NTG 9.73+9.33 0.24 0.81
Discussion

There are severa studies that propose that an
autoimmune mechanism may play a prominent role
in the development of disease in patients with
glaucoma. Wax and other researchers have conducted
studies to look at the possibilities of autoimmune
responses in glaucoma. Recently, Grus et al. reported
specific changes in the natural autoantibody reper-
tories of patients with glaucoma. They postulated that
“autoaggressive” antibodies may be triggered by
direct recognition of target tissue antigens (e.g, optic
nerve), by molecular mimicry, or by modification of
antigens as a result of stress, or during the disease
processitself, leading to the devel opment of glaucoma.

In this study, we have identified an autoantigen,
VCP, using 1-DE and 2-DE immunoblot assays, and
screen the repertoires of autoantibodies in a group of
non-glaucoma and glaucoma patients, using a pro-
teomics. VCP has not been previously found to elicit
ahumoral response in glaucoma.

VCP is a structural protein that complexes with
clathrin, a structural protein of coated membranes
involved in receptor-mediated endocytosis and
aspects of Golgi sorting in eukaryotic cells. VCP
participates in humerous cellular activities and DNA
damage response, and T-cell receptor activation. In
performing these activities, VCP presumably acts as
a molecular chaperone that prevents protein aggre-

gation and modifies protein conformation. An accu-
mulation of abnormal proteins has been observed in a
variety of human neurodegenerative disorders (e.g.
Alzheimer disease and the Lewy body diseases such
as Parkinson).

The presence of VCP autoantibodies were con-
firmed by ELISA as the individuals with a highly
elevated anti-VCP titer were patients with POAG.
These findings demonstrate the specificity of VCP
autoantibodies in POAG patients and support its
utility as a diagnostic marker that could be used to
screen for glaucoma..

Although the precise pathogenic significance of
our findings remains the subject of ongoing study,
there is substantial evidence that autoantibodies to
ocular tissues may contribute to glaucomatous optic
neuropathy.
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=Y QAIQI(TIHA QIAIAI) QIAJAL)

o % 3t'
ou] 2] v]A" Ed oy Al

N e NE T
Duane®] o] 2o w= QFQHA] o] 42 H3 F HA e 20-30 Z & A, A 7] 20-30 Z 2
Z(Convergence Insufficiency), =3 1}t}(Conver- = ALY, EF o] HEE =H A U*OVIJL, el
gence Excess), 7l| 4H-=(Divergence Insufficiency), 74319—} —27%9401%1 FE T AL AH S
7Nzt oH(Divergence Excess), 7|23 2] AF?](Basic ¢l BO step Vergencert Y1, 745 S 4EQ1 NRA
Exophoria), 7]-2% WA+S](Basic Esophoria), 8% AAN A oL, et 24 o] 858 HAF| A -2D
HA L 7]50] /4 (Fusiona vergence dysfunction), oA Ao 2 ZH o] Hof 7|23 A= Atk
4% A 9](Vertical phoria) 2 #5 Hlch. EHER= Shglch
ojuf WAk, 712 WAL, 712 F YA, & A2 = DAY A2k =4 HARe] FAIA A A
AL 7] 5ol 171% THE MR Atol Al S H A AFRI S 7= o ' sto] g
Aok Aab B S2AA = 2EE A AAE AAIS L7 0] X7+ A Q1 5 & ghelstar
3 EYA A= Aol anpAoletal o 222 E BlE getoll yrol Al A gk b Tt A
A Sl 7le e 857 123] 9 S sl W A
o] F 7| 2% Atel= ¢t A= 2 FF, I3 Aoz TS mA A ol
9 {5, A8 9 ZAGA tEH 0w 5 1eHA] Al 7] &2 Block string, Bug on Strlng,
Al Holm, st 5 AIZE Z]‘é#% =4 o3, & %5, Barrel Card2 9] 41 2| Q1 59} 7J4F &
G Al ZAY] FA Y, A4 HF ol 83, FALE = MEE kA shlaL, Tranaglyph(S=1H 5 v?};,
5AA olaf g ATE mAGE 29O e S, O AU B2 E o] &5t 39, A4k
T4= Helrh 7123 A9 A= ¥AH g S THE A shlaz, 28 Hiek &
oF FA oA AT} Bl 2k, F5 Ao Lense sortinge. & 24 o] ehaf =59] o4 7,
Ha, A @ A A F HAA T4, Accomodative Rock Carde} + 0.25, 0.50, 0,75, 1.00,
oA A zAHeo] A UEln, +2.00Dd = 1.50, 2.00, 2.50D Fliper& o|&-3}o] thol @ oFo}
2 ol oot 2 o4& A oA Asfsln,  2A §old P EAL oA ek, B A
Fused X-cylinder ZAto 4] A ] =7} vhepdol. 5 olo] 7h7] HaiA TE WS SAA & &
o2l U SHE A A E S0l Ao A AL o] Block string, <55, Ml ¥ 7}=& ©o]-&3slo] HF
Foalzgol tielh f/ARel 7 obA wWR gfom g T TVAIAY, 54, HFEE 8ABO L3S %
ojof et At7F gt Aot o] A9 & &t Jo A TS T 5 UA sk
2o EHI ZAL T A5 7| EF QAT of of 2¢tHA] 92 Aperture rull, Mirror Stereoscope,
3 ATFO] T E]lE& AL 31 A7 &S A Free Space Fusion Cards, 5§ Eccentric circleg 9]
Alste], et = ZHasof A & WA B gsto] 38 S THE AA sHTh HollA
Aol A7t A=AE Got iz} skl + Tranaglyph 2 TV A7, 5 A, HFE 2 Al

