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Age-related changes in biomechanical properties of rabbit corneas

ZHANG Hai-xia, LI Lin, ZHANG Kun-ya, QIAN Xiu-qing, Liu Zhi-cheng( School of Biomed-
ical Engineering, Beijing Key Laboratory of Fundamental Research on Biomechanics in Application, Capital
Medical University, Beijing 100069, China)

Abstract: Objective To study the age-related changes in biomechanical properties of rabbit cornea by using the
data from uniaxial extension testing on rabbit cornea strips. Methods To obtain the experiment data, the uniaxial
extension test on rabbit cornea strips of both 3-month old and 7 to 8 month-old were performed. The exponential
function model and power function model were used to fit the strain-stress curves, and two kinds of viscoelastic
mechanical models were used to analyze the stress relaxation curves. Results The mechanical behavior of the
rabbit cornea strip presented a nonlinear and viscoelastic property. Within the range of error permitting, the age
was not an important factor to affect the stress-strain, as no significant difference was found in nonlinear stress-
strain curve of rabbit cornea strips between different ages. The cornea strips of 7 to 8 month-old rabbit had a
slightly bigger elastic modulus and a faster stress relaxation than those of 3 month-old one. Different stretching
rates had no obvious influence on the nonlinear stress-strain of 3-month old rabbit cornea strips, but the cornea
strips at high stretching rate could have a faster stress relaxation. Conclusions The tangent modulus of rabbit
cornea increases slightly with age, but its relaxation properties would change greatly with age.
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Tab.1 Theoretical fitting parameters of strain-stress curves
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3M-HR 27.220 1 +4.3122 0.898 3 £0.196 5 0.982 4 ~0.997 4




EREMNE $£29% HE3H 201456 R
274 Journal of Medical Biomechanics, Vol. 29 No.3, Jun. 2014

2.2 WAHMSEIEIE ST

Xt 3 e G HR AR 2% DR e T oo e 3 R 4
FRSE A P Ry FL R Y 120% , B i be 11, =
1.2, SRJ5 HEAT 20 min AR F A S, 19— AR A A
sthZe sl 4 Fron . RS, 7R 4 rhid gy i T8
HIERTT 7 ~8 % S MR A IR A5 A A R AR EE T 3
— AL R T AR 2K

1.0
0.8 &
1 3 =
17
Sosr T
s T
041 —a 78MIR
—o—3M-LR
02}  —%3M-HR
0 5 10 15 20
t/min

4 RRRSE S 2%
Fig.4 Stress relaxation curves of rabbit corneal strips

B U — A B 10 i st it 2 (B 2k )
BRI pRE (S (S) FI(6) ) U, AL RILIE S FIk

0.4F — Theoretical fit

1.00 2.72 7.39 20.09
In (#/min)

(a) A (5) B

G(oy-tm=D=1+(m~1) £

A 7-8M-LR
O 3M-LR
04+ * 3M-HR
— Theoretical fit

é ll() l.5 2‘0I
t/min
(b) 3(6) Biny
5 RAMMHKRHMERINSER
Fig.5 The theoretical fit for stress relaxation curves
Equation (5), (b) Model of Equation (6)

(a) Model of

20 BRTIRPLARE AT 3 A SR B (3M-HR) 945
A X PRI A5 EEAR T 0. 99,

®2 RAEEHAONMEENSER
Tab.2 Theoretical fitting parameters for stress relaxation curves of

rabbit corneal strips

2 (5) BiA a b R
7-8M-LR 0.8817  -0.063 46 0.996 4
3M-LR 0.8723 -0.038 43 0.997 8
3M-HR 0.7515 -0.059 85 0.998 8
2 (6) B! m A /min R?
7-8M-LR 13.561 2 2.673 5 0.992 0
3M-LR 22.146 1 1.2218 0.997 0
3M-HR 12.887 8 0.3550 0.989 5
3 iTig

