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Mechanism of Axial Elongation and Chorioretinal Atrophy in High Myopia

Takashi Tokoro
Department of Ophthalmology, Tokyo Medical and Dental University School of Medicine

Abstract

Myopic chorioretinal atrophy with axial elonga-
tion is one of the main factors of visual impairment
in high myopia. To clarify the causes of this chorio-
retinal atrophy (CRA), the mechanism of ocular
axial elongation was investigated from the effects of
growth factors on experimental myopia models.
From the analysis of large numbers of humans with
extreme myopia, the factors causing CRA and the
process of progression of this atrophy were also
studied.

I. Mechanism of ocular axial elongation

Myopic change of 20 to 30 diopters occurred in
chicks when they wore translucent or black opaque
goggles for 2 weeks. But when they were fed under
dark conditions for 24 hours, myopic change did not
occur, and even when the goggles were worn, only
slight myopic changes occurred. Thus, it appeared
that light was necessary for myopic change and an
increase in temperature caused by the goggles had
little influence on the myopic change. In light
microscopic observations, the posterior sclera of
myopic chick eyes had thicker cartilaginous sclera
and thinner fibrous sclera than the normal controls
and abnormal proliferation of chondrocytes was
seen at the border area. To investigate the changes

in cell proliferation at 3 different locations (periph-
ery, equator, posterior pole) of the sclera, the ratio
of positive cells in PCNA, Decorin, b-FGF, TGF-a,
TGF-4, IGF-II, and phosphotyrosine were studied
immunohistologically. Positive ratios were higher
at the posterior pole of the treated myopic eyes for
all factors, except for b-FGF and TGF-«. We esti-
mated that the proliferation of chondrocytes and
revelation of growth factors were higher at the
posterior pole of the sclera in the experimental
myopic eye than in the control eyes. In electron
microscopic observations, proliferation of chon-
drocytes in cartilaginous sclera was found and small
diameter collagen fibrils with a large amount of
ground substance were observed in the fibrous scle-
ra. These observations were similar to those of the
sclera before hatching. It appeared that the sclera
of the experimental myopic eyes remained in the
pre-hatching condition. In co-culture expemiments
of the cultured condrocytes of cartilaginous sclera
and the retina (retinal pigment epithelium (RPE)
excluded), proliferation of the chondrocytes was
suppressed significantly (p<0.05). On the other
hand, in the co-culture of chondrocytes and RPE-
choroid, increase of the chondrocytes was induced
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(p<0.05). Proliferation of the chondrocytes was also
seen in the co-culture of cultured RPE cells and
cultured chondrocytes (p<0.05). Therefore, it
appeared that RPE cells might be producing factors
to proliferate chondrocytes. From a tension experi-
ment with bovine choroid, we found that the degree
of stretch in the longitudinal direction was stable in
all choroidal locations, and that the degree of
stretch was greater in the longitudinal direction
than in the circular direction. This tension of the
choroid in the longitudinal direction may accumu-
late in the optic disk or the macular area, and cause
mechanical stress to these areas. Thus, it may be
possible that the tension becomes one of the factors
of axial elongation in the direction of the posterior
pole.

II, CRA in experimental myopia models

3 monkeys (Macaca fascicularis) which were 12
months old, had their right eye lids sutured closed
and reopened 4 years later. Further observations
were carried out for another 9 years. Of these 3
monkeys, chorioretinal lesion was observed at the
macular area in the one with the highest myopic
change (—19D). A herniation of the choroid from
the scleral dehiscence at the macular area was
histologically observed at the penetrating position
of a short posterior ciliary artery. This finding was
similar to the lesion reported in human high myopic
eyes. Also, from the elecron microscopic observa-
tions, the treated high myopic eyes showed strong
age-related to the changes in Bruch’s membrane.
Therefore, it appearred that aging was related to
the occurrence of CRA in experimental myopia.

ITII, Progression of human CRA

1) Hereditary background: A search for candi-
date genes was performed focusing on IRBP using
the PCR-SSCP technique in 26 persons with high
myopia. However, no gene abnormality was proved.
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2) Factors influencing CRA: To investigate the
factors causing myopic CRA, age, refraction, axial
length, and corneal power were studied. The main
factors influencing decrease of the visual acuity in
high myopia were found to be Fuchs’ spot, diffuse
lesions, focal lesions, axial length, and age in order
of importance. Therefore, we considered that CRA
in the posterior pole had a strong effect on the
decrease in visual acuity. 3) Progression of CRA in
long-term follow-up cases: Progression of the
lesions was observed in 17.7% of the diffuse lesions
and 17.2% of the focal lesions after more than 3
vears of follow-up observation. Statistical analysis
was used to investigate the factors which might
cause decrease in visual acuity. The results showed
that the existence of Fuchs' spot had the largest
correlation with the prospective decrease in visual
acuity, and the other factors correlated in the order
of diffuse lesions, focal lesions, axial length, and age.
From these results, presumption of the prospective
decrease in visual acuity was thought to be possible
in a reasonable range. Through these investigation,
new courses of progression of CRA were discovered
and added to the previous criteria. Those courses
were simple macular hemorrhage to the lacquer
crack lesion (LC), LC to Fuchs’ spot, and LC to focal
lesions. 4) Fundus observations by fluorescein an-
giography and infra-red fluorescein angiography :
As a primary change in myopic CRA, either the
impediment of RPE or the impediment of chor-
oicapillary layers in the choroid was observed. (J
Jpn Ophthalmol Soc 98 : 1213—1237, 1994)

Key words: Mechanism of ocular axial elongation,
Progression of chorioretinal atrophy,
Experimental myopia model, Growth
factor, Presumption of visual acuity
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E RIS LB 5 O A LT B NIE T RG A358
mofz (B4 (1) a, b), #LT, M#HEL bULEREESR
iE s RO B 2D 7 (p<0.05) (E5).
U7 T, Bl s oo B S ik - M o sy 5 =
HRAREESROERIZE>TELTW, Rig, 20
WErERTIRTEML 01, BERMROSE -
BWHECEAS T3 Z L B8MeNnTw 3 b-FGF, TGF-a,
TGF-g, IGF-IL iz 2w Tkt L7=. TGF-g8, IGF-I i,
ILEBIREMT I B L THEHVEBERIC Z R L (F4(2) o),



1218

OB MR Bl AR L2 (p<0.01, p<0.05) (E
5)DiExt L, b-FGF, TGF-a iZ:RIR & WiEIR TH =
R iy 1z, £ 72, phosphotyrosine [P &
R i % { A Sk,

PR R & Y (S T 5 b, AUEIRTIRH
/MR « TN OEEBREL, BALY ¥ GG
R TR & RRALRERNE, S5, C0LIk
R IR v [ L T B H3 42 B4k L 72 hypertrophic
HRoME £ B O #HE L 72 apoptosis RO TED 51
72(H6)., T ks AEIRERT CIRREMEOR
A% remodeling 23fTh LTV 5 2 L HURE & hiz,

BRI O BEEE Tk, MHEBOa 7 —5 >
MO R S B —TH 5 DI L T, LERTIZAS
DAL —TEERNICH <, BHERERBRLMER L TWuik:
(B 7), Zis QUEIRFRHERBIOT RiE, BEaioR
MmO T R E ERIL T ([8).

