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Abstract: As the outermost layer of the eyeball, corneal and scleral tissues play an important role in the
maintenance of ocular morphology and refraction function. The cornea and sclera are both typical viscoelastic
tissues, and changes in their biomechanical properties can lead to corresponding ocular diseases such as myopia
and keratoconous. In clinic, biomechanical behavior can be changed by altering the tissue and morphological
orthokeratology wear, corneal collagen
In this review, the progress of

structures of cornea and sclera ( such as refractive surgery,
crosslinking) , so as to treat some ocular diseases related to refraction.
biomechanical researches in corneal and scleral diseases as well as its clinical translation was summarized, and
problems in clinic treatments were clarified and discussed, so as to provide references for improving diagnostic
and therapeutic strategies, and developing new potential approaches in clinic treatments.

Key words: cornea; sclera; biomechanics; myopia; keratoconous; refractive surgery; orthokeratology; collagen

crosslinking

MUY IR BRAMEEZH N, AT SR AG 2h58 JEDE, "L 220E . H AT, EOEF AR

WA

PERRME PR P9 R4 FE R X 43 IR RO 25 R0 52 30
JCUIRESIAT FBAE AR T A0 (B A R A AR
JE AR B R DB 2H S 45 b R A ) g 2 1
AR | T 5 EIR BRE 25 A ek A, AN I 1E

5 H H#A:2022-11-25; f&E HEA:2022-11-28

HR IR I B2 )R 95 1B DA IEIR Y7 I AL A 2T
Bz — s S SCIRAR A 167 AN BT A ™ sk B
QLR S 17 205 X ILBESS AR B R R, Al
IR AR T B AT AR B T B e PR T B

ESWA . EHEARPIAREATH (11872262,12072218,12172243) , L P4 45 E 2% S35 H (2021XM11)

BIE1EE  RYE5, #4% , E-mail ; chenweiyi@ tyut. edu. cn



EREMANE $£375 Fo6f 2025128
994 Journal of Medical Biomechanics, Vol. 37 No. 6, Dec. 2022

A2 B SEUESE , A1 PLIE AR By ) A A 3 A0 A (5
HEAA RIS YT LT AR XU WL e v K4 1 B AR
ARSI RS A AN LR A= 1) T3 2 5 e PRAWF 5E A7
PR AN A, BR H AT PRI2 ST T B ATy o 2 g ke
A TR0 RSL , LI S it — 2 i PRAZ: S 7 SR 1) 56 35 1B Y
BTEIRIT TR RIS %

1 REREMNZEERKRFR

1.1 SE#

R B H UL Y S DG I A A Bk 4 Y
T R PR 3 el R i A A B R R A DT
Hsm gl R, IR B AT 3 2R AR SR 4 B )
(ocular response analyzer, ORA ) FIT] L4k f A= )
71 2% 43 A% ( corneal visualization scheimpflug
technology, Corvis ST) FRBUIEAR A B AY A= W) J1 %45
$r, WEFEERET, JLEE R NG AR 5 TR AR A I ) o
P RE 4 B AR 1 A ARG, LS5 250k B B B vy
P 2 RE R 22 AEUR AR A ) ) 2 i 2
ZMPAZ R, RIS A A ) SRR
LR HIBARIS JEOCRE A R MR T A B S0
WESE AR B, TR0 RS 09 £ ) 2 P i s 5 IR Bl
JE Z AR SOAH DG, S 705 W00 3 A 168 ) 2 1 R T L 55
PG IR A A< T 7 IR Bk — AR,
XoF F R 2 R RE AR A TR A B T B 3 L 1Y)
BT B USSR R AR IR U2 T S R
1.2 FEELHE
L2.1 BAFAR B AT LT I A 7 SR b
M2, f I T e T AR T e, R AR A A
e T ARE B a6, AT R E
DI A RS J57 )23, 7 b e DA S5 T ke 722 £ 6t
JERAS B BNER IR AL H A, AR BREEE 5T i DTBR 2
AT FA LRI 25 K F g 2w 07, AN [R] 8 TR O 50
L FARSEVE (B BR L BT R R A J5 s A e
RISERE MUTAA U0 RN LR S X RN ) 2
SN AR AR A ) 27 A s o i T e G T
ARBCR B K FR BT AR 24 K e )y 2= K
R BRI, A B AR ) 1 5 T T AR I
SR 32 B E, AR5 B A B O A TR
SR LA BOR G I JAE (JE AR 5K ) f0 80 ske
HOR R T ORI . BT EE T AR
FH ORA Fil Corvis ST Far il 25 5 52 HR & | A 52 i

