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[ Abstract] Background The novel dynamic biomechanical device Corvis ST can measure a variety of
corneal deformation parameters and record the dynamic process of cornea deformation. Understanding various corneal
deformation parameters is of important clinical significance for morphological and functional prediction for myopic eyes
in corneal refractive surgery. However, the range and meaning of corneal deformation parameters in myopic eyes are
still unknown.  Objective This study was to establish the range of corneal defamation parameters by Corvis ST and
explore its clinical significance in myopic eyes. Methods A descriptive study was designed under the approval of
Ethic Committee of Tianjin Eye Hospital and informed consent of patients. This study protocol complied with Helsinki
Declaration. Four hundred and seventy-seven eyes of 257 myopic patients who were going to receive corneal refractive
surgery were included in Tianjin Eye Hospital from June 2014 to January 2015. The corneal deformation parameters
including the first applanation time (1™ A-time) ,first applanation lengh (1™ A-length) , first applanation velocity (1
A-velocity ) ,second applanation time (2™ A-time) , second applanation length (2" A-length) , second applanation
velocity (2™ A-velocity ) , highest concavity time ( HC-time) , highest concavity deformation amplitude ( HC-DA) ,
highest concavity peak distance ( HC-PD ), highest concavity radius ( HC-R ), non-contact intraocular pressure
(IOPnct) and the central corneal thickness ( CCTst) were measured by Corvis ST. Corneal structural parameters
including CCT and corneal curvature were measured by 3-D anterior segment analysis system ( Pentacam ), and
corneal biomechanical parameters including corneal resistance factor ( CRF) , corneal hysteresis ( CH) , intraocular
pressure mimic Goldmann ( IOPg) and intraocular pressure of corneal compensation (I0Pcc) were measured by
Ocular Response Analyzer ( ORA ). The distributions of the data were tested with the Shapiro-Wilk test and 95%
confidence intervals ( CI) were calculated. The correlations of the variables were evaluated by Pearson correlation
coefficient and Spearman rank correlation coefficient. Multiple linear regression was used to analyze the changes of 1
Results Only 1™ A-time,

A-time 2" A-time and HC-DA with corneal morphology and biomechanical parameters.

2" A-time , HC-time , HC-DA , CCTst and IOP

o showed the normality distribution in corneal deformation parameters.
The positive correlations were found between 1™ A-time, 1" A-length, 2" A-length,2" A-velocity, HC-R with CCT
(r=0.338,r,=0.129,r,=0.282,r =0.374,r=0.306, all at P<0.01) ,while 1™ A-velocity,2" A-time, HC-D and
HC-PD showed the negative correlations with CCT (r, =-0.235,r=-0.130,r=-0.259,r=-0. 226, all at P<0.01).
CRF and CH showed positive correlations with 1" A-time,2"" A-length,2"" A-velocity, HC-time, HC-R and negative
correlations with HC-PD, A A-length (all at P<0.05). 1" A-time, 2" A-time and HC-DA changed with CRF and
10Pcc with the regression formations of 17 A-time =6. 185+0. 066CRF+0. 03410Pcc ( F=300. 123,P=0.000) ,2™
A-time = 23. 397 — 0. 07410Pcc - 0. 044CRF ( F = 227.979, P = 0.000) and HC - DA = 1.523 —0.01710Pcc —
0.017CRF (F=152.662,P=0.000). The CCTst,I0Pst and 10P,
CCT by Pentacam ([ 548.23+26.31] um,10Pg ([15.02+2.72] mmHg and ([16.02=2.56] mmHg) by ORA
respectively (£=11.00,2.919,6.815,all at P<0.01).

values by Corvis ST were significantly lower than
Conclusions The corneal deformation parameters by
Corvis ST can quantitatively describe corneal biomechanical properties in myopic eyes. Both 10P and the corneal steep
curvature of the 3 mm center area (K2) affect the deformation response of cornea. The reliability of Corvis ST in the
measurement of CCT and IOP remains to be further studied.

