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Effect of aging on rising fracture resistance in human dentin
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Abstract; Objective To investigate effects of aging on the fracture mechanical behavior of human dentin with fi-
nite element numerical method. Methods  The finite element model was established according to the typical
compact tension specimen in the experiment. The stable crack growth in human dentin was simulated with the co-
hesive zone model to compare the crack extensions of the young and aged dentin. Results The growth tough-
ness and plateau toughness of the aged dentin were 0.51 and 1.19 MPa - m"? | respectively, which were signifi-
cantly lower than those of the young dentin (7.48, 1.71 MPa - m'?). However, the initiation toughness of the
young and aged dentin showed no significant difference with 0. 51 and 0.38 MPa - m"”, respectively. Conclusions
The crack growth resistance of human dentin is decreased significantly with aging. Based on the cohesive zone
model, the crack growth behavior of biological hard tissue, whose mechanical properties are related with age
(such as the human dentin) , can be well predicted by using numerical methods.

Key words: Aging; Human dentin; Crack growth; Finite element analysis; Toughness; Mechanical properties

FRFE R —FRET LA, RN TR EE NS WEHE , X2 /NE T A5 -2F
FEF 50% HI LY (BEBE KA ) 30% FFEPL B (dentin-enamel junction, DEJ) — T #Ef# 2 2
FAAF20% KN . FETHBHTFARFT/NERE BEEERE, A EERMN 0.9 ~2.5 un By

W fs HH 20110928 ; {&[E] HH{:2011-12-07

HEE&TH: BERAAPEES T E (11172161) , TR ZE 450 H (10410701900,102r1423400) , i A ZE 4T H (1222092) , O
PRI E R E A LI (W) RS) FFcEE 4 B (SKLODSCU2009KF03 ) , i B s 2 BHE 51 H (830106) .

BIIEE K FK T, Tel ;: (021 ) 66135258 ; E-mail ; donzhang@ staff. shu. edu. cn,



AR, % EREAXNATERRYY RAHEENHZM
ZHOU Yin-xiao, et al. Effect of aging on rising fracture resistance in human dentin 259

I W RBRI R B, F R I R A AR A
TS FE B A RS0 5 [ B, Kinney
I BT IF RBIR B 38 T S
R ARG A RLR BE AT & & Bk, T
ARG DA o T B R BEAA R 23, W R 2k B
B RREREE,

Wi R K R A R IR PR AT R e
T, AR B B, ARERTBOAE B LT AR
BRI R AT o BRI R I, FA R
MBI R, TSR H HEUY RN
R, RBH T —F0 T+ #9 B 77 # 48 (R-curve) %§
P SR AR R T R B A VAT A BNV IR
FABUNETT AR, K R T AR/ NE
7 1) L 7 ) B AR 5 B A U 1 S U 1
KFATR R BT B R W T R s
I BAEA R B 4F % B BE P, BT USRI AR L i 7R
R o SRTT, ASX S SIG O TUE , RS B
A FRTEA R4 B B A DT 4 ) BE 1) — R B A, 1
XN RS AEAU S 18 B A RE T 4] BE e fr A
BREMRZE ; FIRT, 48 T S0 30 54 A0 T Be a BR 1, 1R
MERR H — SR e BRI B Ty i £ R BB 100 A
B, HER I SE B M 25 A F AR TR A [R) AR % i 4 8L
PR IR, v R ILARE .

AR SR AR S W7 2R T S IR A SR S L il S A
FROTEAE AU RY T 2% , A1 F N 3R DR BB A (R 4F
BB BEACE AR B 7 RS RAT o (R H T
FABUNEY ) , 183 F A B REAF I3 K R Ay
JERHS) R AR A LA , BE— 28 s A R AR e X T
NF AR I 12 P BRI

1 #HB57AE

1.1 HERANEE

FAZF A A AR B hr Al , TERR S L
PRLH PRI, REHATY R, F AT RER
SPEELEIG, B RESU IE ) 5 BE R T 5 IR
BRI HZREL EAFFE LU (bridging) R E1E2F
ARSI A o RSB A, 7R
RN , AR — RS A P B BN
RIX, TEIZX A, b T RS04 3 B HL & 77
FEP Bk S A — R S B A R T
MITRLIE RSBy RN . TR, WERR AN

SEBLLCRTIRAEAE RS B AL AR P 0 X I8R5 T 2 53 A
RAg2 41, MIATA k2 TR Ll o A ™

3R X B A 5 3 5 N 3R ) VB SO Bk FF(
ZIH%RE R, WE 1 R, GRS 4
T, B TLKFF DR RGN, Bk 27 A —Fi
BB A N R S, B S B0 TR (1
KA 5 (B 24 BB R FF R A B — B R 2 5,
5 MR TR T R8BS K T/, L 2, 2
TP B IR 0 T 24 3 2 T PR T e A b 24
RIS AT, BIAREH B R 0 =
0(8,,8,,9) , Horh q EPIAE B, RAEY R4y B Ak
BRI 56, ,8, 45k B BOAE Tk 18 R B 1A 1 3K
R, BUHH SR EILR 6= /6 +6;

TR SN B TR 7= 20

o

Oy

0 9, 5, o

E1 WEAMRLGGKACBHXLR
Fig.1 Relationship between cohesive force and opening displace-
ment of crack

P T P 3R AR R A A A 56 2R il LR AR X T e
AR AR R WA SOR S 5 R R A
RAMBETTRBH AR (WA 1), Ko, 2
PR J7 BB AY A PR 7 R 3R & (ultimate  tensile
strength, UTS) 56, 2 N 38 J1 X BI R B3R L o,
I ZRECAY RIS 56, T & A B 2R ) SR80k
THHS 5 PR 3R 1 RSSO T2 7% ity £k P BB #) T ARt
JEWTREE G, , R ROk I o T ARIT 7 2L e
Ho
1.2 HEER

75 18 2 7R SC R0 I OF A R W R BE R, 25k A
ZEPRERE (CT 3R B S RS REY BT
RIATI ), WA SCR A RSEE 0 T AR AR



EREMAhE $£27% $£3H 20124568
260 Journal of Medical Biomechanics, Vol. 27 No.3, Jun. 2012

7] LAy ROt (TP 2) 2 DAy B A

2xX RD.2 W

=

P

0.6 W

0.275 W|0.275 W

0.6 W

w
1.25 W

2 BEEMFARBFAERREHILEARST (W =3 nm)
Fig.2 Geometry of the human dentine specimen in numerical
simulation
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