Fh R A2 B0 R s, 5 45 G A BEOP 82 (A IR
HIEE AT 2B AR ) S5 X F- AR B+ FT AL
HATLEA PG

H A, C il 19 A B TR B s il b AR N
PR ] TLAE ATl o 0 8 SR 0T A RIS B (/N
F 450 m 2k LASIK F-AR 4 X5 A5 oiE ) 1A I3
IRPIAEPE (>250 wm, #3280 pwm DA F) T
AHNERLAE | 48 T PR B2 A & BRI AR B IS B i Ay
FRCIE JEE O DX A R /N B o Ok ot DR e 4% JE2 B dki
G A A e 178 DRSS | 4 e 2 0 1) 28 A M R AR
PE, FaRbRER IR B TR RIGIE R 2%, F
Sk, N AR R EE R TS e —
WIS AnaT Rk, f A 9 )1 2 Pk fE
W 5L RR BEAG DG, I R 0 HR 3 A i v e J5
J¥ 489 pum , FEFTURFIARESE 320 pm, ¥FF G F AR
WE ARG & A T e, RS S rNch,
BERBIAAY %S H0T iR Az B &
A TR ET A B AR R AT, WA B R 5255 A
SESRZ IAEE O OEE™ . R, EaprifE ot
UG 86 B8 AT BEAEAE X (A0 A5 ) |, i %o 5
— U 5B (AN A R ) 2E MR A I ) I AE A R A A
G SR B XUBS: . AN T 25 A BE R R RS g
A1 7 [a] ) S PR ASE 5 A 1 ) 2 A I R R AR
skrPeE R R, F, LT ARAR RS
BT, NN 70 40 25 1 i IS 45 ) (RS | IS L
2 ) FRER AR S S

L5 L RTR SEAS RS R T SR M TR
B A RN AT T I PR R R R i O TR R R
FESL T, T A R T A SRR . g A
BA T 516 R 5 44 A HIR 1 BB R IR B 2 ik 512 58 e 445 1)
12O A LR 5 R ER LA 285 44, 3 3 -
AT BR TR, X6F T Ot T AR 1 AR 2R A7 o, AR
Je PRI 15 PACAGE 0] 445 S 565 F A5 A0 A skt . R
Z7 i, AL i PR AR T SR Ok SR TF AR IR
LA PEARIG Y 5 58, B ETAE A 1 b Tt 455 4
HAETE Y JE B R R | I R AT 2R 2R 1 ) 24
D= B2 i AN e 20 Hh AP A A5 T 3 9 PR TR 21 21
MR8
1.2.2 A RBLEmRs I AE Ok, il A B
(orthokeratology , OK) B R AEF AR IE I ALE A
BRI 22— RBRE A A5 il AT T 75 /D48 i



R, %, ATUREMANF 2021 FEHRERE
LI Xiaona, et al. Progress of Corneal and Scleral Biomechanics in 2021 995

J& AR T T AR AV T . OK B2 R Rk 1Y
WL, sk S 2E I IX X6 £ AR 2% 1 it Jin 1
8] R 77, RGN A TH T e 67 F % 7= 2 4
FLVEF (5 F RS v ok O 25 30F — 25 P40 3R BB IR
LAY E Y R I AR EL A I R T 5
I R b, MR} B A e AR Hi FR 3 5 gty 5 R IR Al 4 2
AT SR B I &2 B, bR SR AR L B e
B IEACRIE AR SE M, X 0] AR IR TR % IR A
I A=) 12 R e