16ABOIL =& A& A 0 2 AFE-5}HA| 813 T
[e] : .
+ AR} ol2be: oSt 302-904 CRETO] £ S 67-1 357 &l Free Space Fusion Cardse} Life-
Tel 042-224-6100, E-mail: dvcchlee@davich com save cards®} &= Z 2|3, Non Variable Tranaglyph
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Table 1. Findings before and after vision therapy

F#) Lense sorting, Accomodative Rock Card2} +D
Fliperg ©]-&3sto] 24 §oldo] A4S o+
= k. 354 Tranaglyphs ©]-§-7F #52(304)
i 7j4EE (15A)0] A o] FA EH Ao, 46
ZF7) Aperture rullE 0] 83to] =39 129 7},
WAF 6WH 7= 83, Mirror StereoscopeE ©| &35t
Z2g 25A1F A 15A §38F, Free Space Fu-
sion Cards?] Z=7 7fArd §3, &9 Eccentric
circleg o] g3lo] 3= 12cm(304), 74 6cm
(154) &2 =S o g3, 7-854] Free Space
Fusion Cards, Life-save carde} &= Z o3& o]
£, Non Variable TranaglyphE 20ABO, 14ABIS
Polachrom illiminatero]] #-2}sto] 1Xof 203,
Benell O Scopez BI, BO7I&=, §& 712 R 5&
g 5 UA HAdo

A7) E9 5 B ol 71F Bopta, A

Test Before \ After
i OD: S-2.00 C-1.25 180° (1.0)
Refractive error
0OS: S-2.25 C-0.75 165° (1.0)
Ner point of convergence 15cm 4cm
Phoria(far) - cover test 20-30 EXO 25 EXO
Base - out Step vergence (far) X/8/6 X/25/20
Phoria (near) - cover test 20-30 EXO 18 EXO
Base-out Step vergence (near) X/16/14 X/30/25
Negative relative accommodation +1.25D +2.00D
Positive relative accommodation -3.25D -3.00D
Vertical phoria A9 A9
Supravergence 2/1 2/1
Infravergence 2/1 2/1
Amplitude of accommodation (push-up) OD:12D/0S: 12D OD:14D/0OS: 14D
Accommodative facility (binocular) 0 cpm (+A1 1) 10 cpm
Accommodative facility (monocular) 10 cpm/ 10 cpm 20 cpm/ 20 cpm
Fused X-cylinder (binocular) +0.75D +0.25D
Broad-h-test A AF A AF
Colour Vision Test (Ishiharac] A| 3} 2}) A AF A AF
Worth for dot S0} o] | =] A
Stereoacuity (Titmus fly test) L-oF 24 A| 80 seconds
£ Polachrom illiminaterof] %2} sto] g3 o] & & g A E oy 5SS ¢ gl o XA
g $4 &, Benell O Scope¢t BI, BO7I=, &3 T Yol P, wo] ¢ vzt 57 Hole
NEg olgstol §Y FHEUS ANSIAT.  Bugo sHo| o, A gl we wst
F] ol A= Eccentric circles o]-&3to] 584 74 £ 7HAAl Hof Table 13} 2+ A3E 7HA A &
zee 57 st Siet.

31210 Al 7]% T o Uolml Lo Ao A = Al A7 AFE Hastyd £33 3 o] 15eme]
L Ao HAAOoRE =901, 3tH &3 A] 60 Al 4cm, ¥4 2] Base-out step vergence 7} X/8/69]
EAEE TS Fo A= 30& o] A £ Al X[25/200. =, -7 2| Base-out step vergence”}
23tk 13 A EH S 39S o 7hA] A} X/16/149] ] X/30/250.2 NRA +1.25D ]| A] +2.00D
L oge g, oA 8 5 L4 3,2 PRA -325D0| A -3.00DE, 28 12Dof A 14D

2, okol =& go]A4o] Ocpme] A4 10cpm, Worth
for dot --QF A A of| A A4}, Stereoacuity(Titmus fly
test) $-QF 1A of| 4] 80 seconds® Al W3} 9] 1L,
FAA A FA9] 7177t @Rt A] 3L, Bl 8L BO
S3eA 2] W97 ol R Ao wstkE i,

22y

=

J. Boyd Eskridge, Jhon F. Amos, Jimmy D. Bart-

lett, Clinical Proceduresin Optometry, p. 688 (1991).

2. David A. Goss, The relation between accommo-
dative facility and general binocular dysfunction,
Ophthal. Physiol. Opt. 21(6): 484-485 (2001).

3. Griffin FR, Binocular Anomalies: Procedures for

Vision Therapy, 2nd Chicago: Professional Press

(1982).
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ohof g Afolo] HMFHE pFH o dojtn
}zpA ApA)zbat ehzhA }
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& 5m A oA AzFA Al E AAFES A A5
Al o] 1003 +0.50D vl $HAHES HA 2
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= W7 Bl RFe R ¥ A4 SHUWARA A=
OWger ¢ A AN FAHCRE
5} 9 TH(p<.001). what 4] 5 FgLol A o] A rgat
ol w22 eI, Aolgre 54340 R
5] o] 78%(40/51)7} H%3} oAbl
Arct.
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do v 2 4o
2 o 010 12

0‘%01]*1% EHZF A ApA ZE S W Q) et
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2 7](Krimsky)dFsH o]y 3}4] ¥ L (Hirschberg)
AP A 7H A W2 ol5Y AL 2 A
Sof Ay Eof et
EG AR BHA}O] ARA ZHE ofU g} 77E] % 3
A g s 8L Boksked QoA e &
&3 7 Abolm],? gixb o] Abejo] uet chopat Aw
2 Bolth AN 7} Q= B 9] A2 S A AR
N2k Bk 2 A 7 QLA oA SRk 1 A,
OFA| 5o 1 A, ATk ) -2} o] Abupe
S, QA A B Aok aek AR 7L gl g
Aol A= A% 0] W 9jof ofs) Azt kol HA]
7t S Qlom A ZhEel Y B A S 85|
915k W o2 ol A9} o] At ol et 717
o] Yojupr o] a2 FAIQEo] ofH =4
S ATEIL ARAQES] HI T G-F of] &Aool WH
= I o]5°] FHES o= HE A7 HC R
T w0 WurE Al oF o Al aFo] ok & AFE o oFet
S Tach? oAbt g skatol A Sgolut
Heed A8 502 w9 J A7 Hald o
oAl A =g FEAdEH o 43T h7hA] 2R
HAQF Al ZtEghZ A FsHA ek 7 of glo]of