HHERE3E 98% 12%

3. BERTO®E

t 2 2 EETHIRGER BRI 35 1 2 BE A O 35 1
b & WFED BRI S iz adhd L & bz, FEAT
DERATORFEL RIEHM I ICEE s hte, 356
W iECEAIIIC 312 % phosphotyrosine OFFELEIY, RS
R SR 0D K 3 B B R 0 5 400 & 72 1 B R AT
FoTHElshTwaalREEERE L7, Lal, B
KT OIEHBFEZH S 023 524, L DHfia®R, &
BOLERRATOMMBFIRTH D, £, HBEFAH
TR TR S ik not, ML, MEBGOFR L,
FIRASHE D & W R T 2350 S M 2 ATREHE IS D W T SRR
L7z

#xm 8%

a, fE4 O RGBT 4355 22 08 BB A e oo 4 e e
I IEE R 7

WIREEE =7 ) ISR (7 X 10%/100 £/10%

4 (1) PNCA, Decorin @HREHEHSHTR (£33 JERESREE)

a, PCNA : #BIR (A) :H~7T, AEIR (B) TR
HicEuBHRIGSHES 5 d (x260). AR
LA NFHER (x530). BMEAIR (ZLH) &
FetEHR (9ED) 2R L Tw A, FS @ fgfEsme, CS @
L7 gE gl

b. Decorin : #EIR (A) i~T, AER (B) Tk
HlE RV RGOS 5D (X260), A
B35 A OB E L (x530), B (RUD) &
Bkl (eED) 25R L Ty 2, FS © Sians, CS :
LG g



SRR 6 125 10H
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TRABOBHBHMIA >h 51T Ev (x530), FS: MHEREL, CS : Bra il
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(%) PCNA Bpftefupas

60 1 *
0.05
* pc<

HEEFS

20

BN FEER R

(%) TGF-P Bttipas

1001 sspeom * %

il

DA AEHEE S

HEERS

HEERR

HIR&ZEE 98% 12%

(%) Decorin BatE#HEasEE
80 *

* p<0.05 ety
60

40

20 1

B FoEE S

(%)  IGF-Il Baitimpa s
100
* p<0.05 *

5]

~1
441
L

o
o
"

BLD#R s S

®5 [BERDS, FEMs L UERESHER O PCNA, Decorin, TGF-5, 1GF-11 (BRSO H4E &

RERE (HthR) 277,

H6 tI3AIRBEPMBEAROBTIEME (B F
B O(AER).
A P4 Az K Ml B2 A S hypertrophic TR @ fffl i,
apoptosis kO ffE & ter L EEOMBER A 6 h
%, »N—{5um

7 —4 Y EOWEREECRRIE L, £ OB A
I & bR L 7z,

d, FEfEERE AT & B R R L RE T TR
ENT 4 Y OENER
FEMEHEOERTIZ & 5 EEBTE T, #ENOF -2
YHBEPL, F—NRI U TI=ZA DT HRENLT 4 V%
BET3E, ZORRELETHEINE LOFEN D
=18 s, TRELTZ 4 YOERABFEICOWLTIE

B & iz ST Wy, S(alidoh e di i 8 a3 &
WA F A L O co-culture RIZT RENL T 4 >
% 1077~10"*M ORE TINA T 48 KRefelk, B EE
R D% = B 2 T # hF W O REAERE % bl L 72,

e. M _EFHSEEEBECE N & B0 SR E 2
Ha D IEHERE B T i

I aDBEOES TOREFIT—7NVIRT 39°C,
BIRT3ITCEEENTWVEY, 22T, ZORELR
DIREEECE I, SRR oM C S 2 5
B ARG L 7o, BRI & e e L &
TPCERRIPCEBEEINLE A, Y Fa—F¥—HT
2z 5 HiEkgEE L, ToMEHMEEEZE L, £
L T, 3TCTH# L RO Mfhiihii & 3°CThiEL
Tz RE DM TE AR & & Hhig L7z,

2) & E

a, MR T3 % K6

SEFEHL: 7T RToORERTFIC L - T, WE
fa o MR RS R AE (XA B THE L 72 (p<0.01~0.05)
(4 10).

b. EEGAMRE 3 2ROME (HEEGER LR EER ),
MR R+ WRAS IS A 8 ME O HEHHRE 1 ST 3 538

. (M ER LR CEEEREME L O co-
culture |2 & - THFEHEME O I EE CilH s h
72 (p<0.05) DXL T, WEEEREE+HIRIEE L co-
culture I k> THCEMEOMBERER ICREEI L
(p<0.05). %7z, MM (MEREEAR LEERRL) +HREE
F R IREEIE & @ co-culture T I3 EkE M B b



R 6 £12H10H

H7 &3 03B HREERENEETR.
WHBIR (R) T2 7 —% Mg o RS 38 —TH 3
2, AER (L) TRRS BT —TaEIcH <, &%
HEIDSAA L Tw 5, 23— 1 um

LEREDIETET, ZhesOEER o (H11).

c. MEEEHAREGEE bR IR AR BT O B AR 1 R
TR

BE kDalToYE 2 BT ERYEOBEWE (Trans-
well-COL ®) Z{f [ L 7z 85& 1 13 E g o MhE s e
sifzd3, 6kDa IFOYED A %@ T Bl O KV
(FBM 2 7 — 7 ) 2 H L 5E I i EHilg o
T & A7 (K 12),

d. BFEECEM & RO L kET T
RENT 4 DR

IX10MOBEDO 7 KENL 741 EoT, co-
culture F O #E MR O MR HETE I3 3 BE T DI & L7z 23,
WEMEEMAREE TR, b riliflahiz0iT
Ho7:(H13), —4, ACEBEDTRELTZ 4 YiZLo
THA a3 IR ORI E 5 Jh oz, LIz
BoT, THRELT 4 OPEER EEEN L TREM
FOMIERE £ HIH - 2 ATREM S E 2 50 B,

e, HAFE LS L3EE TR E M & 50 AR A A

RELITH - P 1221

X8 LRl (3457 14 BH) ORHEEEOEBEER,
05— RO A X TSR <, BERHER
BEASA -, LIRS EEERE SR ORT R s |l T

Vw5, =i 1um

EEE R R EREEN SV
(6 kDa EIF) (B8 kDa LI'F)

\ 1 A —

RPE
e[e]efeTeT=T=]eTe]=]=T

RPE
LEEEEEEEEREET

X9 IEEERAFE EERE & SEEREMRIE L D co-
culture,
HIEEAEOEWE (6kDa LLF), ElxEmuE (8
B kDa LAF) %R LI-5HEOHE.

Ko o RETEAE 2 R iR T B

B R 3T > 39°CIc B3 2 kT, BEHIE D &R
MM b MfaEAERE I3 oTE L 72 (B 14),

4, ARASAEDEREM

ARAEHE DR L HREE £ OBfR A,

BE B

v v ORBFRERICIRER AL L, e 3 RELRI
A ZER L7z, BB T I 2 Rk, IR, &
AT B & U OB GE F R+ IRIEE % 4 mm X
6mm DA E S IR LERE Lz, EREEM AR
ARERORTE G AN & 2 HEGERA &, FEHAIC D 2 ik
BAD 2FEEO b0 % Liko 3 TER L2, #E0
il % 8-0 $8:% THRETS, 0.9% AHAYRHEAK 50 ml GRE
34=£1.0°C) £qilz LI ABRENICBEL 2, RO
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%)
5007 4
% A
g 400+
® . %% p<0.01
<0.05
& 300 =
an
s 200 T FEN
* 100 I
0
bFGF PDGF TGF-B TGF-¢PDGF IGF-I IGF-II
(100) -BB(100) (1) (10) -AB(100) (100) (100)
MR ERT (ng / mi)
10 =7 b IREEENE MR 0858 (2 BT T 4mBS
BEREFOIHER.

e L, MU RN 202 7o R EAE L 7 s
B HIfEECE , Mg R T % 00 2 4 W RO M E Gof
W) T#l-oT, Ba¥TELL. #HMOFEINHNOM
Wz MR ERTFORE 2R L, OIS
i a5 B9 7 oD 5 BEE W 4 e B B 1z e 3 B dose
response curve T, EHETFOIERH RIS 2 2
B & PUE LTz, Bl RO & WIEICRYIL TH 5,

