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Abstract

Objective: To evaluate and compare corneal biomechanics after small-incision lenticule extraction
and femtosecond laser-assisted laser in situ Kkeratomileusis. Methods: We conducted a me-
ta-analysis and searched for reports concerning corneal biomechanical effects after small-incision
lenticule extraction and femtosecond laser-assisted laser in situ keratomileusis using Medline,
EMbase, CNKI, and the Cochrane Library. The quality of the reports was evaluated using the New-
castle-Ottawa Scale (NOS). Results: Only six studies with a total of 771 eyes were ultimately in-
cluded in this meta-analysis and the random-effects model was used. CH and CRF after SMILE and
FS-LASIK were compared by meta-analysis, including pre-operation and 3 months post-operation.
There was no difference in CH and CRF between SMILE and FS-LASIK before surgery (WMD, -0.12;
95% CI, -0.31~0.06; P, 0.19; WMD, -0.05; 95% CI, -0.29~0.19; P, 0.69). There was no significant
difference between the two surgical methods in CH at 3 months after operation and in the foreign
group (WMD, 0.19; 95% CI, -1.02~1.41; P, 0.75). In the Chinese group, there was no significant
difference in CH between the two surgical methods (WMD, 0.13; 95% CI, -0.16~0.41; P, 0.75).
There was no significant difference between the two surgical methods in CRF at 3 months after
operation and in the foreign group (WMD, -0.11; 95% CI, -2.53~-2.31; P, 0.93). In the Chinese
group, the difference between the two surgical methods was statistically significant (WMD, 0.26;
95% CI, 0.06~0.47; P, 0.01). Conclusion: This meta-analysis showed that there was no significant
difference in CH between SMILE and FS-LASIK; there was no significant difference in CRF in the
foreign group, but in the domestic group, SMILE was better than FS-LASIK.
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B BT Aot/ OZESEE AR (small incision lenticule extraction, SMILE)F1 K Eb 8t #13R )
KD FBOL A IR E AL B4R (femtosecond laser-assisted laser in situ keratomileusis, FS-LASIK)¥5JT
AR ERBREN I FNER. ik HTEZESYr, #FFHMEDLINE. EMABASE. $EAIM. Cochrane
BB E KR A SMILEAIFS-LASIKAR 5 A JEAEM 1R E . ST HNBERFEARIMRE3INAAEREE
CHAI#f FH /7 FCRF. 1# fiNewcastle-Ottawa Scale (NOS)XCHRE EILMBERIENMMENRE. XA
RevMan5@EfT ARt M. 45 EXWMEFRSH, REARSHEIHR, 771RR, HMHERHBEILK
MR, AR BTSMILE 4L A1 FS-LASIK 41 48 H. % CHA1 CRF 2 R ¥ L 4 i+ % & X (WMD, -0.12; 95% CI,
-0.31~0.06; P, 0.19; WMD, -0.05; 95% CI, -0.29~0.19; P, 0.69). R53MACH, EHH, HMFERF
RER LG22 L (WMD, 0.19; 95% CI, -1.02~1.41; P, 0.75). T EA, FHMHFERFRCHERLLH
22 Y (WMD, 0.13; 95% CI, -0.16~0.41; P, 0.75). R/534/ HCRF, EiH, FMHERFREZF LS
%% {(WMD, -0.11; 95% CI, -2.53~-2.31; P, 0.93), FEA, HMHFERATRERE S H%EE L (WMD,
0.26; 95% CI, 0.06~0.47; P, 0.01) . %if: X—EX3HTRY], SMILEFIFS-LASIKRGCHER LS
BX; CRFEMMHEZERESA ¥R, EANASMILES TFS-LASIK.