[Key words] Cornea/physiopathology; Cornea/anatomy & histology; Myopia/physiopathology; Biomechanical
phenomena/physiology; Elasticity/physiology; Corneal deformation parameters
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0.027) ;K2 5 2™ A-time .HC-DA ¥ & 55 1FE /% (r =
0.092,P=0.000;r,=0.101,P=0.027),jfii 5 HC-R &
59 AHK (r,==0.112,P=0.014) (& 3) .

25.00 3 2" A-time f1 HC-DA
*HC-DA - as ot . o
B e | nd

2000} R=0.009 5K2EX%E 2" A-
B time fl HC-DA ¥ 5 K2 &
H 1300r S5EAH 6 (r=0.092, P =
Z 1000} 0.000; r, = 0.101, P =
- 500k 0.027) ( Pearson P £k #H %
4% H7 5 Spearman B #] 5% 43

Wi,n=477) 2™ A-time.%f 2
K2(D) WE -1 ] 3 HC-DA ; ;e K
JE B B 1) A2 T I BE 5 K2 23 mm X o o il 22

2.2.4 MBERAESEE ORA AW IS8 K &R
¥ Corvis ST W45 & 1 BT A2 28043 5l 5 ORA 4%
B CRF fI CH # 474> #F, CRF 5 1" A-time. 2" A-
length 2" A-velocity , HC-time , HC-R 3 52 1F # 3¢ ( #
P<0.05),5 1" A-velocity 2" A-time .HC-DA _HC-PD .
AAT, . AAT, . A A-length ¥ 2 i #§3 (¥ P<0.05)
(£5), CH 5 1" A-time 2 A-length 2m A-velocity |
HC-time .HC-R ¥J 5 TE 412 (¥ P<0.05) , 5 HC-PD .
A A-length Y E i FH3% (1 P<0.05) (F£5),

C:HC-DA 5 10Pce 2 i #] 5&

#&5 Corvis STHERESHS ORANESHMNBEXXE

CRF CH

Corvis ST % R %4
r(r,) P r(r,) P

1" A-time (ms) 0.601° 0.000  0.301° 0. 000
1% A-length (mm) 0.088 0.060  0.046 0.322
1*" A-velocity(mm/s) -0.252" 0.000 -0.068 0. 148
2" A-time(ms) -0.272" 0.000  0.078 0. 097
2" A-length(mm) 0. 343" 0. 000 0.294" 0. 000
2" A-velocity (mm/s) 0.478" 0. 000 0.334" 0. 000
HC-time ( ms) 0.114° 0.015 0.108° 0.021
HC-DA(mm) -0.362° 0.000 -0.075 0. 108
HC-PD(mm) -0.202" 0.000 -0.169" 0. 000
HC-R(mm) 0.349" 0.000  0.213" 0. 000
AAT, (ms) -0.421%  0.000 -0.074 0.114
AAT,(ms) -0.264>  0.000 -0.057 0.228
A A-length (mm) ~0.328" 0.000 -0.289" 0. 000

T ORA ¢ R SR A3 HT A3 5 17 A-time s 85 1 Y F B 3 1% A-length ;55 1
YR - £ B B 5 1 A-velocity : 45 1 YRR P ;2™ A-time : 55 2 IR
I [A] 52" A-length . 45 2 Y T £ B B 52" A-velocity : 5 2 YK - &
Ji 5 FIC-time : 7 2 J5 K JE [ B9 B 8] 5 FC-DA - 4% K T B i #6325 % 8 )32
HC-PD: 5 K JE [ B f0) 6 5 ; HC-R : 85 K JR [ I 199 I 1)l 3R 2 485
AAT, =2" A-time—1" A-time: 55 1 Y JEF A48 2 W JE S A9 (6] 4] B 5
AAT, =2"" A-time - HC-time: [ £z K JE [ 25 55 2 Y JE - 1 B (4] il B 5
A A-length : 55 1 YR B 3 A4S 2 YRR T/ I KK 3 19 25 575 CREF
FARERHL TN 7 CH /A HE /5 i : Pearson HLZR AR /M H7 ;" : Spearman
FRAH 243 HT .
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2.3 Corvis ST 24055 i B 45 16 2 BOR iy B AR W) 0 2
SR 2 LAk [BLH 43 By

