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Abstract; Objective To investigate the effects from loads with different angles on morphological and biomechani-
cal properties of trabecular bones in femoral head, so as to provide theoretical basis for studying biomechanical
mechanism of necrosis and collapse of femoral head. Methods Ninety-four specimens of 12-month-old ovine tra-
becular bones in femoral head and forty-three specimens of human cadaver trabecular bones in femoral head
were prepared. According to different angles between loading direction and principle compression direction, all
the trabecular bones were divided into five groups by 10° interval (i. e. varus 10° and 0°, valgus 10°, 20° and
30°) to simulate the reduction condition under different Garden index after internal fixation of femoral neck frac-
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tures. Micro-CT scanning and calculation, compression failure test on ovine trabecular bones in femoral head and
cyclic compression test on human cadaver trabecular bones in femoral head were performed to investigate mor-
phological and mechanical indices, including BV/TV (bone volume vs. total volume) , BS/BV (bone surface vs.
bone volume) , Th. Th (thickness of trabecular bone), Th. N (number of trabecular bone), Th. Sp (trabecular
separation) , elastic modulus, ultimate strength, yield strength, initial secant modulus and number of cycles.
Results When the angle between loading direction and principle compression direction of trabecular bones was
0°, BV/TV, Tb. Th, elastic modulus, ultimate strength, yield strength, initial secant modulus and number of
cycles for trabecular bones were the maximum while BS/BV and Tb. N were the minimum, and all the formers
presented decreasing tendency while BS/BV and Tb. N showed increasing tendency along with the angle increas-
ing. Conclusions Along with the angle changes, the tendency of BV/TV and ultimate strength for 12-month-old
ovine trabecular bones in femoral head displayed as the same as human trabecular bones in femoral head. Both
the morphological and biomechanical properties of trabecular bones in femoral head will decrease when the angle
between loading direction and principle compression direction of trabecular bones increases. The more the Gar-

den index deviating from 160°, the more likely trabecular bones in femoral head to be damaged.
Key words: Femoral head; Trabecular bone; Biomechanics; Micro-CT; Cyclic load

UTAER , A [ 5 s b5 52 A0 R 1) 4 JRe A Jie vy
BT AN G R AR BRI R BB
ARG KA R S IR TE IR I RS L e Sk R
SERY SRR A 30% L KA BB S IR AT A
BEEITNEE ARG AR &R i HHAEAR
JE 1A 2 AE YRR RSN 25% 5 38% 7 1A
W, BBy SR A AR S B S RFE B3 R B e S PR
B R A, R BT ST X 4. Garden™ A
N JBCE SR IRBE 358 g 1) sfe AL A AL i v A 5 A
Wi R BB RE BT ARG a5
8 1 6 DR 2R EA T 22 0 a2 A 0l U5 73, 249 2 BBE1 30
GEEIRNCEVAT o) e =S S IA Y SRR TE DS
PO T LT AT R R D e Sk SR BE 2 Y
FEMAFEREE " R, %K (Garden) X
LIGEOEM B A . 24 Garden XTERFEETE X £
IERLARF /N T 150° 80K T 185° I, b e 23 K AR e
SKIRFESIRA" | H AT A7 A6 5 1 B it 25 1 75 0L
1 H AT AT AR W) ) 2 308 2525 A1 B PR Y Garden
XoF A B BB SR R TE IR B P A T SCRRGE -

ARSI o IR Sk B/ NI EY) 1R S B
CT(micro-CT) JEA“#He %, ik 2 e 53k B /N R AR
BNIBCE KB /NRIEAT =) ) #h 5 Aa R v, T
fREEAR T Garden %2845 %405 micro-CT JE 544 LA K&
FIERIE Z A] R RH S A, D BIF 5 e i S 3 R i T
B RIRBE S A R LR )2 R AL AR B AR

1 RS

1.1 ##

111 ##RR BEI30 A 12 A4 L
Ay R R L N RE N o o= S L B U
Oy HE X LRHEBR WS TE 15 BT L R R At A S B i
PIRIIAELE o 530 i 1 B et R 1 %) P9 38 10° %2
SNEH 300 /N B, o, SR R Sk BNV
F 74T micro-CT A 240F 58 5 E 4 0 SRR,
FARABWE Sk B /N RIBR 1 B A 2 vk T
i WO R B Sk i /N HEA T A TR 483
5y, DT 3k G AR 2 2O B /N GE T “F P BB IR R
1.1.2 RREEALRZEERFAE R T 906
I A SEE AR TR BB 30 ity U S0 Ay T S AP 5 ) 7
Gy THAE IR E/INE D5 R UK Oy R /N 3
fF B 004 ARIEFEASRIZR 5 2 5 Ty /N
73 1) Z AN [ £ R oA o8 B 10° A4 B 10°
20° 30°41(WLIE 1) . HFI#FREBMFERE LS
NIRRT B Sk B /N R B 40 3k (418 &
0.39) mm x (3.81 £0.34) mm x (5.92 £0.53) mm
5(5.28 £0.60) mm x (4.65 £0.44) mm x (8.99 =
0.70) mm, I35 Bl k5 /N 94 A DL
JBEHE Sk B /N 43 S b, 58 AR R Skl
AN AFEA T micro-CT 94, 1 HAR 36 Ml A 7
PRSI, 43 A N B Sk /N R UEA 7406 35 46
R, AR T AR B K 2 A e B REA, 1
micro-CTHH 5 F12£ INARZ /T K AEAAF LT -20 °C
Ve v, LU A] RIS H 2= R E R A2 Ak