Xeia

CREOEMI OB BB AR (SMILE), CRBOLHIRR ST B0 A IRIE AL B (FS-LASIK), fR4
YH%, FREKSRERE I (CH), i REFH /1T (CRF)
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1. 58

AR AP B i 0 B 7 43 1 IR0 AR TR ST B BE R (FS-LASTK) A AP IO /N U 171375 45 B H AR (small
incision lenticule extraction, SMILE) L& BN JE - FAR M T 51E501) LASIK th#, FS-LASIK IR 5
TET KR BOEHI IR, 8> 7 HI IR RE =4[ 1], SMILE F A REDBOETE M R 5T A RS B D)8
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HVE—ANES, P BRI ESE, THRHIIE, SRR RS 1 R0 RRE . KE RN 1
SMILE )22 41 A R E[2] (3]

1 B3 J5 B (Corneal hysteresis, CH) A1 A i [H /1 [ -7 (Corneal resistance factor, CRF)2 J B i A= 4 7
I EPR . CH SO RS, B A IR SORT 7 B Be = (1 BE 71K/ e CRE B3R 14 FH 77 A0 it BE
J1, AN A I3 AR AR S . BRSO 43 BT (Ocular Response Analyzer, ORA) & BEAT M JEAE W) /1%
A 7L —.

SMILE A1 FS-LASIK AR J& MY S H AT T FE[4] [5]. BFTEMAAR ARG A )27
e, BT AT AR ARiL .

AHEFEE LT SMILE 5 FS-LASIK A& M IR 7722 FURFIE PR 6 ) B s e o TR 77 35X
ARG AR T B AR AR R

NY &AL SMILE Al FS-LASIK ARJ& CH fl CRF HJAZ4L, FATHAT T L5007, IF B MM T ARAR)S
FANEAEW) 775 B R E 1

L1. BER5EE

1.1.1. IANFRE
HATREINIZ SR TS B 2 AE 2011 2% 2018 £ 7 A AT SMILE 1 FS-LASIK A )& 1 B4 %)
JIEERAR B AL HER AT 52 A0 BA S 7T

1.1.2. HEBR4RIE
T HR B B 4 B 2 48 A S0 A R A ) R e MO, BT P S AR B A R . sk,
ARG — AR A IINARAE, SR HEBRE S .

1.2. /&

1.2.1. ERREE

P (R0, M)A CLR B 7300 B ph o 3 % SCiik: MEDLINE. EMABASE. H [ 1191 4
SCELHRE JE (CNKI) A Cochrane P 1E BT T F AT Z A5 H o FTA K 3R 1 R0 ELIE N AT (7] ) S0 54 2% 18
WIARER R — 30 W, W55 3 A REFRHE . KRER 2011 £E 2018 £ 7 H. N T RGN
R, o SORFNA FEARE O ZORIE 45 “SMILE” . “FS-LASIK” F1 “flEAEY 127 o SOl
RUNBENUO REAFE TR A S 5T X tH IR 1E 5 IRl XRS5 #2448 MOOSE i #ii[6] (7]
IR 1 T B SCRAAT 1

1.2.2. BB
P AR HEAL A AR R S 3 PR O . 1) — Bl ARl 1R RRHB. B 2) 4. =
RO RS 6 MuIR s ft 1TIE T E B i T LA -

1.2.3. REVEM
R A SC f 26 2R B 1 STk R A BIIF 9, BT LAl Newecastle-Ottawa Scale (NOS)VE4), Hid 5 70 #%
PINZIE T o

1.2.4. BESHR

FIF Cochrane P FF2 () RevMan 5 SELH 5P/ B4R HEAT /04T CHORI CRF LUNTEUS AR 95%
AE R AT R AT SRR OO RS P AIG[S1H0 Q Gittrt A S % A4 itk 47 5 Wk
VAo P ALPE RSB R BT A S BT S A Ll (U 25% . S0%A 75%KFREE.
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hE KR R B . A SCINN SCHEREE D, WA R BE LS AR RS . 22 S e e i, 3T 28 43 # o
IR E R R R A . P E/ANT 0.05 #5UCAE SR 9] [10].