TEHL Corvis ST S8 b A4 I RN AR R PE 34T
B 1% A-time 2™ A-time F1 HC-DA 43 5 5 5% i [N 2
CCT .I0Pcc K1 K2 . Km ,CRF . CH #4712 64 M 0] 15
OIAT, RHEBR L R R R B D #R . ST 24
1" A-time B4 CRF H1 I0Pce 5] A [l 4550 | [1] ) J7 Fi
37 1" A-time = 6. 185 + 0. 066CRF + 0. 03410Pcc ( R* =
0.568) (F=300.123,P=0.000) ; 4} K7 S %k 2™ A-time
B 10Pce A1 CRF 5] A [] A A0, [l )5 J5 & ok 2™ A-
time = 23. 397 — 0. 07410Pcc — 0. 044CRF ( R* = 0. 499)
(F=227.979 P =0.000) ; 4% §7 % ¥ HC-DA B} 10Pcc
A1 CRF 5| A BIHERY, (5] )5 7 % 25 HC-DA =1. 523 -
0.01710Pcc—0. 017CRF(R*=0.400) ( F=152.662,P=
0.000) .,
2.4 ORJR]EEA IR CCT A IOP By b4

Corvis ST | 15 CCTst {H Ky (542.75+27.76) um,
B2 I T Pentacam i & Hb JE [&] I 15 1) (548.23 =
26.31) um, Z R A G T2 L (1=11.00,P=0.000) ,
Corvis ST |45 10P,, }y (14.82+1.77) mmHg (1 mmHg =
0.133 kPa), W% {k T ORA Il & fiy 10Pg {f (15.02 =
2.72)mmHg, 22 B F G it 2= 5 X (1 =2.919, P =
0.004), W4 10P, B 2 /N F ORA il & i) 10Pce
(16.02+2.56) mmHg, 2 %47 55112 25 X (1=6.815,
P=0.000),

3 ifig

FA NG A ) 3 27 e AN AL i) £ 6 D ' T AR ARG
[5R]  Fy JE F)  %  1 EL AT BB S5 R 358 A2 A B S
T4 7K G R S AR tp EUR 5 1 I R AEA G, B
i) £ R Y TR AR 5 22 A b R M R T O 1 4
PR b F B A= 0 3 2 R e VR A D 5 % A B O T R 11
T % G HE ., ORA Jll & () CRF Al CH 0] ) 2 /> £
JEE T 1 ARy ) 2 R P HEAT 43R, 1T Bl A Scheimpflug
Sy AT e E Corvis ST 1] 3 A I 5 2 YAy JIEE RS- 1) 15F [
f IR B 3 HC-time \HC-DA LA &% CCT f1 10P %
13 S H00) #1557 3 f 19 9% A8 AR v 320 47 B 4 £k 1
AT, Bl D A BEIE S s & # L A1
Corvis ST Jrilll J& A8 2 B0 1) & S I 5 A £ 45+ 2
KRN 11 JELAE ) 07 2 S 8000 O R B DL Y o

M8 2 BEGEE 92,17 A-time (2™ A-time , HC-
DA IOPst 1 CCTst 1) Cranbach o Z£(¥7£ 0.8 DL I,
A R F 14 =0. 8, [H] 1 33 46 0] 545 b 1 8 42 1
BEUF s Ali % BFSEIESE , TOPst Al CCTst ) 545 45 (9 T