ST R BT AT AR IR 1 22 M REXT OK B IE SR 5
M R R T AR /D H 25 SR IE A — B, W R B, i iR
H ORA Fr Iy 5 (%) £ BEE9T J5 1t ( corneal hysteresis,
CH) BRI, 055/ Jo 100 A It 3R A A P 45 I K
St L ARG N BT IR T R AR
MR (18~36 % ) IEHLEF (-4 D~ =5 D) ff NI
FE (R JR SE ) # K, 3BT 6 4~ H IR AF IE 200 R
Tt BeAh IR OK B2 5 RS Y £ K g 27 1k R ke
TR A AL AN — 3, A WFRCR A Corvis ST K
T 2 B, e SO0 A B 66 D 2R R TR RO 5
SR IR AR ) % 8R4 1 3 OK B8 X 3 J 1) 2
B TC B A BFSEH Corvist ST AN &
P, (15 d) R (1 4F ) 3088 % £ I F7 2 1 g
o R, DR A A R R A DG i A= ) T 2
e 2/ GRIIAL 11 Rl

A BRTT 53 BT 350 A0 5 B ot 5 R AR R %
BT AR SRS A5 B ) 2 e O AR 5T & B, 0 O
BRI LT 52 N SRR R, 2 U
B OK BiMFIE—6 D LA I AR A Ry 248 ; g JE gl >3 1ot
P RN B I I AR 3k I Do R B, HL
25 5 1 IS A T R 5 I B DA 14 U 3 %o
A= W) 2 T 7 55 T B /N AR Y Ry BRAE AE TR
% EIBE A A A 5 ) 2 AR, DL OB S AR R
SRR (] & AR TV (FBIE S (A5 H R ) 25 e RE ) Xt
L WIES I AR

TEFANEAS B 72 REXT OK B8 IEBCR MIF5T
H BIFSE X R AR IS IR G T B DA B s
I A X 45 J i s, AN, AR ) A HR B A%
Bk Xt OK T8 il 14 FE 7 47 76 AR 1 72 1, AS T
MMEMABIE S F WA S (AR B RN X
B PR R 35 23 5% W BB S AR 16 1 ) oA (— ok
P, AN 7 435 S 5 | R A I E 9 0 g 2 R ek AR

DB PR 2R ), 1 T 32 ol 30 A I 1 T ) 2 M e ARG )
GRS, BIR— SR SRIiE OK B 5 #f1 I
GG ] BE A= T8 AR b B A R 3 Ak
o 24 RSB 0/ | U B AR A AR HIE AN R
DA RIS~ P e e A A8 A Y S AL

25 LR R e Re vl ITE—E R B
IO ff R ERIE RO RE 1, DRI, I R A 1 A 56 7
Hh R DB I RE A A IR A A (A E Il AR A B
e MR BE S5 ) A I o A0 5 T AR A LA 0
SPERE XS B IERICR 0952 ), - M 0 38 B 5 v £
J12E M RR AR AL, ST T REIE ST TR
1.3 E#fAENRRFESEST
L3.1 B4R -T 06 & [ HE A RO LA
SIS T | T S5EIG I A A AU AR X AR AR R
SRMEPEE . WFIT B, S0 IR AR A ) ) 2 1 e
(RS LT TR A 2 AR 2 SR A RS ) g 2 A
Xof LS00 152 A S0 s A AR N

Il RAIFSE ¢ B, TE 5 #R T, B8 L[5 o £ I
HEA OB B E R CH 5 /M B BE 3 A F ( corneal
resistance factor, CFR) Z [A] £ 7E 2 5" . Corvis ST
T DX TE i R TB 5 £ 185 ) 2747 DR O TN P = T
ORA™, Corvis ST Rl /P (1) Z 4 A1T (A2T |SP-A1,
DA, F1 SSI X [5 4 £ I 119 12 W7 S50JE% 1 A X 358
w0 b SP-AT T SST AT L SR ST A [ £ ft
HEJRRREES SR AGE o 7E K J) 2 S BARME 58
A DX A3 1E R IR R4 B4k i . H AT, Corvis ST
B4 ff I b JE 18] Pentacam 3K 75 19 #r = %4, 0
BAD-D i Ji§i A= ¥ 71 2% 8 % ( Corvis biomechanical
index, CBI) . Wi )2 £ W 71 %% 48 %0 ( omographic
biomechanical index, TBI) , $i& &5 T[54k £ i 12 Wi 1)
HERRPES e GBI A TBI AT 43 5 o 22 590 5 44k
6 T S S I S 00 T80 A A JEE 1) 32 W 46 ok 22—
WA, wT i A BRIT 3 A, I 25 AE AR W) ) 2 A
TN b £ R AR TR 3o AR P AR 150 B A T B ) 2
AE , Ay [ 1 IS A G AT 7 1092 W LA R o 09 0
GRS E T
1.3.2 E4EABRIAS T BRI BRFEACHR
S DA 2 Bk 2 1 J7 5 5 I I 41 4 22 ) A=
B S SR A U A ) T At RE R m X
KA S2 P, BB R -5 AR A DL IRGT 2 H iy
Bih 2 B )R (food and drug administration,