2 Lo AL SynoptophoreE o] 83+ 2713
ARA| 2ol BFZEA] ARAlZE Hok B WgEo

54 =Hlew, J2+A AL -1k BH 2R ARA
Alolole o AFylAlo] 9le 8 o _/'\_ it}
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Amwﬂga XP2E AL 23 2R AL 2
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Gunter KN, Emilio C. Campos. Binocular Vision
and Ocular Matility, “Theory and Management
of strabismus’, 6th ed. St Louis. Mosby, chap.
13, 17. (2002).

2. ZF=AFA] Aot} s3] (2nd ed), “ Current Con-
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%, (2008).

Riddell, P M., Hainline, L., Abramov, I.
“Calibration of the Hirschberg Test in Human
Infants’, Invest. Ophthalmo & Visual Science,
Vol.35, No.2, (1994).
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Tel, 062-520-2365, E-mail: oberon73@hanmail net

=, o) Al nE A, AR A RIS E], 7
WA o, A E S SR, O 2 A B A,
Qh7 o Al AE T 52 Ao,

2
=

-

24

1. QHARE H|g

1379 0] & ZAYAA Fo A o4 B g
& zAshglth(Table 1). b4 #-gu] &S 879
(58%)°. & ZA} |9l t}.

N2
]

3

00

1o o

Z A AR 137 9 100 %
olA 2-8x} 879 63 %
ot7 vl 2t gA 50 13 37%

(00)

\‘

=)
1o
2
o,
2]

3 84 o4 HEE AAS He
3 41712 74] o]5}, 8-104), 11~134], 14~164),
17-194], 204 2 LHro] 2 A5t th(Table 2).
s A el 14-1647H 7 B HlEel 359
(40.29)0] H &0 2 7 g Ao At

= ol

Table 2. X2 CHAZIEA|7|

RH 28 A7 3 %
74 o] 3} 3 34
8~104| 12 137
11~134] 19 21.8
14~164] 35 40.2
17~194 12 137
204 o4 6 6.8
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d~1d67h Y, 2dol 4o g o XAbsHIT
(Table 3). 2F7 WA A]7]+= 67§ E~1d Afo]ef 51
H(58.6%)°] 7F4 =2 HLE WA5tE AoR

AL Qe

Table 3. QtZAWR| A|7|

RH WA A 7] g %
6714 |3} 12 137
67 4~1d 51 58.6

19~14d 671 ¢ 15 17.2

14 671 9~2d 9 103

4, 2t4d Foi7tA

879 9] ¢+ Fuf Al B¢t Lo 7hA -2 3vt
9 n]yk, 3~4uH, 5uk~6wk, 79Hl~8utkl, ont
A~109HY, 119k ojAtoE Uio] ZAFEHY
th(Table 4) 7Hd =& vl &2 5-6vtd o= 299
(33.3%)°] 3l t}.

Table 4. 2t S1OR7 A

Q7 ol 714 ae %
3wk o] 3} 4 4.5
3~4uk ) 18 20.6
5~61k o 29 333
7-8uk g 15 17.2
9~107Hd o 10 11.4
19HY o] AF 11 12.6

5. 7tAtiH] ¢+F Foi=2l ot
879 o] ¢H7E = ot - eHE 7
L5 W uhE, v, B, 2V v
2 o] 2AMSEAtH(Table 9). 7H
ukE O 2 48 (55.1 %) °| Tt

Table 5. 712t 9+ TohE 0| BHEE

RHEE 3 %

R 15 17.2

== 48 55.1

2E 20 229

Buhx 4 45

S s 0 0
6. ot OH Al Za{ats AL

873 0] QL Tl u) WA Melshs AL
Q7 T2, 917 7hA. BATH A sk 91,
slo] ek edo] Lt Aol of el e © 2 Lo
2Bt EHTable 6). 71 32 182 5o 26k

Table 6. 2t 10§ A| Z2{5t= AtSt
Tl A Sz AL
el
744 8 91
MR 2 2.2
ojaetdit d=dol &= 3| 4 | 505

%
37.9

& |oH,

oLt A=l of &= QH 2 & 44%9(50.5%) o] ATt

7. A= HASE A

87 o] Al AL ot RO R bah b Yl
2 o] 2SI tH(Table 7). 9H7 Yof| A 79
(90.8%)0] 7} whol Alg HAt st Ao & A}
= Qieh £ WSS ool glth(Table 7-1).

Table 7. A& ZAISH= =tA
A g %
oA % 79 90.8
ot} 8 9.1
Table 7-1. Bt=
PN oz HE =0
obA ¢ 50 28 1
ot} 2 5 1
8. ot Foi x|

87w o] HA L FulE u) A3 AR Ao, 24
o] Z4A 0% o] Aol TH(Table 8). 61
W(70.19%)0] AT A% A Ao A AL Fojal
Aoz 2AE 9T

o

Table 8. QtAOH K|S

A9 s %
A A o 61 70.1
T A ZEA 2 26 29.9

# i ALY
= A7 A A [l E, tjgtr}, HEA)
= ZAFAA S [AW, 1317}, 7] e

9. AIE=HOIAM 24 S0 2| TIEE
8775 0] et gt & A1 (F3hA) S He

3 =S o T, TS, B, B0 v - B

£ 0 & o] ARSI AL, ] SR EE] 15U o]

