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SR (SR) G548 T EIRZ R I ik, BRI ARJG M BROG = B k=M rm.  Be AR
MTF J SR %3 43 4fr SMILE A J5 A MR AE B AL AN BLER BT (4391 3 mm Al 6 mm [ £L B A2 ) A IROG% BT 1Y
WA, FiE SRRV G EEDT 5T R AR IRF ARG B & x5 AT St 91 A 2013 4¢ 12 J] % 2014 4¢
3 H AR IR} S B Hz a2 SMILE fi9 2% 32 1] 63 B, 430 FARE AJE 1 1A H K 3 A~ A st iR J)
(UCVA) B8 BT (BCVA) R Sk 15 8 (R G UCVA/ARFT BCVA) 5 43 1) T b 3d I ] s %6 A R A7 1, Jigg
B G AN ER A B G ER G , 10 3 T AR H S AR G BEAZ AL 5 SR 1] Sirvius HRAT I 43 BT RS0 E 3 mm Fl 6 mm fii fL
BHAR T A F = A 4332 (10,20 30,40 .50 F1 60 c/d) f3 JE A2 18 MTF F1 SR 8L, I 5 A MR T AR |5 A 15 AT 2 m
B R 22 X T ARAE (RMS) |, DTG R IR SMILE T R a1 J5 M G w2k, &R ARE 1A ADA.
31~ H UCVA(LogMAR) =0. 8 #4351k 59 .62 F1 63 W, 733l 15 93. 65% ,98.41% F1 100% , RHE L& W} 6] p5
BRI 1. 1040, 128 (1. 126+0. 145 F1 1. 158+0. 208, ARHRAJG 3 A~ J S5 208K 58 5 F0A: 5 B 78 1F
HHE . ARIRAG WA 3 mm i L E R 2 K OKF 74 445 25 A3 N MTE (5 80R Hi 3 B B3 ,6 mm
LA T B FF 4 10,2030 F1 40 o/d =5 [A] 45 28 MTF (B BAR | B R 38 n, 22 = 1 A e it 22 8 (1
P<0.05) T T AR5 AR R E ] 5 6 mm [ £l B AR T K744 25 MR 3 MTF (6 80K [ 22 5 ¥ L5124
HX (¥ P>0.05) , RIRAJG BRI 3 mm M2 6 mm ffifL EAZ T B SR 5AFAM LS EIHER, 22845
HHERE (Y P<0.05) s HA M A 3 mm fEfLEAZT SRIGRKTHIBA 6 mm fEfLEHRT SRE, ERWAESR
T (¥ P<0.05) o ARIRFARFTJGE A R E] £ 3 mm &% 6 mm [ L B2 T M BT RMS Sk i 5

iéjfl}ﬁﬁ“ BEX(3mmfEfLHAR F=1.348,P=0.184;6 mm L 42 :F=1.990,P=0.137), #£if SMILE
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[ Abstract] Background The current evaluation of corneal optical quality after small incision lenticule
extraction (SMILE) is based on the single factor,such as scattering, diffraction or aberration,and all of them are not

