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[ Abstract] Objective To investicate and compare the changes of modulation transfer function ( MTF) after
small-incision lenticule extraction (SMILE) and femtosecond laser-assisted laser in situ keratomileusis( FS-LASIK).
Methods A cohort study was conducted. One hundred and two myopic patients ( 102 eyes) who underwent SMILE
and FS-LASIK in Tianjin Eye Hospital from December 2015 to June 2016 were enrolled and divided into SMILE group
with 53 eyes and FS-LASIK group with 49 eyes according to different surgical methods. The ocular aberrations and
corneal morphology of all patients were measured by the Hartman-Shack wave-front analyzer and Pentacam topography
before surgery and 1,3 and 6 months postoperatively. MTF of optic system was calculated and analyzed. The changes of
MTF values were compared between the two groups at different time points under different spatial frequencies, after
removal of low-order aberrations at postoperative 6 months,and after removal of vertical coma aberration, horizontal coma
aberration and spherical aberration in the SMILE group at postoperative 6 months. The study protocol complied with the

Declaration of Helsinki and was approved by an Ethics Committee of Tianjin Eye Hospital ( No. TJYYLL-2014-17).
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Written informed consent was obtained from each patient before surgery. Results Compared with the preoperative
MTF , there were significant increases in postoperative 1-,3- and 6-month MTF at all spatial frequencies in the SMILE
group and FS-LASIK group (all at P<0.05). MTF values at all spatial frequencies in the SMILE group were
significantly higher than those in the FS-LASIK group at 1,3,and 6 months after surgery (all at P<0.05) ,except at
55 ¢/d and 60 ¢/d at 6 months postoperatively. The postoperative 6-month MTF values at all spatial frequencies
without low-order aberration were higher in the SMILE group than those in the FS-LASIK group,showing significant
differences between the two groups (all at P<0.05). In the SMILE group,the postoperative 6-month MTF values at
1 ¢/d spatial frequency without the horizontal coma aberration and spherical aberration were significantly higher than
the preoperative MTF values ( both at P<0.01) ; the postoperative 6-month MTF values at 1 ¢/d and 3 ¢/d spatial
frequency without vertical coma aberration were significantly higher than the preoperative MTF values (both at P<

0.05) ,and there were no statistically significant differences between the postoperative 6-month MTF values at the other

spatial frequencies with and without single high-order aberrations (all at P>0.05).

Conclusions  Optic quality has

been obviously improved after SMILE and FS-LASIK,and the SMILE is superior to FS-LASIK in the MTF value.
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Table 1 Comparison of baseline data between the two groups ( mean+SD)

5 215t 2 1% 32 oA %K (optical
OTF ).

transfer function,

A5 R % (L) BRBEER(D)  HEBIEH(D)  CCT(pm) Km(D) OTF 1y & | 3 4> B K
SMILE #1 53 25.06%5.59  -5.09+1.60  -0.73x0.73  549.20+26.93  43.47x1.32 MTF, 3 2 3k 18 % 48 1
FS-LASIK 4] 49 24.07£5.47  -5.36+1.12  -0.64x0.75 548.18+26.99  43.35x1.23 0~143 c/d [y MTF fii. 3%
¢ fi 0.903 0.980 0.614 0.191 0.474 B2 0~ 60 e/d 35 Fi 4 19 MTF
Pl 0.368 0.330 0. 540 0.849 0. 636

BT B, BT Matlab

T (ST AEEA 156
't 1 BB R S BB AR 5 CCT e Hh sy SR 2 5 K« SF- 34 ff 5 i 32

Note: ( Independent-samples ¢ test)

assisted laser in situ keratomileusis; CCT:central corneal thickness; Km:mean keratometry
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2.4 RJ564NH SMILE 4l £FRER2 B EF&aE (B P<0.01) ;5K C7 G, 1 e/d fl 3 e/d ZEAIHERTF