2. ER
2.1. REGER

ML 34 RBAEAR ORI SCE PR A IE IR . RGERBS, A 6 A MAN LSS
(% 1). 6 TURF S NBABIRT T . BEFR A& Bt RAIE 1 Fros. Hrm Nl 76 E AT, 4 AME
HE. EZEEIPHHANT 771 RIRES. BEY7 3 S H . CH Al CRF &MU fabs, FATERANTHZE
RO HITAL IR LS R IO SRR RS T 20 NN SCERVERE LI 1.
Table 1. Literature included in meta-analysis
= 1. INEZE SRS
EE ﬂE% /%gll_l\ QE%

;ﬁ];iﬁ%ﬁzmﬁﬂ Q3| FAMBEHF AN KA Il B Bt 7 2016, 16(4): 638-641

2. The Correlation Analysis between Corneal

Biomechanical Properties and the Surgically Induced Journal of

Corneal High-Order Aberrations after Small Incision Len- Wenjing Wu, et al. Ophthalmol 2015
ticule Extraction and Femtosecond Laser In Situ phthaimology

Keratomileusis

3. Comparison of Corneal Biological Healing After Current E

Femtosecond LASIK and Small Incision Lenticule Lei Xia, et al. urrent Bye 2016, 41(9): 1202-1208
) Research

Extraction Procedure

4. Corneal biomechanics after small-incision lenticule

extraction versus Q-value-guided femtosecond Jun Zhang,et al. Journal of Current

2016,28:181-187

laser-assisted in situ keratomoleusis Ophthalmology
5. Evaluation of femtosecond laser in flap and cap creation Elmohamady MN, Clinical 2018: 12 935-942
in corneal refractive surgery for myopia: a 3-year follow-up et al. Ophthalmology ’

6. Comparison Between Q-Adjusted LASIK and
Small-Incision Lenticule Extraction for Correction of Esraa El-Mayah, et al. Eye Contact Lens 2018 Jul 17
Myopia and Myopic Astigmatism

Table 2. Research characteristics of inclusion in documentation

2. PATHREV A RET =

L= Hx HARES AR B IR Uittt FREWS
B i 2016 o 18~40 BB 5t 6
Wenjing Wu, et al. China 2015 FSS—I\IZIA{ALSFEK ;g ;i;g i g;i BAFIAE 50 6
Lei Xia, et al. China 2016 oo DeIve pamn 6
Jun Zhang, et al. China 2016 FSS-I\I/JILLSFEK Sg / FAZ I 7 6
Elmohamady MN, et al.  Egypt 2018 FSS-l\I/JIILLS]iK ;g g;‘gi i 33; BABHIF 5 6
Esraa El-Mayabh,ef al. Egypt 2018 FSS—I\IZIA{ALSFEK ;8 ;328 i i;; BABHIF 5T 6
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Figure 1. Process of literature inclusion
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Figure 2. Funnel plot
B 2. m=HE

2.3. Meta TR

0.5

1) CH /& V-I A B AE M) F1 5 B — AN hr . SR Es, ARATEHE 7T 5 B BHR (P = 23%), HAIAL
Bk D, M BEH LSS AR RS, SMILE 4111 FS-LASIK 41AH E i CH 2 7 L 48 i L (WMD, —0.12; 95% CI,
—0.31~0.06; P, 0.19) (1] 3). fEARJG = HKIBEY . S0 R R R = 86%), FARIHLN A,
SMILE #H#1 FS-LASIK 4AHELEL CH Z R4t = L (WMD, 0.17; 95% CI, —0.20~0.54; P, 0.36).
Elmohamdy MN £ El-Mayah E [ SCERF 5 GOAAEINIR KN, HR 4 B SCEP RN SR EN, #HeL
NFPAS[] FH B AT S AR R B AT A 2 o BB N E2H AN [ AP E 4 SMILE 2H AT FS-LASIK 23 57 Jii 14 FE I
AT R - E WAL P = 63%, E AN VAL 1P = 83%. AN, PifhF AR 7 ARG CH 2 7 4t L (WMD,
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0.19; 95% CI, —1.02~1.41; P, 0.75). HE 4, PidpFARITT ARG CH 2 7 g1t 5 5 L (WMD, 0.13; 95% CI,
—-0.16~0.41; P, 0.75) (4 4).