comprehensive and objective methods. Modulation transfer function ( MTF ) and Strehl ratio ( ST) are novel
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parameters of corneal optical quality,which can be used to assess the optical quality comprehensively. Objective
This study was to evaluate the change of MTF and SR under the photopic and scotopic environment (3 mm and 6 mm
pupil size,respectively) after SMILE procedure. ~Methods The study protocol was approved by Ethic Committee of
Tianjin Eye Hospital ,and written informed consent was obtained from each patient before any medical procedure. A
series cases-observational study with self-control design was carried out. Sixty-three eyes of 32 myopia or myopic
astigmatism patients who underwent SMILE surgery in Tianjin Eye Hospital were included from December 2013 to
March 2014. The uncorrected visual acuity (UCVA) ,best corrected visual acuity (BCVA) (LogMAR) ,the effective
index ( postoperative UCVA/preoperative BCVA) and refractive diopter were examined, and the MTF, SR and root
mean square (RMS) on the anterior corneal surface were measured under the 3 mm and 6 mm pupil size at different
spatial frequencies (10,20,30,40,50 and 60 c¢/d) by Sirius anterior analyzer before surgery and 1 week,1 month
and 3 months after surgery,respectively. Results UCVA was =0. 8 in 59,62 and 63 eyes in 1 week,1 month and
3 months after SMILE, with the percentage of 93.65% ,98.41% and 100% , and the effective index was 1. 104 +
0.128,1. 126+0. 145 and 1. 158+0. 208 , respectively. The refractive diopter was normal in the eyes at postoperative 3
months. The MTFs of various spatial frequencies on the vertical and horizontal meridian under the 3 mm pupil size
after SMILE were significantly higher than those before SMILE, while under the 6 mm pupil size, the MTFs were
higher only on vertical meridian and 10,20,30 and 40 ¢/d, and there were not significant differences on the horizontal
meridian (all at P<0.05). The SRs under the 3 mm and 6 mm pupil size showed increasing softly after surgery in
comparison with before surgery,and the SRs were higher under the 3 mm pupil size than those under the 6 mm pupil
size at various time points (all at P<0. 05). There were not significant differences in RMS among different time points
under both 3 mm pupil size and 6 mm pupil size (3 mm pupil size; F=1.348, P =0.184;6 mm pupil size:
F=1.990,P=0.137). Conclusions SMILE provides a great improvement in corneal optical quality for myopia or
myopic astigmatism patients, which is more distinct in photopic condition than that in scotopic condition.

[ Key words] Optical quality, corneal; Cornea surgery, laser; Lasers, excimer/therapeutic use; Myopia;
Modulation transfer function; Strehl ratio; Small incision lenticule extraction
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e, T JE 8 00 ) 2 X R D1 2 o 7 AR A L AR A
AW R, SMILE A5 B4 IR @ g 22, 0 H 2 Bk
2 EE YA BTN T (R A A S £ K
o TR A AR B0, T 20 1A S O A A Y R
S, HAUAR 22 BURE X L U B S B — DR R AR 4
T VA A 1B 6 TR 5 A I 6 27 Bt it o Sirius IR i
T M R G L5 1R 2 ST AT A 22 Rl W G A 5
R oy B S A R ET SR T R ) fE B eR A
( modulation transfer function, MTF ) A #f %% /R H %
(strehl ratio, SR) B, 5 Sy 42 1T 12 WL b 7 A1l 1 158 Jee D't
TR B3 T AE AL o A B 5 SMILE A
JEIR 3 mm Jz 6 mm [ L A2 T MTF {f &% SR {517
G307, VAl SMILE TR X6 A IR B 505 2R 458 T £ 5Ok 2

K FH 2 9 1) WL 5% B BF 5 5 9, A 2013 4F 12
H % 2014 423 F 7 R R R EE B B2 52 SMILE [ 3
TG B 32 1) 63 R i 58 15 i 29 R, &
17 5] 34 W ;448 18 ~35 % 1 (24+2) % 0 ARIRA
HIBRIRAL S 0. 01 ~0. 7, R A2 5k 0. 10 5 AR R AR Hj 3K
BRI -2.25 ~=8.75 D, -1 (-4.58+1.53) D; {45
BER O ~=-3.5D,F(-0.88+0.73) D; 254k Bk 55 fiF
('spherical equivalent, SE) 25 —2.50 ~ —8.87 D, 1y
(=5.02=1.50) D s ARHRA Fif £ J5 5 473 ~ 605 wm,
P45 (555.26+28. 51 ) wm, ASRHE: (1) 4% 18 ~45
%5 (2)2 4F N O B2 BORRE 5 (3) 457 3 A0 M A I 4% ik
BE 2 J DL b, 4 ECRE PR OB 4R il BE 4 W DL b
(4) Pentacam PR A Bt 73 Br 2 &8 00 45 1) #f I b T 1] (8 7R
Hp o A JIE RS Ry 480 wm DL L 5 JC AT BE (B B A 5 o [ A
FA M 5 (5) Wy % N B L B 42 <7 mm; (6) JoHR %5
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1.2.1 SMILE AR Frf 83 T AR R —25
I SE . ARIRART 3 d # K] B & 73 % 0. 3% 72
SRR D R TR AR R S5 K 0. 1% 5 L 38 55 T MR
W, A 235 N5 48 b ok 0 AR J) B2 JER 31 75 , 7 B A - DR R 9
FEIREE T M F AR . R Visu Max CRMEOL A (18
Carl Zeiss 22 7] ) X # 5 HE AT 39 48 A0 U5, 39 48 950 %
4 500 kHz, BB ff REE S B 110 pum , A2 47 mm,
H2E X K 6.0 ~6.5 mm, fgim Ky 110 ~ 165 nJ, & KFb
WOCAL TG B B 1 F 3R 2 BO0 Sy RS [T 37 45 ) 35 1 2k
A7 e J) 300 2 v e B 3 4 U0 B ik B B N D, AR R
Xof R B B A 2 1T AT B R R DX R A
JEHIAE 2 ~3 mm @/NY) T, B 2 T A HI R T Y 4
AL E B 3.0 3B B8 A M) AR 2.5 wm, /)
DY NG A D) R B 2.0 pm 3148 58 52 A B R
MRS 2= TR WACEL &, 3 B 70 85 4% 70 5 325 B iy 3% 1
BT F L2, 9K T o0 8 325 B I 3R T R 378 B i S
Jo R GOBR SR o P Y A ER GE Y ek, O T T T
B BRZAKSY o ARG 0.3% 72 8 R Vb 52 T IR 8
MR2d, 4 H 4 U BR300, 1% J0K Je i IR
MR, AH 4,82 Fwes LG IEEIRT A A

