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Effects of Different Running Speeds on Tissue-Level Failure Strain
in Rat Femoral Cortical Bone

FAN Ruoxun', WANG Weijun®, JIA Zhengbin’

(1. Department of Traffic Engineering, Yangzhou Polytechnic Institute, Yangzhou 225127, Jiangsu, China;
2. College of Aerospace Engineering, Jilin Institute of Chemical Technology, Jilin 132022, Jilin, China;
3. School of Biological Science and Medical Engineering, Beihang University, Beijing 100191, China)

Abstract: Objective To predict the tissue-level failure strain of the cortical bone and discuss the effects of
different running speeds on the mechanical properties of rat femoral cortical bone. Methods The threshold for
cortical bone tissue-level failure strain was assigned, and fracture simulation under three-point bending was
performed on a rat femoral finite element model. The predicted load-displacement curves in each simulation were
compared and fitted with the experimental data to back-calculate the tissue-level failure strain. Results The
cortical bone tissue-level failure strains at different running speeds were statistically different, which indicated that
different running speeds had certain impacts on the micromechanical properties of the cortical bone structures. At
a running speed of 12 m/min, the cortical bone structure expressed the greatest tissue-level failure strain, and at
a running speed of 20 m/min, the cortical bone structure expressed the lowest tissue-level failure strain.
Conclusions Based on the changing trends of tissue-level failure strain and in combination with the changes in
macro-level failure load and tissue-level elastic modulus of cortical bone structures, the effects of different running
speeds on the mechanical properties of cortical bone structures were discussed in this study. The appropriate
running speed for improving the mechanical properties of the cortical bone was explored, thereby providing a
theoretical basis for improving bone strength through running exercises.

Key words: cortical bone; running speed; three-point bending; fracture; tissue-level failure strain

Y #m B #7.2023-01-30; &[5 H #5:2023-02-03
EE£WH . A BRI 4T H (YDZJ202301ZYTS250)
BiEEE.UES , B #4% , E-mail ; fanruoxun@ 126. com



EEF,E FABRSEENARRERREHRKRYE TN
FAN Ruoxun, et al. Effects of Different Running Speeds on Tissue-Level Failure Strain in Rat Femoral Cortical Bone 63

LW R — R B 1 S PR R A RO
3, A3 0 B M0 BR8£I B % R O 1S R B
JEU2 D FEZ 7 10~ 18 m/min 3 B S, KR EUE
OB (18 W 288 e 5 A 2 s A 8 B R R
7T AR PRkt 3 20 ) Bz B SRR R s e, E i
R R A2 R, A5 K REE T 26 m/min
R A PR, LR R W 2 P BE S RO 4 R T
BRI A xR BB A BFGEIAA , 26 m/min
JiE B AD R4 o B TR R, BRI KA R
PRI, AN () A0 S %o 12 o B g 2 1 i 1) s e 4T A7
friE— 20 HR5T

[, 76 W 5% I Sk, ) — B 25 3l B T e 3 pz o
ERTA E R (P Wi e e - ALY e R 1 1 G|
— P AN 2 e A A 2 R R e, B RE AR SR
JETS R AR 22 A T R AR T R —
FhZ 9254 , AR TR I 27 JCS 76 25 - 3040 WK F- 1)
NZESHOTRER I A F AR (a3, R, #R 5T
A XF B BT B S i WL AR AN [FI7K - ) 4 2800
ARAEOT M HTRE S I AT R 2 S S
B, ENBME AR OO T 24 S8, Z2 80 SR A
TR B BOW S5 A I 3 S B BE ) R B R AR
AR SO g A M R X M AT B KR A )
TR KRG B A UK BN A, 7E 2 WK
W HAE— B R L UOE T IR B AT 5 7E RO KR
HA AL S E A kel W R
B ORI 2= RE A A AR S 2R
THARTSIOW ) 27 S 8002 F 4R T = PERE AR (L LA 1Y
GIE7

ARSCHA FRIT /AT 5 L g B 25 4, B0l K B
JREE AR R T B W S R, e g 0 24 2R
55 SRS RCE AT B B Y TN 7 S5 R A S WK T
() —Ff Jy 2 BE S R—— 2 RN AR | Bt S XL
VRN B AEA R A0 R T AR 1R, DLk 2 &
SEBSEARE 53 0 AN [R] 7K PR 5% B 20 B X6 B2 ot B
Fi2EERE R R, LU B R T4 T 12 M AR
HL R

1 #MB5AE®
1.1 SLIEHA

ARSI 5 T 1 B 2 4R O A AR Al Y
SEH R A DR AL AT S g A4S, g R

H
/.

