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[Abstract] Objective To investigate the changes in corneal biomechanics of isolated porcine eyes after

stromal lenticule addition keratoplasty (SLAK) combined with comeal collagen cross-linking (CXL).  Methods A
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total of 139 porcine eyes from 5- to 7-month-old Duroc pigs were collected within 3 hours after death. Twenty-four
eligible eyes were selected and divided into a normal control group, SLAK group, CXL group and SLAK-CXL group,
and the tensile strength and elastic modulus of each group were detected via uniaxial tensile test. One hundred
eligible eyes were assigned to the SLAK group, SLAK combined with riboflavin soaking (RNF) group (SLAK-RNF
group), SLAK after cross-linking of both donor and recipient group (CXL-CXL-SLAK group), SLAK combined with
simple ultraviolet A (UVA) irradiation group (SLAK-UVA group), and SLAK-CXL group, and the maximum lap
shear strength of each group was measured via the lap shear test. The remaining 15 eligible eyes were divided into
SLAK group, SLAK-RNF group and SLAK-CXL group, and the ultrastructure of recipient corneal stroma and donor
stromal lens in each group was observed by hematoxylin-eosin staining and Masson staining. Slit-lamp microscope and
Sirius corneal topographer were used to observe clinical features of the tested eyes in the normal control group, SLAK
group, CXL group and SLAK-CXL group. All experiments were performed in compliance with the guidelines specified
in the Association for Research in Vision and Ophthalmology Statement for the Use of Animals in Ophthalmic and
Vision Research. The experimental protocol was approved by the Biomedical Ethics Committee of Xi“an Jiaotong
University Health Science Center (No. XJTUAE2024-2042).
group, SLAK group, CXL group and SLAK-CXL group at 50% strain was (0.60=+0.15), (0.45+0.19), (1.56+
0.27) and (1.22+0.24) MPa, respectively, and the elastic modulus was (2.01+0.69), (1.69+0.52), (4.16=
1.28) and (3.82+0.68) MPa, respectively, showing statistically significant differences (F=29.39, 11.01; both

Results The tensile strength of the normal control

P<0.001). The tensile strength and elastic modulus of the CXL group and SLAK-CXL group were significantly higher
than those of the normal control group (all P<0.001). There was a significant overall difference in lap shear strength
among the SLAK group, SLAK-RNF group, CXL-CXL-SLAK group, SLAK-UVA group and SLAK-CXL group (F=
18.45, P<0.001). The lap shear strength of the SLAK-RNF group and CXL-CXL-SLAK group was significantly
lower than that of the SLAK group, and the lap shear strength of the SLAK-UVA group was significantly higher than
that of the SLAK group, and the lap shear strength of the SLAK-CXL group was significantly higher than that of the
CXL-CXL-SLAK group (all P<0.05). Hematoxylin-eosin staining and Masson staining results showed that the collagen
fibers in each group were arranged orderly. The diameter of collagen fibers and the proportion of collagen fibrosis area in
the anterior corneal stroma and stromal lenticule in the SLAK-CXL group were greater than those in the SLAK group,
and the differences were statistically significant (both P<0.05). Slit lamp microscope and corneal topography results
showed that the implanted lenticule in the SLAK group and SLAK-CXL group was anastomosed with the recipient, with
a visible lens boundary, reduced transparency, and obvious edema in the surrounding stroma.  Conclusions SLAK-
CXL can increase corneal thickness and corneal biomechanical strength, which may result from cross-linking
increasing the diameter and area of matrix fibers. However, slight corneal edema may occur after surgery, and cross-
linking can not achieve immediate bonding between the lenticule and the recipient cornea.
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combined with corneal collagen cross-linking; Stromal lenticules
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Schematic illustration and mechanism of SLAK surgery
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Schematic illustration of sample preparation and
operation procedures for uniaxial tensile test and lap shear test
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the normal control group, *P<0.001; compared with the SLAK group,
"P<0.001 (One-way ANOVA, Tukey test; n=6) A: Tensile strength
B: Elastic modulus  SLAK: stromal lenticule addition keratoplasty;