1.2.2 fa& Ik KOormietr B A B F BT R E &
AJE TR A3 A A4 RRIR L J5 (uncorrected
visual acuity, UCVA) | & f£ 55 IE ¥ 71 (best corrected
visual acuity, BCVA ) £ 2 , Bf 0 7 # 2 h LogMAR i
T, VRN A BE R B, A RUPE SR B = R J5 UCVA/ZAR
Hi BCVA 351 F b 3 i ) 00 AR IR A7 fi, fii 460 | 258
B EEACE Ot AR 4 il IR K 3t ( B A Topeon 23 W] ) il
i RBAT AU IR A R A S Sivius £ R0 E & (F
KA CSO 22wl K #e . K Sivius HR AT 7720 Hr & 48
(phoenis 1.2) 38 HL 3 mm F1 6 mm [ L H 2 T B MTF
S SRR, 73 [ 4 #4357 & 10 .20 .30 .40 .50 F1 60 ¢/d,
IO RE F AT TS R B 1R 22 29 07 AR AE (root mean
square , RMS) . FIr 47 46, 5 2 iy W] — 22 36 2 & A = il 7
G R SE I, KA IR IRAR AL R UE TR ARAE b,
52 ARG MR AL IR KT, 78 70 5% B A I, 484 & 0 KR R AT
PR AN £R U AR BE H S R 4R BB, ] Scheimpflug
BARHLLE 2 s P58 1 360° 14 JiE % 471 4 , e IO IR o 4
R 0 2 RS R AT A OS2 . Sivius IR AT Y
I3 HT RGER] A 28 Phoenis 3 A RIS 1 3 .45,
6 A 7 mm £ RO 2% X I MTF | 5547 H eR £ (point

spread function, PSF) } RMS {8, 43 #]ic ¢ 3 mm &
6 mm [ fL A2 T A KA 2% 1 RMS (B PSF SR {H ¢ 3
HAUK 7205 m i) MTF 2k, oth £ B AT RLTS 21
10.20.30 .40 .50 #1 60 c/d [ MTF {H
1.3 Git2ork:

KM SPSS 17.0 Geit 2k gt A e it o fr . A0F
T H IR AR AR B TR LA xxs Fon . R TFARRIG
ARHR B X5t , FARR A TFARE 1 1 AA
3 A ] UCVA (BCVA (SE FE 52 BE | & %5 [A] 43 48 T
MTF {8 f14& L A2 K RMS [ 1k 22 5 e & ¥ 3%
A LA R Uy 22 00 M, 2 1) 2 LR ] Dunnett
¢ G50 3 AN [ I i) 5 7E S ] AL BLAR T SR Y B A 22
- LB T 5 ) 79 R 3R 7 2 03, 4L R 2 E L 3R
K] LSD-1 K40 o SR FHAURAG I VE , K 4 /K #E K 0. 05,

