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Abstract: Spectral Domain Optical Coherence Tomography (SDOCT) and air jet indentation technolo-
gy were combined to assess the corneal biomechanical properties. A corneal mold was designed to
make eight different stiffness phantoms with the thermal forming method. The Intraocular Pressure
(IOP) of phantom was regulated through a medicine flask and measured by a pressure sensor. The air

jet excitation was applied to the cornea, and the corneal dynamic deformation was recorded to obtain
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corneal deformation parameter: maximum Deformation Amplitude (DA) with the OCT. Then the cor-
neal stiffness coefficient (k) was calculated to represent the corneal biomechanical properties. The
correlation of stiffness coefficient and Young's modulus measured by traditional strip extensiometry
was analyzed and the accuracy of OCT based air jet indentation was assessed through the analysis of
repeatability and consistency. The experimental results show that the central thicknesses of corneal
phantoms are (504, 1217, 04) pm and the Young's modules of corneal phantoms range from 90 to
1 400 kPa. Moreover, there is a positive correlation between the corneal stiffness and the IOP. The
experiment at the same IOP shows that it is a high repeatability for three time measurements of corne-
al phantom by the OCT based air jet indentation system, in which the value of ICC is 0. 992 6. The
measurements of DA by observers A and B are high consistency(the Difference is 1.1 pm). The k val-
ue also exhibits a linear relationship with the Young’s modulus measured by the strip extensiometry

(r=0.99, P<C0.001). In conclusion, this technology provides a potential non-invasive means for the

assessment of corneal biomechanical properties.
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Tab. 1

Comparison between corneal stiffness coefficient and Young’s modulus with different IOPs

Corneal phantom

Corneal stiffness coefficient/(kPa * mm™ ')

Young’s modulus/kPa

No. Ratio 10P, 10P; 10P;
A 0.1 151.47+4.09 191.05+14. 74 198.54+38. 89 1400£11.8
B 0.5 126.02+4. 66 150.29+5.7 158.17+£7.22 95044.3
C 1 64.62+1.44 79.8+0.61 98.86+6. 64 490+3.1
D 1.5 49.142.23 64.39+1.4 74.6+3.47 320+0.8
E 2 37.8540.71 50.95+2. 48 66.23+4. 07 220+4.2
F 2.5 33.2640. 25 47.9540. 98 60.58=+3.58 130+£6.1
G 3 26.3740.19 37.2240.93 49.374+1.12 12047.2
H 3.5 26.1641.04 37.9240. 36 46.3340. 81 9040.7




w
w
(S

T TR

5 23 &

= [OP=2.08 kPa
+ 10Py=3.52 kPa
« [0P;=4.97 kPa
Linear(10P =2.08 kPa)
near(I0Ps=3 52 kPa)

[
wh
=
=

— -]
w =
e b
= =

100.0 | 10P, 3=0.101 x+17.385

R&=0985 1
0P, y=0.120 7 x+26.344
R=0991 8
10P,)=0.117 1x+39.619

12=0992 8

0 200 400 600 800 100012001 4001600
Tensile Young's modulus/kPa

w
=
=

Corneal stiffness coefficient/(kPa.mm-1)

BIIL AR R OCT b Ep s 28 40 00 45 18 A 12 415
P B2 22 B 55 B Tl o 52 90 0 45 14 4 1R 4%
PR AR OC &

Fig. 11 Relation between Young’s modulus obtained

by strip extensiometry and stiffness coeffi-

cient of corneal phantom got by OCT based

air jet indentation at different IOPs

A SCEE M T T OCT i B 3 48 4317 £

S E k-

[1] BRENNER L F, ALIO J L, VEGA-ESTRADA A,
et al. . Clinical grading of post-ILASIK ectasia relat-
ed to visual limitation and predictive factors for vi-
sion loss[J]. J. Cataract Refract. Surg. . 2012,
38(10):1817-1826.

[2] JABBUR N S, SAKATANI K. OBRIEN T P. Sur-
vey of complications and recommendations for man-
agement in dissatisfied patients seeking a consulta-
tion after refractive surgery[J]. J. Cataract Re-
fract. Surg. ,» 2004,30(9):1867-1874.

[3] KONSTANTOPOULOS A, HOSSAIN P, ANDER-
SON D F. Recent advances in ophthalmic anterior seg-
ment imaging: a new era for ophthalmic diagnosis[J].
Br. J. Ophthalmol. , 2007,91(4) :551 -557.

[4] KOZOBOLIS V, SIDEROUDI H, GIARMOUKAKIS
A, etal.. Corneal biomechanical properties and anteri-
or segment parameters in forme fruste keratoconus[ J].
Eur. J. Ophthalmol. , 2012,22(6) :920-930.

[5] HUANG Y P, ZHENG Y P, WANG Z P, et al..
An optical coherence tomography (OCT)-based air

jet indentation system for measuring the mechanical

J A ) 1 2 R A 0 O s BT I R TR R AR
B v g L g (504, 12417, 04) e, 3 2 15T
e B, EI — i by IR R R HEAT R G E M
B R EVZ ARG B A MR & EE M (CC=
0.992 6), L% R G AR AF7E AR W AR Y T
F18 1 HECTEE 35 2 505 B Tl of S 30 0 A5 1 A A
HAR B — 30k (r=0. 99, P<C0.001), OCT X
I B B AR g — ol 2R 1 A R N A RS A ) ) 2
MR8 7 vk o RS B I S A AR A BB AR W ) 2 R
Bl T-12 W 181 4 £ R5E 92 5 1838, 40 B A 58 28 R 119 %
SRR T LASIK A B 25 00 0 A, 3 17 3k e
AR5 AR K A5 I RAE I R A

7 %

Vi 2 16 11 B 5 A 7 H T K 2% 9 [ 35 Miss
Tian-jie Li, Mr. Patrick YIP, Mr. Louis LEE
B EREIWURG TR D).

properties of soft tissues[ J]. Measurement Science
& Technology, 2009,20:015805.