PR, ik 5 HC-DA A1 1™ A-time ¥R Z, 5 Hon
S B BF 5 485 S — 305 Chen 250 ] Corvis ST X i 43
THOE A BE DT AR AT S A5 0 825 R A7 I, A
¥ 10P 1 CCT #b,1" A-time \HC-DA 12" A-time )
SAEALEAS 5 1 Nemeth 4 JIA Corvis ST il ity
ZRP BR T0P F1 CCT A, HoAt # [R5 2 50 8 42 1k
P | PRI B ) & 19 445 SR TR 0 i R 2 %
B FRATHED bR 2% AF 5 AR AS i 1A ) S 5 B4
22 FEZER A, Corvis ST FFII S %4 10Pst #i1 CCTst
(5 & P B AP, F kO 17 A-time, HC-DA il 2™ A-
time, M HAWIE 8 S 800 B R R E . TIESE Big
M AT RN AT 477 IR BEA R K, A %
Kl 3 U E A% Hudls , ORI (1T T 058 23 A, AR 32 £
TR A A FEPE o 32 1k H T E N Sh i R UUAT Corvis ST
X Bl AU AR DU 1) 25 2 800 20 A RRAIE e A S B0
SRBE R RGE . A BFTEHE Corvis ST I 15 1 4 51 A
NG AR 0 O A 53 AT 3 R, SR 1) B 4 5 R 4%
WAL S BB R o3 A e R L (. AR5 &
B, Corvis ST Il 48 f#) 1" A-time .2" A-time , HC-time .
HC-DA CCTst #1 10P, 52 B I IE 25 20 A1, 1 H At
SR R RS o3 A, IR AL T & S R Y L B B A
BIE R 95% CI,v] Ayl IR E X UAT £ i o6 TR 8 %
F18 A T IR 5 7 2 4 A1k 2 2 Ak

9 I S MY 174 R0 5V 2 1 G e e A R R BT
AR B RE 3, i P D S ey AR HE D K R JEUIR /Y RE
1o RS H A Pentacam ff ] i) CCT 5 [ HC-time
S AL Corvis ST Il A TE A2 S B AFEM KRG R,
TEAN SR AE IR, CCTst R, A I 17 A-time 1<,
1" A-velocity #/N, 1" A-length #1 , B A IR X 46 1 19
TV F B i, 7250 T AE R A 5 K AR T 72 5 I
2" A-time %0 ,2"" A-velocity K, 2" A-length # |
FLAIE A AT, B, A A AT, 455, B F I8 e 1 g A
PR R A AL 5 RS2 5T AR A BE ) 85 5 £ i HC-PD
/)N i R T I I A 8 Sl 728 T 8 0 de g i 22 [ £ P
F/IN i s A R A T 3 T ot 32~ A2 K, B JREAE
SR T AR I B MR B/ . CCT 5 JBEAE W) ) 2 e
PEAFTE—E AR K R, CCT 8RS , A A ) 2 s
B 5B A Y A B R AR i —

ORA [ 3d i U it CRF H1 CH Jy 4ili & #5525 ¥
PR A MR fE B . CRF B A 532 S
38 77 A2 T A8 I 1) B Ty 28 R0, 6, 4% P BHL g A g
PERH T s CH B o 6 14 BH Ty, B Wi 23 BICRE 1Y
RE o ABETEH ORA WA CRF SR 17 A-length 4
AR LA #f1 2 B AF AE A G 5E &2, ORA 73 19 CH
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51 A-time 2™ A—length\Z"d A-velocity , HC-time , HC-
RHC-PD fA7EAH G O R o & #6200 AH O 1 e 34
55 CCT 1 Corvis ST il i 1) £f BTV 28 2 55014 AH G 1%
Py —3, & Z e 1 H 73 B ik J5 L & B CRF 2
1" A-time 2" A-time I HC-DA %5 58 f #00 5 1
HE AR TR S AR I O TR JE B B9 CRE FI CH A
BN FIE R R0 AL 27 BEgE & B, F Corvis ST
MY B 4 /A R 17 A-time (17 A-Velocity‘2"d A-
time 2" A-velocity }z HC-DA 5 1F % HR [ #4) & W] i 2%
S5 FLUESY F 300 A0 D) IR AR G £A 17 A-time 2™
A-time \HC-R 1 HC-DA 5 IE & MR 1) 47 75 22 0 A
I, Corvis ST W45 1) £ B IE A2 2 H00n] B G by s e £ gt
B AW ) 22 R, Corvis ST 5 ORA H3 Y % £ 6 A
Yy 7 25 RV 0 B BT