RPE #BI8(RPE (+
@IBRPE () i Gl
AR#a AR ARisAS
%} d‘.fdlsh %1 _ﬂ‘/dish x 1 O“Idish
107 P<0.05 357 pc0.0s 187 e
_|_—1 | 4
# L ’_\ %
& | | | & 7
i # |
[Tl i fa
# 1 E- o
0 0+ 0
L &) L Y Tl F0)
co-culture co-culture co-culture
11 b3JROHEE - BEEFRER - BREEA=7

b 1) AR SRR ETE C KT TR

M, 17XH 7 D ORGE L 7 E R R s R 2
LTwa, il “2L" i Z5siscE il = sahc
HBELILCERRL, “HO"IXETO 38D 0t
TTco-culture LIz Z L 255, 77 70{E
R OFETH D, BRI RS 2R,

#EELI LT, 9—imEiENE 4 — (UL H, #Hs
EER) L, HIESS (6 M-52 B, =4ulEssn)
ERETCEDEHELR. 272, T—4 —T 1454/ 1 mm
ETFEBLROERAOMCEERERT v a A —
#— (LP-20 FB B, #HH{H) CFBPILE. ZoRNE
U e g k%, st (3078 &I, HEFTEML) 2L
T[RRI 3RS U 7z, HIEREEE 1 calibration &R, B
i 1,000 mg WX LT +1.0%, U 1.0 mm icsf L+
2.0% TH-o12,

2) & B

600 mg L7z ) OB TOMBEEZR1I DI L

HIR$EEE 98% 125

EEME DR E EBENFE
x 1 0/dish co-culm\r:e&b x 1 07dish °°'°“'“@\”
% 20 #% 10
& &
# 15 # 8
f2 i) 6
B 10 co-culture 3 ¥) " 4
5 =
2 co-culture s L
0% 0
01234586 78 01 2 34 5 86
# ® B ¥ () # ¥ B ()

12 $#®=-7 b ) FBEEEE EEEIRAZT M)
s B RRR D IETEIZ RIT TR,
fMedlIE 1 7Ch 7z D O L iR si = = L
Twa, EPo co-culture 2 L (FHHL) (3 FRIEHE
MilazEMmTRE Lz 2 L 25 L, co-culture P
(BA)iz=7 bV FEHEEGS EEHRE L &bk
L7zZEREWT 3. 20 co-culture DFEIC, 573
L 7- i A & MR - a8 i E s
DEEORL 225 -4 VELHV, MogEs
A E R O TH D, M
RETHS,

RPE

-4
x 10 /dish -2
(co-cultures t)) 2X10 M

EC

ma 8

& @

zh 6

ol wan 7
P~ (co-culture % 4))
i) 2

H 0 co-culture® L

FRRTIRRT e
LOG (PHRENT 1 B 1 M)

13 Z7FIIEBRERLERSSLUZT M) IRE
IRERBHEERIC RITT TAHRELT « > DER.
e 1 b 7o D OREREL 1o AR L R 4,
b L B il A R L T B, HElhI
WHICIA 727 RENLT 4 Y OWEEEHBERLT
W, oLz EBEgREfile 7 KeEL T 4 >~
T THMICEEEE U - FrOBCE #0575
L, —H, BB 7 RKENLT 4 T, co-culture
1T RO G R E RSO FigiE, Bl
E A OFEEEZRL TS, R REZE
TH5,

F1 REEHETCORBRENERE (385D 600 mg %
1=4)

W B A M
i N — :

A A (mm)  &AKARE (mm)
ki 8 1.34+0.35 1.01+0.34
AIETERAT S 8 1.32+0.32 0.93+0.26
is1=iike il 8 1.33+0.38 0.88+0.23

N :HRSL, (13 T + e
RS A4 X HE4mmxXEE 6mm



PRk 6 F12H10H
x 1 07/dish x 1 0/dish
40+ 501
" | # 40"
= 307 #t J
o 395 #3001 39
m 20 ~ @
5 37 B 201 AV A4
H p
101 101
0 T T T T T T 0 T T T T T T
0 12,8 4@ 5 01 2 34 %
% # B ¥ (H) ¥ #& B ¥ (H)

H14 BEERAZT M) FMESHSMIEE & UR
MR OIETEIC RIZTRE.

T 1 7B 7 D OREE L s E e s L U
feE s e R L Twa, P oAmEAR 37CT
B3 L BOMSOFISE Y, B 39CTR=
LMoo FHiEExR L Tw b, fHsimdE
RETH S,

(T, MEEAATREBMETOMBEIZTMCE > TE
bed, ERFAOMUTEEBEERIC W I T/HE L
i AERES A ST,

5. % &

e d — v ERERAS TS -z
Wit 2 LsoIEASER s NS, Z ORERIEHEE ok
BEAHETAIERIBEELONT W, 1985 F
Raviola & Wiesel®s3 4L O IC L - TlE, Hlaife%:
gL T M T B 2 &, Troilo i3k 3 o TH
MR ZYINT L T HREd 2 2 L s, HEEE X DKM
ORATFBEEERZ LI k-7, ZORFATE
L, 7=27 ) »#ilato VIP oY, #ERO F—3
VOB ERBIT N5, FOREAIZDWT
BRPHS LTI RN,

Jensen 2%, t I EHAMITOHHTCHET 5 &
RERDMER T2 2 L2 L, —7, Chiu 5%, K&
S HE R T a a2HEE T 5 LIRKERORE . 3
ZEERWREL, KESEREERE L rHic—2~—4 D
EOREEEATWS, FZTH5ENE, EHL0EEC
DWTHRH LTz, T—7 i kH8 80% Fi#§ 2 50
T—7 Nk, HH100% EiT S D BET—
TohER, BT — o hpsiifbsEiE ok, £
hTid, BFfE T — vz LTz 25
24 FsfMEATceE I o % 2AMMBE L EZ S, KA
BIONIPETIIFHEOHROFKEEHTHLED, 5
DFERTIHIRERELZS Lo, 22T, Mk
37— VB L AIRROBE O ERICERA T % )5
HEFEZ T, 24 BEREFHATO L I aRICEEHET—7
WEERISES, ARER IS bFhTho. In
vitro DEEBTIE 37~3CCADRE FHIC L > THifaD
AR IR X 7o ds, EARD Tk < in vivo DFER TR
BT — 7 VERBRTOMRRFEEIIZSBETHD,

FEEITH - 1223

BE LROBEENRS-T- L LTHEMEBEbhi, BA
T— 7N % 12 BEREHRT—12 BEERSEF CEH S B S
WiE, 2 OREHHA S FTHREFT L R UM L Bbh 353,
WVIER E oz, ZhIE, fIR»SXNASZ L, B
T—NEARTI b TR OBABRSL L, B
SOIRE L TORBEGEO@BEBHEI L ENELS
hz, MRcERGaT—/veERsEhiE BROSE 1 o
sk ana s, WiRCEOT -7V 2SR
B RHER~THELR#ET, §XTHECL, ErD
2T xR hrot:, BE20HBEMT— S NEEL
ICESE 1lmm OF /38— — b THIY L, XORAZ
W7EAE 100% BT 7z 20 12 5ERI DR B, 8 3 DAFRE DS
EWDWTREERNTTH L, WTFhicLTHER
EROREIIEXBLETH B,

o — 7 R & TS ER & RO BRI
RO HRRERIR R, BEATOLE 2B O R &8I
LTWw7(E8). Lizdi->T, IT—7A3HRTIEIE
BIOIREEDSIE LB LB L TWwWa #2603, £33
D FERE T W TR O NI & v 37 T a7+
VA OERENREMLTWwS LI IRELD
%2930 SEIOFERT b, RERES T kEeg o 7
UTA ) A ERAENERKLTVwS EE b, BAR
MG AED s, 2O X, SHoOMa
(PCNA [t:AIfE) AStiaie » g L chaEIcsEmL T
WARHEFEE-KL T, £k, ARGCEEETD
TGF-g, IGF-Il Bit#ilanSHEo ohd s,
o DR F IS RIRSEROMEEICE L BEL Ty
2EEZHNS, LHL,Gottlieb 53VDED Z &
K338+ 345, g REOAREDHE T 20, Mg
BEEILAT L BN L T iz, In vitro Tt TGF-8,
IGF-1I & [Al#§ % K& % 7= L 72 b-FGF, TGF-a %3, in
vivo TIIXHRIE L LEBIR - o TcEERER T o1,
ZOEME LT, BaiomiREpae e & e
=7 A S S T ALE IR 0 SR R R M e T
ik, ZhZNOEERTCNT 2EZMgEL L 2 e
%z 503%, —7%, TGF-8 i3RI @< & oWwd
b H D, S RREATOREIC X 2EHOEY, #
SO RRT L OBEFIc ow T b RE s
GhiE s, W LT, HEBEREMERTHRIEE 2= %
Rk 3 2 HHe IR R e A e B 1) S & 1
N, XORSMEaMEA»SKS Z LRI RD, 2O
% %13, Rada 6®OEBH =S LRPMAOY 82 &
BRRE % L U 7o EAEEFTRIC L o TH IR s 5,