SRR T MTF {848 10 10 H MTF {8 2B AT T 85, 2 S8 St % 8 L (3 P<
ARJg 6 A~ H SMILE £k C,° f1 C,' J5,1e/d 2 0.05) ., HAZ MR LB AR B4 225 MTF (8

)47 T MTF {H50 22 B TH 85 L 25 S 39 A S it 2 3 5 R RAT AR 22 I TG 7 X (# P>0.05) (£ 5)

3% 2 SMILE AR = B4 % T F RA1E A E R E & MTF {E2 44 L8 (mean=SD)
Table 2 Comparison of the MTF values at different spatial frequencies among different time points in the SMILE group (mean+SD)

N R i J5 A [l B ) 5 MTF
iifﬁz " - ‘%A?rﬁum [ s ] - {1 - - » i
A R NEREO| ARJg 34 H AJE61A

1 53 0.073=0. 098 0.782+0. 134° 0.72120. 165" 0.731£0. 164™ 651.208 <0.01
3 53 0.030£0. 035 0.544£0. 197" 0. 474=0. 228" 0.4820. 235" 194. 649 <0.01
5 53 0.012+0. 028 0.342+0. 175" 0.319+0. 185" 0.320+0. 202" 187. 178 <0.01
10 53 0.0060. 015 0.215+0. 132° 0.192+0. 139" 0.196+0. 149" 59.787 <0.01
15 53 0. 004+0. 009 0. 1270. 096" 0.1180. 094" 0.126+0. 106" 40. 179 <0.01
20 53 0. 002+0. 005 0. 098+0. 075" 0. 086x0. 075" 0.095+0. 084" 32.735 <0.01
25 53 0. 002+0. 002 0. 068+0. 057° 0.065+0. 058" 0. 069+0. 069" 26.811 <0.01
30 53 0. 002+0. 002 0. 049+0. 042" 0.052+0. 049" 0.055+0. 059" 22.003 <0.01
35 53 0. 004+0. 009 0. 040+0. 036" 0. 043+0. 043" 0. 0460. 055" 16. 570 <0.01
40 53 0. 009+0. 016 0.033+0.031° 0.034+0. 035" 0.039+0. 049" 9.419 <0.01
45 53 0.016+0. 035 0.027+0. 026" 0.027+0. 030" 0.03320. 045" 2.522 0. 060
50 53 0.017+0. 034 0.023+0. 024° 0.02420. 028" 0.0300. 042" 1.635 0.184
55 53 0.010+0.016 0.019+0. 023" 0.020+0. 028" 0.025+0. 038" 3.122 0.028
60 53 0.015+0. 027 0.017+0. 023" 0.019+0. 027" 0.021+0. 035" 0. 694 0. 557

545 H R MTF (g, P<0. 05, 5 R 5 1 A~ MTF (i Fe g, " P<0. 05 ( 2542 JU Bt W[ 3 )7 257047 , Dunnett-r £:%5)  SMILE: &R ¥0O6/ I 11
i1 B 5 3 R IR R 5 MITE - 38 il £ 336 R %
Note : Compared with the respective preoperative MTF values, * P<0. 05 ; compared with the respective postoperative 1-month MTF values, " P<0. 05 ( Repeated

measurement one-way ANOVA ,Dunnett-; test) SMILE :small-incision lenticule extraction; MTF ; modulation transfer function

%3 FS-LASIK AR[EZ= B %E T F ARG E A E 2 MTF £ ¢ b % (mean=SD)
Table 3 Comparison of the MTF values at different spatial frequencies among different time points in the FS-LASIK group (mean+SD)

N R BT 5 S 7] 6 7] 5 MTF
fcﬂ?ﬁ$ " - ‘TWHJ}HTIJ i Ji] ‘ {1 : - .
A i AJE 1A Rfg34MH AR 64 H

