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(WE] BF Ao b SRR (CCT) 55 A BRA: )2 Rt (0 56 28 TC T 4 T I A s BEE 445 44) 28 Ak %o g A=
WM . FERFR(CV) J& A IRY A 4544 1 1 BAFNETE S50 — | B o 4 Tt 5 e Ay S e AR 11 2 38 S 2l 4y
GO AR BT SCHR S WARGE . BB 00 CEMEOG /M) D A ESE UL R (SMILE) R J5 CV A2 4k 5 ff i A=
WHFBERRFR . FiE  RABEE RSV BIEENITT8, HIA 2014 42 6 H £ 2015 427 A TR IRFHE
BitT SMILE TR Byt A i O R 67 1] 67 B, S BUAS B i DU 5 SR HEAT 40 B o AR SR & 3 A H 43 3R
F Pentacam HRF 15 43 Hr RS AR AR 33 ~5.5 ~7 F1 7 ~ 10 mm P X 1) A BAAFL(CV3 . CV3-5 CV5-7 .CVT-
10) ;5% FHIR B 23 A A CORA ) ZRGe 2 AR A A 90 03 24 b, L9 11 T 5 2 ( CH) K A 5 RH J) ] 5~ (CRF) L it
HF AT CV .CH {HFI CRF (A (A) s XIARIRARAT CV 5 CRF {HA1 CH {H 2 8] 1956 RIAAT AL, X ACV 5
ACH 1 ACRF Z[a] )¢ HRMEHEA T PP M. Z5R SMILE RJ5 3 > H AR CV3.CV3-5 Hl CV5-7T [HBORTTH W BT
R, 22 5394 ge it 2% B L (1=36.24.20.38 .16, 17, 1 P<0.001) s RHj M ARG 3 4~ H ARIRAY CH {H 43 %12 (10. 06+
1.11) mmHg F1(8. 10£1. 05) mmHg (1 mmHg =0. 133 kPa) , CRF 433124 (10. 40£1. 38) mmHg F1(6.91+1. 19) mmHg, A
IRAJS CH {EF1 CRF {HINHBART TR, 22 RIA G4 L (1=16.71 27. 41,35 P<0.001) , AHTA MR A MEA ] X 454
CV {5 CH {i#1 CRF {32 FAH56, Hrh CV3 5 CH {HF1 CRF {38 & EAHE (r=0.571.0. 569, 1 P<0.001),
RJG 3 H ACV3 5 ACH 255 TF A (r=0.394,P<0.001) , 5 ACRF 528 E 4056 (r=0.501,P<0.001) , %5if
CV A g X B J i KB # . ARG CV 5 CH Al CRF Yy IEAHSE, CV3 A REIE A R YEAR 5 f IE 2L 9 7 2 e bk
BUB I S8 —
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[Abstract] Background The relationship between corneal central thickness (CCT) and corneal biomechanical
property does not reflect the effective amount of ablated tissue because CCT measures only the change in a single point.
Corneal volume (CV) is a representative parameter of corneal morphology,and it can fully reflect corneal thickness and
tissue distribution.  Objective  This study was to investigate the correlation between volumetric corneal changes and
corneal biomechanical properties after small incision lenticule extraction (SMILE). Methods A prospective series
cases-observational study was carried out. This study protocol was approved by Ethic Committee of Tianjin Eye Hospital ,and
written informed consent was obtained from each patient prior to entering the cohort. Sixty-seven right eyes of 67 myopia or
myopic astigmatism patients who received SMILE in Tianjin Eye Hospital from June 2014 to July 2015 were included in this
study. Before and 3 months after surgery,the CV at 3,3-5,5-7 and 7-10 mm (CV3,CV3-5,CV5-7,CV7-10) was measured