CXL: corneal collagen cross-linking

2.0 2.0,
15 stk
< ~
& &
=10} = 1.0}
R R
0.5 =050
1 L I L /\
0 10 20 30 40 50 0 10 20 30 40 50
R (%) (A wee @
2.0 2.0
1.5F 1.5
= =
& &
=10 = 1.0F
R R
=05k =05
1 L 1 L 1 1

0 10 20 30 40 50 0 10 20 30 40 50
B (%) ® TESCSIN )

B4 SEEN-FEHL A EWHHRA B:SLAK 4l C.CXL
4 D:SLAK-CXLZL  SLAK: fBEAEFTE Bk A A ; CXL: i B It
SEHAR
Figure 4 Stress-strain curves of different groups A: Normal control
C: CXL group D: SLAK-CXL group
SLAK: stromal lenticule addition keratoplasty; CXL: corneal collagen

group B: SLAK group

cross-linking

0. 140) MPa, BV A 22 A Gt & X (F=18.45,
P<0.001) , H:# SLAK-RNF £ il CXL-CXL-SLAK 415
FE 55 Y] 3 BE W] AR T SLAK 41, SLAK-UVA 409 & &
T SLAK 41, SLAK-CXL 418 & & F CXL-CXL-SLAK
H, =R AGIFE (P P<0.05) (K 5),
2.2 A LHAZAREE A B R A TR J5T 375 5 1Y) A TR 45 A
R0

I AKE 41 G4 8, F Masson 4L 045 B o | 4440
SR LT HEHESN A )Y . SLAK 2H  SLAK-RNF 4 Fll SLAK-
CXL 2 iR 35 Jo Jie B 2T 24 EL A% 0 1o (22. 60£2. 70) |
(22.00+2.24) (33.00+6. 16) nm , 3 JFi % 45 2T 4 B AL
3 A (25.40 £2.19) . (25.40 £3.51) ., (36.00 +
3.67) nm, %52 IR AT 4 B AR VAR A 25 A Gai



ARSI IR R 2026 4F 5 A4 44 %55 5 1 Chin J Exp Ophthalmol , May 2026, Vol. 44, No. 5

444 -
0.8 —
a
E - b
S . *
1‘:1)( "
= 04 - :
=
=R
=
sgg
0 i i
SLAKZl  SLAK-  CXL-CXL-  SLAK- SLAK-
RNF4l  SLAK4l  UVA4l  CXL#4

E5 RABEIVSEELBE F=18.45,P<0.001. 5 SLAK 411
#,°P<0.05; 5 CXL-CXL-SLAK #H [L%;,"P<0. 05 ( B[R & 7 2543
HT, Tukey #5350 ;n=20)  SLAK: ffj IR AL B35 A AR ; CXL: £ BE
JRAZHRAR s RNF A% B 312, UVA 5040 A

Figure 5

groups

Comparison of lap shear strength among different
F=18.45, P<0.001. Compared with the SLAK group,

“P<

0.05; compared with the CXL-CXL-SLAK group, "P<0.05 (One-way

ANOVA, Tukey test; n = 20)

SLAK:

stromal lenticule addition

keratoplasty; CXL: corneal collagen cross-linking; RNF: riboflavin
soaking; UVA: ultraviolet A
SLAK 4 SLAK-RNF #H
" y "
o ' ¢
X M
Lx:J A i ‘ i ? i »
’ ']
L3 L] A Y

Hh

B

20 pm

27
T

Masson H& {1,

B 9igvis;