FREEAL (X (3)) ARl (X (4a) ) ¥ B
BRI, % 7-8M-LR 1 3M-LR 4R F 0 o ~
do/de HIH RIS 25T Wow , AR5 B g
o FHPTANEEY 23 B0 4 £ B SR B s A T 1L A
PIA ST (LR 1) Al i 7 R AR (g 00 A5 3 30 o v
A A PR BSR4 R AR Rk N g -1
AR F BLESIE S DA SRS 1 4518 — 3K

A3 (4b) Al In € FoRIUA HLMERE, 4
118 ,7-8M-LR 3M-LR 1 3M-HR 4 iR ffi 54 f)In C
B850k 3. 327 7.3.248 3 F13.304 0, JE# #2307,
ZH0 D FoRPA HEMRPE, Bl In(do/de ) Fifi In o
(AR PR 2 B L - 1y A i 2 A A A s VR H
R 1 A, 5 7-8M-LR AR f B 5519 D AR L,
3M-LR R MRS D AR K, 2 0 K g nl 0, i
ZMTEG 225 (P>0.05) . W3 H iR
FR A% RS R R i 3T (9 45 51, 3M-HR 1 D A i
I, 4 KB Tl AT, 3M-LR 1 3M-HR 2 8] B 45312
252 (P>0.05),

Xif ELARTRI R R A TR H 4 A R £ B 2% (3M-
LR 1 7-8M-LR) (1 i FFa il 45 5%, i 1l 4 o] %n,7
~8 J1 ¥ S MR A1 JIE 2% (7-8M-LR ) 4 17 ) %8 9 ) L 35
P XET 3 AR A IS5 (3M-LR A1 3M-HR ) , Pt
FLARTE LT I F R M 4% (3M-HR) FA s R

W5 U — Ak 4 87 3 28 st o 8 ) 7P A A 750 s 5 (=X
(5)F(6) ) BhE, HIE S (a) ATED, H—1k 1 8 7 #r



HKiEE, % RRARENNFHFENEREXSE

ZHANG Hai-xia, et al. Age-related changes in biomechanical properties of rabbit corneas 275

StPRE G (1) 5 In (o) W RARGF AL IE G R, Horp,
S ELR B RER (SR b) Al DL WS 7 0 3t A R
18 5 SCHRECHE X LRI, b 1 2 X B 5 1% g A ot
bR L IEAR O

A (6) A 4D A S 56 K dle, HAR I 24 m
SO T ARG A S AR . 3R 2 P 3 H IR IR A
B 8 D05 245 SR ] A0 7 R X A R A% m (B M )
o 5 7-8M-LR %4t L, 3M-LR Gl ffi 5 5% m (K
B SCHRL UL ] AR 25 2R3, 75 47 41 G R A JE 055
AR AR AT A A 4 G IR AR R A 5 e nT HE e
F(6) BRI m AR R B IERC

L LB S R Al AR SR TR 22 SRV
BN L3 HIEFIT ~8 i G iR A 5 2% A AR St iz g -
VAR X R TCHA 22 57,7 ~ 8 i S IR A7 JIEE 4 1) e A
R OTR] — R 7K T 3 H % S R A B A DI A A
R AEUR R % IR A M 25 1) IO 0 3 D ) S R
PR AN R] X 5 AR 2 M 1 3-8 5C 2R B 52 TR
ANBAE (LR A  54 # 5 2R N 0 S0 AR PR

ARSI PSR AS R [ 4o A F T a8 ] £
ZR T2 IR, DA 2 56 A IR A 25 i) S PR R P 5
ARO[ T 1o 64 £ 1 4% (IR 1) sl i) ) 4Ty 2
I, DUEE AT 1 A% RS ) I e 45 1) S 23l L
1tk . T oh, AT, O T S AR AL A B
B BT AR T A e, SR 12 06 1 B
ZINBRIISE 39 R 5 T EL 25 A I R A o SRR B 5%
ZeA i MR G RE I AR SR 2 TR
BEICTE /N A3 A AR B 2