by Pentacam anterior segment analysis system,and corneal hysteresis (CH) and corneal resistance factor ( CRF) were
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obtained by ocular response analyzer (ORA). The changes of CV (ACV),CH (ACH) and CRF (ACRF) were calculated,
and the correlations between ACV and ACH or ACRF were analyzed. Results CV3,CV3-5 and CV5-7 values after
SMILE were significantly lower than those before SMILE (i=36.24,20.38,16.17,all at P< 0.001). The CH values before
and after SMILE were (10.06+1.11) mmHg and (8.10+1.05) mmHg (1 mmHg=0. 133 kPa) ,and the CRF values
before and after SMILE were (10.40 +1.38) mmHg and (6.91 +1.19) mmHg, respectively, showing significant
reduces after SMILE than before SMILE (¢ =16.71,27.41, both at P<0.001 ). Positive correlations were seen
between the CV values at different corneal areas and CH value or CRF value. Moderate positive correlations were
found between CV3 and CH or CRF (r=0.571,0. 569 ;both at P<0.001) before surgery,and 3 months after surgery,
a weak positive correlation was seen between ACV3 and ACH (r=10.394, P<0.001) or a moderate positive
correlation between ACV3 and ACRF (r=0.501,P<0.001).

Conclusions The CV value is gradually increased

from the central cornea to periphery cornea. The CV change is associated with CH and CRF changes after SMILE , and
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CV3 probably is a useful parameter for the evaluation of corneal biomechanics after refractive surgery.
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REMEOE /NI A RS B B R (small incision
lenticule extraction, SMILE) 2 H 1 3 & (19 £4 & i Ot T
ARIF Az —  HEEAR 532 ] R WOG TE iy 5 3 i
JEBIE— BB, 10 A A2 - A2 i DU IE D AN IE 7R
XA i P B A A R RE R R B AR A A )R JEE
FI A HEARFH ( corneal volume, CV) J& f1 R 25 25 44 19 3=
BURHAE PR S50, B ORI 5 2 N Rk AR R
( central cornea thickness, CCT) F1 4% 4s 3 i [ )3 14 A )&
Xf SMILE A J5 #f 6 Az # 1 2 5 P A48 Ak 18 B 1 32E 47 3
A AELTE k4 T 3 0T A S5 40 5 3 A A 4
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AR AR B A A 9 HIOG B 67 1] 67 HIR, X 1B ICAT TR
HEAT BT, Horp 5 32 5] 32 HR, 4 35 4] 35 HR ;A iR
18 ~374 -3 (24. 48+5. 46) &, Rl # FELRAFAE I
Fl, AR UE: AEIE =18 %5 B 4 1IE 9L /7 (best
corrected visual acuity, BCVA) = 0.8, Bk 4 & <
-10.00 D, FEBEJE <6. 00 D32 4F Py i L 8 B8 A i <
0.5 D s £ JIE 578 W] 5 452 S A0CTE A JBE 45 fih B3 =2 o], 450 B
PE A I b B2 =4 J&] 5 R HI A R =480 um. HEBR
P < A HR 08 35 2l 9 s i R T T AR R A 40 ke 5 A R
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W o AW DT RA R IRBHE Be e B % 0l =4t
TE(HEHE SC S TIYYLL-2014-19) |, fif A 3% R i 19 4%
FHARRES .

R1 MANBENERSE

25 IR %% xs PRAEDR {12 [

LS JED 67  24.48: 5.46  0.67 18 ~ 37
FBOFHME (D) 67 43.56x 1.22  0.15  40.4 ~ 46.2
A ERBEBE (D) 67 -5.47: 1.59  0.14  -8.87 ~ -1.62

B E (um) 67 97.80+23.91 2.19 53 ~ 141
FRARFEEE (wm) 67 339.37+38.60 3.54 255 ~426

1.2 ik

1.2.1 REGTH MG E A 8 & RTS8 MR AR
¥ A&, B IR A S (uncorrected visual acuity,
UCVA) BCVA  F 58 B o6 A6 A | Al 4 il U IR 5 ) 5 2
BT B A A DS A IR IR IS A A A R
JH R 525 43 874X ( ocular response analyzer, ORA) ( 25
Reichert 23 w) ) 7€ H 28 04 1 65 A2 W) ) 2 e, A0 465 A1
i J5 1 ( corneal hysteresis, CH) K i i BH 71 A +
( corneal resistance factor, CRF)