20 pm

20 pm

20 pm

20 pm

B (Fyy =28.06,P<0.001) , Hp SLAK-CXL 41 i
IS T L I 3 5 M iR 4T 4 ELAR YK F SLAK 41, 2%
S G L(H P<0.05) o AS[RIEB A 54T 4
HAEBEBRZF AL FE L (Fy, =5.23,P =
0.03) ., SLAK 1  SLAK-RNF i fil SLAK-CXL i Fif #5
FHE 5T i £ A AR TR AR o5 EE g3 il R (34.02+5.17) %
(43.96+7.39) % . (63.32+10. 02) % , Fk [ 175 555 o S £
Al A 2 ) (38.87 +£5.83) %, (47.14
9.17)% . (58. 13+ 11.38) % , 45 41 it J5 £ 4 Ak 1) £
BRI 2 F AR L (Fyy =21.04, P<
0.001) , HH SLAK-CXL ZH iy 48 3 Jo 01 35 Jo 425 5 e Ji
YA b U R T SLAK 4, 22 396 Giit i
(¥ P<0.05) , A IREF AT AR bR AR g
ﬁﬁj—néﬁfr*‘“ixw% 0.09,P=0.76) (€ 6)
2.3 S LHIRTT SRR Y B LA
ZABRAT W ARCBE L ER 25 S s |, 1EH G IR 4 A 4
2 W B SN TEoK i VR M JZ 8] JC 58 TR
CXLAL TS 4548, AU BRI o 1 22 1T L A2 i 25 Rk

SLAK-CXL 4 y .
[ S1AK 41 .
: J A, SLAK-RNF 41 a e
7 | ==saxcxial
E30f
¢ Y {iﬂ
A
2220
oy
10}
[ —— = e
315330 <1 1O~ 11 O 9 4
IR iERE R B R B
100 -
== SLAK 4]
~ SLAK-RNF £
¢ 80 b= a
g == S| AK-CXL 41 3
Py
17 60 °
= | o
S s B
&
% 20

d

22 fih T

AR R AU
BT EsE R EE AR B

JE mIE

#
100 wmd
=

100 pm 100 pm
== ==

(BJ

E6 BEZUERAERBEERERHBREMIER A SHBAR L (HE) BAER (%200, F7)=50 pm)  B: &2 Masson JL A& Hi
HRFE AL BT X500, bR =20 wm ; HEARSZ A il T x 100, F5 R = 100 wm; ik FiR BICRLF 4 C. 45 4L [R) 3B A 1 S 47 4k 15 4% Lh 3%

F iy =28.06,P<0. 001 ; Fype =5.23,P<0. 001 ; F ey ey =0. 02,P=0. 98. 5 SLAK 41 Fe 45, * P<0. 05 (BN 2 )5 225047, Sidak 2 AT ;n=5)

D A AR R AT A B AT L AR Foggy =21, 04,P<0. 0015 F g, =0. 09, P=0. 765 e gy = 1. 01, P=0. 38. 55 SLAK 4 i 4%, * P<0. 05( #i
2T 22557, Tukey i3 5n=5)  SLAK. fINREE BB LA AR ; CXL MBI FACHA ; RNF . A B R

Figure 6 Comparison of ultrastructure between recipient stromal cornea and donor stromal lens in each group A: Hematoxylin-eosin (HE)
B: Masson staining images of each group The the anterior corneal stroma and stromal

staining images of each group (X200, scale bar =50 pm)

lenticule X500, scale bar = 20 pm; The the donor-recipient interface X 100, scale bar =100 wm. Arrows indicated collagen fibers C: Comparison of

=28.06, P<0.001; F . =5.23, P<0.001; F; =0.02, P=0.98. Compared with the

collagen fiber diameter at different sites in each group F,, site

interaction
SLAK group, “P<0.05 (Two-way ANOVA, Sidak multiple comparison test; n=>5)
=21.04, P<0.001; F_.=0.09, P=0.76; F, =1.01, P=0.38. Compared with the SLAK group, “P<0.05 (Two-way

group site

ANOVA, Tukey test; n=5) SLAK:

D: Comparison of the proportion of collagen fibrosis area at different
sites in each group F

interaction

stromal lenticule addition keratoplasty; CXL: corneal collagen cross-linking; RNF: riboflavin soaking



rhAE SIS IR B4R RE 2026 4E 5 F4F 44 545 5 3

Chin J Exp Ophthalmol , May 2026, Vol. 44,No. 5 . 445 -

Jit | JCIRJZ I S5 /K i 6 B ; SLAK 4L Fll SLAK-CXL £H 4
AR ARIE T 5 2 R R R W) & Wi R AT 3
B30 S AT B 375 BH RE R OE R T REAE A I T R B
SR 5T ) DB K (& 7)o AR TR A5 R
I, TG B2 A B4 2 AR 5 34 50, G5 R RN TG =
SLAK 4138 3% [ )22 W] U i1 S0 3 Wb %) o B 5 B B 45l
BEHAENIMG A, 22 ARG R PR B K M | &5 %
BB B XL 4Lk L 42 B A 5 T v L 5 BE g 2 o
SLAK-CXL ZH ¥R FE 5t )23 157 5 33355 455 55 T 7 o7, 42 )2
o B 3R (&1 8)