1 49 0.078+0. 094 0.728+0. 181* 0.654+0. 143" 0. 605=0. 196" 285.721 <0.01
3 49 0.034=0. 052 0.523+0. 179° 0.432+0. 180" 0.359+0. 203" 104. 939 <0.01
5 49 0.012+0. 019 0.323+0. 142° 0.242+0. 114" 0.207=0. 130" 69. 144 <0.01
10 49 0. 005+0. 007 0.172+0. 103" 0.132+0. 092" 0. 116+0. 090" 39. 833 <0.01
15 49 0.003=0. 004 0. 112+0. 065" 0.1010. 072" 0.0740. 058" 29. 443 <0.01
20 49 0. 002+0. 003 0. 0730. 050* 0. 063+0. 039" 0.053+0. 044" 27.135 <0.01
25 49 0.002+0. 003 0. 058+0. 048" 0.0560. 047" 0. 0400. 038" 22.957 <0.01
30 49 0. 003=0. 006 0. 054=0. 029* 0.052+0. 036" 0.031=0. 028" 21.983 <0.01
35 49 0. 006+0. 009 0. 0430. 027° 0. 0410. 034" 0. 024+0. 026° 16. 248 <0.01
40 49 0.019+0. 011 0. 0340. 028* 0.032+0. 026" 0.020+0. 021° 10. 690 <0.01
45 49 0.0170. 025 0. 030=0. 028" 0.026+0. 027" 0.015=0.017* 1.746 0.162
50 49 0.016=0. 031 0. 027+0. 027° 0.0210.015" 0.013+0. 016" 2.672 0. 051
55 49 0.016=0. 025 0.024=0. 023" 0.0160.019" 0.013=0. 018" 0.561 0. 642
60 49 0.015+0.018 0. 0210. 020 0.0140.016" 0.012+0.017" 1.148 0.333

T 54 AR MTF (i He AR, P<0.05; 5 AR J5 14~ F MTF {8 H 4, "P<0.05; 5 R J5 3 4 MTF { H 8, P<0. 05 ( T 52 0 4k 8 (R 3% J7 22 43 4T
Dunnett-t £:45)  FS-LASIK "R EPHOGHE B 1 53 7 30O' i IR E7BS SR s MTF « 38 1 £ 12 b 44

Note : Compared with the respective preoperative MTF values,*P<0. 05 ; compared with the respective postoperative 1-month MTF values," P<0. 05 ; compared
with the respective postoperative 3-month MTF values, ‘P <0. 05 ( Repeated measurement one-way ANOVA , Dunnett-¢ test)  FS-LASIK: femtosecond laser-

assisted laser in situ keratomileusis; MTF ;: modulation transfer function
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Figure 1

group ,n=>53;FS-LASIK group,n=49)

months after operation

A ;one month after surgery

B : three months after surgery

B:ARJE 34 H
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FS-LASIK ; femtosecond laser-assisted laser in situ keratomileusis; MTF : modulation transfer function
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Figure 2 Comparison of MTF changes at different spatial frenquencies without low-order aberration between the SMILE group and FS-LASIK

group (SMILE group,n=53;FS-LASIK group,n=49)

group at 1,3,and 6 months after surgery A :one month after surgery B :three months after surgery C:six months after surgery

SMILE : "RAD O /MU 11 ffy JIE 2 57 38 5 B AR 5 FS-LASIK: "G Fb i

Comparison of postoperative MTF changes at different spatial frenquencies between the SMILE group and FS-LASIK group ( SMILE
The area under the MTF curve in the SMILE group was larger than that in the FS-LASIK group at 1,3, and 6

SMILE : small-incision lenticule extraction;

ARJE 1.3.6 11
C:ARJG 6 A H  MTF. 8 il £ 3 o £ SMILE : AN HOE /N

The area under the MTF curve in the SMILE group was significantly larger than that of the FS-LASIK

function ; SMILE ; small-incision lenticule extraction ; FS-LASIK ; femtosecond laser-assisted laser in situ keratomileusis