RER T T EEORER T TR ETCE Mg O RERE X
TLEL 7208, ZheDRERFHBE I o4WE s Hh
bt 1AMoL 2 20ME (EREREEZERL),
WEEaE LR IREE DS 2 WIS+ RG-S
BRI £ @ co-culture 21TV, BCEHINEORIYEAE % i
L7, ZORE, WEAEREEEZERVIHEE L D co-
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culture IZ & » T, HUEHIFZ OB I G = ICHIE S i &

e, WEENCEREHEOEZEERE 2T 27T
HbHEBbhb, Ehrlich 593 & 3 o FEpicfix
@ neurotoxin ZiEA L7-EE» o, FAKIRER O A
FHRMRESEE L TWwa ERELTWE, £/, £33
ALE R O MR FE B T 1 AR/ (OP ) o i 335 HH
CRFHLTWE I thoflENBOZEILBEZ 5N
3% ZhedZ s, HMlE L D AR OB LHEEEO
WHzhREE b ORREE b F 2 S5 b, 2 OHFEEEAEOH
HETFELT, 727V AHMETDR—,32 EFMP
TGF-p32297% EHSBR L T A AREME b H 5%, SBO
B BBLETH S, MEEEFE LK+ IREE & B7E
BE & @ co-culture (2 X - THCEHIEOHEIEIZHEEICE
Nz, FEREE CIIMEERAE LK & RIS & 0%
FREER DT, FEREREAE LK & EEREE o
co-culture L7-#58, ERMEOBWEEZER LGS
ViR MR O JERE IR AE & Nt A8, B OEVBTIIE
WEESEE S W R b o, FIT, WRAREED»S,
BT OB % (R AE 5 2 LEi 0 TR O K & WIE %
BE EHEPICSWLTWE Z Edbhot, ZORETI}
SFERD DL VEERORED SO IRERTFO—FET
b EEZOHNE, 5%I13, western blotting %4 ¥ T
B LEPOYEERET 2 FETW S,

F—REVyT7IT=ZRAPMTHLETRELT 4 »2HVE
LEFUEB G S 3 Z EBME SR TV 512719, S[a
I in vitro TZ OBFE8ET T 570, EBEEk -
AR R E O co-culture RIS F—283 v 7 T
ZAMTHEBTRENLT 4 2EMLT, 2X10°M T
co-culture F T OHCE WG OIEHE 1220 1 HIH &S iz,
B OBEHE ORI TR S B8 nwI ki
BEZT, TRENT 4 YIREECFR EFMREEANLT
MEBHCEEZE 2 TOATAEEREGEVWEE IO N
iz,

ARAB IR 0D TS~ D HEAE |3 RIS 5 & BRR I o 1 C Ik
{, ERETRBV., LT, BB LAEROMTIX
KR BEE IO T, PR &R & oMo LR
JEEREE D HE 7 VX ARAE R O 3 THRFE X D B L wbh T
B4 S0 > RFEHE 0 HRER 0 Bij & 77 6]~ O i R
X, FEIRER, FREERTA, FEHEATIZEA LHE—T
HY, EERABEL D BURTWETIZH S, REBOY
HEMHES—ETH 258, NFEMCRIEIR D & HiBE
OIRFEIEAT A HRORIMeb 2 EFHEZ o, Z1L
T, ZOHBERT L HEMEILED 5 L IFHHILA~DH
EWMERSr»5 L Bbh s, AMTREASICEST
Bruch BEAM A ~ZEF| &, FREH L D HITH T3 EIRES
FEERE DG < 7z 80, GafE A& (B4 5 HRFE O {5 B i B
W EFZ oA, b bIEEIHR 951 AROHRE % iR
Eilicaz e, 1507 L, BHMENEL Z>THT
B afERE L, #lo T ERERICH B, Lied-T,

HIREEE 98% 125

(mmHg)
20

10
£
5

B,

24 25 26 27 2829303132 33 34
B # £ (mm)

15 E FABERSEBICH T 2BRHEORENFE

A,

HeEhZARE 2, #EIREE =7, -8.25D L

Dt bFEEETH 951 fR % 25 mm 20 & 1 mm IF THR

BRI T, BREEC B 17 2 IRE O F5H1E (G

) B UERRE () 257,

HEAR TR R o b, BERYSEoE Ll
HRER T3 o RIREIEPHESIREIC L > TE 51
HEINT, BEFOFECRERIEATZ EFLIoN
3)45)-

I SEERGTHE 7V I #s
ARES IR 2 13 2 2 b

ERTRRO MR R & L TR» & O IE# Ly
faff s T iedd, EBGEHE 70 THIBIRAE YR ZS %
AHlzbwiwmGidiy, —7F, b MEEIHEO BRI
MEZERE T IIE o> THEBHE 2 0, MR IIEN L
FEEErEFHELLTWS, S0, YLVEBRIHETLVEER
HARIBIEE U 7o R, MR BRA A S iz, £ 2T,
FE AR & AR HIRET & 2T 5.

I

MRIE, =2 A Y (Macaca fascicularis) 3 VG (No.
1, No. 3, No. 9) #Hw:7z, Wi d 1978 49 1wk
BRI A AR I Bl 2 B85 2 MEFT U 72 89 4 SEE @ 1982 F 1B
L, BEc X 2 HiriReE, EEEiliESEE I £ 2R
fRAE, RERES L CIREGERE 2T, 20
&, 1984 4F, 1986 £, 1991 FFiZ[F— DA% L7z, 1991
FRRERIC No. 3 OFIREBETIC HERELN A S h,
1992 4 R AR 1< AHMR S OMRES 2 17 5 7299, 1993 4
No. 1, No. 9 i2 DWW T b H#FAIRE L Uiz, E0LEL
51% NI —LVTFNLTEF 3% EVATLVTEFRT
BEFEE® U, RIS 2 2 7 ABRBEE
N7 74 BIUPIRFVEIBICEEL, XHEb 20
EHTHEL I,

2. % =B

1) KA R

4 FEHEEEEED 3IC (No. 1, No. 3, No. 9) ®OE#
Bz HE-8.0D,—-19.0D,—3.75D, ZHE+1.0D,
+0.25D, +1.0D; BEhE 30 18.5 mm, 21.1 mm,



L 6 fE12H10H

SRRBEITHR - P 1225

16 HI/EE (No. 3) OIREEH.
FALER O oS R M Al # 1/3 FLEEO 1 EiRE
BaHEsN D,

[ 18 EHYJLEBEK (No. 3).
IR (B0Ak) Wb~ TALER (B4) AL Tw
3.

