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Abstract

BACKGROUND: The mechanical response of trabecular bone under loading can be studied using micro-CT based micro-finite element. It is generally considered
that bone volume fraction in animal specimens is the most important index that determines the compressive strength of trabecular bone. However, in the
micro-CT based finite element model, the microstructural index leading to stress concentration or determining the maximum stress is not clear.

OBJECTIVE: To investigate the microstructural indexes that affect the maximum stress of trabecular bone micro-finite element model.

METHODS: The microstructural indexes of trabecular bone of 10 normal rats from bilateral femoral metaphysis region of interest were obtained and the
differences of trabecular bone in bilateral regions of interest were compared. The 20 trabecular bone finite element models were constructed and loaded. The
average stress values of the ranking 5%, 2%, 1% and 0.5% of stress value were taken as the maximum stress value. The reliability of the models was verified
according to the stress and effective strain. Finally, with the maximum stress value as the dependent variable and the trabeculae microstructural index as

the independent variable, the key factor affecting the maximum stress of trabeculae micro-finite element model was explored by multiple linear stepwise
regression method.

RESULTS AND CONCLUSION: There was homogeneity in trabecular bone microstructure of bilateral femoral metaphysis (P > 0.05), and then data were
combined. The average number of elements and nodes of 20 trabeculae finite element models was 232 813 and 606 82. The average stress of the ranking 5%, 2%,
1% and 0.5% elements was 31.91, 41.96, 50.86 and 61.23 MPa, respectively, and the average effective strain was 3.28%. The results of multiple linear stepwise
regression analysis indicated that the structure model index was the most important factor influencing the maximum stress of trabeculae finite element model

(P <0.001, R’=0.807). It is indicated that the trabecular bone structure model index is the most important bone microstructure index that affects the stress

concentration of the trabecular bone micro-finite element model.
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YIRS R IE SR 5. SCXK( 2 )2018-0034. [tk IR .
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AERIE R R ) M B 2R 5 — It TR R B 4t
1.3.3 S2IGHH Skyscan1172 Micro-CT #Jl. (Bruker 2~ 7], LA
W), =4EER AL 244 Geomagic studio 2013(Geomage A 7,
F ), A RT3 R HE# 2 5 b AT Hypermesh 14.0
(Altair A&, EH).

S TT SR R R 2 K A B — I R R B sh ) S e A B
ZEin et (iS4 20191129002).
1.4 Z¥drik
141 REREERE 20 NE BRI G 38E 2 25 00 ik
B, BB FEIRAL, 40 g/L £ B B 2 (R A7, AT
Micro-CT 94,
1.4.2 Micro-CT 34§ B ik % & i 47 Micro-CT 1345, =
JE 9 1477 um, B & K/ 1491 pum. =6l K 1F: BIB%E
[ 1 .024x1 024, ¥4I [A] 360 ms, fit & / 35 v 80 kVp.
100 pA, LL0° ik, HsvalE v M E B, sk
Jei, AE CTAN B v BT o P4 5 A AU o 100 2,
JE £ 100 2 (B 1.477 mm), BEEH B4R 1 mm 5 FAR
/NG RO R [X 35, (volume of interest, VOI) 34T = 4k &
i, JUE 1A, K BME TGl 80-255. Ny AR, 43
SRECK BRE . A H B X B S W S5 J i
¥ (bone volume/total volume, BV/TV). ‘& 3 #1% B (bone
surface/trabecular volume, BS/TV). ‘& /> % % & (trabecular
number, Tb.N). ‘B /NZJEJEF (trabecular thickness, Tb.Th). &
/NGRS B (trabecular separation, Tb.Sp). ‘B /N GE 4 o) i 724
F8%8 (structure model index, SMI). & /NEEREEE (connectivity
density, Conn.D). %% [d] 5% 1 & (degree of anisotropy, DA).
BALER R [total porosity, Po(tot)] M HH &, F'5H stl#%
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Figure 1 | Region of interest and three-dimensional model of trabecular
bone in the metaphysis of rat femur
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2 Z5R Results
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Figure 2 | Comparison of the differences in the microstructure of bilateral
femoral bones in rats

22 BtARDRGRE DR A KL KA MR
B A EBOCGURE R A R L ER 1, s e
1832.87 MPa, T8 0%y 232 813, I A% 60 682,

Fz1 | KERETFIRmEALBRIGE NRERTREERSH
Table 1 | Basic parameters of the trabecular bone finite element model of
the femoral metaphysis region of interest in rats

B P 5 FPEREE (MPa) HT AL RiDzE
k1 1311.86 176 548 48 059
k2 1674.21 222151 58 068
k3 2051.62 254 626 64937
fi4 1430.08 193578 51971
kS 1814.11 281354 71134
k6 1856.77 229351 59 686
k7 1433.00 212 854 56 965
k8 1813.71 236 241 63 705
k9 1459.22 195994 51569
/£ 10 2284.85 243 424 63711
fil 1696.24 226122 59458
2 2190.32 248 353 63974
i3 1728.65 218163 57058
14 1608.65 232531 61551
45 2376.75 295 585 73474
46 1824.91 216 590 56761
7 1585.01 203 458 54 607
i 8 1797.98 212 462 57 363
49 2205.19 288 556 70 846
4i 10 2514.33 268 313 68 736
Ty 1832.87 232813 60 682

2.3 R RIERE D R R RGEE R W E/NEH
BN IS, DAARVNIFRIRE NN E; B/ NRAR R >
{9 DX S S B KA B 5 B AR T — 55 ™ M, I 3.
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BRNEA7 o ML Y, Hod DART 5% BT T S8 8 A A, doa]
N AR GENS S I S NG N L, ILER 2.