F4 RECANATERZEMFET 2 A48 MTF EF KRR K EF MTF E# L% (mean+SD)

Table 4 Comparison of the postoperative 6-month MTF values with and without low order aberration at different spatial

MTF ; modulation transfer

frequencies between the two groups (mean+SD)

ARJg 6~ H MTF fi ARJE 6 D H LERIEE %2 )5 MTF {1

f'ﬂf“ - - ! P i - - (i P i
SMILE (n=53) FS-LASIK(n=49) SMILE (n=53) FS-LASIK(n=49)

5 0.320+0. 202 0.207+0. 130 2.425 0.018 0.534+0. 180 0.392+0. 173 3.544 <0.01

10 0.196+0. 149 0.116+0. 090 2. 646 0.010 0.283+0. 186 0. 181+0. 146 2.619 0.011
15 0.126+0. 106 0.074+0. 058 2.996 0. 004 0.164+0.118 0.114+0. 194 1.986 0.038
20 0.095+0. 084 0.053+0. 044 2.495 0.015 0.117+0.076 0.082+0.070 2.079 0.041
25 0. 069+0. 069 0.040+0. 038 1.934 0.010 0.098+0. 065 0.070+0. 053 2.036 0. 045
30 0.055+0. 059 0.031+0.028 1. 694 0.018 0.078+0. 054 0.054+0. 035 2.261 0. 026
35 0.046+0. 055 0.024+0. 026 1.741 0. 026 0.062+0. 050 0.043+0. 026 2.008 0.022
40 0.039+0. 049 0.020+0. 021 2.143 0.018 0.053+0. 044 0.034+0.018 2.775 0. 007
45 0.033+0. 045 0.015+0.017 2.268 0.012 0.050+0. 040 0.032+0.018 2.840 0. 006
50 0.030+0. 042 0.013+0.016 2.170 0.012 0.049+0. 038 0.032+0.019 2.677 0.009
55 0.025+0. 038 0.013+0.018 1.252 0. 062 0.048+0. 037 0.033+0. 021 2. 406 0.018
60 0.021+0. 035 0.012+0.017 0.921 0.132 0.046+0. 035 0.031+0. 022 2.455 0.017

T (ST REAS ¢ K5

Note: ( Independent-samples ¢ test)

laser in s

itu keratomileusis

MTF . ¥ 1] £ 7% p& %5 ; SMILE . CRDIOE /M) H A B30 57 378 558 B AR 5 FS-LASIK : "R B B9 43 1 WO f IR L B R

MTF : modulation transfer function; SMILE ; small-incision lenticule extraction; FS-LASIK : femtosecond laser-assisted
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SMILE X5 6 M AREZEMETHRNER C,” .C," .C," J§ MTF {5 5 X8 MTF f& Lt % (mean=SD)

Table 5 Comparison of postoperative 6-month MTF values at different spatial frequencies between the eyes
with and without C,™',C,',C,’ in the SMILE group (mean=SD)

EEHE . FRCGTR O ERGUE XK &'/ ARF6A t{H Pid

(e/d) MTF f{f{ MTF f{f MTF {§ MTF {i Cy! (o c,’ o Cy' c,’