(17 HILEE (No. 3) OERBRESFER.
HALE IR OB ZE O Ul ER I3 FIH @R I £ iz B
R (14, 6F), BHICIREEREE R S,

18.9 mm, AR 17.5mm, 17.2 mm, 17.8 mm Th -7z,
ZLT, BRERERORITEIZAR-9.5D, —19.0D,
—4.5D, Z£HRZ+1.18D,—2.88D,—-1.0D TH o7,
IRl 12 A0 20.7mm, 22.2mm, 20.6mm, AR
18.5mm, 18.3mm, 18.7mm T&H - 7.

CH/3ABEROABRENH -T2 (H16). FDFE
i3, HCIREERRE TP I8EcH E B
Y, B RELRE L LTALNRE (K1T). HIR
Wi 1/3 AEEE, FRICR 1/4 ABEEZOEH 2 — X AH
Ho12(E16). No. 1 TRAERICERI—X A 27D 5
hEZE 13742 <, No. 9 TR & b ICBEFRR T d-o
il

2) fH f& o R

No. 3 fiHERER &, SMRERAR 21 mm, AR 18.5
mm T, BERYoEr YOREREII»-7 (I
18), MHERAYIC & & NI RZATR IZ PO E M ENCAIE L, 54

X 19 HIER (No. 3) HEHOXEER (X33).
HUERTREALE (RUD) SE iR
SRR ASRIE L Tw 3, C O HEEEEIR
BHENE (%), bA L7 —ifh

AT 0.5 mm (cF-> THBAL, 7 OEN S IRIEEH R
HZHEEL Tz (B19), hickikEREkSgE L T
Wiz, RSO IREBEEMImE XPAZE L, MEaE LE
BIEEEL, ML Tu, WENICINEL L UHNE
W EICERL A S, U0 TIRIRZAERIC S [ = S
PEHERE K S 4 & LTz,

HUL B ORI O E S (XA ALE R 90~120 gm, A%
FEHR 190 pm & GIRGREOIEHEBEHEZ s n iz, BHIC
& % L EE A AR RS O i Tk, AR Bruch B
I BRHERT 4 O #ENN, wide spaced collagen BEDILE
733 5) 1A NS AW

No. 1 {EHIRERO/MREE 1, ALER 20 mm, Xt
HEAR 18 mm THh- 7z, PLEHOBEEDE S if, HiE
140 gm, 7R 250 pm & HIRGEREOIEFIBH -7z, +
DEEOEEMEE T, GIRMAEGEEEIC lipoid
degene-ration % ¥ ®ZME, 72 Bruch AN~ DAL,
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20 AR (No. 1) SOEER® Bruch EOEIEE
EH,
EEOELER (R) o3 AEENEIR (L) kbt
Bruch [RIcH RO EHHEOLELA SN D,

29—t 1 gm

etk & 7o RIS EIRIC A% Aotz (21),

No. 9 fi§HHARER 13 AR &N AT AR 20 mm, ZZHR 19 mm
Thotz, FLEROBEEDE S X, HHIR 170 gm, iR
165 pm, BN T O LR EAEZASNE >
7.

. F B

e 2 k&S VIR O ERAHAR S RO Ik, & L T
TiITbhTwa*, L L, SR TIEESIEFEL T
W5 I kL, TR DB EHREO K S 1E A E I L
Y, K{ZL-oTwaizbfbsd, NUEIBTIEHEED
NEOBFEFEINE L EbORVWRETHE LY
DOMEBHDLOATH S, Sk, $AHETHIRT
Bruch fRICEFEHENE { Aoz, i, [ERHSG
EhTwaE Y VIRO Bruch BEOMEZELIC & %
LOEFLL TWEHIR TH 294, SREEEICH T
vk, £ 14 TABD 55~60 mICHY T3, Lz
23T, MIRE bIHMELIZAGNTH LWV, 20
ZlenHEOFRCEXTNEROGR TCEHTH-
fo. ChUFMELEHIRTIE, MEER EEOMERELs
{RAE 2, Z DR Bruch B~ R EEY ML 72
LbOLFEZSNS,

No. 3 DY iz & & iz B OHZE X 59 KO
b b OFEEETHIR THs & 1T 2 SRRSO E &
BRIL TH D™, FE#L L 7% 228 3 2 Mtk TRkED
IROZEAARE & D fR2 @Bl L, WREEIE O i,
e THRAE BB M 0O PAZE, MR Y OBRERE,
RO 2R Lz £ 2 o,

Stafford &5V ZHAE L 72 574 V5 (1,148 HR) O H LD S
b, THRICIRBEFEMES2A TS, 2O bld, T
b, Fid 18~25 K T, MHTEIZ—8.25~—10D O3
EEHIRTH-7, 22T, HAFBOHVIRTY

HiR<RE 985 12%

0.61% BEICHETHICH D & Bbh 2 MEBIRKE BN
ENHoND, LicdioT, KEBHIHET VT bR
£ o THBENRFSIERZE LR 2 2 FTREME S R E Bb i
5.

IVt b HERRAS IS4 O e

SRERIHIIIE & A YT X THRCRIRE 2485 43, fEI
RAEEZEMIC BT T 5 b 00 b 5, HBARMEBERE X
U AMIRE L IRBMEREL DD, ZOffiic Fuchs B2
H5,

MEREIREEOETHRRN I AKEL 30K H
%', B 1 BIBCRIRE (T) 26 U % AMSURERIEE
(D1), UEAMIERKEE (D2) %K CHMTERFRE
(MA) 2E 2560, 52 FFHHREE (T) »sRE%E
HARHE (P1), BREMHAFHZ (P2) &8 THBE
e (MA) 1272 5 O, 5 3 IZFIRCRARIE o [ HT
AR HIMOEE (HN 1) » ofEH (HN 2)
R THEIRERRE MA) cEZ 2B Th2, &
[\, < OMEEEIREREREZE - 3 HPERT I W TR
A5 L Ebic, RGBTSR 5 RICHE Lz
Rk & BRI DOFREOEE, HMEED S b TREER
RAOOFROWEEME 2 Eic 2w THRET L7z,

1. EEME R

SEELTHARIEEICHE T 2 Z L 3osh TE D,
ERRA e {EZ N OWmG 3flie & H 259, L L, Bl
IR B E TR O R A ELHFE S TE T
%, MlEfE Y F / — & Y > 2328 (interphotorecep-
tor retinol binding protein, IRBP) (%, %% T
BLico Py rnoliT AV F /14 FE2X2EME
o F A RS, oo Ry D
RBLEDVF /- 2figT 2@ 2boT0ELEH
AN TWws, 72, IRBP ZE %3k R Bz
HohTwixwy, ZIT, BMEEHRIC X 2 MEEIREIEE
FHOMIETER E U TIRBP 28iRL, ZO¥ 3710
B3 AEROMHSTREN £ S RS LT,

Iy & &

IRBP @ 4 5® exon 22w T, PCR-SSCP (polyme-
rase chain reaction-single strand conformation polymor-
phism) 12 & o T#{z T %2 58T HAE 26 Bico>Wn»T
Fal.

2) #& R

4 D0 exon THETFORERAIMB ST,
Lichio T, MELARMEREIRIEIEE R . 0858
¥, TOHETIE IRBP i3t Hkxho7,

2, WBERARMEAREMEORAAET

1) MHa sV HE

HHRIE, FIEERERAFME TSR EZE L H
P —8.25~—37.0D % TORFEEIR % B < i RsHE
T, BNEZ OMIREEROD 2 b DN LIz, %
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8 -16 -24 -32 -40
B I E (D)
250

200

g

100
50 ’—l
o LLLLLUIILITT

25 26 27 28 29 30 31 32 33
R @ & (mm)

21 &EFRER (544 % 951 BR) s, BITES
L UEBEHR 2.

OFFFME 211 £ 387 BR, 20 333 44 568 R T, #AFt 544
F95IRTH oz, CHOMNROFEAMIEK 21 O Z &
{TH3.

