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A Review

Structural Analysis of Normal Corneas and Diseased Corneas

by Applying Second Harmonic Generation

Naoyuki Morishige
Department of Ophthalmology, Yamaguchi University Graduate School of Medicine

Abstract

We have established a second harmonic generation
(SHG) microscopy system for imaging of the human
cornea with a mode-locked femtosecond laser and a
laser confocal microscope. This SHG microscopy
system has allowed us to scan corneal tissue noninva-
sively ex vivo and to obtain three-dimensional images
of corneal collagen lamellae. Such three-dimensional
imaging of the normal anterior cornea revealed that
collagen lamellae at the anterior stroma are inter-

woven and adhere to Bowman membrane with these
adherent lamellae being designated “sutural lamel-
lae.” Sutural lamellae adhere to Bowman membrane
at an angle of approximately 19 degrees, whereas the
angle of lamellae in the mid-stroma relative to
Bowman membrane is smaller. We hypothesize that
the structural unit consisting of both Bowman
membrane and the sutural lamellae contributes to the
rigidity and anterior curvature of the cornea. SHG
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imaging of keratoconic corneas revealed an either
abnormal or a total lack of structure of the sutural
lamellae, suggesting that this abnormality might be
related to that of the corneal anterior curvature in
such corneas. Furthermore, SHG imaging of corneas
affected by stromal edema showed that the structure
of the sutural lamellae was maintained, although
abnormal collagen signals both above and below
Bowman membrane were detected in corneas affect-
ed by clinical stromal edema for more than 12
months. SHG imaging of the structure of collagen
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lamellae in normal and diseased corneas thus has the
potential to provide insight both into the mechanism
for maintenance of corneal curvature as well as into
the pathophysiology of corneal diseases.

Nippon Ganka Gakkai Zasshi (J Jpn Ophthalmol Soc
115 : 1025—1035, 2011)

Key words : Corneal stroma, Collagen, Second har-
monic generation, Keratoconus, Bullous
keratopathy
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2 BIARSHRERESE (SHG) BEHMEEDERK.
SR OWFETIE, L —— M Carl Zeiss Microimaging £ LSM510 META %, L —3—I(Z
1%, Coherent #1:® mode-locked Titanium : Sapphire Laser @ Chameleon % v 7z,

ORI\ OTFEE LTI NETHWSNTE 7. SHG
1%, “IERRR TR AT A S TFIC oD NTFAMESE
T5HE, TANTF—ORLEL LIETOREO—DDN

TIEBRENDHG TH DY, BENICHERET 25T
TSHG 2584ET 50 T4 EHAETODIEaT—F 2,
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WS LUNEDRH LT-0, CTOHEY LIT57-0
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SRR, BIBHIIE ATy VIEETHIESNAE
FRE s, ZONEHERES N TEERGZWEm,» S8
(YL e, BSHEBEST 25 200 um D EOEE AT
LYRBE L CHERHMETE 2, INHHTBlETLZ L
MU RETdH 5 SHG VARREEGIE, T T — 7 ik - %
HEROREDE B K U Y) O B O & W EHIR
HorLbwz b,

NV IEEABO 3 F — 7 RS O AT

IE% e MABORTEE SHG {55 % M 4 12737, & b
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W, IRORCDOD L (4 A)., FHRPBICES L,
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MAEORSITRELLRD, BHEROELIAL 24 (X4B).
FEHERBIZEL L, 25— UBHROEIIZIEHIZE
CBRVIELIELS A5 (XM4C). SHGEFIX, Z6T ke