FARETE AR JEAE SN 1 R B 5 AR D) 2 F TOP 25
AAEM N 0 BN, A BF 58 Hh & B, T0Pee 5 B 17 A-
length 2" A-length FI HC-time Z 4}y Corvis ST i 15
F) A T A8 2 B34 FF 7E AR DG 1, TOP 45 iy B A B % 2
T A5 1 He 7 BRAB A, AR 17 A-time 4,17 A-velocity
P A 27 A-time %7 ,2"" A-velocity B, ff I 32 90 1 4%
UFB A ) 2 A L TOPee 5 HC-DA ) A 56 72
JEw T CCT CRF 5 HC-DA My AHCHREE , & Z ot a1+
G347 Bk JG & B 10Pce J2& Tl il HC-DA iy & 2 [ &K .
Roberts' " 4 i} , I0Pce J& HC-DA % % 1 0l 3 1+,
ARG Z o mH 7 19 45 R — 2, Corvis ST
X T B A 1 0 A 0 A7 IR B S e AR, FE ]
Corvis ST il & (1) JE A8 2 B ff IR A2 W) ) 2% e M 1 A7
PEAR I 25 G 25 TR IR i 1

Huseynova %" X} A [i] CCT (1 52 K % 17052
RIAE CCT AL 17 A-time F1 HC-R {5 A7 75 B 2
25, HAWE T EE RS TR 0 n] GE By 5L D (1)
Huseynova %! (K HIF 55 R 4 78 45 32 46 1R 1) 00 4 v 4,
M R E A F AT e A RN 22 . (2) — 4t
ZH0 5 0 PN AR — i R S oy B 4
(3) AWF5RH CCT [ & R H 1Y & Pentacam, [fij
Huseynova %" RIF 5w (i FH 1) S 8 7 0 s 00 J2 4L, A2
AR 30 & r Ew IR CCT 45 R 22 R s
T S R R AT R 56 Ak 2 T I ) 4 R T RE A —
oA AWEFE T AE 2 O R S (E P B A
TEORMFA S, 5 IKIUESE CCT F1 CRF 5 K £
Corvis ST I £ ¥ £ FETE A8 2 B8 0] A7 A8 AH OGPk, B ik 1T
Corvis ST | & f B AE W) 1 2F 2 AT AT Y o

1 REE il 28X A1 IR 28 A — 8 1Y 52, A B Y R
RI K2 F1 Km 5 F5 450 f O A2 2 80 M OG. Lanza

SEL X T IR LV 43 T SO A BB R R | R HE £
FEE A % (] Ay B A 106K J5 AR 1647 Corvis ST [ 4, &
P Km 5 1" A-time 2™ A-time 2" A-velocity & HC-DA
B AR OCE  (HoR X K2 5 2% 08 42 2 8000 ¢ & i A7 bk
Fo AW hXFpain i ITRER, KB K2 5
2" A-time \HC-DA FI HC-R 345 4 55 (4 A 56 M, K2
L ABE 2" A-time BK, £ BETE 52 41 7 B A0 TR A R
K $ 8 K2 X% Corvis ST il 5 1 T 748 2 55 1) 5% 1) T
Ko (HASHIEFE A X 52 46 IR 647 J O B2 43 2 5%, &
B SR ARG IR 4 O AR AT A R O TR ) B4l AR
WFFE R R W B D6 BEXT Corvis ST 45 Y £ JEE T A8 2
sz, A JE A it — L B R & .

B A5 BF 5% 3% A Corvis ST i 2 4 7 ¥4 HR fy 10P 3
Frim & B At e AR Corvis ST i & 119 TOP {H RS A%
T Goldmann IR & i1 5 i 10P, {H = 4 B 47 1) — 3
P PRI R b AT DL E R ARG R Ol TR ST
Corvis ST Jlj £ 5 ORA Il £ 45 51 22 1], X 2 Ffr {3 8 )
WY I0P 47 AL, & B Corvis ST Yl 15 Y 10P, 5
ORA | & ¥y 10Pg J 10P A7 78 Bl @ 25 5, 5 Lk ot
R HANE . Steinberg 4 U7 BT % PR, Corvis ST
JEi 10P,, 5 10Pg A W] i 2 5 . 4k, Corvis ST ] &
ff) CCT W] AKX F Pentacam {0 4 F , 10 14 1% 2
7t & B Corvis ST Il & () CCT B & =5 F A TR
ASH{E , Bt , Corvis ST 7E I & TOP Jz CCT Jy i 1y A]
15 BEA A Rt — 22 05T