SMILE FS-LASIK Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
El-Mayan E 2018 8.85 1.8015 30 983 1.4269 30 47% -098[1.80,-016] ¥
Elmohamdy MN2018  10.58 0.39 35 1071 0.47 38 391%  -013[0.33,007] —
Jun Zhang 2016 10.64 1.09 80 1083 16 80 149% -019[-0.61,023]
LeiXia 2016 1099 165 64 1076 167 64 9.0% 0.23-0.35,0.81] >
Wenjin WU2015 10.16 1.3 75 1009 138 75 147% 0.07 [-0.36, 0.50]
2k&2015 1067 119 100 1083 154 100 176% -0.16[054,0.22] O
Total (95% Cl) 384 387 100.0% -0.12[-0.31, 0.06] —~l
Heterogeneity: Tau®= 0.01; Chi*= 6.53, df= 5 (P = 0.26); "= 23% 05 025 0 095 05

Test for overall effect Z=1.30(P=0.19) SMILE FS-LASIK

Figure 3. Preoperative CH
3. KRBl CH

SMILE FS-LASIK Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 foreign
El-Mayan E2018 7.37 1.2919 30 7.83 1147 30 4.7% -046[-1.080.16) -
Elmohamdy MN2018 8.41 0.41 35 763 058 38 341% 0.78(0.55,1.01) —u—
Subtotal (95% Cl) 65 68 38.8% 0.63[0.42,0.85] >

Heterogeneity: Chi*=13.59, df=1 (P = 0.0002); = 93%
Test for overall effect: Z=5.75 (P < 0.00001)

1.1.2 china

Jun Zhang 2016 7.91 092 80 8 132 80 14.4% -0.09(-0.44,0.26) T

Lei Xia 2016 835 1.08 64 806 1.06 64 13.0% 0.29[0.08 066 T
Wenjin WU2015 8.3 1.04 75 786 1.03 75 16.3% 044([0.11,0.77) —_—
3kB2016 793 094 100 806 1.34 100 17.4% -0.13[-0.450.19) I
Subtotal (95% Cl) 319 319  61.2% 0.12[-0.05,0.29] -

Heterogeneity: Chi*= 8.09, df= 3 (P = 0.04); F=63%
Testfor overall effect Z=1.39 (P=0.17)

Total (95% CI) 384 387 100.0% 0.32[0.18, 0.45] <
Heterogeneity: Chi*= 34.89, df= 5 (P < 0.00001); = 86% o o o5
Test for overall effect: Z= 4.67 (P < 0.00001) éMILE FS-LASIK
Test for subaroun differences: Chi*= 13.22. df=1 (P = 0.0003). F=92.4%

Figure 4. Subgroup analysis of CH 3 months after the operation
4. RJ5 3 m CH AR

2) CRF RPN AIEAEY S4B — e br. 45 REIR, RAT&HF TR ERARE = 45%), HHN
SCHEREL D, WP BER LN R, SMILE 41A1 FS-LASIK 40 A1 EL 8 CRF 22 R 40127 L (WMD, —0.05; 95%
CI, —0.29~0.19; P, 0.69) (/] 5). TEARJG 3 AN MBI, S0 7T 5K (P = 89%), U BEHLAL R A
1, SMILE 2071 FS-LASIK ZHAHLH CRF £ 573 B4 112445 X (WMD, 0.18; 95% CI, —0.33~0.69; P, 0.49).
PLNFIAS [ FH BE N LRSS AR R HEAT 4 7041 . N SMILE 4441 FS-LASIK 4165 JFPE( = 0%), E &M
FRMERKE = 97%). B, BHFEARTAARG CRF ZR LG8 L(WMD, —0.11; 95% CI,
—2.53~2.31; P, 0.93), FEH, PAFARTAAR CRF Z7H 455 X (WMD, 0.26; 95% CI, 0.06~0.47;
P, 0.01) (¥ 6).