EREMANE $£375 Fo6f 2025128
996 Journal of Medical Biomechanics, Vol. 37 No. 6, Dec. 2022

FDA ) ME—ZR At 109 T Tl PR 37 97 BE AT 1 5 £
JESEA S i 15 0 B S5 ) S0k T B, X T 15 A
1HYT FE IS P A B 2URE & W R BT AS P RE ),
B L AR S HE— AP RS . I PRI IE /R, SCHR AR i £
J T S PEREAS B 03 , T LAAS % B 1 52 A 5 0
JEESOT S BRGIE I Meta 43T 45 5 7R A% GEbR i 5C
W T5 SR AE AR s AR I ) 2 M RE T T G T PR S R
THRAEARE 1 AR T B B HE A R R (R PR AL
I T AR S IR ], 922 o A M2 ekt
ACM I A rp AT AR ORI 2 R LA 3 R A I
PERE  (EXTbRIESS IR TR, R, SRR A
R SSIRT5 AT e e BR AW SR ERASL

R B A IR AT AR S RO A TR, 52 8
SR 18y R 2P 0] 0 o T AT O 2 A
APPSR OCH 2, A A3 X SR M A 2 ) 2
PEREIT IR BE AL AL HEATBIF ST, G0 1 i A IR 41 21 5%
AT ARSI A SRR 5 AN TR TR BE Y A I ) 2 1
AE Y AEXAZ T AT TR SR A ) 2 R VA P i
AR R S, 5 2R FH 490 P 2 Sl el e A B DR S Al
BE VA, 1 ARG AN A ) 2 PR RE T IR
AR AL, W AEA O, (EAFAE — RE DR 22 T8 5 2R I
T AT AT ST AUy e M RE B I B {H
TERIRE LR P REAA — R, R, ST sk
B — A I LU AP RE I IR A AL ) TC
PRI T BARA b2

TERRUEST RO 2 A LT, S B AZTT 204k
BTN ER, BT T B RRE, A 028
i PSRRI AE & SCYG R FE SRR BRI A 3% (%
PRBENE AR A RG] | R n] ]
PERL R R AR B 8l F) o) RO R AR, B
AR LSRN SR S B A T IR B LA T A BE
FURIT, 2215 B VR 10 R R B 75 4 2 3R O 7Y | 5¢
BICHR G R A Bl ) AR T 2 R S AL
G B 5 0y A PERE 22 ) 56 R BT O R jE R
SR SO S BRI RO A Y S R
BB 25 & S g B, F5 o S S Bk 5k
LA B AT AR 57 A% B S 1 BEE S H

2 JEEMHZESIEKRHAR

g R T AR A o R A U IR0 A
I YU NEE ) A i 4 22 Pl SO R AR R A

FL HL R 2, o DL 2 REHL 3 7 i, E O F R 3=
BERYECH PRI 2 — v AT R IR AL R A
RAZHAE T R IUBE R A AL LR U
W e PERE R R IR AR G AN, T | AR Al
JER MRERIE A T PR, g BE ST LR YT
FEFEIGEANAT 9 SR JUBE Sy 2 PR RE SO, A s SR
[ A J2 M) S A B A A A P B BN T b
BHIUBRE s B R IR, B 1R LB AZ I, (S L
FEIT A AA T A R, AN BE 2L B 2272 3 A L A
ZER, JCIE MARAS B R il 15 it Jig , ok = K5
A R