1.2.2 fMEE#IEEME CV #1 CCT K A Pentacam
MR A9 [ 80 R 58 (1815 Oculus 23 7)) #4770 4 , )
1 360°jie 545X Scheimpflug 5% 45 471 i Jit B 12 A1 3 By
25 000 ~ 138 0004 £j 5 45 s , K 15 HR Ji7 55 (19 = 4k 57
WENR R B DT 2 s MiA k. TR ERE A,
BUAGE BUR B AR I T I TR R 7 36 75 AT, A6 A 0 £ 58
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EETF G A4, R A e SR RR A R R ORI, DA ARAIE £
FRAS 08 30 24 DA T 52 i 50 90 205 R 306 B AZ T 1 > 95 %
Sy T LA >9 mm [0 525 R EFT 43 A1, B CV Al CCT
TER MG bR . NHEBR AR AT CV HEZ 545
T, ATFFE T CV BRI g 4 AN X e X
H AR Y3 mm CV(CV3) 5 IX N 3 ~5 mm P IX
CV(CV3-5) i X K 5 ~7 mm FIEIX CV(CV5-7) ,JH i
XA 7 ~10 mm #JEIX CV(CV7-10) ,

1.2.3 FARIE i BEmTFARYHF—EIE
Ao AR AR B AR K v R R 4

2 #R

2.1 SMILE FAFJE CV 254k

ARHTA R E ARG E N0 CV A B AR, /) 2
KK K}y CV3.CV3-5 . CV5-7 Fl CV7-10, 5 R[4l
I, ARJE 3 A~ H B CV3 CV3-5 I CV5-7 [H¥ &
e, 2R G B2 X (1=36.24.20.38 .16.17,
P<0.001) s RJ5 3 A H % X3 CV 48 fb 32 iy /N B K AK
Yk CV7-10 .CV3 .CV5-7 fl CV3-5(F2) .

e, 00 R 7, B 43 %20 0. 5%
R LA 1 AL T MR 9B R A 2 T JRR I
B WU BT, Ve A8 A AT
FA AR W 5 - DA T R 3K, %o v
FARE LG G R A Visual Max €MDY
#% (18 Carl Zeiss 24 F)) #7445 )
H,05 # R 500 kHz, BE £ 4 110 ~
150 nJ 62 X HAR W K 6.5 mm,
FARENE H AR R 7.5 mm, ffy BRI JE 2

%2 SMILE FA#E CCT B CV T4k (x=s)

if [ HR %% CCT(pm) CV3(mm®) CV3-5(mm’) CV5-7(mm®) CV7-10(mm®)
b/ N 67  553.13227.73 3.99%0.21  7.72+0.38  13.51+0.68 37.04=1.91
RIE3AH 67  470.71%35.67 3.46x0.25  7.08x0.48  12.92x0.75 36.91=x1.88
Z1H 82.42+22.96 0.54x0.16  0.65%0.35 0.59+0.39  0.13+0.78
o i 39.15 36. 24 20. 38 16. 17 1.83
P <0. 001 <0. 001 <0. 001 <0. 001 0. 07

T SMILE : KRN EOG/NT 1 £y B3 S5 HCHE AR 5 CCT . A e ffy B R 5 CV3 23 mm £ i {A A ; CV3-5.
3 ~5 mmIFJE X A AR T ; CV5-7:5 ~7 mm FRJE X A AR FR ; CVT-10:7 ~ 10 mm 5B X £ 58 {4 AR
(FEXT ¢ K Bd)

o8 120 wm, SMILE Ay 4] 04 F |
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% BRI ZRE SMILE RXUNITE 3 5 5 & TR
JFH ER A0 30 P Ao R 8 4 4 O 2, 37 B 00 R 1R el
P 1] P e R 4T R O 2 S A A S OO0 S
BEATR A L7 AR 805 8 SR )G 2 B 15 )5 3%
TAT, 375 5 i 25 0 P S BB I, P Pk v v o e A
PR 0T IR o A 58 ST BV A5 BT o 4 £ 0. 3% SR TP L
ARV IR & B 4340 0. 5% [ PR 2 T —BETH IR il . AR
JEH 1 RAE S 0. 3% S F V> RIHIR R ELL 3 D, K
4K BT A 0. 1% FoK Je T IR R K 4 Wk, B 2 )
B 1R L2 AT JE i A
1.2.4 RFHT AR 3 AT IEARIR M CH (A
CRF {f .CCT {2k % CV3 .CV3-5.CV5-7 1 CV7-10 {H,
1.3 Biibsorik