2 #R

2.1 ARIHE SMILE RJ5 UCVA F1 BCVA 454k,

ARJE 1 JH,59 R UCVA =0.8, 5 93.65% , H
UCVA 0.5 % 1B, UCVA 5 0.6 % 2 IR, UCVA K
07% 1IB; RE1 MH,62 IR UCVA=0.8, &
98.41% , v UCVA 0.7 # 2 R, UCVA K 1.0 K&
DL 6 IR ARJE 3N H T AARIR UCVA=0.8,HH 8
IR UCVA K 1.0 VA o Rg1TEIAH3DNAW
HRAPEFE B Wk 1,104 0. 128 (1. 126 +0. 145 Fil
1.158+0.208 ( F=0.383,P>0.05), AIRFAHGEAR
[A] B 6] g0 UCVA SR8, ZR A ST E X
(F=5.326,P=0.001) , RG® AR H A B S, 25
B geitarm L (¥ P<0.05) . (£ 1),

%1 AKER SMILE KR8] X ARG E 6 E &S
BCVA .UCVA % (x+s)

LogMAR #1J1

il L BCVA UCVA
AR 63 0. 010. 05 1. 10£0. 30
AJE 1 63 -0.02+0. 06 0.020. 07"
RIE1AA 63 -0.03+0. 06 ~0.01+0.06°
RIG 34 H 63 -0.03+0. 06 -0.03+0. 06°
F 0. 168 5.326
Py 0. 196 0. 001

T SARHT AL, " P<0. 05 (H A Ik 5. K Ty 22 0 Hr , Dunnett ¢ 4655 )
SMILE ; & & #0t /M) 11 5 BE Bl AR s BCVA « fe R IER ) 5 UCVA
HRERAL )

2.2 RHR SMILE A i 5 A A B ) 53 Ot BE ) A2 1k
SMILE AR J5 1 JA, Jo Bl 2 5k Ay Ot & 41 IR, 4
65% ; RJa 3 A H A ARIRESCIR ST E . ARHT LA
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E1EIAH &3 AHA ﬁﬁEE‘J—T—ﬁJ SE
&H%REZE LB 22 = A geit
)4(F:9.036\6.564,i’;JP<0.05),/\EP
ARJE 1A A B3 A HARIR SE KAt
BRI AR T ORHE , 2 R A it
FHEX(¥P<0.05) (%£2), HRJF 1
Jil,65% AR MR A& LB B 5% R O, AR5 1
NH N T78% K53 A HETiEE] 83%

*®2 ARHRSMILE RETRRJF
A E B 8 BB K B LE B (x£s,D)

fit 8] AR %% SE FEBE
A i 63  -5.02+1.50  -0.880.73
RIG 1 63 -0.160.32"  —0.03%0. 26"
ARJg1AH 63 -0.08z0. 24" 0.020. 25°
AJE3AMH 63 -0.01x0.28" 0.01=0. 23"
F A 9.036 6.564
Pl <0.001 0. 001

54 3 BRI L #, * P<0. 05 (242 Pl 4t H
F 7 225047, Dunnett ¢ 4545 ) S‘MILE'%@?'%JIJ“&/J\'UJ
1 3 5 i B U R 5 SE - S5 3Bk B

2.3 RHR SMILE F AR §iJ5 A R B A] 45
MTF {47251k

AHE SMILE F- AR i J5 A [7] 15 7] 5
3 mmfiiE fLE & T I B KK 7746 10
20.30.40 .50 #1 60 c/d =5 |A] 5ﬁ$ MTF
fHM B R, 22 5 a5 it
(¥ P<0.01) , He AR5 1 F . 1/\)% 3
AN 228 AR MTF (B 35 A §i ¥ 9]
WX, 2 5 WA G R L (3 P<
0.05) (3% 3,4), SMILE F- A i J5 A [F]
mhA) 5 6 mm i fL B AE B FE B T4 4%
10,20, 30, 40,50 HI60 c/d %5 |ﬁ]$ﬁ3:
MTF {H 1 Sk L35, 22 5 1A it 2
Xh@PwﬂﬂhN*ﬁFlf]PAﬂ
34 A 10,2030 i1 40 c/d 25 ] 4 %
MTF {f B4 A /i B 386, 22 5 ¥4 %
T2 L (# P<0.05) ; SMILE F A& §i
Jei6 mmfliE fL B A2 T A R B A & KO
4% 10,20 .30 .40 .50 F1 60 c/d 2 [a] 45
ZMTF {5 S LA 22 R ¥ RS 122 &