1E X IR AL SLAK 41 CXL4H

IREOE

AT

B7 RESERBITEREFEGE &k N B REA ST
BEBHAAR ; CXL: A B SRS A

Figure 7 Postoperative slit-lamp microscopy images of different groups Arrows and
SLAK: stromal lenticule addition

circles indicated the implanted stromal lens grafts

keratoplasty; CXL: corneal collagen cross-linking

(10 O]

1A (B4 £ S S s AR BRI IR T R IR S

R T AR A R AR AR W) D) 2R FEAE A B
Joi  BEAT T B A R 5T AR WOR, 7E B AR
50%I5}, 5 1EH X B 20 A He | SLAK 20 A 5t 7 58 )
SRRSO W 28 4k, CXL 20 5 SLAK-CXL 40 ff i
Prpiom A SR B N i CXL 415 SLAK-CXL
HERTG 8 X, 5 Zhang & WS — 5, 1
AN AR SRIRR T B S (A S B S5 2 IR f i 2
()2 75 2 K A BB I A8 16 S 7, AT 344 o 422 ik 10T 79 Rl
S50 s SLAK-UVA 41582 55 Y15 3¢ SLAK 41
WAINT 2 1.5 £%, SLAK-CXL 4 #4587
VI A &, 0 SLAK 4 i 5%
TGt 5 X, RSN G IE B 22 3k /)
e, R S Z R Z R R A
AR B ICNE =P oG e ) & o - R = =)
BERAM G, T35, BT
RUEAKIEVEH, o 7 HEBR T A T4
PRI 8T U B0 047 1 PR 0 3 il
ARSI BN ST SR T T R 2
A SR, FE I IR 52 B, A A
HBESIETF ARG 6 > H BB, A B
i (R VR R, A R 2 651 4 4 sl T
GE S, T B JE SR 0 R N S5 gk —

SLAK-CXL 1

SLAK : ff [l 3 5t

TE3 % B SLAK CXL4 SLAK-CXL#H H U
AN, A2 HE IS 6 fh I s B RS i K
— e AT BRI, Scheimpflug S HTLAY
. ZEI R, SLAK 4 | SLAK-CXL 4135 5%

Els RESHAREMEE Sk AR BEMT  SLAK. f FEHEFUE G A A

CXL: F HE B A8 e AR

Figure 8 Postoperative corneal topography of different groups Arrows indicated the
implanted stromal lens grafts SLAK: stromal lenticule addition keratoplasty; CXL: corneal

collagen cross-linking

3 e

FEIG IR, 29 50% B4k £ RS 26 & TR A JEJRE AN J2
MAFE CXLP | ARk, CRMNEOGIE LT AR R
BENY TR A G AR R R B BT R — b A
AR [ R SR i A5 i SLAK 5 A
IS 5 o 235 R R ) B 1 ) i i e M o A - i 3%
FA R SR A IX — AR nT BE . SR, H AT JCIE
P T T ARG ST HEA Tk R A R ) XA vk . AR
8 R R IR 1T SLAK-CXL, MBS H A 5 2B ) F1 2%
M A BB SRR IR (R A 45 ARSI IRE T
JIZ DT 24 F O 85 ) 1) 728 T R I PR 36 s 1 0 AR 5033, LA

