EREMAE $29% $5H 204£10A
Journal of Medical Biomechanics, Vol. 29 No.5, Oct. 2014 465

XE 4S5 :1004-7220(2014 ) 05-0465-06

&

AMERR BT REZEESHEREXR

E ', EFa&, E F', IR, ELAH
(L. Bigscil ReaM R s — ANRER &8, 1 2016205 2. Fifgsgi@ kK2F MU S 3h 7 LRE2ARE, i 200240)

E

WE: BRI AR AR U5 BE i s P AR A ST 5 R el 1) S A A OGO AR A
i, 0 B A BROCHRHE MEME SR SR E . J53E  SRIR 10 BB E 7 A A AR I, e IO sy K% 1 B
SR AMERAS S ASFRALAAR BE, I TR AR 6 mm <2 30 5 40 mm (G fECRE . P R R AR,
CT AR PO BE o XIFA BB BUREEAT 0 2 R RE IR, 20 BT AN [R] 38 (2 P o ¥R A A o oF 7 i 8% 2 -5 i )
SRR R SC R IEATEANE SRR B b, S8R RSBk B S AERAL, 3L 169 M, Horb g A i 52 #, R
e 31 B0, BB B 1S B MRSk 17 B MR 54 455 ASTRALAA BB A B8 E il 1) SR ASE B 3 A 7 2 S, AR K
FEHIHELF (0. 850 > r* >0.785) ,3 AHSAL(JRH VLo K 7 HMEVR) 15 YO DE MRS (0. 871 > 7 >0.825) ,2 4
L COBEH Sk B B0 B REUAR RS (0. 671 > >0.643) o 516 44 B0 07 52 B2 1l ) S PR P 2R
FREG IR R R DG 225 o, LI (S0 R [ U0 1 A2 i) TE A S 2 5 T P T AR MG 5825 - R, YA
I HEE BURAC R RRAL , Be 5 A FROTEE L RE RS T B Fr iy KUK

REIA: LEW Ao AT 0RO R s kAR

HESHES: R318.01 XERIRERS: A

Relationship between mineral density and elastic modulus of human
cancellous bone
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201620, China; 2. School of Mechanical Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract; Objective To measure the cancellous bone mineral density and axial elastic modulus from multiple an-
atomic sites, then build the constitutive equation between them, so as to provide specific data for finite element
modeling of Chinese people. Methods Ten fresh adult cadavers were taken as sample sources. In every fresh
cadaver, 5 different anatomic sites were selected . proximal tibia, greater trochanter, femoral neck, humeral head
and lumbar vertebra. The raw samples were processed into standard specimens, which were approximately
6 mm in diameter and 30 mm or 40 mm in length. Both the size and volume for the cancellous bone specimens
were measured, and their mineral densities were obtained with computed tomography. The mechanical properties
of such specimens were tested with biomechanical testing machine for analyzing the elastic modulus of the can-
cellous bone at different anatomic sites. The linear and power regression between mineral density and axial elas-
tic modulus were analyzed on SPSS 18.0. Results A total of 169 cancellous bone specimens which were availa-
bly tested were collected, including 52 proximal tibia, 31 greater trochanter, 15 femoral neck, 17 humeral head
and 54 lumbar vertebrae. The analysis on measurement results showed that the mineral density and axial elastic
modulus in cancellous bones from 5 anatomic sites were different, and had a solid linear relationship (0.850 > r
>0.785), with 3 sites ( proximal tibia, greater trochanter, lumbar vertebra) showing a solid power correlation
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(0.871 >r >0.825), and the other 2 sites (humeral head and femoral neck) showing relatively weak power cor-
relation (0.671 >r >0.643). Conclusions There are solid linear and power relationship between mineral density
and axial elastic modulus, while no significant difference is proved between the r* values of the two regressions in
this research. This discovery can be applied to detect patients’ bone quality in vitro and identify the precise posi-
tion of bone loss, and further to predict fracture risk with the help of finite element modeling.
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Fig.1 Drilling out cancellous bone samples
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Fig.2 Measurement of elastic modulus of the cancellous bone
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Fig.3 Definition of stress-strain curves and elastic modulus
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Tab.1 Mineral density of the cancellous bone samples

pamp/ (g - em™)

FRAL A
T H (H918) b2
J R S it 52 0.079 ~0.287 0.155 +0. 047
sk 17 0.093 ~0.662 0.347 £0.162
Kit¥ 31 0.076 ~0.234 0.167 +0.038
i 15 0.139 ~0.692 0.396 +0.177
B 54 0.081 ~0.278 0.160 +0.049
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Tab.2 Elastic modulus of the cancellous bone samples

E/GPa
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I HE 54 0.082 ~0.779 0.284 £0. 163
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Tab.3 Regression analysis of mineral density (p) and the elastic

modulus (E)
ap L E:ap+b 2 E:Hpb 2
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y=6.809x"38¢ 0.671
y=30.92x>1  0.871
BEE M y=5.4194-0.284 0.830 y=6.416x"%" 0.643

JHE ¥ =3.062¢-0.204 0.850 y=5.252x"%% 0.869
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