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The dynamic change of bone hardness and E_ as the holding time by naneindentation
YANG Chunbao, SHI Xuefeng, XU Limin, LV Jihong, SUN Zhenjun, XIANG Yi, ZHANG Hao

Department of Orthopedics, the 264™ Hospital of PLA, Taiyuan 030001, China

Corresponding author: Xu Limin, Email: sxliminxu@ hotmail. com

Abstract; Objective To discuss the best holding time for the SD rats by the dynamic change of the micro biomechanical
properties of hardness and elastic modulus as the holding time changes. Methods Ten female SD rats aged ten months were
divided into 5 groups: 15 group, 30 s group, 60 s group, 90 s group, 120 s group. Their bilateral femurs were prepared into
nanoindentation specimens. The hardness and elastic modulus of the specimens were measured by nanoindentation. Results As
the increase of the holding time, the curves of the hardness and elastic modulus of the cortical specimens were increasing on the
holding time of 15 s, 30 s and 60 s. But the curves of the hardness and elastic modulus were opposite on the holding time of 90 s
and 120 s. Therr is no significant difference in each Hardness groups(P <0.05). There is the significant difference in each Er

groups( P <0.05). Conclusion 60 s is the best holding time for the SD rats by nanoindentation. It provides the theory basis for

measuring the micromechanics properties in rats.

Key words: Nanoindentation; Holding time; Micromechanics; Cortical bone; Rats

BEHEMRREEFEABN=ZKERZL—. 20
2 90 4 AL, Oliver # i M 44 X K IR £ R
( nanoindentation) 5, >4 BF 5 #1 % i 4 W 1 % 5 £ 1Y
AR EACRE R oI BB /N R 40 R4S H 0
PR EE, METUATEMEHNETENR
W, H, R, HWSNEEN T RERHEY S
FHER OB # R W) 2 2 B 9K K
I %

MEWARER L RENEEERE, H#
ERAREPHEEEMNF AR, BET4RERY
W5 B B T 3 % 1 (R E A R bt L AT LA
ZUE IRG B ST BT 2 A W A0 R R B R B RS R

«@iIREH . 28 1R, Email ; sxliminxu@ hotmail. com

50 R A X AT R, AT BE = 3 RIS R AR i Z 18]
KR EMEER. IMERASHYRERNERE
RE. BRERPEESREMNKREREESE
ny fgfE € A A7 T EF R T UL

B 38 19 4% B H] (Holding time ) 7] L) K B 1 #
AREE, REN AR LYK FRN & E L
fi i R P B — & R TR R B — Bt
8 B R E P SRR R B R BT 5 i 0 B
RASREGY, MAXKERMEREHYAIRR
BAL, B, AR 8 o A K ER R T A R
{RERET] (15 5,30 5,60 5,90 5,120 s) X E# SD kX
B B A A ) R R PR S R R R E
PR T (B], o B HE B I & K B0 T = AR R 4
B



292 o [ B B A T

2016 43 H5E 22 %% 3 8] Chin J Osteoporos, March 2016, Vol 22, No.3

1 #RF %"

1.1 LEiRA
L1.1 Steshyy.10 D fEREMrE SD KL, F#¢ (10
+0.5) A ,K&E (300 = 20)g, HEBEMNEREKFELK
P ORI,
L1.2 A& A A ST R DL\ E B
—BY 5 mm B FE#E R, UIHE B ) W i
REBFRMEIIEIAL. BEE AR RBR RN E
FKIRD 4% (#K 7K 600 ,800,1000,1200 B ) ITERAEHE
FEOLE BT, R G AR T R E Ak,
RERBHEEEENE A AARENRE, BKRA
EBEFKUE 10s, HFEAREEEBENR D, K
B -20°CKF R
1.2 4KRERNE

SO KBBEBIRAMNKFBERSY, REHERT
HARR R IR PR 40K R A28 2 0 % 1R 20°C A
60% B 70% & 4o 994 FE IR AN 9 2K i B R 0 2
0.05 pN, EHM A LIRE#HE] 0.01 nm, RATHEER
Berkovich [Ek , N AM K FHME L, HERXELE
EAME MR, ERMBEEN .1
mN/s, BB B KEJ1 0 1 mN o, HE A E R 0. 1
mN/s, B K JE J7 400 mN, R 5 A b &4 A%, RE
A ] 43 ISR 15 5.30 5,60 5,90 5,120 s 3£ 5 4,
A 41 B (8] 43 B 10 AN, He o8 DX ICRR S 7 B B B
ARLBIBA %K PR 172 WAL E, 2 E KB R
FES pm,

BEFTBEYE, TR RA-MEME. HE
BMERVHBAI RN A ZE AW HREEMNE BE
S, B (P)FMEERMEN L EWAHE X, IFATLUH
UTARGE:

P=a(h-h)" (1)

Hbaofim BEAXRBEMER, YEREER

BE A=k B, ST UBHUTARES

dP
S= (2)

N T BB RS R, AT RS R M
FRRGME Bl A, TIZEGK BRI &b, A A2 d
HAUZR I B K IR E Y

i1 PR 22X RT DL e g e At O E S T A5 3 38
R E,:

1 Jm S
E = ETJ_A" (3)
B EELBJLMEHEH, N FHEAEL RS =

1.034,
1 (1L=V) (1-4")
E E A (4)
He ERAMMER, V.BEMK. X TEHHAR,
HEAE V=03, Amial LA @A KRS #

E =

(1 - V)
WE) -((-vyEy O
U 51 7 4 R R H, ) B BELBE BT

iy F /A SRS B FE

Pmax
H = (6)

1.3 %Hit#abs

R VORISR FI R + 45 M2 R , R SPSS19
HITHES, A E RS Ml E0T
(One-Way ANOVA), i 4 ffl Levene } Be 17 £
FHER, FEFHERAR/DE F E M % (Least-
Significant Different, LSD ) #: 3, F Z A 5 MW % A
Welch TEH#TTRE, £A P < 0.05 ARIT¥E
EHFE.

2 &R

R ORI 2 1 BE AR R

Table 1 Comparison of the hardness and E, in each group

{R .8 [ ( Time, s) WREF{H(H,MPa)  HYEE(E, ,GPa)
15 s 1023.9 £129.6 26.21+1.3
30 s 1243.0 £192.2 28.312.2
60 s 1451.7 £104.2 31.1+2.4
90 s 1139.2 £176.5 30.3+2.2
120 s 1068. 8 +76. 1 3.6 2.7

WEHHAM P>0.05, EEEMHER, HEMEE £ 4R P <
0.05, FBREHER,
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Table 2 Change ratio of the hardness and E, in each group

RN FHEEE TR
(Time,s) AHE(%) THETFE(%)
15 530 s 21. 4 8.0
30 s—60 s 16. 8 9.9
60 590 s 21.5 2.6
90 s—120 s 6.1 4.3
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