N

U (Table9-1). 7H -2 H]&-2 THE 0 =2 477 (54%)
o] Gl 154 o] T 5B WA A 71X (Table 9-2). 7}
Zb 120 180 ukE O 7 431(49.4%)°] 3t}
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Table 9-1. A[EZHO|AM 2t F10f 22| U=
[ 704 = 132 0Ll ]

s s %
- Bk 13 14.9
u 47 54
HE 25 28.7
=EUE 2 23

- S0 0 0

Table 9-2. AlZ{EE0IM 01z R0f Zo| SHEE
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Table 1. The measured pantoscopic angle and height

. Pantoscopic angle (°)

Height (cm) Measured Calculated
150~155 15 13.96
156~160 13.43 14.48
161~165 11.67 15
166~170 9.14 15.52
171~175 10.92 16.03
176~180 12 16.54
181~185 115 17.05
186~190 13.67 17.55
20
18 =

,} 16 | — e

? 14 -\ -

§ 12 |

E w0 - s l\zasured angle
£ g | B=Calculated angle

Height (cm)

Fig. 1. Comparison between calculated angle and mea-
sured angle according to height.
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Fig. 2. Comparison between refractive power and panto-

scopic angle.
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Table 1. Comparison between the initial and final corrected visual acuity according to cylinderical powers

Cylinderic-d . - Corrected visual acuity(Mean+SD)
No. of CP CP — -
powers . Initial Final
) patients (MeanSD) (Mean+SD) - -

(Diopters) Right L eft Right Left
<20 28 0.65+0.59 0.9+0.6 055026 | 0.49+0.31 | 0.89+0.19 | 0.87+0.25
=20 21 3.11+1.11 3.73+1.14 | 040+0.14 | 040+0.16 | 0.84+0.23 | 0.83+0.23

" CP: before treatment cylinderical power
" CP: after treatment cylinderical power
ETF A BAA Yoot A ' AL HA=H Y AR
Hoke ul {2 H(p-value<0.05) A& Ko,
A B AR o] 7} 2 & 27 To® o]al Lo Lot 28 F5ol S5 A= A oAt
o A eg AZE AR FAZH o] F7)H g A el W
A= Holdoh 2. Readdgo] Am F YA Yof| FFS F
152 AT oA Al oA Bt A A F A =
A3t 27 9 (5 DAY G G5 Akt 3 AR oV} s dAZ R el A
7 lglon, 22 A YA ZHHT} HE AL 4. 219 §lo] tHmPo R AR AVE
A FAY o] e R HF Ago] B Uyt @ A
o, 27| QAL HF WAZAHLS FYTH
AFEBA 7} gLk B[], Frzd
H oo A9E By YA E 2 27| u
el E%E - =] ] - 1. 7AW A, o] 58«0y TE A U
BA G OFA A ' & 2T nAGA S H S A - -
_ o 5 A oFAl O A=A A, dfRhetiteks] A,
o ot AuAZE AL, FAISS 27 0
YA HF DAY, AR 714 gl 4 32(9):101-107(19901).

A= o] ekbe) 2. 9, o] A 3], A, “oFAI R R A Y A
= s i ZMAo| tak QAFA T, glskorulel g
ETE AAY OFAof| A FA Y T T A7 o oo AR

dFol = A A ot Akere] FANE 71, 32(9):94-100(1991)
3. A, 280l “6.00t 5 o] 4] etk
o] F4F WA IA Yo, uHEs = oo ’
_ HAIZ QIZE OFA]", tf7heti}els] #], 35(3):
A S es AFHE R wolfong oA S
WA et 95 A AARH R AR o 715 720(1996)
w o] 9 g3} 4. 9, ARG oFA o A QEH A R of o 3E
s ' AN A B, g Qg sle] X, 12(2):76-82
70 y= o‘ezzoax +11707 (2007) )
Rmoms 5. Pollard Z.F,, Manley D., “Long-term results in
6.0 o0
el the treatment of unilateral high myopia with

Cylinderical power*(D)

0.0

0.0 10 20 3.0 4.0 5.0 6.0

Cylinderical power(D)

Fig. 1. Cylinderical power before and after antiamblyopia
treatment.
Cylinderical power*(D): Cylinderical power after
antiamblyopia treatment
Cylinderical power*(D): Cylinderical power before
antiamblyopia treatment

amblyopia,” Am. J. Ophthalmol., 78:397-404
(1974).

6. Helveston E.M., The relationship between the
degree of anisometropia and the depth of am-
blyopia. Am J Ophthalmol 62:757-764(1966).

7. AR, 28, A&, S HIEA R 7
FEAlel EAY 2w, digketaetsl A,
30(6):109-114(1989).

8. Townshend A.M., Holmes JM., Evans L.S,
“Depth of anisometropic amblyopia and differ-
ence in refraction,” Am. J. Ophthalmol., 116(4):
431-6(1993).

- 129 -



9 HA

oIt - HRE
tHE A v W E ol AlE

Ol%} QAL

A=

—

Duane?] o] 2 o] w} = OFolA| o]A} Z= H
Z(Convergence Insufficiency), %31} t}(Converg-
ence Excess), 7l4F5Z(Divergence Insufficiency),
7§ Ao} (Divergence Excess), 7] 23 2] Al$](Basic
Exophoria), 712 3& Y AF$](Basic Esophoria), &%
WA A 7]5o]AH(Fusional vergence dysfunction),
42 A} Q] (Vertical phoria)2 &8 . 3=
o} A4butet, 71 e YA, 712 A8, &

AL Aol AV B SHgos

ATk A REa 229 ZelE A,
Zxybh Zef Wz Aol AubHolehy o
94 ek
o] F §F WAL T Sol L oy W= W
A7 W R, e o seA Holn, 515