0000E 400
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Figure 3 | Stress and displacement nephogram of the trabecular bone
model in the region of interest in the femoral metaphysis of the rat

2 | BRABXEEDRERTERNHER

Table 2 | Stress results of trabecular bone finite element model in the
region of interest

B HG o Wi 5% RiJy T 2% RS R 1% Rids HT0.5% R A RGNAR
J¥5  (MPa) (MPa) (MPa) (MPa) 11 (MPa) (%)
12121 48.47 64.11 76.56 90.17 7.08

J2 2630 29.91 39.01 47.14 56.36 1.75

3 3146 20.59 25.87 30.46 35.32 1.40

J 4 22.89 42.46 56.02 68.17 82.51 3.24

5 2823 21.29 25.54 28.74 32.15 1.37

6 2881 37.68 51.72 63.88 77.79 4.56

7 2293 50.51 69.92 88.57 113.9 9.70

8 2822 30.57 39.68 47.63 56.85 2.839

9 2330 37.55 49.22 59.42 70.13 6.94

J£ 10 34.59 2221 28.01 32.88 38.22 1.36

41 26.60 32.78 44.79 56.24 70.07 1.96

42 3333 23.23 29.34 34.64 40.78 1.67

43 27.05 37.70 48.98 58.46 68.92 6.33

44 2539 34.85 45.51 54.43 63.93 3.75

45 3581 17.43 20.95 23.95 27.32 0.88

46 2837 42.35 58.76 75.55 97.78 3.50

47 25.06 31.96 42.60 52.46 63.96 2.40

48 28.00 30.16 39.02 46.54 54.78 2.24

49 33.53 24.55 31.51 37.17 43.17 1.51
47110 37.64 21.96 28.68 34.34 40.58 0.97
S35 28.44 31.91 41.96 50.86 61.23 3.28

2.4 BSEARDRE R R A EFrErdr e K

MR X IR N A R OB N B KR 5%, 2%, 1%,
0.5% ™ H.JG Von-mises N /1P {ERLF K F A ML E, B2

e bl = O
SR ENEE X (P>0.05), WA 4.
60 (P=0.312) 80 (P=0.352) 100 (P=0397) 150

_ — _ — _ T (P=0.446)
g s £ & : £ 8o .
Sw - s
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"S - X w0 R 7]
= & B
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= = = w
T T T T v T T
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B4 | KRB FiumEBXIgE NRRESEKEH
Figure 4 | The maximum stress of the trabecular bone model in the region
of interest of the femoral metaphysis of the rat
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25 ZAKMERTEESH BT AT 5% PN 5EIRE
TR FT B AR, SO RT 5% P3N 145 R 55 S Bu AT IR
HEIESHT. 45 R R R /N R R e SR A AL
PE4L (P<0.001, R’=0.807), HASHIYLHBHKME, Wk
3. i 5% N5 NGS5 AR T P B 2R 1 eR B R R IA A
N Y=44.838x ‘B /NFELE KRR FE T -35.089,

3 | KERAT 5% MASEMESHBSEMERTN TSR
Table 3 | Stepwise linear regression analysis results of the first 5% stress
and bone microparameters in rats

B 24 B tfE PE HXRHR

MR R E/ R NAEEL  44.838  8.676 <0.001 0.807
L -35.089 -4.509 <0.001 -

(B 73 R N AT -0.218 -1.075 0.297 -
R E -0.072 -0.613 0.548 -
AN -0.073 -0.510 0.617 -
BANGE R R -0.062 -0.516 0.613 -
NGRS B -0.086 -0.718  0.482 -
NG -0.083 -0.789  0.441 -
) SR 0.065 0.613 0.548 -
ISEIN kS 0.218 1.075 0.297 -
B -0.123 -0.982 0340 -