1 53 0.742£0.159  0.738x0.159  0.78240.145  0.731£0.164  4.684  3.722  9.816 <0.01  <0.01  <0.01
3 53 0.464+0.263  0.487+0.239  0.495+0.269  0.482+0.235 2.175 1.670  1.333 0.034  0.100  0.188
5 53 0.303%0.214  0.322£0.209  0.304x0.224  0.320+0.202  1.549  0.203  1.623 0.127  0.839  0.110
10 53 0.192+0.166  0.191+0.152  0.186%0.160  0.196+0.149  0.356  0.938  1.140 0.723  0.352  0.259
15 53 0.125%0.123  0.12120.104  0.115%0.112  0.126+0.106  0.141  1.481  1.364 0.888  0.144  0.178
20 53 0.088+0.958  0.082+0.079  0.078+0.086  0.095+0.084  0.143  1.281  1.116 0.886  0.205  0.269
25 53 0.069+0.081  0.064x0.066 0.063+0.072  0.069+0.069  0.061  1.311  0.861 0.951  0.195  0.392
30 53 0.056£0.069  0.050+0.056  0.049+0.061  0.055+0.059  0.233  1.364  0.952 0.816  0.178  0.345
35 53 0.049£0.063  0.045+0.050  0.042+0.056  0.046+0.055  0.545  0.483  0.832 0.587  0.630  0.408
40 53 0.042+0.057  0.037+0.045  0.035+0.050  0.039+0.049  0.673  0.603  0.903 0.503  0.548  0.370
45 53 0.036+0.052  0.031+0.040  0.030+0.044  0.033+0.045  0.575  0.834  1.009 0.567  0.407  0.317
50 53 0.031£0.048  0.026+0.037  0.025+0.039  0.030£0.042  0.280  1.523  1.498 0.779  0.133  0.139
55 53 0.026+0.043  0.022+0.034  0.021+0.033  0.025+0.038  0.332  1.429  1.516 0.740  0.158  0.135
60 53 0.021£0.039  0.018+0.032  0.017£0.029  0.021£0.035 0.364  0.705  0.961 0.717  0.483  0.340

W (ECXT ¢ K255 )
Note: ( Paired ¢ test)

. 0 . .
aberration; C, " :spherical aberration

3 Wit

MTF 26 5 3 10 ok B0 o (4 B AR 4 45 21 1) %
WAE AR, ST R 624 2R 48 % 4 1A AS ) 25 i) 51 25
Gy BB RE T, 5 R A AR BT R DG, B MTE
%, W00 T B 2% . MTF 5 0] Lo B508% 4 A5 4 %% D) i) 1k
F L AFUX L R R 52 A D) A 2 B8 1) S T, O O
Fro MTF 0] LA [ 25 (] 45 2 560 40 3 5T it 1F 47 43 A
I HLUAT DA i & U8 b 4 34 TR 5 0 BT i Y O 2 AR
b, B MTF 2 300 3t D7 A 90 5 o o LA n] & 4 AR
o UAEMBFR Z 8 TMBE MTF 1972846, 8K f B
J ST AR 1 AR Ak K A AE A IR % T AR R AR 25 R
2 5 B PEAR IE R L DA IR IR A S Ao i . AR
7% & Fl Hartmann-Shack $£ A5 22 I & 30 5 4> R R
2%, % ] Matlab g F o H 56 46 Oy 4 IR MTF, 52 300 iR
(14 D' 2 S50 8 S0 4 T M P A

AHEFE 45 5 B 7%, SMILE 415 FS-LASIK 41 A J5 %
AT MTF (H 8RR BT, 22 5 WA 51T
FE, BT MTF £252 ARG 2E A7 5 F e £l B 12
S A IS o 5 2 P 7R AR O IR BR 0 R R L
e o HEfLE AR 6 mm FAR 22 HEAT LR A 0T, HEBR T
i LA /N DA R AT S s o IE H IR G2 0 K 232
NP5 2, N LR 2, (i SMILE 41 & FS-LASIK
HF RGBT R 25 KR53 808 2P0, Ik R 5

SMILE : & Rb SO /IN Y 11 R S 75 B IR A R 5 MTF 1 4 38 B 8 € e e 95 5L oKOF 695 50,0 o Bk

SMILE ; small-incision lenticule extraction; MTF : modulation transfer function; C;il . vertical coma aberration; C3] . horizontal coma

MTF {8 K g $2 o A58 45 1 WoR , SMILE 2] ¢ FS-
LASIK 2 MTF {84 i 5 55 5 B &, 43 A H W] R 5 %
e TR B TR K B R 2 A e T I
WF5E# B SMILE A J5 8828 (bR B 8, 37 15 K i 4
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