[6] APTEL F, CHIQUET C, GIMBERT A, et al..
Anterior segment biometry using spectral-domain
optical coherence tomography [J]. J. Refract
Surg. » 2014, 30(5):1-7.

[7] ROLLE T. DALLORTO L. BRIAMONTE C. et
al.. Retinal nerve fibre layer and macular thickness
analysis with Fourier domain optical coherence
tomography in subjects with a positive family histo-
ry for primary open angle glaucomal]J]. Br. J.
Ophthalmol. , 2014, 98(9) . 1240-1244 .

[8] TUDOR D. KAJIC V., REY S. et al.. Non-inva-
sive detection of early retinal neuronal degeneration
by ultrahigh resolution optical coherence tomo-
graphy[J]. Plos One, 2014,9(4):¢93916.

[9] GONZALEZ-MEIJOME ] M, CERVINO A, CAR-
RACEDO G, et al.. High-resolution spectral do-
main optical coherence tomography technology for
the visualization of contact lens to cornea relation-
ships[J]. Cornea, 2010,29(12); 1359 -1367.

[10] UENO Y, HIRAOKA T, BEHEREGARAY S, et

al.. Age-related changes in anterior, posterior,



2

ESLA L GF R TR T 2 A i B R BT A A ) 1~

333

[11]

[12]

[13]

[14]

[15]

[16]

and total corneal astigmatism [J]. J. Refract
Surg. . 2014,30(3): 192-197.
ZHOU Y, TIAN L, WANG N, et al.. Anterior

segment optical coherence tomography measure-
ment of LASIK flaps: femtosecond laser wvs. mi-
crokeratomelJ]. J. Refract Surg., 2011,27(6):
408 -416.

MOGHIMI S, ZANDVAKIL N, VAHEDIAN Z,
et al.. Acute angle closure: qualitative and quanti-
tative evaluation of the anterior segment using anterior
segment optical coherence tomography[J]. Clin. Ex-
periment Ophthalmol ,2014, 42(7): 615-622.
HIMSCHALL N, NORRBY S, WEBER M, et
al.. Using continuous intraoperative optical coher-
ence tomography measurements of the aphakic eye
for intraocular lens power calculation[J]. Br. J.
Ophthalmol, 2015, 99(1). 7-10.
ALONSO-CANEIRO D, KARMOWSKI K, KAL-
UZNY B J, et al.. Assessment of corneal dynam-
ics with high-speed swept source optical coherence
tomography combined with an air puff system[]].
Opt. Express, 2011,19(15):14188-14199.

Jr AMBROSIO R, NOGUEIRA L P, CALDAS D
L, et al.. Evaluation of corneal shape and biome-
before LASIK [ J1. Int. Ophthalmol
Clin. ,2011,51(2) ;11 -38.

SHAH S, LAIQUZZAMAN M, BHOJWANI R,

chanics

et al.. Assessment of the biomechanical properties

of the cornea with the ocular response analyzer in

1E& @t

FE A 1982 =) FL AR L B
12,2008 4F T IR I Tl R 27 2R A5 A
T2 BN F U TR AE Y R T
TR U A H BB, RENF AN
B DL K A W) 03 B AE5E . E-mail:
llikewang@ polyu. edu. hk

[17]

(18]

[19]

[20]

(21]

[22]

normal and keratoconic eyes[J]. Invest Ophthal-
mol Vis. Sci. ,» 2007,48(7):3026 -3031.

LUCE D A. Determining in vivo biomechanical
properties of the cornea with an ocular response
analyzer[J]. J. Cataract Refract Surg. , 2005,31
(1): 156-162.

DUBBELMAN M, WEEBER H A, VAN der HEI-
JDE R G, etal.. Radius and asphericity of the poste-
rior corneal surface determined by corrected Scheimp-
flug photography[ J]. Acta Ophthalmol Scand » 2002,
80(4):379 -383.

PEREZ-ESCUDERO A, DORRONSORO C, SA-
WIDES L, et al.. Minor influence of myopic laser
in situ keratomileusis on the posterior corneal sur-
face[J]. Invest Ophthalmol Vis. Sci.» 2009, 50
(9):4146 -4154.

KURITA Y, KEMPF R, IIDA Y, et al.. Eye
stiffness measurement by probe contact method
[J]. Conf. Proc. 1IEEE Eng. Med. Biol. Soc. ,
2006,1. 2312-2315.

ZHENG Y P, CHEN J G, LING H Y. Develop-
ment of an ultrasound platform for the evaluation
of planter soft tissue properties: a feasibility study
on silicone phantom feet[J]. Instrumentation Sci-
ence & Technology»2011,39(3) :248-260.
GEFEN A, SHALOM R, ELAD D, et al..

mechanical analysis of the keratoconic corneal J].

Bio-

J. Mechanical Behavior of Biomedical Meterials,

2009,2(3) :224-236.

BIES

=
A

& F (1966 —) . 5wk AL HAZ W
T AE R, 1997 4F T 7 W 1 T K 2% 48
W L U T T B
2 LARES GURE AR Sk N RN
FH G2 SRR K T R IR, o
J7 4 5 I 9 WF 5% . E-mail: yongping.
zheng@ polyu. edu. hk

-

(RRILERE REWW FEEH)