3% O BE B B IR, SR, CXL 4 AN
SLAK-CXL ZH 1) £ IS iy 256 J57 328 D' 38 7E 28
R AR, 5 ScmikafaE — 20, (HE K
TSNS N A & IRt =i [V~
ARG EAR W A B, AR 58 A A
AT HT. R RS IR AT A U E RS B B R R 5
pELe  FEARHRSY Y, 5 SLAK 4 Fil SLAK-RNF 20 4H
Lt , SLAK-CXL 20 fise Ji £F 4 Ak 1 AR o L AR 4 H AR
I, 5 SCHERIRGE B9 CXL AR S5 e I AR BN, A B 4
AN Bt 5T AR S B S S R T
FREF YRty /b, £F 2 Tl BE 3G fin >0 SR, AN 78 &
WAL EZINGE | 0] RE 55 28y vk AR B[R] A F AN ]
AKX,

AHIFFEREAR I A B AR R A B, i/ A A 4k
RN 5 R 5E T SLAK-CXL A R B E SR A1 A
T, BIRAFGTAE R R SLAK-CXL 3 o 38 Jin £ i
JELJE % Je D 2T A ELAR A3 T F AR W A5 T (HA



. 446 - PSR IR R R

2026 45 A% 44 %55 5 Chin J Exp Ophthalmol , May 2026, Vol. 44,No. 5

e 25 18 S 6 A o) B T 90 % 1) B AR A A S R HIL
505 TIE T 2 0 58 S 25 5 0 1) 28 4k RUA 2001
BEAN  ARBIF R A B A= 1 00 2 i 0 A B — | SR &2
IR B A B A BRI 14 22 o) ARSI 73

25 b ARBFSE 2 SLAK-CXL FH T s /A=)
FIFER R TTATY B S ARE B AR R N B & v
B SRR A MEARL . SLAK-CXL M40 1 £ i) 5
PERL R (ERSMIE R ZAR AR B E A S 2 k>
] 77 Az B IPRE 25 RS SLAK-CXL 2H 3244 £ JIE iy 22 1
VLR e 0 21 4 25 (O T BUR T 4k AR 38 n, ik,
SLAK-CXL S8 i £ 5 J5E B O 5 1 B2 ) ) 2tk i
(I SIRYT SRS ARG Ry A B i 38 17 TG vk R A 78 B
CXL Y 2 92 SLAK-CXL T~ AR #2448 7 357 (0 338
SCHE
R A (8 R AR 26 ph
EETMAD AT SR B SR RSORS00
SERVET BB G AT  INTE T SR G BT AR S . B
B SCH B SR

S 3k

[1] Stodulka P, Randdrovd E, Slovdk M, et al. Corneal stromal lenticule
rotation for high astigmatism correction|[ J/OL]. J Refract Surg, 2025,
41(1) :e5-el3[2025-12-16]. https: //pubmed. ncbi. nlm. nih. gov/
39783820/. DOI: 10.3928/1081597X-20241030-02.

[2] Shang J, Wang X, Xu H, et al. Correction of high astigmatism by
autologous astigmatic lenticule reshaping and rotation[ J/OL]. J Refract
Surg, 2024, 40(8) : €554-e561[2025-12-16]. https: //pubmed.
nchi. nlm. nih. gov/39120015/. DOI: 10. 3928/1081597X-20240701-
01.

[3] Sun XY, Shen D, Chen HX, et al. Corneal surface changes after
stromal lenticule addition keratoplasty combined with cross-linking for
severe keratoconus[J]. Int J Ophthalmol, 2025, 18(6) : 1003-1010.
DOI: 10. 18240/1ijo. 2025. 06. 05.

[4] Hiifner L , Augustin VA, Auffarth GU, et al. New tissue-additive
procedures to improve vision in keratoconus [J]. Ophthalmologie,
2026, 123(2):104-110. DOIL: 10. 1007/s00347-025-02370-z.

[5] (AR B A T ARPOR M € 2238 (2025) ) LR A, HIE

RO TE M IR o 2o D IO & R b1 3. M T
BEFMAETFARPOANA L IR (2025) [J]. ARSI IREHR A,
2025, 43 (12) : 1081 - 1088. DOI: 10. 3760/cma. j. ¢nl115989-
20250721-00234.
Expert workgroup of Expert consensus on surgical techniques for corneal
stromal lenticule transplantation (2025), Division of Refractive Surgery
& Committee of Optometry Experts, Branch of Ophthalmology, China
National Health Association. Expert consensus on surgical techniques
for corneal stromal lenticule transplantation (2025) [J]. Chin J Exp
Ophthalmol, 2025, 43 (12) : 1081 - 1088. DOIL: 10. 3760/cma. j.
¢n115989-20250721-00234.