IhoORNRIZOVT, UTORER{To .

i) b, KEAsmEHFRERY, Bitkek
X, fhEMEITRESRY AT THENEITRE S
v, ZOfEEHWT,

i) IREMEIZI Y > POSIBCHER, K/ A
3 — 75 B WIEIAFNIRRRIRS: & v TIRERE 21T -
e, 2L T, SBEICEL T Goldmann @ 3 H#ER+90 D
DOFiEY » X 2 HWTIREHRE 2T, &7z, EHIC
& o TR EHRIE S ERAE, R ELIRESERRAED
To7e.

i) HRER O §IE S EHESREE (Alpha 20/20) %
v THliEL 7z,

iv) fHEFME L, Haag-Streit # Goldmann S AYHHEF
3% H v T B R AHEFEIE 21T 72,

v) FAEHEEZEOREIE, Litmann 84 7 % L%
A—F—THEL:.

2) R

a, JRITEE LIRENR

NROBHEOEBMIIH21 DT L THB, —10

TREENTH - P 1227

22 [EiRE L AR#ER & DAER.
THRER % 0.589 THEOHBY A 51 5.

=

0.01

25 26 27 28 29 30 31 32 33 34
BB ®w R (mm)

X 23 saEAEEOEEE & BERN & OB,

DU EDSLDIXT64HR (80.0%), —20D LI ED & ik
13588 (14.2%), —30 DU ED b D3 12 R (1.2%) T,
RETHL LR D DERTEIA TV S,

REEOSMHIZF 21 @ & & £ T, EROMA TV
FRLTWE, BEESIOmmE EDO b 0% 2330R
(24.4%) wwHaBhT:,

JEATEE £ IRELE X OAEE (K 22) 1, fEkRDFHE LR
BTEWiEBBE RS &z (HBRE 0.589, ERE
Hy=—0.285 y —24.751, p<0.001), L L, E—f@#r
ETH 4mm BEORIEEZNA BN,

b, FEIE#LT & IRER

HREHAE S 12 & 2 BIHEEZS LD 5 & Tl b EE L HIER
hroBFEz2asE, M230Z L THY, RE
30.0mm 282 25 EEBEHRIIZ1LOUTER ST, KT
30.0mmPlEcks EFBEEIOBETIREFELY, Ly
L, BRfEOLEAE W D THHBERIOE LD
Ao,

c. FRMBIRAS I ZEE DS

951 IRAh O F AMEIRZS WX STT R (60.7%) (2D 5,
lacquer crack lesion (LC) 60HR (6.3%) #&ie), R
BEmZE 1170R (12.3%), Fuchs B 108 iR (11.3%) %
Aoz, REEHFEOFICR U EAMRE L BRICE
fELTwiz,

U'E AMIRE L RRMRE 8L, BMENCZR
PROEHFREOEBERNHEE 2225, M24 DT LR
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(%)

1001
90
+ 80 UE Ak
a 70 WELL
607 @ D-1
% 501
T 409 B D-2
@ 30
ool m MA
r-3
a 10.

0
25 26 27 28 29 30 31 32 33
3 @ K (mm)
(%)

1001
BB 90+
B 80 o FREE
t 70 BRELL
# 60 B P-1
ZE 50 B pP-2
@D 40
% 0l = MA
P
= 20

10

0
25 26 27 28 29 30 31 32 33
B @ £ (mm)

24 RELARROBMERIIOU 2 AMBELRE
THREE DI EERISERE.

2 E:S S %

1007
901
801
707
601
507
407
307
207

107

O UEAMREL L
B D 1&RE
B D 2R%
1 MARE

NSRSt et

T L

HBIEOE (+) #HBIEIE ()

H25 #BREIEBEOEELU T AMBENEER
5,

RPR 23 I EEBREOHEERIM T L E LI, %
DOFEE O S DHIML 72,

ARMHZE 28 < Bl 2 R E S BOBME VR A
MIREDBEFHEE LA 2 L, BERESEBOH2H0
TRUEAMREORE LE AR LE» -2 (M 25),

d. HEEARAS B O M2 R E TR T

U E AMRE (D) % (FEEEEoznwdbo, D1, D2,
MA), BREMHEE (P) # (BEEEEOLWLOD, P,
P2, MA), MEFERMFHHIM (HN) % (FEEHEED
Zwbd, HN1, HN2, MA) L #hEh#% 4 DDORERE
WAL T, SEE L Ek, EBITE, REEOMRE &
% & (Kruskal-Wallis #57 ZFOE), D, P, HN &
LICBEOEDIEY, $¥4hbb, D1-D2->MA;P1
—»P2->MA; HN1->NH2->MA %3 EYEEI
s LA L, BITE, BEENSAKE 22 RSN

=]
&
%
-
v
h
5
%f
u
L
7
"
001k —
0.01 005 0.1 05 1.0
E B o #®R A
26 EELABRBOMAEHA,STFHENDENE
ER0RH & DEEE,

el EEER 2 S TR S WD ONBEOR, B
B EEOR OHYFTRTH 5,

7z (p<0.0001)., D & P L ZIREH#ELIZ EABEITH
WRELZBMERS -7 (p<0.001, p<0.002), L7z
oT, TNETHORERETHREDE D b QWX E 5Tl
T, HRELE S BRPSEWZ EBSHH L2, £,
UE AMIRZ EIREMIRZETIE, RENEL B 5I1EEH
B R AN S { R AL A ST,

e. HfEOH)) 2FAT 2 HF

BEOHRINCEZEST 2R T2 EEIF S (stepwise
regression) TE7ZAHA L LTKD S £, logV=1.528—
0.002Y—-0.115D—0.161 P—0.314 F—0.028 A & #&
B, 22T, VI, YD FlGR), A IREE (mm),
D: 0% AWRKZE (none=1, T=2, D1=3, D2=4,
MA=15), P:[BREMHHE (none=1, P1=2, P2=
3, MA=4), F: Fuchs¥ (none=1, HN1= 2,
HN2=3, MA=4) Th 3.

#hex L, FEEOKRKE WETFE2HERA | ETHHN
5 &, Fuchs Bt ({RAHBEREL © 0.463, LATFREIL), O
F AMEREZE(0.298), BREMERZE (0.191), HRERER (0.178),
FH (0.107) OET, HAETORKEE L THEBEEEOHE
MEARAE IR ZE G DR K & 1,

Loz BT, RAEHD S FHRI LN 2
HL, Ih2EBoRT BT L6 DT LItk
5, ERAOATREROFEI LD & FHRINLEI0E
S HIBEAD S - 7253, BRGS0, 780 THEREUL
0.608 THYH, EROENOEE L6 WAFEI S 2
ENTET,

3. REMBREGIOMREIRIRIEIEEROERE

HEIREEERELA YD L 5 IR T 20 % 3EL LR
EEE k7 221 4 389 HR & rf SUICHET L7z, #FIghfo
EAE, BIE, REREE2T0ZEL{Th3.

nH

BEEIz2, EEMTH S,

2) # B

a. UEAMRE

CEAMRETT—-DI1(LC)14 IR, D1—-D2 1008,
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80
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o I 55118 R =
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o £ B ®

iR g0
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40
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8 -16 -24 -32 -40
B It & (D)

100
80
60

%HH_..HHHW

25 26 27 28 29 30 31 32 33
IR @ & (mm)

27 3 HFELHEBEE L f-rMEERE (221 % 389
iR) mEls, EIFES L URSMED.