Do, % TRAERT TRELENRENEM N
MA Jian-xiong, et al. Biomechanical properties of trabecular bones in femoral head
under loads with different angles 523

(b) NJBtirk

(a) FBak
H1 BB
Fig.1 Trabecular specimen (a) Ovine femur head, (b) Human

femur head

1.2 KA *

1.2.1 micro-CT 24 JHAERFTRER, FFHTS
FlE S5 #E4T micro-CT 94 F BB IE TR 22 &
MG E A i SIS R Z MR R . FE
INGE A A IneonPET/ SPECT/micro-CT 34 4
(Siemens /A ], 5[ ) , 7€ 80 kV 500 wA 54Tk
1724 CT 4 5 UG AL, S 0 B 17 um,
PG E AL RS, NECE T 5L EiE /N
A7 PEEH A% 3. 30 mm 5 17 um x 300 2 1 [EHTE
PCHRDCI, TR A B /N S B S A AR o
@ H/NE%E (number of trabecular bones, Th. N) ; %
SRR RS N B /NI B ) B /NGEJREBE (trabecular
thickness,Th. Th) . B /N2 HEH R, B /NGE =
ey s Sy TSR AR )  H TR R Y
PEU ;B B /NZE[E] BE (trabecular separation, Th. Sp) :
H/NRZ BT FE R @ B RS B AR
Z It (bone surface vs. bone volume,BS/BV) ;3 &
R FR53% (bone volume vs. total volume,BV/TV) . 3%
SE 40 K I B A GURIR R BT R A
1.2.2 443K micro-CT HH )5 K21 F
A FEER K (R A BT BOSE-3510 2 25 77 24 ik
5 (BOSE A w), K E) , # 47 - 10 N Fil 2 fif
30 s, il 4 S M 2L T 58y Hefih . D) 40 Hz SR AF:

WA A e v B AT 5 AL B A R EAT L sk EAT
1 mm/min R AR BRI EBIA . L R 7
i T (25 C)HEAT 70 eBeas R v AR ER
SEEE i A B4 S AR A . AR 1 A O -

e =

K : Ao NS 255 Ae SR 25 S Ry gt # h
B /INREREA ) 52 J1 R 5 L Ry INERH /N R Y
IR

1.2.3 JAFRER%RE FEEHE T (25 C) A K
Ter kB /N A F BOSE-3230 875 J) 2
MK R 58 (BOSE A Al £ ) o Wk LA K g ic
A S AR IR R . A B g6 A5 AP
TRF B Sk B /NN F) - AR R AE 0% ~
-0.7% W ARE B RAE HL B WK 2(a) ],
U, BEH - 0. 7% ~ — 1. 0% [ 2% 3 [l i 47 550 % Oy
0.2 Hz(P ARG PR MR 11 3, K55 11 IRAG 3
Iz VIR AR A REA R iR s A e [ L
2(b) | Pras st A AR

g g .

EO — max min (2)

Emax T Emin

RIS =0..007 (RL A1 2 4 PEER P 2. 0 Mty

AR MEZ - 2% N AS[ W 2(e) ], IA R A B 3
B L IR N -

F. =0.007-E,-S+F, (3)
K F o F o 20 5T A 3 ay 1 B KRN e/ IMEL ( RP
WM o 0501 L3 A5 Al AR it B v T 2B A 7 1 A
INEAGIA UKL, AT B3 & LA AS 1Y) B i P R
S o) A e AR AR G AR R K AR
1.2.4 %it3 o4 FIH SPSS 19.0 48224 4
RIS I ) 2R R A RS micro-CT U 545
AT o PSS SR B s (E 5 344K = pnifE 22 Ty
KRB PR ZE Ty 2504 (ANOVA) 47 2 1]
P, Ho A 9 P G 38 B SR ) Scheffe 22 51 K 56 7k o
P <0.05\ R HAG I L.



EREMANE £30% Fo6H 20155124

524 Journal of Medical Biomechanics, Vol. 30 No. 6, Dec. 2015
3 (b) =200 . (©)

& g —150 7%

= S iz,

P P <-100

8 g, =

i & =50 Fmin

1 ] 0 ] 0 1 1 |
0 0.01 0.02 0.03 0.04 6 7 9 10 11 1.5 2.0 2.5 3.0
Strain Strainx 10° t/s

2 ERIEBFEAIREEE  (a) NBCE Sk i/ - RS 2 P IO T S0 A i L, (b)) BRI Y T P9 R4 O B 28 LA 5 )
B (F i A BAT) L () ARAEIN ) WA F oo 5 F o FOEATIE BN AT R PR R 4

Fig.2 Procedure of setting cyclic loading condition (a) Range of strain in linear part was selected from the stress-strain curve of human trabecular

bone in the femoral head, (b) Initial elastic modulus was measured during cyclic load within the range of strain in linear part ( F,;, was indicated

as initial load) , (¢) Cyclic compressive test was conducted in the range between F,;, and F,  calculated according to the formula (3)
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