4 ZHiE

AR AR ) S0 R B ARG g, O R H Y
AR S OB N B . AR SO 3 H AN T ~
8 H S o LU A iR 10 % 2 A5 19 JL 3, T
SRR P4 B i) 22 57, RSB 25 2R T LA
A BT L B AR R (A — i i B

BARRRAR IR S R R T ~ 8 F s G iR A Y
DI LR — I F 7K 3 7 e S AR A A DI 26
AR, X5 SCHR 1L ] A S HIR A [ 3R A6 i 4T
B IAYESIE— 8, R RIFARE, 51t
SYRTES R BN AER S /NF 1 MPa B 622 R G 1
FRL(P>0.05), H7 ~8 JI 4 R A I 4% A4 R

JIAE I AR, S S A SRS L AT LA, 7R
b 2 A, DL AR RS A B A LR A g - A O AR
BOAT W] AR, A EREAF W 9 R R P el (B £
AR SR PEA B 1k

&% Lk

(1] B, 2ok, F /A LA P R 20 0 Bl A7 0% 78 A R 43
Mrid]. EPFRIREIE, 2004, 4(3) : 438-440.

[2] Nash IS, Green PR, Foster CS. Comparison of mechani-
cal properties of keratoconus and normal corneas [J]. Exp
Eye Res, 1982, 35(5) : 413-423.

[3] 2%, W%, KARTE, % M50 00 E 5% IR A A
SR J]. BERIAEY 1%, 2009, 24(2) : 123-126.
Jiang L, Bao FJ, Zhang DS, et al. Determining the ex vivo
biomechanical properties of porcine cornea with inflation
test [ J].J Med Biomech, 2009, 24(2) : 123-126.

[4] Zeng YJ, YangJ, Huang K, et al. A comparison of biome-
chanical properties between human and porcine cornea
[J]. J Biomech, 2001, 34(4) . 533-537.

[5] SR, (R, EmBt, 55 MR A B0 4 ) 0 2 R vk
[J]. EYyResEd, 1993, 9(2) : 323-327.

[6] RMsE, ¥™, B, & WP IR & m e e AE W 2
T RRRSELJ]. H E A B 2 TR 4, 2009, 28(1): 153-
156.

(7] XUEERL, REW, EEE. SR A RA Y ) 2% Rk i 2 46 iF
FE[J]. PEEEY A E, 2003, 20(3) ; 189-192.

[ 8] Elsheikh A, Anderson K. Comparative study of corneal
strip extensometry and inflation tests [J]. J R Soc Inter-
face, 2005, 2(3) . 177-185.

[9] Hoeltzel DA, Altman P, Buzard K, et al. Strip extensiome-
try for comparison of the mechanical response of bovine,
rabbit, and human corneas [ J]. J Biomech Eng, 1992,
114(2) ; 202-215.

[10] ek, W5k, BEHl, 55, — bl &t f B P A i 04 Jy 12
[JT. WSR2 . TRERRAAR, 2008, 40(6) : 80-85.

(117 BR4ER, EBH, XA, 5. SRBRAEY) ) R I 2 5
W5EL C1/7 IR A E AW 174 R BGE S . K
[s.n. ], 2009: 8.

(12]  RARI5, MNP A 2R U e e ], EBRIREL
ek, 2012, 12(9) : 1680-1682.

[13]  skigilz, sREET, FRENR, S5 Splgh i e o s iR £ I
AW IR C L/ [ ) 2 R 4% 2011 iR SR AR IR IR
W [s.n. ], 2011; 51.

[14] Xu XZ, Hou JP. A stress relaxation model for the viscoe-
lastic solids based on the steady-state creep equation [J].
Mech Time Depend Mater, 2011, 15(1) ; 29-39.