D2 0K STHRTE 8LHER (17.7%) WEITHAA SN,
LCIZEmic k- T2 OiRfGICERL 72, Bz
DHEHS LC @ 51 4 64 BRP 36 IR (56.2%) & m»d

FREEITHR - AT 1229

HITHA SNz, Thbb, LC ORI 23.4%, LC —
P#20.3%(E28), LC—D2»%14.1%, LC— Fuchs
BH33.1% (B429) Th-o7z, ZDE3CLChofELD
RIRICHERE T 2 Z Latbiro Tz,

¥ 7z, MAREARASEEZERE ORI LI LIS ENE 2 #F
birwHEMEMLSH 2, FEfic Zhdr s LC S
NzDiF 21 £ 23R 104 11 R (47.8%) T, HHE
HIMASHE Z 2 £ ZOF40z LC B34 Uk (K 30),

b. BREMERIZE

REMHREOHERICIZID (LC) - PI9IR, P1—-P2
10 B, P2 ok 60 BREF 79 AR (17.2%) i1 & o> D HEST
Nashlz,

c. Fuchs B

5D R AEE R DIZ 21 £ 24 BT, 205 b
18 R (75%) 1245 7.5 4E#12 Fuchs B0 & P 1 Z5his 4
DEAR L TEBPEMRRE L ko7, LT, FHEE
A 0.1 AT ic e -7z b D13 24 IR 22 HR(91.7%)
THolke.

d, #EALIIEI X 25 ko® 0T

*RIE, 3 EU ERFEERERIA AT HE MK
TERZEH KT B 68 £ 115 0B, Zotk: 94 £ 150 AR, 162
#2605 RTHS. FEROBNMETOHBEETFLEL T, #F
W, M, ARG, MAPBEEEEE, 61, U AMRZE,
FREMIRZ, Fuchs BEZEINL, T2 THEL
% v THET Lz, BECERBART ORI ik o &
FHMAT, BHETAENEHLET 0P AT v 7 H
R ETY, ZOmRMEBERBOEESFH L L.

HExOMBARTOA 7 I —{bixFEk 23mELT,
24~55F&%, S6mRLAL), M (B, i), REE (26.9

28 Lacquer crack lesion 7°5 2 F#E ICIREMEREISER L 1-ERD.
23 WA, AR, JEITE—22.0 D, BRERE 30.1 mm.
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HIR&EE 98% 125

29 Lacquer crack lesion A% 1 H4£(Z Fuchs BEIZHERE L 1= 5EMH).

56 ik, AR, JRITE—16.0D, HE#E 27.1 mm.

30 EFEHMmAS 2 71T lacquer crack lesion (23R L 1= fEA,
30 i, AR, JEATEE—8.50 D, ARENE 28.3 mm.

mm PLF, 27.0~29.9mm, 30.0 mm BLE), fAEihsRE
£2(7.39 mm, 7.40~7.89 mm, 7.90 mm LA F), #E (F
R, ~EAR, B, DR, R AL
WA (U AMRERL, D1, D2, MA), [BREMHE
(RREM®EERL, P1, P2), Fuchs ¥ (H b, ZL)D
2k o,
FhZhOFHEFORMEERRE A2 & (k2),

Fuchs A ROBENETICHR LERKL, KT, U
AMERZE, RREMERZE, RERE, Fefis, HEERX
ERPEEEZ Rk, TRENOHT TV —R27

DEEOREVWEERNMETLRT I LERLTY
%,

INEOAAT 2EEFTHELT, ZO0HE A5
E (M3 oBAT 3 FEL LoRBEERICEHNET®
D, BREFAMEPOHENMETEZLERLTWS) FH
AT 03U EICEHADETOREASNID, A7
0.3 LA ED4HER] 80 AR 28 R (35%) T_LitDfEREE
M CTHEAMETORI A2 Z LY, %7, A7
B1.0LAETIE 56X ICHNETBRI -TED, TORA
A7 EROTIEROHENET %2 5 2 REHERITS 2068



“FH 6 “E12H10H

ST - AT

#F2 WMEAEEEOFROENET A2 FETIETF
(#=E:iL MEIC L 59
o B _ F 7)) — {RifH
FAT 5 HFTTY B i pH &ngﬁ
F B 23 LLT —0.2970
24 WL 0.0045
55 LT
56 LA b 0.5296 0.8266 0.1480
{3 pegid —0.1414
ik 0.1123 0.2537 0.0813
iR #h B 26.9mm BT —0.3508
27.0mm BAE 0.2137
29.9mm LI
30.0 mm BLE 0.3470 0.5646 0.1712
i B 7.39mm BT 0.2176
g s (A0mmBLE 0.0968
; 7.89mm LR
# F 7.90mm BE —0.3246 0.8379 0.1339
#H O F EEEF —0.0908
< D4y PEHAD 0.3640
N
L 5 0.5096
L A 1.2453 1.336 0.1428
UzAtE UaAtERESZL —0.2821
kS D 19%% 0.0121
D 2 5R%E 0.5558
M A JHZs 0.2612 0.8379 0.1764
BRt BURIERE S L 0.3950
ek P 1 K% 0.5085
P 2% 1.0321 1.5406 0.1773
Fuchs 3  Fuchs 374 L —0.1493
Fuchs Bf# b 1.7775  1.9268 0.2792
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TR I000000C

00000000

19800008088 0)

2099006)

1000083800

CO000
6060006006000 80080000008000000]
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! by
L
i
&
L]

1

-2.0 -1.0 0 1.0 2.0 3.0 4.0
FHEZO7— (26 5ROST)

X3l 3FELERBEZEL CEEARIBOEEMA

BICET2A07—E (BEERIEICLD) &
HEHET & DR,
IR LR SO A 7 T — SR S5 S
Mic A3 7 —fi%rd. FERE L IEREZRL,
AL REER Il BT E - b0 2, Bl
BRBEETFLELDERT,

MhibH 5,

A7 DEEED 1HERT (F2).

FEFIE 73 8% (+0.5296) DctE (+0.1123), HR#EHE
1328.5mm (+0.2137), AEMFFEET7.51 mm (+
0.0968), fREFIER (—0.0908) TH 5, BEMRTRY
F AMRZ D, (+0.5558), REMHZEZ L (4+0.3950),
FuchstH Y (+1.7775) Th-o-1z:T 3L,

+0.5296+0.11234+0.2137+0.0968—0.0908+
0.5558+0.3950+1.7775=3.5900

COHEEHEI KBS LEbES L, 3ERKC H%
DEETHHETHR IS Z ENFHEENS,

b

X 32 #EEER EEOBEEN T 2ER.

39 B, AR, EITEE—15.0 D, IRELE 30.6 mm. a. FEHREEETH | LC 12 X 2 R OEHE AT D 5

(RED). b, FAENREEETH | BE 28000,



a

b

X33 iBEfAE R OBEEALITT SEM.
47 ok, AR, FRITEE —14.0 D, BREAE 27.2 mm. a, #UCIREEEEHE | [BRMRE OB I B %
HH D (EKHD), b, FAMEABEEHEER  FEEAMCIIEE 220,

X34 HREBFRE EEOBEHLETT DA
a, ENREEEER | RREEREOLBGEELRED 2 (KLY), b, SXREEEER | 1 FRIC{E#
KEBLz (RUD).