> L

i
f

X

>

2

:OL

e

of Uepthe FA4E Malth §3F AL 7%
oY AT AAL 2AYCNA HY B

W ARSI 9AkS), Ul W 2re) g4 o
OFA 3 HAA A, oOFA U A A 24dd
o] WA LpetLbr], +200DA =S o] §3F o &
B o] §= 7} o A A, Thel £ o] §
A4S Halth obd S A A Sol
WA A LA 0|4 I o Tht U AFAHel 7 o
2 gH gong ojo] Y@t A7t BRI A%
o[t o] Ao BAL BHF FAL ThsE
B3 WA 2 7% o)k Babol T8 FHAF 9414 0
2 AT 5 9k AV FAS AAskel, oy
o2 gac @ §F WAxY B4 DN Q)
A2 gobr iz skt

T AR A=A ofgol, 302-904 THPAN 3 FF 67-1
Tel, 042-224-6100, E-mail: dvcchlee@davich.com

A7

AAT 9 2AE 4T Z ARSI AHSIY
= WA A AAYY TAYANA S H =4
&3 HAA AY =AZEel Bl Vergence?t BO
Vergence7} Wiz, 7+ &4kl NRAPRA 9 oF
oF %A o].&haﬂ 74/\].01“1 +2Dg} -2D0ﬂ/\1 OF AR
HEAs g AL 7ol e g ek 5
k.

o AL 7 Fol e =4

dof tigt = o]
El7F A o] o oF shAIRE o] &Ab=

= Holo wE
Hat 2d o] "ol & EO]uﬂ Z24 e HA
Zkol Fused X-cylinderof] A =& g8 Ho A0

HA
ek A7l s golil A= ZJ‘%

A= A ANA 2AH2HA S FAF MR T
S 72 o) Aol thal A A7) S EUL 1277
o] 3L YL W ALHoT THE nlA]

2 Block string, Bug on string,

Barrel Card= 94 Al o] Z 2ol A 5L suk
< SHA 3F AL, Tranaglyph(F=H 5 83, 44
9 AUY D clgstel S22,
A 37 A, 2Ho) Y TAL Lense
sortinge. = =74 019—*4 9] oA A
chartE o]_Q_U}— 114 E:] /K}—./_K_U%_é_ 3]__77__’ =S
A2~ = & o = Accomodative Rock Card2}t
0.50, 0,75, 1.00, 1.50, 2.00, 2.50D Fliper& ©
o] thol ul oFol %A fo|A FAF THLS 5}71
R, FAY] AIE olo] 7H7] flEiA &1
= SAA T & HEd 7t=E o] §oto] 5
I =AY HFEEHE 8ABO, Bl 1122 A+
Aol A S T 5= A st

2ttA| S92 Aperture rull, Mirror Stereoscope,
Free Space Fusion Cards, 5§ Eccentric circleg 9]
gato] 5 374 AL 44 sk Yol A

2

o 9

LS
=
+

—%OJEI

014
ol
O o o
St ELE o ok &

- 130 -



+= Tranaglyph 2 Free Space Fusion Cards, = AL}
A%E A4 BABO, BI M2 ALK o2 AL
2517 st et

3tt4 &2 Dud Polachrome illuminated
Trainero]] Non-Variable Tranaglyph& #2tslo] &
3l ol&=¥ Zd, Free Space Fusion Cards®}
Life-save cardset &5 Z 2] & o] §-3to] 53t ©]
& 59 574 =HZ AAIsHA . A ol A= Eccen-
triccircleg o] gsto] g8 SHEHE 3HA st
ATt

4%t A = Benell O Scope2} BI, BO7} =, ¢-3t 7}

=2 o g3t §UEY FHEAS UA shach

o) A)7)% EAO] ol i e Aol A &
e oz Yo Egon, s F9 A 60
B RS AL ol AL 308 o] 4 B4
2 stk 17 AR TAL G W 7hA B
Lo oE, oA HeEe LA "9,

2~33 4] Lense sorting?} Hart chartE o|-&35}o] %=
Mg o] JAHE o] F7 = ¢l a1, Accomodative Rock
Card2} +D FliperS o]&3}o] 24 go|Ao] A4}
2 0|27 H9it}. 4-554) TranaglyphZ o] &gt
=5(304)7} AT (150)0] F4L o] A H
¢l o, 6~10574] Aperture rull = o] -&35fo] X3¢

Table 1. Findings before and after vision therapy.

129 71 =, 7} Ak 6¥ 71 = g, Mirror Stereoscope
£ o] &3 £3¢9 25A 7} A 15A §3, Free
Space Fusion Cards®] #52 7j4te] g3, &1
Eccentric circleg ©]-&35}o] & 3= 12cm(304), 7j
4hE 6cm (154) &2 =SS o 8 & +UA
=}t 11~12F=}o)|=Dua Polachrome illumi-
nated Trainero]| Non-Variable Tranaglyph(BO 224,
Bl 12A)E A&sto] 53 o852 o] 1ol 203
&3}, Free Space Fusion Cards?} Life-save card2}
A& 21 E o]E, Bendl O Scopez BI, BO7}
=, $Y e BES §9 5 o Herk
T @A Ae B YS9
1, &Y, A Holprt He B
= 47t 2 A= 59T

o
o
X

flo oY ofN &
oX
o
fof

[e]