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
El-Mayan E 2018 8.53 22595 30 976 21693 30 42% -1.23[235-011) ——————
Elmohamdy MN2018  10.21 019 35 1022 02 38 396% -0.01[0.10,0.08 *
Jun Zhang 2016 1054 153 80 10.71 1.74 80 14.8% -0.17[-0.68,0.34] I
LeiXia 2016 1126 194 64 106 193 64 98% 0.66 [-0.02, 1.34] T
Wenjin WU2015 10.39 1.52 75 10.57 1.64 75 149%  -0.18[-0.69,0.33] - 1
3kB|2015 1065 163 100 1069 169 100 16.7% -0.04[-0.50,0.42] I
Total (95% CI) 384 387 100.0%  -0.05[-0.29,0.19] *

Heterogeneity: Tau®= 0.04; Chi*=9.08, df=5(P=0.11), F= 45%

Test for overall effect: Z= 0.40 (P = 0.69) ? -1 0 1 2

avours [experimental] Favours [control]

Figure 5. Preoperative CRF
5. /RHI CFR
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SMILE FS-LASIK Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random. 95% CI IV, Random, 95% CI
2.1.1foreign
El-Mayan E2018 6.03 1.6317 30 7.397 1.3515 30 135% -1.37[-2.13,-061] -
Elmohamdy MN2018 8.32 0.56 3% 722 0.81 38 17.9% 1.10(0.78,1.42) -
Subtotal (95% CI) 65 68 315% -0.11[-2.53,2.31] ——

Heterogeneity: Tau®= 2.96; Chi*= 34.61, df=1 (P < 0.00001); F= 97%
Test for overall effect: Z=0.09 (P = 0.93)

2.1.2 china

Jun Zhang 2016 7.07 127 80 6.82 1.4 80 171% 0.25[-0.16, 0.66] .
LeiXia 2016 6.51 127 64 653 1.38 64 16.7% -0.02(-0.48,0.44] -

Wenjin WU2015 7.25 1.31 75 877 113 75 17.3% 0.48[0.09,0.87) -
3kB2016 7.1 127 100 685 1.44 100 17.4% 0.26 -0.12,0.64] =
Subtotal (95% Cl) 319 319  68.5% 0.26 [0.06, 0.47] *

Heterogeneity: Tau*= 0.00; Chi*= 2.64, df= 3 (P = 0.45); F= 0%
Test for overall effect. Z=2.52 (P = 0.01)

Total (95% CI) 384 387 100.0% 0.18[-0.33, 0.69] >
Heterogeneity: Tau®= 0.35; Chi*= 43.92, df= 5 (P < 0.00001); F= 89% t t
Test for overall effect: Z=0.69 (P = 0.49)

Test for subaroun differences: Chi*=0.09. df=1 (P=076). F=0%

4 2 R
SMILE FS-LASIK

Figure 6. Subgroup analysis of CRF 3 months after the operation
6. RS 3 m CRF SHZHT

2.4. HEE

6 T 7CH 4 TUE 7 AR BITE - RIERAE . 55 2 T 9T, SRR AP ARHEZ %41,
3. itig

NS E CH AR /187 CRF 5 e g ISR S e B2 DL B IEPEAROC R R (1] [12], S
TEASH BRAA O, (5] 5 b Je il 2 1 e B 2RSS A G OG &R, U A b sl th, A
JIERE TS 11]. Bk, ABECFARG, ABED IS G T MR I1EIE, <58 MA
FEAT i o ERRIER 22 1) 5 A LA B G TR S MR AR 124 R . SMILE R Hli, VI, TEIl
HRAE. FS-LASIK il IR SERG . PARARIN, #PRAC T MR, BT DU 2 5l A 05410 R . A
g Eyf, SMILE FARAGIE A, AT ZVIWT A B AT S 248, R R B0 M IR 2 N 4
SE IR FEVIE HH — 58 R/ NN FE R (5 FE) A B M@ S B A B B, R4 A LR I A N D) VG [13], ff e
TEENE RES 1S B AT (4R, SMILE TR EL FS-LASIK RJGAM /15N EinkaE, & HTA ARG
L 77 2 R I A B /N TR TR [14] 6

V£ 2% SMILE 4181 FS-LASIK 4R J5 CH #1 CRF 4T T4t . WAk AT E[15] [16], CH
A CRF £ SMILE ZH A1l FS-LASIK ZH AR J5 #4762 % . Wenjing WU %5[17]#1 Elmohamady % A [ 18]I LA
9 CH 1 CRF £ SMILE 411 FS-LASIK AR J53H % 7 . Lei Xia [19]55 1 El-Mayah E [20]55 ) £5 18I0 A
CH 7E SMILE 4 M1 FS-LASIK ARG X %R, 1B CRF EWAREHZR. B, WATHAT 72047,
DL B CH 1 CRF 7£ MILE 4141 FS-LASIK AR5 H L% 7.