4, ERMEERIRE IR SRR E DT

MR B L RSSO &5 & hOEEEH
FATT 202 RNREEHER (FAG) LR#EGIRE
HEEEH (ICG) :homlitd s

1 A &%

FAG ¥ ICG E #[E—HMRTHE L, W& %Lkl 7,

2) #& R

a. WA LR OBEENEITT 2ED

LC i FAG Fr & Tl window defect i X 3 & Bbih
ZEpko@#ENERT, —H, ICG TIEE  OHE,
ROBEEN 2 E T 203, i3 o2 ki WiEF b
Hot: (M32). 7, FAGTRIERMEKREDEM I



SERE 6 4E12H10H

HREETHR - P 1233

a

b

B35 ARAEEEMMERDOEELEITT HAEH.
39 M. AR, HMHTE—15.5D, REIR 30. 1 mm. a. WHAREESLEH @ B L2BD L, b, RAEHE

IRESER T © MBI BIADEFEZRD 5 (KH).

window defect I & % £ BN 28F A D 5 4,
ICG TRZEDED s WiER (33) b Ho7z, W
TG MR A R O R O IRAS A I o RS 12 5k
T93b0EFEZHNS,

FAG TR %38 - 72 ER T, REEEREEOLEO
window defect #% 1 & IC 1T {EB N Ic 2> - EH (K
34) ELHEEAE LEOEESETL, TO®R, IR
BEEMMERIHEE LR EEPbR S,

b, ARFEEEEMIMER DREELEITS 5 5EH)

# 7 —RIESESB L U FAG TRIRCRIRED & T,
ZOMOREF RO L WERFTH ICC THMI K
et E B A M H - 72 (F35), ML BRESEE
MERHEEEFEEFICHRITLU TEESWFRRLEELS
s,

5, & &

1) SEEEAHROER

AR OFRARNE A5 b, TG L BFRE L 55 A
sh, BEEENHELIOLETVLO LSS EEDbR
5. ZMH b, FEFEEEH ORI D & 5 A
HEEER E, FROESTHEEERD 2855 L
HESINTWE®, Lal, Bit#EcEXTEi{, #
EHREHOH S Z VP LHETEEE O ATHEM b 5E
bhTwnwa,

BEERIC L ZBERBOECICOVT, BFVRER
A E MR TREERD L IREGE - OB, %
EEAREZ LIS ES TR EAEE {, s X D fE
IRA& B ZE MR E DT L T L {EfIH 5 L kT
5, —H, HHEBEETERESERMEL, BEENLE

PR 5 & CHRERE = MBS A 503, il S iRiHo
HE L EEOREEEAASNS LRRTWE, F/,
NI S5 EEEERIC % B 12 DN TE AL EEED
HEnw% {0, MHRIRGERERE 24> HELREV L]
EHL T3, Lal, 20L9 2ERMNFRRHEICL S
FRICRBRBS 3, 227, EEHMFE A NI PCR-
SSCP @t T, RICRET 25 7 DBEEBTOEE
Bt E R A7z, IRBP 235560 O FE RS B LE I
BHE T 2 AREME & B % L & 2 T 2l A 708, IRBP ¥
AT D exon THERNEHY L n -T2, 72T, 53K
FfhD 7 >3 7 TR ER AT,

2) ARG ENEE D ER

SREGTOZ WML, [EEARER BB RS
MIERAEM A OMEIC L o2, ZOHEEZSBEE
SNDAREMEIE H 208, B TIEYI R b e F 2 7z,

ST TR, HIRENMET T 20 R TH 2 43,
WMERDLETL, AREEFORERROD EAE DT
20, ZOEIME T OERE L, SEOFEED S MERiE R
EHHED D BT, Fuchs B, [BEMFEZE, % AMNHE
ZOMRCHIMETOHRBEET & L TIBELIEM L. %
LT, ZOEREFEELLTREERICL 2 I LBHSL
wahz, £, ERMETOIAREL, W RTREHLBRA
BICETL, EBIRYLVORBRLEbETIRMICE S
HRESIRZ DHEST L OREDS R X LB,

PR, MRS EEE = 1 & ORI owT, O
FAMBECRBEENN 0. IUTER2Z L 3WTH
34, [BEMEETR, Z0oEtbBFLEE2EOEEC
BELVWENETHERSN S LT Ww3, SHEOEK



1234

BR#hIE
(BBFEHE)

I e WETED)

ke B 40 10 e
HReE KRS

Hs1 ‘
2\ \
D1(LC)—/ D2

i 551 Hni Hnz MA

P1—= P2

36 EELEIRIRICH (T 2 MRIRRIEEROERD
R ER
T : 39RCRIRE, D1 ' % A M ARIEIREE, LC:
lacquer crack lesion, D2 U'% AMHEIRIEE,
MA : SEHERZERZ, Hs: © HEitEHm, Hy, o i
TS MEEHE, HNe | & £ ST
MAVEM, P 1 : [REMHARFEE, P2 | [REMERER
Tz

RTHEHNETICKE SEET 52D, Fuchs BEizkw
TIRRBMRETH Y, ZhodthuBefET 5 LEL
WHADETHERENL LF LN,

TR ORIER 3EHEAEIEICA £ 2 HH0K
W, B Y S E I Curtin O 8 — 8 0458 Tl
Type I~V 2 ThHs, ZDHH, Typel & Type II i&
B ESDLOTHY, Lird Typel iKW T Type
II QA E S, Curtin 55943, [REHE 26.5~27.4 mm
Tix 1.4%, 33.5~36.6 mm Tik 71.4%icA 50, @ F
55013 (Rl 26.01~27.0 mm Tl 19.0%, 32.01 mm
PETIRSG.IT%CEFREIENABATVS, ZDX
3 BERAL T, HMRER I baaE DO IEE Lz D Z &,
IRiEEEOZ L, MEGEE EFMaoMNE, ffilaoiEk
3 E OGN D 5, SEOEFITH, BN E D @
H BERI TR R WERIC AT, R CET 52 UF
AMERREORENGVE L HICFOBRE LY (M
25), SlElix, RAOEHBET2HFE L TERBREIEE
IREEIZEL T 2WTTH 2 O T, BRI W TR
Li. ZOfRTE, BNETE2ELGT RT3
MRS O ENKRE WA, Zher2ERT A
T & L CIRE L FRmpsEETH- 2, 22T, IREE
DF b DICEHEE TA SN &S E ) 38
ETERKEL{BEBELTWEEEDNS,

MRS ISR OER I3 REARET 2, ek, =
OERFER IFEHEOBRERBRE» SHEL Tuis, &
B T ORBBILE D & R I VRO S Mz ko
2. Tixbb, EkoEK9iZ, T-D1—-D2— MA,
P1-P2->MA, HN1>HN2->MA R ¥TH-o1z.
SEHOBEFE»S, Zoftic#ElMBHMHESL D S
D1(LC) ~, £7#2D1(LC) »5 HN1® P1~DiERE
MEMmsE iz (X 36).

7z, ZOHEBRIHOMEIRKEIRERE OAER TR OHE

HIREGE 98% 12%

K& {5 T2 2 L BSEIOKR» SO ITR -
7z, ZOHTH Fuchs BEDSFFEOTRETIC A E L EBEL T
w3, Zhid, 54D ERGREZETR 21 £ 24 B0
B, 1808 (75%) T Fuchs 3@ I FHEHE/LAL T
B EFRE s> itk 3 - Bbh3, 22T,
Fuchs BEDMIA L Zc Vs & 5 R iGHEE O b EE R 2 &
ThH5b,

TR ERIRE I ZE G DRk e WHE, BEEF
KOEERHEITH oo bBHOTEHREMAZ LR
KYITH 29, SaliF, 3 FELEEEEIEEH I ER
2 S HEAL IS 26 > THRET LIRS R, & 5BERkR
ORAODETORELZHEE T2 Z L BHEL, S8R,
BSIEFEEL TCTHE2RLT S & LB ICERNT
FHIb AR BRI E Bo>TWw3a,

HAARAE IR OE R IR L T, MR EROMEE
D3, AREEBEEMME R OEEED e 3D 5 5T
H25, BRAEEPHRE (EOG) 12 X, JRTE
< HREmAEVIE Y, EOG ratio @4 8 X O peak time
DERENHY, fEEEEEEOREETHALNL
%00~70 HEFRE M, KT M) T LAOES S
AN =F O TAREA & 2 EERH» 513, IRERE
MRS O R R 3 R fE S kg T
HDHEFESNTWE™ L0 FAG & ICG O R
6 E, MEEEEEOEENETT 285G L, IREGE
EHMEROEES LT T 28G5 LOMENFZ SN
727979 ARASBEMMEHR OBEORIL - L, ICG 2 &
% filling defect ¥ #F 2 7243, FH > b 7 4 LPEEHRICE
ZEHEED block bELEFET S Z L xRk, #i
ZHREOR LEEOBEESETT L TH, ZhPR
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