SHG #5649 5729, SHGE51RIE & b TH VLY
YWHAPOELZD DEEZ LI ENTEDL, LIzdio> T,
SHG 7 OFMIZEEND T T —7 VO R S99
L) ZLiE, ZOFHICHLTAEEFL TSI L
L7, W2 SHG BHFHICEWT T — 7 Ui &
INDH L) 2 EFTDOPHIPATISEVAEZ A LT
WhZ L LD, SHG R x B 5 &, MEE
B2 Bowman EIZx L CRlOOBEEFEST LT —
7 HHESR (transverse lamellae : TL, 5A, &) %
RO, TREIZIZELR D HVe275 b Bowman BEIC
SEATIZHE D < RHETR (interwoven lamellae © IL) ~ & Z1L
L, EHICEEEE TIX. Bowman E%° Descemet i
\Z 477 (orthogonal lamellae : OL) & 2L L7z, ik
KCEIBRTLE, FEHRBICHEET L35 =7 VMR
TL LI 23— 1AL T/ (M5 B). Mg
Fe « Bt & FREIZATVY, FREATIEREIE T o — i
@ Bowman B IZT 5 &, EEEREOIT—7
HMERIZ Bowman JRICHEAE T L2 LWL E -7 (K
5C). INSHOBIENS, ARBEEREOI T — 7 Vi
HEWL Bowman % %97 BRICHTET A 2 LAHS
MERY, FAATUE) TL EMFR L7205 — 7 iR
DI L, b P THFIHECTXLHE% “sutural lamel-

lae “EIFRET 5 2 & & L72Y"Y, Sutural lamellae 13 £
[EEENICHAET 537 =7 UfERobTcd, OEE
EBIZOAHONLMEETH D, @ HEEEIHFET S
a7 =7 VHERO R TR b Bowman BEIZH L CHEE
EFHELTWA, LW b &Moo a s —7r iRk
B 5Tz, 2T, sutural lamellae O] A94H#;
TR, IEHARO 35 — 7 VMR ORI EAT
AT o7z, WD S ORI A H T o 72 RN
4l (Descemet’s strriping automated endothelial kerato-
plasty : DSAEK) FFIZIF 6N A1IEH & M AREEERE %
PRECL, SHG WEfEHECHIZ L7z, EHE e MAK2TRO
fENT 5, sutural lamellae (X Bowman &1 19.2+4.3°
CEHE RS TR L, FEEPREIZm2 ) 1o
TEOMEPERL,PICR D (9.1£2.9° (& 50 pm),

6.9+2.1° (% < 100 um), 6). F 7z, sutural lamel-
lae ® Bowman FE~NO S TBAEIE 13.1 um TH 5 D
2L, BEF30pum DOESTIE7.1um F THAMET 5
Z &, sutural lamellae (& Bowman [ 1 mm®*I2#y 910 &
BELTWLIEDHLnE 27 26 DOWED
5, sutural lamellae 1%, Bowman 2% L C—E D
JEER D> TIRD > THEFRE L, HFTHC 20 EHEERIC
Hpo TWHMERTH L L VI FEERF LTS LW
25 (7). IEFARO sutural lamellae @ 554 2 e
%, AREOA (.0, BV, SHM) CHEE1To
e, MO RERERNT LI LN TERPo (R
FET—%)., TOEEARZSRE LZIRIZED,
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BEE CTERTT S B 2 T L, A O RIS
RATHIZRHMEFFICE S L TWwb EEZ b5,
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37— VRHEOREE R DSE T HIMEE H ORI S
NT &7V, EASAMEE T BIEHM S Mk E L
T T =7 VRO AL OFFEAT & 2o 72.
LU TR 22 P 22 B s B B2 B 43 B & O Internal re-
view board of University of California, Irvine Medical
Center DKFED b &, M#EAEHMA 13 1% SHG % H
WTHBIE L, TO=RIeHES 2806 L7z, MEimEE Tl
Bowman BEDSHiEST 52 2 ED5H B ENHMENTED,
Bowman RO & Bowman & & & BAL = 3 5
sutural lamellae D IZFEH L7z, 3, Bowman i
DOHRE L T WEBAL O sutural lamellae % 85545 &,
Bowman i3 —mEEOEHHEEZMEFL TS Y
O ?, Bowman 23353 4 sutural lamellae 1355\ b
DOWE L, FREFARE LR L CEEIAY—TH-
72(K8A). F7z, MHARMAAD S H Bowman A3
fifE L C W7z 8867 Cld, Bowman O EH MO @&
LREFEEBAL OME T THEE W IZIA A9 sutural lamellae
HHEDH SN h o727 (M8 B). MM TIX, Bow-
man [EASIE® 2 52T 3 sutural lamellae 13 |2 55 78
HbHTE, FMEERHS TH D Bowman BEHEFEAL T
I3 sutural lamellae F§iEDSA SN W EAH L L
Bofz, IEEAROBETCTH, Wi, PRELE, &
BE D sutural lamellae & ICHHE 2 ERITA SN %
Molz(RERTFT—2)Zns, RA—ABEMNIZBITS
sutural lamellae 1% D751, FMH#EME L V) A
PR 2t A e E 2 55, Sutural lamellae #5813
JRE Y DERE T 7 b HRTTIHTE LA B AR o mIPEHER:
WZBG-LCwab EEz 6N, MEEMRIZBT 2 AEOH
F722 213 2 @ sutural lamellae DOEFEABIS- L T\ 5
REMED RIS S A7z,