ARSI IR K, H R E S B % R 55
ARSI AR S B, Xof 1 B 130T A0 HR 52 56 3 ) N A
JHR S USSR, 6 HAf 7 I AR 4 A R
EYEIFRE T — L BUA £ IR R . BFFEAi /KW,
USSR A BEAE 18 5 JUIR L 21 7 2 VR RE , SE Sl 1
MRANAE K, H B — 2™ BaEx R
SIS B R SN TSRO e AR A A
() s B (1 Jo] ~ 12 ) e S 00 o 5 U2 ok 245 i J 2
JEE | rr A R i 1 ML A, D R 12 S A L
PR AST d L) 7 B R IFUIE AL [ [ s e 2 21 25 4
AR T O, BB B SNBSS 1 4RI
AR WA R BRTCEERA D 12, 9145
S IUNR IR TEJ 1 A8 20 A2 B i 5 PR A Y 48 oA
S BRSEHIN Y AR T AR AU R
A RRLHTRT SR Y7 BET LI T vk . Jm JUBEAL
THRERIE BB, 2 PUIRE S IR 3= EE A A 7873, S HR A
—ER TR, Pk, ZE8f O TR 22 A7 Sy [
I, IO R A T A i), 482 g s R R P R K
M, SRR T AR B R - SN P DL S I
UTARHR S LR SZ IR | UE S22 05 12 0] ik 52 3 WA 250
4 SURIZHARA RN T 1

U122 RE S DAl S ISR 1 H 248 b 2
— o FURTER X DU 2H 21 7 2 1k REAG I = 22 R
JI-RiAE S5, Bronte-Ciriza 55 2210 I 25 Ak
Pl LR I SR A 0OE o A T B2 AR
(swept source optical coherence tomography,SS-OCT)
ARG 1L B, i3 1A BRIC S 70 i ik 4
SR LR AN [R] 57 A8 S PR ASE B, 3% 5 1k D Rk 5
BRIUBELE AR 5 | Wi 0 3 40 A S 1 R A2 R 20055
Feft TR,



=, %, RYUREMNF 2021 FERRHRE
LI Xiaona, ef al. Progress of Corneal and Scleral Biomechanics in 2021 997

ERFA PN S il N7 S A R ok ik )
AT TR (F RSB S IRITRCR T
KR) KA (IR T TR ) e 4t
(NSRRI Ik JE 4004 2 s i 48 4 1) B o 5
PR FIFAR B TR CGE R MO FARE) .
AR [0 R P g e Ry 3 1 A 3 2 T I PR A3
FSFIHAR ZHE,

3 RE

F P A= 3y 2 7 IR 5 5 90 0 30 490 R [58]  £
B0 A ke A2 W G T ) B ke i A7 )
IRABHIG R SETE . BEE TR AR A, A S BUE )
FAFN OK Bl H 57 1E T WL A A P AR RS 297
JHE I B A %) R 30 07 A, Bk T AR XU, 4R R S
BRITFRL, X T DU RS G, B T DL 5 35 PE A 5T 41,
KT ERHMGR S 58 IR B i DL IR B Ao A 55 1) 5K
A AR B = | ey A P A BEISRR B R ST Bk
SR SCHAR BE (14 52 R B A R % AR T
o3 B S 14 3R T B I TS A0 1) S 56 B SO
TN T DU AR W) 712 W A B A DL AT 5G9
I PR 12 97 SR W 1Y) 58 35 RURT I 7R T B
i
S 3k

[ 1] REES:, #FIF, X, 55, TRk A A= W ) 2 43 B A
TEREOIR h R gE sk (U], IR AL, 2022, 11(2) . 157-
165.

[2] HANF, LI M, WEI P, et al. Effect of biomechanical
properties on myopia; A study of new corneal
biomechanical parameters [ J]. BMC Ophthalmol, 2020,
20(1): 1-8.

[3] YUA, SHAO H, PAN A, et al. Corneal biomechanical
properties in myopic eyes evaluated via Scheimpflug
imaging [ J]. BMC Ophthalmol, 2020, 20(1) . 1-7.

[4] WU W, DOU R, WANG Y. Comparison of corneal
biomechanics between low and high myopic eyes-A meta-
analysis [ J]. Am J Ophthalmol, 2019, 207 419-425.

[ 5] LIUG, RONG H, ZHANG P, et al. The effect of axial
length elongation on corneal biomechanical property [ J].
Front Bioeng Biotechnol, 2021, 9. 777239.

[6] YUA, SHAO H, PAN A, et al. Corneal biomechanical
properties in myopic eyes evaluated via Scheimpflug
imaging [ J]. BMC Ophthalmol, 2020, 20(1): 1-7.