DT A W) B 20 R K BRI B W L 2 for 55 Iy
e A R SR S A i
Sprague-Dawley (SD) K&, /410 @ SED 41, %
W E R SR L VE R H TG s BRAL; @ EX12 4, DL
12 m/min 3 5 K B 30 min; @ EX16 4, LA
16 m/min # B 4 KX 8 30 min; @ EX20 4, LA
20 m/min 35K 30 min, AT 12 H K
Bl BRSNS % k[ 15]
1.2 WM&

5, B X B FEA AT O AR T4, SR S
T A X A5 B AT i, RS R R AR B
Ao Hr,5 mm KB T B R B 5 AR
Sy EE R IX 3, ] CTAn B H5 H o 235 B
JEERE LB R R AR AR, DR el T B R
T,
1.3 BRTERET

S O 215 S A Mimics 10. 01 53 &%
B YRR AR Y RS ER T SE— E, IX
[E]4b T 226 ~3 024, SR JEHGBLHL A ABAQUS 6. 14,
i H C3D8 BT HENT BB AT FROTIE R, i T IRE e
= BT VR R A W R O Rl T B
B SR DX 8K, ST AU 0T G2 S B Ay 1 v B B B
A o ARSI I R A TR B T 5
I G g S W R A 5 e AR X 7 S S
—3, WE T PRI B A 5 R AR R Sy 5
T, b7 W TR A 5 TR B A 7 Sy TG IR 42 i 1) A
RN e by R B S it i 1
FE4R1iH | [R5 J5 WA~ WM R AT (9 4238 A B
JE DASEB = st (WA 1) .

1 BRI R EERRE
Fig.1 Schematic diagram of the boundary

condition in fracture simulation

1.4 FRMHTHED
SEHSWIEA N, BB AE = 5 gl 2 far & A
Wtk 2L BT, A SCRE T s S 4 e B



EREMAE $£39% F1H 2024%2A
64 Journal of Medical Biomechanics, Vol. 39 No.1, Feb. 2024

1, G ] UMAT 2 e st 7 B W iy, 4
SRR TR 25 2AAT T 2 T A A A IO g -0 AR O
BN 1
o=Ck (1)
C,=(1-D)C (2)
Ko HICRL Sy kAL €, o B 7 W R
5K e NHICRN AL sk D N OGRS i C O
FRAICHIG S BE W BEHE ok
JOL P SA 475 7 2 BRAS ASAU B 4 R DB SR, 5%
SEEAE T B HE 1 B T4 0 B R 0 0t AR ML R
B, T AR SO AT AU IS R Dy 2 WL IBTT 2R 2% 2
D7 EL R B T3 B Wi I i R S o o AR A
BRI AR
D=0, e=g¢

&

D = (l—e(lj') ), e > & <)

e WETCENE ;8 A RHIR AR,

IARAII , BT AR N T BRI SR AR
AR EERGAL T AR B B, BT BE AR AR, R
0 AN A I K S A I G RO AR IR, BT R
S A, B A 5 7 e R S A b T O, B
AT BE T R AR, S s ocit A i T 1
I, BRIC K A R, R LR RE ST, R A L)
R B B FE I, 25 0k AT ROR B, Bl B AE B
T B B o X Uk A VLB L
1.5 ARKPEETHR

(IECuRE LIRS R VIR SR 2 N YR
5 B I AR 5 T 4 N AR AT U
DA e ke ih . I, RS 1E UMAT F#2 57
SRS = e AT R eSS e RELVN AN HEREVRLIPS
RONEAE |l 5 e 28 RS8N AZ X 4 S8, Rl 441
SERMTAL, XTSRRI O i
ORI PRSI 6 00 45 2% 25 IR BB Tt B AR O 1] 5 4 1)
LHYUHPERIR (L 1)1 WD, B B bR
e 557 fef 5 e 46 2R RN AE FEAEL R 0.6, JAFA L
0.3 HEMAY T HA 1 ASHCRM, B 5
EAPRH I B B R 4 R AN A, BT 7R
UL 73551 16 R e PP I3 A [ s 59 2K A0 2
1T e T 00 8 -3 ¥ 1T 2 15 ) — e A ST 35 i 46
HEATRT LU, R3] 1 2 S 50y A2 (A5 1)
L5 S 2 AU S B, D2 20 £ B ) S B I

B AR5 i 7 1 B ZH UK 2
F1 AHAKERIRNEGEREMRSEEE

Tab.1 The elastic modulus of cortical bone material measured by

the previous nanoindentation test
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Fig.4 The predicted tissue-level failure strain of the rat femoral
cortical bone structure in different groups
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Tab.2 Comparison of the experimental and predicted failure loads

in different groups
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Tab.3 Micro-CT parameters of the cortical bone structures
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and previous experiment
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