K SPSS 20. 0 Ge it 2 8 (35 [F SPSS A4 ) ) i
788 11 4y Fro A WF 5% b 3 45 bR iy B A Ok &
Kolmogorov-Smirnov 5 3% iR M 1IE 2543 4, Lh v xs 3K,
FHARIRTFARFG B & X O3, RIR AR5 A
JG 3 A A AR AR CV A .CH {EF1 CRF {811 2
S LA SR B X ¢ K, P<0.05 Sh R A gtit &
X o R H Pearson B2 AH & 4 B 3 PF A R AT CV 5
CRF {H Al CH HZ M B HH R KR U K ARG ACV 5
ACH F1 ACRF Z [8] i 5% %, % AH O¢ & Bk 17 1R A
5, P<0.05 N EFAGIFE L,

2.2 SMILE FARHij)5 Ml CH {51 CRF {H45 1k

ARJE 3 ANH AR CH {EF CRF {H Y8 A R
TR, ZRBAERIT¥E X (1=16.71,27.41, 3
P<0.001) (£ 3).

%X 3 AR SMILE FAHj/F CH #1 CRF T, (x+s, mmHg)

SR 1K %5 CH CRF

A i 67 10.06+1. 11 10.40+1. 38
A3 4H 67 8.10+1.05 6.91+1.19
EMH 1.970. 96 3.48+1.04
R 16.71 27.41
PH <0. 001 <0.001

T : SMILE : "RAMHOE /M) F A IE 28 58 B0 R 5 CHL: ff B )5 2 ; CRF
SR R 7 (B X ¢ 4248) 1 mmHg=0. 133 kPa

2.3 RIRCV 5 CH {5 CRF {11 X &

ARFif CCT.CV3,CV3-5 .CV5-7 fI CV7-10 5 CH {}
il CRF {H¥ 2 IEAH 5 (¥ P<0.05) , H b CV3 5 CH
A CRF {5 ¥ 2 v 48 1E A1 3¢ (r = 0.571,0.569, 1
P<0.001) ,CCT 5 CH {4 fil CRF { ¥y & v 45 1F 40 ¢
(r=0.582.0.583 4 P<0.001) (£ 3, & 1), FAH
J& ACV3 (ACV3-5 5 ACH 1 ACRF ¥ 5 1F /26 (35
P<0.05) ;ACV3 5 ACH I ACRF [i1] 43 5] 5 55 1F 4 ¢
FIp 4 EAH 6 (r=0. 394 0. 501, P<0.001) (& 1),
ACCT 5 ACH F1 ACRF [f] 43 1] £ 55 119 T AH 5 Al v 4% 1F
FH (r=0.435 0.522,3 P<0.001) (£ 4),
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%4 CV 5 CH{E7 CRF EHEXMESH

CRF CH ACRF ACH
B 2H
fif P r fif P fii rfif P fit fif P fig

CV3(mm?® ) 0.569 <0.001 0.571 <0.001 ACV3(mm3 ) 0.501 <0.001 0.39%4 <0. 001
CV3-5(mm®) 0.567 <0.001 0.574 <0.001 ACV3-5(mm?® ) 0. 359 <0.001 0.269 0. 003
CV5-7¢( mm? ) 0. 530 <0.001 0.551 <0.001 ACV5»7(mm3 ) 0. 150 0.104 0.124 0.178
CV7-10( mm’® ) 0.436 <0.001 0.492 <0.001 ACV7-10¢( mm’® ) 0. 135 0. 143 0.134 0. 146
CCT( pm) 0. 583 <0.001 0.582 <0.001 ACCT(pum) 0. 522 <0.001 0. 435 <0. 001

H:CV: MR CH . B 5 & ; CRF : £ BB Jy N F ; ACRF : 3 I BHL 3 R 128 1k & ; ACH : £ JBEs J5 B AR fb Bt 5 CV3:3 mm 3R X A (AR AL ; CV3-5:
3 ~5 mmIFJE X A AR TR ; CV5-7:5 ~7 mm FRJE X A AR T ; CVT-10:7 ~ 10 mm FRJE X ffj JE A FH ( Pearson B £8 AH X 4347 )
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1 CV 5 CH {&7%1 CRF & XM 5 #7 ( Pearson H 2k 1 & 7#7)
CRF {4 A 21 (r=0. 569 0. 571,34 P<0.001)
P (r=0.394 0. 501, P<0.001)
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R e 0 R B A5 3 B v B ST, A R i X
JEBE A M- T — 2 Y A R AR OGBS B R
S B TR i A RS ) 0 4 2 b e R I B AS B
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