[7] LONG W, ZHAO Y, HU Y, et al. Characteristics of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

corneal biomechanics in Chinese preschool children with
different refractive status [ J]. Cornea, 2019, 38 (11):
1395-1399.

WA, HEE, By, 4. Corvis ST TR BT LR
JEEH ) 1 2 SR HANE R R [J ] AR IR AU 5 5E R
2R 2019,21(3) :193-199.

SKRRAE, EE. RN f B TR A ) T 2 RN A 5T
JR[J]. hAESTRIREL LA, 2020, 38(6) : 534-538.

RIE, BB, MR T A A IR 25 K AR W) 0 2 W AF 58 30
RIIT. IRBR2EHR, 2022, 37(1) ; 58-64.

FE, X EAAEY I T AT ARMERJI].
FRARIRAIZNAE , 2021, 57(2) : 81-85.

PR, 2R, KGR, SRR AIRAEY S80S A
BHARMAHSCTE BT [ J]. IRBLB R, 2022, 42(7): 534-
537.

HAN F, LI M, WEI P, et al. Effect of biomechanical
properties on myopia: A study of new corneal biomecha-
nical parameters [ J]. BMC Ophthalmol, 2020, 20(1) . 1-8.
RMESC, TR, WA, A IR HOE RS 0 M IR AE A e AR
Ak K PHEFRE 1] [J] . vl I DR 28 401 SR A8 2, 2022,
4(1) : E01633-E01633.

20, Brtst, £81%, & ERBOCTAR AR MR ERT
PRI J]. IREERTERE, 2006, 26(5) : 383-385.

A5 7E. LASIK B 7 I A5 7 (1 115 PR 56 1F B2 R A= 9 ) 2%
BV HEMAIE[D]. I\, EHERKY, 2015.
GONZALEZ-MEIJOME JM, VILLA-COLLAR C, QUEIROS
A
biomechanical properties over the short term in response to

et al. Pilot study on the influence of corneal

corneal refractive therapy for myopia [ J]. Cornea, 2008,
27(4) : 421-426.

WAN K, CHEUNG SW, WOLFFSOHN JS, et al. Role of
corneal biomechanical properties in predicting of speed of
myopic progression in children wearing orthokeratology
lenses or single-vision spectacles [ J ]. BMJ Open
Ophthalmol, 2018, 3(1): e000204.

LAM AKC, HON Y, LEUNG SYY, et al. Association
between long-term orthokeratology responses and corneal
biomechanics [ J]. Sci Rep, 2019, 9(1): 1-9.

CHEN D, LAM AKC, CHO P. A pilot study on the corneal
biomechanical changes in short-term orthokeratology [ J].
Ophthalmic Physiol Opt, 2009, 29(4) . 464-471.
PEREZ-CORRAL J, CARDONAG, PINERO DP, et al.
Short- and mid-term changes in CORVIS ST parameters in
successful, adult orthokeratology patients [ J]. Clin Exp
Optom, 2022, 14; 1-8.

iKAG, ZERIbe, XIWIBE, 4. JL2E G A IR B R0 A
WA= Wy 12 A AR [ ] AR IR 2 5L Bl 2 0 i
2022, 24(4) : 248-254.

LAM AKC, LEUNG SYY, HON Y, et al. Influence of



EREMIE £375 F£6H 20224£12A

998 Journal of Medical Biomechanics, Vol. 37 No. 6, Dec. 2022
short-term orthokeratology to corneal tangent modulus: A JU E BRREGAE 25 AR 23 WO A 75 i [ B A BT 22 R K.
randomized study [J]. Curr Eye Res, 2018, 43(4) . 474- i [s.n. ], 2020.

431. [37] KARIMI A, MEIMANI N, RAZAGHI R, et al

[24] NIETO-BONA A, PORRAS-ANGEL P, AYLLON-GORDI- Biomechanics of the healthy and keratoconic corneas: A
LLO AE, et al. Short and long term corneal biomechanical combination of the clinical data, finite element analysis,
analysis after overnight orthokeratology [ J ]. Int J and artificial neural network [ J]. Curr Pharm Design,
Ophthalmol, 2022, 15(7) . 1128. 2018, 24(37) . 4474-4483.