3 7772 Discussion

I TR B T 10 L TE 5 O BROBUI 5 i i 6 % R
XS ISR ZE R FR AR, S o U 5 B - v B /N R A
PAEAER P (P > 0.05), HET W 404 AT &9 A Bl
T 20 ANE/NRBAT PR TR SR B BEAT N AR, DA R
TR T o N e K AT 5%, 2%, 1%, 0.5% A~ LG 1) B
TP BHEAE RN IE, 4 R E S e B KA AT
e, o DLRT 5% P35 BB o R, BoR T A BRIG
BRI v S e, I8 2 ng g P mREZ IR R
N PRGN )8R R I S IR 2%, 45 AR /)
et P B R 6 KA Foh Py i & 05 /R (P < 0.001,
R’=0.807).
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B, el AR R S WSE,  HATTE s AT 7 AU
BN AR F B . e E AR . BRI . B
PR HANRIEE BRI B BN SR
HNGEERE . AW B LS H A
WHNSH. A2 RIRA TR EAARFEAS e g
AR B RO BN RERR B P R S U, X e A
B AR BB RN 1) e 1 SR SR R AR Tk 90% LA B IRE I
PR AR U O R BOER TN E RN,
TEM R EAT T, BNE AR BB ) E /N AT SRR P 7K
ZHELN T, R E R R A /NRE IR, S8R
WA, B AR BUE > 8%, B /INRHT R B B A NI
IR 24% R 17%% . SR A B SRR, KR BRE ik
R A PIROIR SR E NG R, 7R TN B g A R K R
JIRBHEE 1 ) BB ks 2



MAEZE

PEAATERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

BRI E MRS M # A AR5 T )
AR RE, (E DRGNS AR OLTC i EA
W FF Micro-CT (R flcfy BRITHE R BIE T8 45 F 72 AN ]
AR T 107200 REHR AL T EDW I 73 P i gL iE
if Micro-CT A7 FR 76 73 #7 15 B Sk v B D7) 2 AN BY 7] i Az P £ v
FESRBEXREALAL 5 LA PR TR SR b o b B
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PERWETESE 10 R SD IEH KR, AP BHAR, st
TH T HER L, SR FEOUM e B N BB G T AR, ¢
R s, WU B N RAEE A S R = 7
FATRIBE, A9 6 R B U PRk (R, DL R X
M E B NRSHIATIC B S I LY AR, LT ra M
A IR ICBRAE AT AR D BEAR BN b, HH LAY DA
REIHME - AR O BEAT A BRI, RS 2L R
2R/ L AR AT B T KN T A A B (R 2 0
O, DR MR P R 5E B0 A 0 S AR KB, R
Hi IR 5 22 1 i T 2 e g R LT TR B R
TORE RN AR i I BUAE AR /N RAL I ELRE /N R iR
JESEANTT S 0, 4 e mT LA 4D ) 8 A0 () A i )
FRRE N T T RN S H2, JREE b mr el
FEMCIREAPR /N FI > O, B I AR 6 A iR
HANRERJERIS, Kk, BB 2 e itz 8 ]
VEUX AT BE (B O TR AR HEAT 0 . S5 SRRBL, BRE/NREEH
FETIRHSL (P < 0.001, R’=0.807), HIAFIH. BRI
BB /NRBCE B /NRRRE L BN B BN
B A B ALE R 5 AT BROCIE AL N ) i KAE T & &
KR

N BEAE AR B iR/ NR A (W S R ) 2
ORI TP 2N B/ NRARCARI E /)
REFIRE T EUE Y 0, LEXTATARINS B /NG 45 R A58 R i A
N3, REHFRAAN, B/ NRE BRI R, AR
BN, BORE DN, ENRURAVEREFE(R. fE
B O DR AT AR /N RS R R R (e, B ey
I IE 2 TRNC AN R G E Aac kIR BN )7 A E S Ak
AR NS, R R FE 8022 S S RO ERA S 1Y
LB e BE A B2, NI S e R A 0 2 G . BT SER,
PR T8 RS /NR A M R B = T AR B I
BN R FEHOE K R, R /N R R AR
KB PRI RS R TS R — 8, BRI
BN, XN ES RN T IER, T BRI AL
PR EE TR, A S RAEET. R, B NN NEET
Micro-CT [ 5 /N R 45 A A A g 0 2 BT A REAR B b S R L 5
(9 AN RBORFAPIRAZ BE B, Jf B BR8N
LI AR SRR RN S5 R, AL PPAG B /N B AT R 7
EEZ U Eg

ZiE IR, /NP MR TR U R N RO TR oG
TR R g B v 1 o B L A MR B, NIRRT
B, FPRE DR E, gk .

BRI 5T 0] BEAFAE IR in) 8 % S R AT PR TR AL A 2k
ATREF7 AR B G KV 5 /N SRR W 55 P AT B A
PR e LM 2 20 N PR JCRE R, JLT BT B R N ) KR
Y < 100 MPa (B 7 FF S RALAN ), AU BN R
Joe IR 588 P () — 5 4 I LS SCHRFE 1) e KB B e T 3 (E
26.89 MPa JEH 20 Y hAh, BEALF B AN AR 3.28%
SCHRIRE NP R KR AR 3.05% JRAER R MY, BRI gIX
Sl N PROCHRLAE 1 N AT T AR 2 B ST 5
{E2%5 BE B PROCH AR, Bl R R SF s K/
B B R N RS R Fy e N, DR e N FR AT 1 KN TR
A PRI RSF KN, 75 AT R B RS T S .
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