Meta i~ RJG 3 AN HBAE0 8 SMILE 41A1 FS-LASIK #HAHELH: CH Z R L4 it 55 L. T4
TG, EAMAFRENAARE 3 NABFEMAR CH 25 B4 2 . HRMETH TG, P64 5
JAPEAT L, AT RE S A SCEREUD A K, I8 T ZERFEA ) meta 73 T BAIESE . RJGF 3 A H BAK meta 7347,
SMILE 4 #1 FS-LASIK #AH Lt CRF Z R LG22 L. WA, EAMHE, BFFRITARE CRF %
RIS EE S PEA, WAFARTAR CRF ZRF 90052 L. FS-LASIK A EYIHIE K, CH
H CRF SR 2, AW 122 B 5 AR B DDA IR BE AR R [21] [22],  SABEUIEJEE R 5 R i 45 ROk 5% B 4
HKo SMILE FARXN ARG 1 FF4EY) 1% AR A S R ATERES BRI O¢, B I R ot sy, M
W1 R s 5 R BT ERGE E ORRE B3 B B ARG, IR AR B S IR B R R, B AR 0 2 U
K SERIEERIEAIE, BERIE, XA BAEY) )15 5k K[23]. SMILE F1 FS-LASIK #ffFA,
HEZ CRF 2 534 Giil %m0, B0 a] GEA0 o (5 20 A0 B 25U R, T AV HIAR B KA 9%, BTN
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6 TWHIT, A 1 T 5O RA AT R SR, A PRI T AR AT SRR, TR Meta 7T A &R
S5 ORI BT A R AT 0 2H 00 W, F 45 AT R il — 58 RS AL

BWF211AA, " CRPEOGTE B IR EER 5, o5 i B AR 70 2 (PR FE K . #E FS-LASIK 41, 4
T 7S IR 100 um, 3 2 THF I 70508 90~110 um. 100~110 um, AWF5[24]FRH, ERGIRMEA
H, JRJEAKT 100 um 724, CH A CRF Jo W35 0048, WA 70 A 15 M IR R S 34T 0 4H . A1 4 T 7T
X520 6 mm, 53 P I ST A IE SR EIX RN, BB X SR IX o 4B

KRR FRAFE—ERRMRYE: 1) ERXRIEEZES T RS T ERRE: 2) WENEER: 3) M
I SCHRES MBI T 4) BATARESZ B R KRG R . (i ABETE & HRR; 5) BA M EE AR
MFEFEAT 50 8: 6) RIRRIA Corvis ST AT MR AM ) 2 N & (1) SC 820, BT AARHIF FE 90N R #8
5 ORA Xt F A fy 2 AT M B SC 3, Wl T CH AT CRF, SN HIZEM) S22 36 bnies, A RE S £ i
TEABSH, B AT S W A A= 7 e T B e

A meta 73 RS04 T SMILE F AR FS-LASIK FARAEA 5 M MEAY) 15446 T2 5010 )
REA R B, FRATUCHIX PR ESRE /BT S5 1R 7E IR R _EXE V607 15 e A .

SMILE F-ARZA FS-LASIK FARAAR G MIBEAY J1556 T2 57 R B RIFEA R, 1Eee 2 ik
B AN K A BE VTR (RO 7T, AP PA MILE FAR M FS-LASIK F AR %5 b 22 4=tk

TEBHAT AW FURT , RINET A 00 SCHR 2 v 8 Py SCiik, 1B AR SCRRIR 2D, 7R3 3 E 72 SMILE 1 FS-LASIK
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