ZE BT A, xf B gl i IR E 17 0 &2 B, Corvis ST
A 0 A A TR AR 2 8k, DT 2 UL A 34 A IR A A=
W 3 2 R P T A I P B X AT 22 N A 25
B B AT AT 2 T R FLAC AT A5 AL TOP F1 K2 2] 5% i) )
JEE I I A2 ), Corvis ST FEl £ CCT A1 TOP Jy 1 1Y A]
15 BEA A Rtk — 25T
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(AR T )

W AEH - i

AR%LE A 48015 2R R 1R

AMD . 45 1% A ¢ P 25 3E 25 4 (age-related macular degeneration)

ANOVA ; B [H & J7 22 /3 #7 (one-way analysis of variance)

BUT : iH I m 24 B5f [8] ( breakup time of tear film)

DR Hl i 55 40 I J 995 7% ( diabetic retinopathy )

EAU . S5 B B g3 175 44 1 48 (experimental autoimmune uveitis )

EGF . 3 ¢ 4= K A F (epidermal growth factor)

ELISA ; fif§ B¢ ff 9% W B ] %2 ( enzyme-linked immuno sorbent

assay )

ERG : #% P i i, [%] ( electroretinogram )

FFA .5 6 Z IR JiE Il 4% 3 52 (fundus fluorescein angiography)

FGF ; i 21 4 40 it 4 K A 7 (fibroblast growth factor )

GFP . 4 {4,5¢ Y6 15 [ ( green fluorescent protein)

IFN-vy .y T4 % (interferon-y)

IL: [ 40 ffs /v % (interleukin)

I0L: A\ T 54 R 4& (intraocular lens)

IRBP; Yt [0] 57 1R #1525 4 i 45 45 # 3 (interphotoreceptor retinoid
binding protein)

LASIK : #5316 A £ IR ES 88 AR (laser in situ keratomi leusis)

ICGA . M5| W35 &% 1fl 45 1% 52 (indocyanine green angiography)

LECs: i IR | Bz 41 1 (lens epithelial cells)

miRNA ; f# /)N RNA ( microRNA)

MMP ; £ Jifi 4> J& 5 H B ( matrix metalloproteinase )

mTOR Wi %L 2h ¥ 25 5 00 % £ ¥ & [ ( mammalian target of

rapamyecin )
MTT . Y FF 3 18 % 1wk 5 ( methyl thiazolyl tetrazolium)
NF . # 5% A 1 ( nuclear factor)
OCT : Y627 41 T W7 J2 $94li (optical coherence tomography)
OR : {3 Lt (odds ratio)
PACG : it & 11 141 ff BY 75 Y6 HR ( primary angle-closure glaucoma)
PCR : 4 Bl 5% 28 52 i ( polymerase chain reaction)
RGCs : #) ¥ 515 41 JifY (retinal ganglion cells)
POAG . J& & P T ff 8l 75 S HR ( primary open angle glaucoma)
RPE . # F Jli {6, & | Jz (retinal pigment epithelium)
RNV : # W i 357 A 1L 4% ( retinal neovascularization)
RP . A ] Ji5E €6, 25 75 4 (retinitis pigmentosa )
ST t:VHI A iR 56 ( Schirmer [ test)
shRNA : /N % J& RNA (short hairpin RNA)
siRNA ;. /N T3 RNA (small interfering RNA)
a-SMA : a- 35 L3I 3 H (a-smooth muscle actin)
TAO ; B AR AH 56 BR 955 ( thyroid-associated ophthalmopathy )
TGF . 54k 4= K [ T ( transforming growth factor)
TNF : 198 ¥R FE [ T ( tumor necrosis factor)
UBM : ## 75 A ¥ B 535 5% (ultrasound biomicroscope )
VEGF . [fil 4 N i 4 K A F ( vascular endothelial growth factor)
VEP : #1975 & i {37 ( visual evoked potential )

(2= 1) 2t 5895 )