RTINS IR O A IR ORI A5 B L 72,
VAR, ARJEMEAFIE A3 A VRO, e AR
7 & 2012 DSAEK & Hul & 3 2 N BRI~ L B L
TETW5, NS, WHEMILRE % KM R
NERIT L HETH Y, EHFMEIC o Tz EE A
RFEB VRSN TWROAEET D, Lo T, K
A BRI BV TR L R ANH I3 AU
HCTEHTHL L V) ZEDHPEEOKAIHEE 2 5.
CNE T, REMAMSN LGS, AEAEERD
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Bowman JRE NS FEERREIZM2A)IZONT, &

B 5 EHE hAEDS -4 D T EEE. ﬁzﬁ@g“7ﬁ%ﬁ§#%ﬁﬁg“%@T5@ﬁﬁ

A E93EK (TL © transverse lamellae, IL : interwoven i - ., s s
lamellae, OL : orthogonal lamellae), B : iz -k (TL : (XRR6 & R 2 BT 5 XA
transverse lamellae), C : MifgEH% - et & OEK.
kT o F v, KK, V7 v SHG forward ¥ 7
)V, =¥ x % :SHG backward ¥ 7 F V. FEHEREZ

AIEVEABE IS A SN L BE LMllsb~ b))y 7 A0%E

transverse lamellae (sutural lamellae : SL) 33— =% & BREDLHIICELLDOD%, SHG 2§52 212k
\SAFAEL, Bowman i (BL) (<A LTV 2 O3 70 5. D RIS Ap O SRS REA L 72, ARV SRR, FohE
et £ E ROk K745 & OF Fuchs AR Y 2 1 807 112 X ) AT

A SRR 2 o L 7RIS L &g AR A 1TV,

AEFEZIIBWT, ZEaMEsN~ M) v 7 ZA0ERD 155 N7z R 12D vWC SHG BifEE % F vy T2 O AR
AHND T EDHE STV SR IFRE L - 1 & G L 72, SEREIEIERR O SHG 1§75 % 3700 L 32 ARHE

TPAREE DT — 7 ¥ BHERE AT IEE TH 2 D P, ERATH L, TRTOMMKIZB W CTIEE AR L AL,
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7 Sutural lamellae DL,
Sutural lamellae (SL) & Bowman [ (BL) (2 )k 25 - T
HL, BETTHLC Y, WSOLDOMMRERLHEL 25T
TR A5