[6] Tan DT, Dart JK, Holland EJ, et al. Corneal transplantation [J].
Lancet, 2012, 379(9827) : 1749-1761. DOIL: 10. 1016/S0140-6736
(12)60437-1.

[7] Fasolo A, Galzignato A, Pedrotti E, et al. Femtosecond laser-assisted
implantation of corneal stroma lenticule for keratoconus [J]. Int
Ophthalmol, 2021, 41(5) : 1949-1957. DOI: 10. 1007/s10792-021-
01739-8.

[8] Nubile M, Salgari N, Mehta JS, et al. Epithelial and stromal
remodelling following femtosecond laser-assisted stromal lenticule
addition keratoplasty (SLAK) for keratoconus [J]. Sci Rep, 2021,
11(1):2293. DOIL: 10.1038/s41598-021-81626-5.

[9] Meyer JJ, Gokul A, Vellara HR, et al. Progression of keratoconus in
children and adolescents [J]. Br J Ophthalmol, 2023, 107 (2) :
176-180. DOI: 10. 1136/bjophthalmol-2020-316481.

[10]Gomes JA , Rapuano CJ, Belin MW, et al. Global consensus on
keratoconus diagnosis [J/OL]. Cornea, 2015, 34 (12) : €38 — €39
[2025-12-16]. https: //pubmed. ncbi. nlm. nih. gov/26426335/.
DOI: 10. 1097/1CO. 0000000000000623.

[11]Gomes JA , Tan D, Rapuano CJ, et al. Global consensus on

keratoconus and ectatic diseases[J]. Cornea, 2015, 34(4) :359-369.
DOI: 10. 1097/1C0O. 0000000000000408.

[12]1Dou S, Wang Q, Zhang B, et al. Single-cell atlas of keratoconus
corneas revealed aberrant transcriptional signatures and implicated
mechanical stretch as a trigger for keratoconus pathogenesis[J]. Cell
Discov, 2022, 8(1):66. DOI: 10.1038/s41421-022-00397-z.

[13]Bonacci E , Vinciguerra R, Anastasi M, et al. Sequential customized
phototherapeutic keratectomy after meniscus-shaped stromal lenticule
addition keratoplasty in keratoconic eyes[ J/OL]. J Refract Surg, 2025,
41(11) : e1205-€1212[2025-12~-16]. https: //pubmed. ncbi. nlm.
nih. gov/41212957/. DOI: 10. 3928/1081597X-20250826-03.

[14]Raiskup F , Spoerl E. Corneal crosslinking with riboflavin and
ultraviolet A. 1. Principles[J]. Ocul Surf, 2013, 11(2) : 65-74.
DOI: 10. 1016/]. jtos. 2013. 01. 002.

[15]Sorkin N, Varssano D. Corneal collagen crosslinking: a systematic
review[J]. Ophthalmologica, 2014, 232(1) : 10-27. DOI: 10. 1159/
000357979.

[ 16] Krungkraipetch L, Assawaboonyadech A, Supajitgulchai D. Corneal
biomechanical property changes following corneal collagen cross-linking
in keratoconus: a systematic review and meta-regression analysis [J].
Int Ophthalmol, 2025, 45 (1) : 270. DOL 10. 1007/s10792-025-
03617-z.

[17] Wittig-Silva C, Chan E, Islam FM, et al. A randomized, controlled
trial of corneal collagen cross-linking in progressive keratoconus: three-
year results[J]. Ophthalmology, 2014, 121(4) : 812-821. DOI: 10.
1016/j. ophtha. 2013. 10. 028.

[ 18] Hashemi H, Seyedian MA, Miraftab M, et al. Corneal collagen cross-
linking with riboflavin and ultraviolet A irradiation for keratoconus:
long-term results [J]. Ophthalmology, 2013, 120(8) : 1515 -1520.
DOI: 10. 1016/j. ophtha. 2013. 01. 012.