X (¥ P>0.05)(35,6),

2.4 RHR SMILE F AR Ji5 A ] B 7] 45
SR {H 21k

AR SMILE F- AR R J& A [ B[] £

&3 A#i SMILE F AR5

AERSE = 3 mm EFLERZ
EETFEARZERE MTF EEE (xs)

. - A28 AT MTF {if

10 ¢/d 20 ¢/d 30 ¢/d 40 ¢/d 50 ¢/d 60 c/d
A Hi 63 0.28+0.19  0.12+0.10  0.07+0.07  0.04+0.05 0.03+0.03  0.02x0.03
AJa 1 J 63 0.34£0.17° 0.15+0.11* 0.10+0.08* 0.06+0.06* 0.04+0.05* 0.03+0.03"
RIGTAHA 63 0.35£0.18" 0.16+0. 11" 0.11=0.08" 0.06+0.06* 0.05+0.05* 0.030.03"
RIG3AHA 63 0.38£0.16° 0.16+0.11*  0.1220.09* 0.09+0.07* 0.06+0.05* 0.030. 04"
F Y 6.392 7.820 11.123 11.327 10.076 6.755
P 0. 001 0. 001 0. 001 0.001 0. 001 0. 001

T 54 B ARFIME L4, *P<0. 05 (# & Il 4 J7 25 43 7, Dunnett ¢ £ 35)
/NI 3 5T 375 5 M A R 5 MITE < 918 ] % 126

# 4 AR SMILE F K37

PRAL

BE3mmEFERTAERES

KEFFERREZESRE MTF HLEE (xs)

SMILE : K #i#0t

W - RIS AT MTF {if
10 ¢/d 20 ¢/d 30 ¢/d 40 ¢/d 50 ¢/d 60 ¢/d
AT 63 0.32+0.22  0.15+0.12  0.08+0.09  0.06+0.06 0.040.04  0.03x0.03
Y NAN 63 0.38+0.19* 0.18+0.12* 0.12+0.10* 0.09+0.07* 0.07+0.08* 0.04£0.04"
ARIGTAHA 63 0.40£0.19* 0.17+0.13" 0.1220.09" 0.09+0.07* 0.06+0.05 0.040. 04"
RIG3AH 63 0.44£0.17*  0.22+0.12°  0.1320.09" 0.09+0.07* 0.07+0.06 0.05+0. 04"
F g 8. 157 6.535 5.411 6. 488 6. 088 8.235
P {H <0.001 <0. 001 0. 001 <0.001 0. 001 <0.001
T 545 HORHTE L4, “P<0. 05 (F 42 ) &5 50 A1 3R J5 22 43 #1 , Dunnett ¢ £ %;)  SMILE ; &
RO /N 101 B 5375 58 B AR 5 MTTE 8] il % 326 R 4
*5 AR SMILE FRFEAREESR 6 mm EFLHEET
EHETFEAEZTESMRE MTF & L% (x2s)
KA 28 Al 4 26 F MTF {4
i IR 10 ¢/d 20 ¢/d Z—3|2 (I;(T : $F40 ('/d{ 50 ¢/d 60 c¢/d
A 63 0.14x0.11  0.06+0.06  0.04x0.04 0.03+0.03 0.02+0.03  0.010.02
AJa 1R 63 0.18£0.09° 0.08+0.05" 0.05+0.04" 0.04+0.03* 0.03+0.05 0.02+0.02
ARIGTAA 63 0.18+0.08" 0.08+0.05* 0.06=0.04" 0.04+0.03* 0.03£0.02  0.02x0.02
RIG3AH 63 0.19£0.08" 0.10£0.06* 0.06+0.04" 0.04+0.03* 0.03+0.02* 0.020.02°
F Y 5.932 6.036 4.817 3.346 3,358 3.722
P {H 0. 001 0. 002 0. 003 0. 020 0.018 0.012
W 5% FRRIE L4, * P<0. 05 (&2 I 45 B[R 3K Jy 22 43 A7, Dunnett ¢ #5%;)  SMILE: &
RO /N 101 537 58 B AR s MTTE 8] i % 326 R 4K
* 6 ARER SMILE FARFFAEREL 6 mm EFLHE
KEFHFLE EREZE SRR MTF {5 Lk % (x2s)
. - AR ZS AT MTF {if
10 ¢/d 20 ¢/d 30 c/d 40 ¢/d 50 ¢/d 60 c¢/d
AR 63 0.16x0.12  0.07£0.04  0.04x0.03  0.03+0.03 0.02%0.02  0.020.02
RIG1H 63 0.16x0.10  0.06+0.05 0.05+0.03  0.03+0.03  0.02+0.02  0.020.02
RIETAA 63 0.18+0.11  0.07£0.05  0.05+0.03  0.03+0.03  0.02+0.02  0.020.02
ARE3AH 63 0.18:0.10  0.0920.05  0.06+0.04  0.04£0.03  0.0320.02  0.02+0.02
F {4 0.901 2.321 2.548 1. 940 1.990 0. 544
P 0. 429 0. 062 0. 057 0.125 0.117 0. 653