Yog—4ERE 7% 72 Bowman PBEIZH:25 9 % sutural lamellae O
ROOLNLEENBRIN(KIA). L2LAR2S,
Bowman [ H K2 SHG 55 %7205 b D (X 9B) %,
Bowman i F Rz 8112 8% 7 SHG 55 B i % 520 %
bOLBRINLY(NIC). ThopRERHEL, o
T VHROBEFTHY, TOFERIASLINET
s ST B B R T HAME LRI B (subepithelial
fibrosis) "' T % L £ 2 b7z, T O B FRMEVEL R
% 7”9 SHG B 513 T X TOREFICBIR I NS bIY
T, RBMFEEFERHORWHERICA S NS
MiZd o7z, 22T, Ak AR Ez kL Cw
7oMuR & LR TRV O B T HE L, 2O
PRI F S 52 B o A 0 P & ok b S 7, A e 5 R v S
DFF AR R TR S A S L v IS
xf L, MAEFEEFENAMA 12 28 %8 X 2505 1
B T AR MEVE AR D BB SN B X ) 12 - 72 (M 9
D). [A—oO®BfkT, MigEHk - Hid Ty, MEE
HHORRE D SIS L 72, ARELFERICB W
T, IEEARICAS NS ERIRO fEEZE I RE =
RIbDE, TIOF T4 T A MRS T D REEIR
O F8 [ ME S M (fibroblast) BRI RE 2 759~ b O & A3
BNz, TNSMEFEEMILORIIT & S s
AR & & el 2 &, bR TRHE TR & AR
(2, A0 R IS T 0D S SRR L B 2
R A R T ARFEEMDS A S R Wl L, fEsE
BIFREIA R AT 12 20 B % 38 & B8R H & F IR A 3R MR
B2 RS AREEMEIE S ND L) 12k > 72"
(K10). Znb BBz FHiMEMEARRRIEZ B 3 & OV B AR
IF B £ o I BB O REAMG VN 2, KR & KR
FEVZPRIE L C AR ORI T RS (2 563 2 WAt 2

5 RIS A & W7o AR ORI AT - AR E 1031

8 MskAEIRE ¥R SHG 155 NI H &G,
A Bowman BEIEH 47 (% © Bowman &, &FD : su-
tural lamellae 43745 % FE DKW HEAL) . B @ Bowman fEH
KL (SH) - Bowman 2SR L CB Y, FELIC
SHG E574ER L Tw5b, BELa5—7r ViDL
FERELTW5).

(3CHK 9 & 1) FF0T & F TR

ML OA M PR CTRFES 5 &, [AARIC A RS B P
AT 12 A A %28 X 58670 S i fHe S g 2 B 2% S
B Lo SIS R T RRMEALO R, Al
MRMES AN, FAESE A o Bl 2, FEEFIEAIH 12
PHTHTTLOMB - B O % REGFHHT 2 &,
WIS FEERIE S AR 12 20 H DL L OB CRIGHHEE A
HEZHEMT 2L LrE otz ThHDT EH
5, REVEABEAE IS SEEFEA A L Th 5 O KA IE
RS AME U B 2 &, § b b FERRIE
I EO#ITHERETH L LEZ LN

I % %

—i# D SHG % F 72028 T & 2 & 7 o 72 1E 8 M5
BILOEBMED =Kt EORA M 2R 9 (K 11).
IEFABROFELNTIE, 39— 7 UHERIZEIRICE R -
TWAY, FETHLEZETIEHRY E% > C Bowman &
#3759 % sutural lamellae f§EZ K L T 5, 20
sutural lamellae # 1% 23 & D 1 £ 7 W O Wl 14 % 5@k L
AROBHEIZRIERICEHGT6LZ26N05, INET
DM 2 BN 5H, AREFEEEEO T 7 Vil
HE MR HIREE X 2T 52 2135 Tw
72 COMREEEBICA SN D L) R A
APIZBIT LB TLALN, KETELT LY A A
WEERELRELVWILEOBEME ENTWEY, £
7o, b M AREEERIEIR A MRS ISR 5 &,
Bowman FE72* 5% 100~120 pm D #8550 fAREIEE T,
ARE S HEINE9, Z L) G O MR EE AN
BEVHZELMEEINTVEY, ThH0HRIE,
RIS, I FEIR T Descemet fRP5EE & L CHi
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9 AREGZERICE TS -7 M EES & R TRMEMBBA K (subepithelial fibrosis),

FUEREZEHRE & ORE.