He HIlE 7R A = o] Table 1
7R A = T

A AR AFE HlastE £F 23] 40cme]
A 5em, ¥4 2] Base-in step vergence”| X/4/29 A
X/8/45. 7, 7] 2] Base-in step vergence”} X/6/49]
A XIgl4o. 2, Y7 2] Base-out step vergence 7}
X420 A X/25/12°0. 2, 7] Base-out step
vergence”} X/6/40] A X/25/20.2. 2 NRA +1.00D o]

i

Test Before After
. OD: S-1.00 C-0.25 15° (1.0)
Refractive error
0S: S-0.75 C-0.25 165° (1.0)
Ner point of convergence 40cm 5cm
Phoria(far) - cover test ortho ortho
Base-in Step vergence(far) X/4/2 X18/4
Base-out Step vergence(far) X/4/2 X/25/12
Phoria(near) - cover test 4EXO 2EXO
Base-in Step vergence(near) X/6/4 X/8/4
Base-out Step vergence(near) X/6/4 X/25/20
Negative relative accommodation +1.00D +2.00D
Positive relative accommodation -1.25D -2.50D
Vertical phoria ortho ortho
Supravergence 3/2 4/2
Infravergence 32 4/2
Amplitude of accommodation (push-up) OD:5D/0S: 5D 0OD:14.2D/0S:14.2D
. - OD : 0 cpm OD : 8cpm
Accommodative facility (monocular)
OS:0cpm OS: 8cpm
Accommodative facility (binocular) 0 cpm (+/-A ff) 8 cpm
Fused X-cylinder(binocular) +1.00D PL D
Broad-h-test A AF A AF
Colour Vision Test(Ishihara) A AF A AF
Worth for dot A A; 2] AF
Stereoacuity(Titmus fly test) 200 seconds 80 seconds

- 131 -



A] +2.00D PRA -1.25Doj| A -250D &, A2 o|
ot 5D A] 142D, Tt 28 §-o]4d o] Ocpmo]
Al 8cpm, %ot A fo]A-& Ocpmol 4] 8cpme.
=, Stereoacuity(Titmus fly test) 200 secondso]] 4] 80
seconds= Méo] 5] AT A ;‘q] Z o] ] ]

| 9
& SIS AANOR Qo2 FAUB Y
| g Huch Wol A1, §atolew 9L

o

/\]Oﬂo
IE%ABE%QH%W

].

=

- 132 -

178
J. Boyd Eskridge, Jhon F. Amos, Jmmy D.
Bartlett, Clinica Procedures in Optometry, pp
688 (1991).
David A. Goss, The relation between accom-
modative facility and general binocular dysfunc-
tion, Ophthal. Physiol. Opt. 21(6): 484-485 (2001).
Griffin FR, Binocular Anomalies: Procedures for
Vision Therapy, 2nd Chicago: Professional Press
(1982).



CVS (Computer Vision Syndrome)

— ~ —
ZIx BE

o %4 a'

ohe 2] B Efeld AlH

AN E
CVS(Computer Vision Syndrome)zt 7
8t Forolit ARE AT} AP
278 A AgE Lt A7
%A LAk PR AL EFERo|
L oolft = o) AbHist F917 o]
a9l9] By el BA7k glon], 29 of
g0l 4, FekA] o) 4, 27 o] 4, okt
e, 2440t 79 B4 a9 &
A3} Q1A B3t £A)7E Ak,
CVS(Computer Vision Syndrome) 2] SAF
02y, B, A4, 2, W57
Azro] A4 olsjgo] Wol Y, = F
7t w7 W 2aw A FA7k g H ol
Zol qlet.
CVS(Computer Vision Syndrome) 2] oFQtA] o] Ak
Z 3 H.Z(Convergence Insufficiency)& Al 7] =
| 34 o|ch.

5.3 o) 4e]

e
o %%

A

2 O & 41 O o - oo
oF [0y i e U
Foox (2 ox lo o >

et 1o o

(ot ol
=)

N

(0]
Ix
o
lo
o
)
k)
lo
U
It
o)
i

o M
L
o
2
e

ol
rlr
pol)
1)

2 ore

et
lo

ki)
N+
=
T
©

J d
£ o
=

o

rl
2
>
N
1B
3
X
ofN

N
o

rr
__‘>~:
NIy
x
>,

f

i)
It

>~
1

1

r =

1y
2

o
o
010 > ol
oo o
Jo o
fr
LN
ol
]
olN
ox
o
Hr
0

|
0
w0 X
o
)
B
12
> Lo
.
fllo

) _ A
o >
ox, g Hir
do I
)
o
o
31_‘,
A
2

By
[ |

)
T oY
o
i
2
+
N
o
o
W)
oy
[N
il
o
oo
ot
oS
rO

B

Q.
w9 rlooo AN o NI U p L

N do o > do fob for L rfn

m
BN J® S

T AR A=A ofgol, 302-904 THPAN 3 FF 67-1
Tel, 042-224-6100, E-mail: dvcchlee@davich.com

o] gk HAfollA Auf, =H vk HARI MEM
Retinoscopy, %F<t Fuse cross cylinder 7 A} Zro] &
So Boln, YA M ARSI 7L AskE U
g A Ae o A= FAbo] et obF Sy
A AL AR D Eo] Aol A CVS(Computer Vision
Syndrome)e]l TR FQHAl Ao thet YA
o7} obx BA ronE ole] h3 A7t Ba

Aol o] A7 BAL FAS EhdHs
2 5% o] A Skl oy 3

=

iy o
ot
X,
ol
o,
do

so

% & A
Vergence7} W1, £ L4 whE A F5 2
Hol $EHE stflen, §3 WAL Y 4%
ol 4 A 24, +200DE o] &5 ¥t =4
o]-&5 2 HAtollA +o A e Al 24 wh-&
AAFQL < Fused X-cylinderd Abgho] Wag B
glow, AC/AB| 7} Yo} ZEREo =2 Xekg 8t

%At}

o

o =
r
o |m
_?l:
8

il
x

=
ofr
2
K
(ee]
N
=
Lo o

S AT TS upA A =it

194 Al 715 &8 Block string, Bug on string,
Barrel Card=2 9] 4] 2 Q1 &30} 74l 58S 7N
= SHAl sk, Tranaglyph(F=H 57 53, &4+,
At B2)E o) gatel Txe, Aae 7
A sHA okqlaL, =4 gt
sortingo 2 %A o|¢3} ~=9] 94 Jjd, Acco-