[25] WU J, FANG W, XU H, et al. The biomechanical [38] KOBASHI H, RONG SS. Corneal collagen cross-linking
response of the cornea in orthokeratology [ J]. Front for keratoconus: systematic review [ J]. BioMed Res Int,
Bioeng Biotechnol, 2021, 9. 743745. 2017, 2017.

[26] RAN Z, MOORE J, JIANG F, et al. A new approach for [39] BLACKBURN BJ, ROLLINS AM, DUPPS WJ.
quantifying epithelial and stromal thickness changes after Biomechanics of ophthalmic crosslinking [ J]. Transl Vis
orthokeratology contact lens wear [ J]. R Soc Open Sci, Sci Technol, 2021, 10(5): 8.

2021, 8(12): 211108. [40]  BLF-FE, AR, (B BEGE AR T RS 1 4E A

[27] VINCENT SJ, CHO P, CHAN KY, et al. CLEAR- JEA= 9 122 AT SE [ J ] BE A J127, 2019, 34(S) .
Orthokeratology [ J]. Cont Lens Anterior Eye, 2021, 44 171.

(2): 240-269. [41] WOO JH, IYER JV, LIM L, et al. Conventional versus

[28] MA J, WANG Y, WEI P, et al. Biomechanics and accelerated collagen cross-linking for keratoconus:. A
structure of the cornea. Implications and association with comparison of visual, refractive, topographic and
corneal disorders [ J]. Surv Ophthalmol, 2018, 63 (6): biomechanical outcomes [ J]. Open Ophthalmol J, 2017,
851-861. 11, 262.

[29] SAAD A, LTEIF Y, AZAN E, et al. Biomechanical [42] WEN D, LI Q, SONG B, et al. Comparison of standard
properties of keratoconus suspect eyes [ J]. Invest versus accelerated corneal collagen cross-linking for
Ophthalmol Vis Sci, 2010, 51(6) ; 2912-2916. keratoconus: A meta-analysis [ J]. Invest Ophthalmol Vis

[30] HERBER R, RAMM L, SPOERL E, et al. Assessment of Sci, 2018, 59(10) : 3920-3931.
corneal biomechanical parameters in healthy and [43] FARAMARZI A, HASSANPOUR K, RAHMANI B, et al.
keratoconic eyes using dynamic bidirectional applanation Systemic supplemental oxygen therapy during accelerated
device and dynamic Scheimpflug analyzer [ J]. J Cataract corneal crosslinking for  progressive  keratoconus:
Refract Surg, 2019, 45(6) : 778-788. randomized clinical trial [ J]. J Cataract Refract Surg,

[31] FRANCIS M, PAHUJA N, SHROFF R, et al. Waveform 2021, 47(6) : 773-779.
analysis of deformation amplitude and deflection amplitude [44] KOHLHAAS M, SPOERL E, SCHILDE T, et al
in normal, suspect, and keratoconic eyes [ J]. J Cataract Biomechanical evidence of the distribution of cross-links in
Refract Surg, 2017, 43(10) . 1271-1280. corneastreated with riboflavin and ultraviolet A light [J]. J

[32] ZHAO Y, SHEN Y, YAN Z, et al. Relationship among Cataract Refract Surg, 2006, 32(2); 279-283.
corneal stiffness,  thickness, and biomechanical [45] BESHTAWI IM, AKHTAR R, HILLARBY MC, et al
parameters measured by Corvis ST, Pentacam and ORA Scanning acoustic microscopy for mapping the microelastic
in keratoconus[ J]. Front Physiol, 2019, 10; 740. properties of human corneal tissue [ J]. Curr Eye Res,

[33] ELIASY A, CHEN KJ, VINCIGUERRA R, et al 2013, 38(4): 437-444.

Determination of corneal biomechanical behavior in-vivo for [46] WEBB JN, SU JP, SCARCELLI G. Mechanical outcome
healthy eyes using CorVis ST tonometry. Stress-strain of accelerated corneal crosslinking evaluated by Brillouin
index [J]. Front Bioeng Biotechnol, 2019, 7. 105. microscopy[ J]. J Cataract Refract Surg, 2017, 43(11) .

[34]  XUEE, B, ZEGE00, 45, A M Ot T AR R A i 2 1 401 15 4k 1458-1463.