[19]Meiri Z , Keren S, Rosenblatt A, et al. Efficacy of corneal collagen
cross-linking for the treatment of keratoconus: a systematic review and
meta-analysis[J]. Cornea, 2016, 35(3) :417-428. DOI: 10. 1097/
1C0O. 0000000000000723.

[20] Nughays RO, Bazayd AS, Alshamekh LA, et al. Efficacy and safety of
epi-on vs epi-off corneal cross-linking in corneal ectasia: a systematic
review and meta-analysis of randomized controlled trials [J]. Clin
Ophthalmol, 2025, 19:1531-1541. DOI: 10.2147/0PTH. S508618.

[21]Ruberti JW, Zieske JD. Prelude to corneal tissue engineering - gaining
control of collagen organization[J]. Prog Retin Eye Res, 2008, 27(5) :
549-577. DOI: 10. 1016/]j. preteyeres. 2008. 08. 001.

[22]Ganesh S, Brar S. Femtosecond intrastromal lenticular implantation
combined with accelerated collagen cross-linking for the treatment of
keratoconus—initial clinical result in 6 eyes [J]. Cornea, 2015,
34(10) : 1331-1339. DOI: 10. 1097/1CO. 0000000000000539.

[23]Spoerl E, Mrochen M, Sliney D, et al. Safety of UVA-riboflavin cross-
linking of the cornea[J]. Cornea, 2007, 26(4) :385-389. DOI: 10.
1097/1C0O. 0b013e3180334{78.

[24]Jabbour S, Bower KS. Refractive surgery in the US in 2021 [J].
JAMA, 2021, 326(1):77-78. DOI: 10.1001/jama. 2020. 20245.
[25]Riau AK, Boey K, Binte M Yusoff NZ, et al. Experiment-based
validation of corneal lenticule banking in a health authority-licensed
facility[J]. Tissue Eng Part A, 2022, 28(1-2) :69-83. DOI: 10.

1089/ten. TEA. 2021. 0042.

[26]Yu N, Chen S, Yang X, et al. Comparison of fresh and preserved
decellularized human corneal lenticules in femtosecond laser-assisted
intrastromal lamellar keratoplasty [J]. Acta Biomater, 2022, 150 :
154-167. DOIL: 10. 1016/j. actbio. 2022. 07. 035.

[27]Chang SH, Mohammadvali A, Chen K], et al. The relationship
between  mechanical —properties,  ultrastructural  changes,  and
intrafibrillar bond formation in corneal UVA/riboflavin cross-linking
treatment for keratoconus[J]. J Refract Surg, 2018, 34(4) :264-272.
DOI: 10.3928/1081597X-20180220-01.

[ 28] Hatami-Marbini H. Influence of microstructure on stiffening effects of
corneal cross-linking treatment [J]. J Refract Surg, 2018, 34(9) :
622-627. DOL: 10.3928/1081597X-20180718-01.

[29]Zhang J, Sun F, Hou J, et al. Safety and efficacy of stromal lenticule
addition keratoplasty in the treatment of hyperopia: a retrospective study
[J]. BMC Ophthalmol, 2025, 25(1) :400. DOI: 10. 1186/s12886-
025-04224-3.

[30]Li H, Zhao L, Wang F, et al. Natural cross-linker-stabilized acellular
porcine corneal stroma for lamellar keratoplasty [J]. Acta Biomater,
2020, 114:270-284. DOIL: 10. 1016/j. actbio. 2020. 07. 035.

[31]Meek KM, Knupp C. Corneal structure and transparency [J]. Prog
Retin Eye Res, 2015, 49:1-16. DOL: 10. 1016/j. preteyeres. 2015.
07.001.

[32]Gulzar A, Yildiz E, Kaleli HN, et al. Ruthenium-induced corneal
collagen crosslinking under visible light [J]. Acta Biomater, 2022,
147:198-208. DOI: 10. 1016/j. actbio. 2022. 05. 040.

(Weks H W .2026-01-21 & 18] H 1 .2026-04-24)

(ARSCHAE DEERT  B& )