TE : SMILE ; R ADHOG /MU F 35 5 325 458 B R s MITF 378 i) 1% 28 b %0 ( T &2 I o5 50 JH) 3% Oy 22

VixIp)
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TEAFRESL HAE T SREM SR LE, 2R IA 51T
2 L (F iy =19.218,P<0. 0015 Fyyy ope = 13. 403, P<
0.001;F .,y =12.876,P<0.001) , RJ5 1 J&§.1 H .
340 3 mm fESL BT M6 mm [fEfLEHAAT SR {4
AT B G I, 22 S A SE i L (H P<0.05)
ARHTEAE TR AH 34 3 mm [# L B2 SR
6 mm [ fL EAZ T SR EHEIN, 22 7 WA Z i X
(¥ P<0.001)(%£7),

#7 R SMILE F A §1J5 7 F B i &
FEBILERT SR L5 (x+s)

ATF L AR T SR

T AL 6 mm WAL B 7%
A Hi 63 0.27420. 133 0. 10620. 047

RIE1JH 63 0.366=0. 154° 0. 13320. 055"
ARiE14H 63 0.395+0.171° 0.132+0. 043
RG34 H 63 0.4120. 147° 0. 144 0. 053

TE : Fyypy = 19. 218, P<0. 0015 Fyyy i = 13. 403, P<0. 0015 F oy oy =
12. 876, P<0. 001. 5 4 [7 i 4L 71 /2 F A i 8 b 4, P<0. 055 5 [7] B 1]
A5 3 mm AL AR H A, " P<0. 05 (T A2 0k 51X 3R 5 25 4 7, LSD=t
Frly)  SMILE: ®AMSOG/ M) 01 5 5B B I AR 5 SR 745 /%

2.5 ORIHR SMILE TR §i J5 AN [R] i &) £ #A B5E i 2%
RMS 7“5 4k,

AR SMILE AR &AE 1 1A 34 H 3 mm
F1 6 mm [ fL ELAR T A B FT R T RMS (B S LA, 22
S LFHEITFE (3 mm L EHR: F=1.348, P =
0.184;6 mm [EfLE %2 :F=1.990,P=0.137) (% 8) .

&8 ARRSMILE FARBEARNESAZELERT
FAIRATRE RMS E L (xs, pm)

ANTF R FL B AR T RMS {8

H R p—— 6 mm 7L A
AT 63 0.30=0. 17 1.3120. 63
NERWE 63 0.31+0.18 1.44+0.93
RIg14MA 63 0.28+0.13 1.23+0. 64
Rig3 1A 63 0.27+0. 12 1.21+0. 62
F 1.348 1.990
P1{E 0.184 0.137

TE - SMILE : RAMBOL/ND) F1 3 558 52 B AR 5 RMS - &g B 18 22 3 05
R A2 I At B PR R 5 2 40 4 )

2.6 AR EARJE I AR

B A (8 AT B 1R PR Al 5 5K 5K IS K
HESIRER SR W, R 20 52 Wl s 0] 8 B o 1 e R
SR (B BEA 5 B i) 22 16475 12 B S b T %5, 3 mm [ £L
HARARF LA LA AH 3 AH SR G758
0.2315.0.269 5.0.285 3710. 413 3,6 mm fi# fL E /&R
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