Qo L
ofN

- 133 -



modative Rock Card<} + 0.25, 0.50, 0,75, 1.00, 1.50,
2.00, 2.50D FliperE o]-&3}o] ool 9 okl 24
o4 g 2 %ﬂﬂ# 3,3

olo] 7t7] 9l8)A £ H

=
string, 3852 9| 03}04 Z3 9T TVAA,
T

EE
[o
W
B
2 ol
=
ol
®
o
%

N
av
X
o

AL Aperture rull, Mirror Stereoscope,
Free Space Fusion Cards, & Eccentric circleZ ¢]
g3tel gUY 37 FALS U4 shelh Yol
+ Tranaglyph 2 =4, #H4H 29 A] 16ABOIL
FEASH 02 A§oHA SHAT)

3ttA & A2 Free Space Fusion Cards®} Life-
save cards?} A= ZT W E o] 85t g3 o] &
=2 =7} &, Benell O Scope¢} BI, BO7L=, 3
e ol gdtel g FHEAL SR
F] ol A= Eccentric cirdles o]-&3to] 589 7
a2 54 shark

BA2) A7) B Gl i e oA

© A
o @E% %%3}74]3}3 Aol A= 30 o] ¢

Table 1. Findings before and after vision therapy.

sttt 1 A= AL oS o 741 EAk
FE s, oAHE s& =74 HAN
2~3%F 4 Lense sorting, Accomodative Rock Card2}
+D Fliperg o]-&3to] =4 &o]/do] A& ol F
A = Ak 4574 Tranaglyphs ©]-83F #52(30
AT AAE(I5A)0] AAE oA o,
5~6F 4] Aperture rull & ©]-83}o] Z3F¢ 129 7}
=, 74 6 71 = 83, Mirror Stereoscopes o] &
3t 238 2547 A 16A g3, Free Space
Fusion Cardse] &8 /JA-e §3, &9 Eccen-
tric circleg ©]83}o] ZF+= 12cm(304), A
6cm (154) &9 H S o 53T 5 A% 7-8
ZF 2} Free Space Fusion Cards, Life-save card2} %
= Z3HE o]-&, Benel O Scopez BI, BO7I=
S 7t R 25 5 S 5 QA = 9iTh

A7) B F A AFE 2A] 147 0]
ol ol A AR =) el w2l o
L3, Zolu oo FF, &0l A= EHY
o] E?ﬂol =l om, AR ghell @2 HEE 7HA]
Al = o] Table 13} 22 A5 7HA Al & Aot

AAE AEE Blustd v SAA] 12, 14,

ol

o,

[kl

Test Before After
0OD:S-0.50-0.25 30°
Old Glasses
0S: S0.50
. OD: C-0.25 30° OD: S+0.25 C-0.25 30°
Refractive error
OS: PL OS: S+0.25
Ner point of convergence 3lcm 5cm
Phoria(far) ortho 1 EXO
Base-in Step vergence(far) X/8/6 X/10/8
Base-out Step vergence(far) X/8/6 X/18/14
Phoria(near) 7 EXO 8 EXO
+1.00D Gradiant Phoria 9EXO 11 EXO
AC/A(Gradient) 2 3
AC/A(Calculated) 3.7 3.7
Base-in Step vergence(near) 14/18/14 X/18/18
Base-out Step vergence(near) 14/18/14 20/40/25
Negative relative accommodation +1.25D +1.75D
Positive relative accommodation -3.25D -4.00D
Vertical phoria ortho ortho
Supravergence 4/3 5/4
Infravergence 4/3 5/4
. ) 0D:8.25D/0S:8.25D OD:11.75D/0S:11.75D
Amplitude of accommodation (push-up)
OuU : 8.25D OuU : 12.50D
Accommodative facility (monocular) OD:8 cpm/ OS:8 cpm OD:12cpm/ 0OS:12cpm
Accommodative facility (binocular) 4 cpm (+A] A)) 12 cpm
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Table 1. Norms for Accommodative Facility[1-3]

Invastigators Results Comments
+2.00D, 11cpm monocular
Alpert & Zellers . Young adults
8cpm binocular
+2.00D, 12 cpm monocular
Burge 10 cpm binocular Children and young adults
10 cpm binocular, with suppression being monitored
Griffinetal. +2.00D, 17cpm monocular Young adults
L +2.00D, 1.7cpm monocul ar
Griffineta. . Young adults
13cpm binocular
Hoffman et al. +2.50D, 3cpm Children 6-12
Lieetal. +1.50D, 20cycle per 64seconds with 26 S.D. Young adults
Schlange et . +2.00D, 7cpm binocular Children
Grisham et al. & Popeet d. +2.00D, 10cycles per 52 seconds with 24 S.D. Children
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Table 2. The results of functional test (%)
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Fig. 1. Apparatus for accommodative facility test
(monocular & binocular)
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Test High Normal Low
Accommodative lag(binocular) 39.0 47.0 14.0
Near Negative Relative Convergence 23.0 39.0 38.0
Near Positive Relative Convergence 29.0 48.0 23.0
Negative Relative Accommodation 10.0 76.0 14.0
Positive Relative Accommodation 69.0 19.0 12.0
Push-up 55.0 27.0 18.0
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13 L | -075 | -050 | -0.75 | -0.25 -150 | -025 | -1.75 | -0.50
ul g R | -175 -2.25 -3.25 -3.50
L | -175 -2.25 -3.25 -3.50
R | -250 -3.00 -3.75 -4.50 -4.50
151 L | -250 2,75 -3.25 -3.50 -3.50
6| o R | -075 -1.25 -1.75 -2.00 -2.25
L | -075 -1.00 -1.50 -1.50 -2.00
7| o LR -125 -1.50 -2.25 2,75 325
Yl L | -050 -1.00 -150 | -050 | -200 | -050 | -250 | -0.75
R | -1.25 -1.50 -1.50 -1.75 -2.25
181 L 0.00 025 | -025 | -025 | -075 | -050 | -1.25 | -0.50
.| g R | -150 -2.25 -2.50 -3.00 -3.25
L | -175 -2.25 -2.50 -3.00 -3.50
2| o R | -250 -2.75 2,75 375 | -025 | -400 | -0.25
L | -250 275 | -050 | -275 | -050 | -400 | -0.75 | -450 | -0.75