A FEEFEHRM 12 20H, B: %E@H@ﬁﬂ [ 22 72 H (% : Bowman ¥, Z<IH : Bowman & F o %5

7 =7 EREZRY SHGES),

BVRHE I 27 %J‘FJ (* Bowman [, 8 : Bowman HﬁJ_O)#
BT — /7‘/~A7FE75:T3"SHG1H'7 FLEJ% FEH KR 2

WaAT =T VMO BERDALND), N

50 pm. D @ fREFEERIELI & b2 T A Téfﬂﬁ"%kﬂ)ﬂi@ﬁﬁﬂ% & DR, A A B T . %’%’T
IR AT 12 A0 A % i & 2 800K 70 5 B PRI B L T

?’%TZ) ZENTED, ARFEEFEIRTIE, MAEETEE
CEYREST S, AEEEEE LN 2T -7 R
ﬁﬁ%L®tbﬂ% SZ9, RIEIC X AR RN
BZDH, Zolzh, MENEZEOMFFEIINS SRS
oo, WEIHREIZNE %5, L2 L2255 Desce-
met JEHRIFFIZZ b 6 2\ DT, 43 & 72 5 72 Descemet
FRDBEHFEE IR 12 B1) 5 Descemet fEDiEE L LT
Blgasng, EEFMEIRTH S5 DSAEK flini & g L
T, BEDY S L7z DSAEK Ml % T 5 7 £ 5 A T 77
ROZBARA LN LW Z Ehb Y, FEIREECRE
& B ABEORE A FRERIGAICRES 5w L%
AL ENTESL, ZOEHIZ, fAEFEED
T =7 ARHER DS A B O R 5 RN E flﬂﬁmi’ﬂf/ﬁi L
TWAHZ LT X o T, BRI 0 5 [ 7 S AR A R
SNTWEEEZ LN, 4O, T TiRE
ENTEARFEEEEOMIEE, 377 ViR
VAEEEPSHBELTWEIDEEZ TV
AIEOFETZRO IR % R 3 Mg AE T, AR
TEIZE S N 5 sutural lamellae S IZBEEZ R L TBY,
sutural lamellae #5& DA — LR E EEAL, sutural la-
mellae fifiE DL &GO 7z, MR T

STk 14 & 0 3] % 45 Cisik)

Bowman i3 £ UF Descemet JEDRHE % 23 2 & 351
5N TW5, Descemet FEDfKEIE A AR & L CHEIR
BUICBEE 22 ER & LTI SN A 7208 L 29\ a5,
Bowman D fe 14 20 2 BRIRAT oo 224k & LT3
12 W7o, BRRMICEEZER S TR WEIZS S
ERbNL, L2LANL, i OBIZETIE, Bowman
JEASHRE L TV BTl T T — 7 & i i 1k oo 322k
EV) BELERE 2R L TWDH I L, £72:20 Bow-
man EDHRE L T ARG HER IR b -2 &
225, Bowman EDOZME « BE (& P S 1B oD B 25 70 95
BAEMTHLEEZOLND, MHEEMERIZBIT 2 sutur-
al lamellae & O FH 1L, MEEAROIIRZELORER &
LTIDE ) BRI > TV DBDD, HEEILATERE
BALDFERE %> T DHO%, FEHT LI EIZEDDT
WiETh s, T, M#fEAREL WIEBIZBNT, ¥
DX T =7 URHERREE L L T DR,
EDLHNZALL T DOPIEEAHTH D, a7 -7
FRMERREE AL D A B = X L ORHIZ S H O ZE iE

H DD, MEFEEEETL2OEETERITHIC ﬂq‘%
1 % 2 L TV 72 Bowman Ji-sutural lamellae #15 O
& MEEAEIRIC B 2 MEOHT 22 I IE—E DB
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