MBI e J ], ThARIR BB 2 2R3 (TR, 2021, [47] LABATE C, LOMBARDO M, LOMBARDO G, et al.
11(6); 375-379. Biomechanical strengthening of the human cornea induced

[35] YANG K, XU L, FAN Q. Repeatability and comparison of by nanoplatform-based transepithelial riboflavin/UV-A
new Corvis ST parameters in normal and keratoconus eyes corneal cross-linking [ J]. Invest Ophthalmol Vis Sci,
[J]. Sci Rep, 2019, 9(1); 1-10. 2017, 58(1): 179-184.

[36] M8, D4, BA N Corvis ST Hil Pentacam £ i JE [48] SCHUMACHER S, MROCHEN M, WERNLI J, et al.

FRZWT R HEFA IR [ C 1/ 45+ Ul [ PRI 22 AR 25 B+

Optimization model for UV-riboflavin corneal cross-linking



R, %, ATUREMANF 2021 FEHRERE
LI Xiaona, et al. Progress of Corneal and Scleral Biomechanics in 2021 999

[49]

[50]

[56]

[J]. Invest Ophthalmol Vis Sci, 2012, 53(2) : 762-769.
FRANKE MAD, LANDES T, SEILER TG, et al. Corneal
riboflavin gradients and UV-absorption characteristics after
topical application of riboflavin in concentrations ranging
from 0.11t00.5%[J]. Exp Eye Res, 2021, 213. 108842.
SEMCHISHEN A, MROCHEN M, SEMCHISHEN V.
Model for optimization of the UV-A/riboflavin strengthening
(cross-linking) of the cornea: Percolation threshold [ J].
Photochem Photobiol, 2015, 91(6) ; 1403-1411.

LIN JT, CHENG DC. Modeling the efficacy profiles of UV-
light activated corneal collagen crosslinking [ J]. PLoS
One, 2017, 12(4): e0175002.

KLING S, HAFEZI F.
biomechanical stiffening effect in corneal cross-linking [ J].
J Refract Surg, 2017, 33(2) . 128-136.
LEWIS JA, GARCIA MB, RANI L, et al
inflation testing of changes in scleral mechanics in myopia
and recovery [J]. Exp Eye Res, 2014, 127 42-48.
JER, B, FFR. IR Y Aok e [ J]. B
H T4, 2018, 36(13) : 39-43.

WANG Y, CAO H. Corneal and scleral biomechanics in
ophthalmic diseases: An updated review [ J]. Med Novel
Technol Devices, 2022. 100140.

CHEN M, DAI J, CHU R, et al. The efficacy and safety of
modified Snyder-Thompson posterior scleral reinforcement

An algorithm to predict the

Intact globe

[57]

[58]

[59]

[60]

[61]

[62]

[63]

in extensive high myopia of Chinese children [ J]. Graefes
Arch Clin Exp Ophthalmol, 2013, 251(11) ; 2633-2638.
INITHE, sRFE5E. AP AR A U A IR 1 BIF 5T
HEE[J]. PAEIRBIRRR, 2018, 54(12) ; 948-953.

WANG M, CORPUZ CCC, ZHANG F. Shaping eyeballs
by scleral collagen cross-linking: A hypothesis for myopia
treatment [ J]. Front Med, 2021, 8. 1018.

BLACKBURN BJ, ROLLINS AM, DUPPS WJ.
Biomechanics of ophthalmic crosslinking [ J].
Sci Technol, 2021, 10(5): 8.

SUN M, ZHANG F, LI Y, et al. Evaluation of the safety
and long-term scleral biomechanical stability of uVA cross-

Transl Vis

linking on scleral collagen in rhesus monkeys [J]. J
Refract Surg, 2020, 36(10) : 696-702.

EIROEe, AR, WRAERL, 5. R E S DUBAC B IR BRE R
A BRIC T [J]. A e TR 2R, 2021, 38
(6): 1103-1110.

RONG S, WANG C, HAN B, et al. lontophoresis-assisted
accelerated riboflavin/ultraviolet A scleral cross-linking: A
potential treatment for pathologic myopia [ J].
Res, 2017, 162 37-47.

BRONTE-CIRIZA D, BIRKENFELD JS, DE LA HOZ A,
et al. Estimation of scleral mechanical properties from air-

Exp Eye

puff optical coherence tomography [J].
2021, 12(10) ; 6341-6359.

Biomed Opt Exp,