2. 5 2t 1084 14M~ 20ME 7|E22 67HE~307HE = HH HEE

HE | 67]9~307] < Diopter H3}=F ZHE WY IPgL&e

1 -2.25 -1.75 0.259) 4] 0.754 &= &2 2} &%= W3}

2 -0.75 -0.75 0.250] 4 0.500 & 2} Zx}& W3}

3 -2.50 -2.75 0.259] 4 1.002. & 2514 A3 E Sivh7) 2470 AR 25245 HEHsE
4 -0.50 -0.25 0.25% 12 o 2 W3}t

5 -1.50 -0.50 0.250]) 4 0.500 & X} Zx}& W3}

6 -3.75 -0.25 0.25¢) 4] 1.002. 2 2} &2} H 3}

7 -2.00 -2.50 0.25¢]) 4 1.000. & X} Zx}& W3}

8 -3.00 275 0.500] 4] 1.000 & 2} Zx}& W3}

9 -0.50 -1.50 0.25% FH & o2 Hal

10 -1.00 -1.25 0.259]) ] 0.507} %] X} &2} W3}t

1 -1.00 -0.75 0.759] 4 1.000 & X} Zx}& W3}

12 -3.25 -3.75 0.25% ¥ 3}3}t}7) 127] Y4 3.002 2 5] ¥ 3}

13 -1.25 -1.00 X AE Fo] 18~247§ ¥ A wf 0.759] A] 0.50°. 2 W 3}7} =] ¢t
14 -1.75 -1.75 0.500] A 1.000 & 2} &2 W3}

15 -2.00 -1.00 0.259) 4] 0.752. 2 2} &2} H 3}

16 -1.50 -1.25 0.25¢]) 4 0.500 & X} &2 W3}

17 -2.00 -2.00 0.250]) 4] 0.750 & X} Zx}& W3}

18 -2.25 -1.25 A HA Q= 59 TS ol -1.258 HIg
19 -1.75 -1.75 0.250]) 4] 0.750. & X} &x}& W3}

20 -1.50 -2.00 0.250] ] -1.00° &2 X} &= H 3}
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3. 18~19M HH =2 Halgt

& 91 6~12 12~18 18~24 24~30
R -1.009¥ 3}5} HAstele A3 3 glS
L -0.75¥ 3}5} HAshale A3l H3kglS
R -0.25 st ale A3 3 glS
L -0.50 st ole A3 3Gl S
R -0.25 HAskale A3 H3kglS
L -0.50 -0.50 H3Hgl S ekl
R -0.25 HAstale A3l 3Gl S
L -0.25 -0.50 HakglS ekl
R -0.50 W3kl -0.50 3Gl S
L -0.50 W3S -0.75 3Gl S
R -0.50 -0.75 Aokl Aol
L -0.50 -0.25 -0.25 Aol S
4, g 4ol m2t 2= X|0|
A 6711 ~127| €D 1271 ¥4~1871<4 D 1871 ¥~2471<¥ D 2471 €9~3071 ¥ D
o 0.25 0.50 0.25 0.25
o 0.25 0.50 0.25 0.25
5. 18~19M| ElH =d8 Hsto| U227
= 91 6~12 12~18 18~24 24~30
R -0.25~-0.50% 3} 7o W3t gl & 7o W3t gl & Aok gle
B , 7 AHk-0. 50tﬂ§} , ,
L % 3+-0.50 ¥ 3} Py E'% g 7 o] AstglS Aokl
6. RL Z AlZo| L = H3t2 wra}?
R -1.25 -1.50 -1.50 -1.75 -2.25
L 0.00 -0.25 -0.25 -0.25 -0.75 -0.50 -1.25 -0.50
7. 10CH=9| =H=o0| HUF LMD, T Wt =717
(RLEZ =2 7|22 5l¢)
1 -2.25 -2.50 -3.50 -4.00 -0.50 -4.75 -0.50
2 -2.00 -2.25 -5.25 -0.25 -5.25 -0.25 -5.25
3 -0.75 -0.75 -0.25 -1.50 -2.00 -0.25
4 -1.25 -1.50 -1.50 -1.75 -2.25
e ta I8 AETZE HFo A leHg %] ¢

M soH2 -1zAED
122HF~182H= D
Bl 1870324208 D
24 = ~307H D

Aol b

HENS

T
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0.75, Al ko] -0.50 © = W3k7k 4371 ey A
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F2 wop A% FUESI} 1252 F243]

112 -0.250] A] -0.504] & & 1 2] & o] A W3} 7}h
=Qla, 281 6~127H¥-2> 0257} WHItE Gl
12~187] €-& 3.000]A}o] W 3}7} ¥ Qo L} 18~24
N, 24~307) Dol = M3rF gl 39 6~12
ML 2ol 7k ¢l 12~247) L& 0.75H 3} 7}
Y7131 24~307) Lo A= 0.507 =7} W37t H
Atk 48 6~1271 LS 0.257} W3} E ¢l a1 12~18
N ®3k7E §llar 18~2470 -2 0.251 317} Ay
711 24~3071 92 0.508 37} A 7 o}

2 E
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el 299

=
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Tl gty & 4 o 9lch.

2} 1849l A] 194] 10t =29] AAo] 7 9
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g2 g 5 99k

224

Louhgel: A 9 o] wek A o oku
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