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Abstract : We intended to evaluate the Young's modulus of trabecular bone of a human distal femur by spherical indentation
test and CT images and to quantify relationships between the direction of load. density, and Young’'s medulus. The specimens
were scanned at 1 mm intervals on CT scanner. After scanning, the bones were sectioned with diamond saw, producing 8mm
cubes of trabecular bone. The cubes were mechanically tested in inferior-superior(IS), anterior-posterior(AP), and
medial-lateral(ML) direction with custom-made device. After testing, the real apparent density of specimens were measured.
The results of this study showed that the IS modulus was significantly greater than both the AP and ML modulus and the AP
modulus was also greater than ML modulus significantly(p<0.01). A significant power relationship between the apparent
density and the modulus was also found.
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Fig. 1. (a) Total shape of distal femur with saw marks defining 8-mm columns of bone
(b) Computed tomography scan of the same femur
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Fig. 2. Axial(a) and Transverse(b) cutting with diamond saw

I. Data Acquisition System

11. Motor Control System B I11. Measurement Instrumentat

Fig. 3. The configuration of total indentation system
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Fig. 4. Verification of the elastic modulus measurements
using spherical indentation tester
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Fig. 5. (a)The different segments of the indentation test (b) Spherical Indentation test for cube trabecular bone

(a)

(b)

Fig. 6. Compression test for trabecular bone cube by Instron 8511 (a) Instron 8511 system (b) Custom-made Zig and

Specimen
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Fig. 7. The relation between apparent density and HU

% < B4t} ®=3 Instron 85118 AMHESE AFA|He] F3)

AU He Aot frASHAl [SWEke] FEo] AP
5}14 EAGH oz AA vepdE ¥ ¢ U3, BE AL
o s BAHOR {og Aol7t &S & F AN
t}.(Fig. 8, p<0.05)

4 NEE Bl Ao waEe A9 Hounsfield
Unit, 222l 24 Al#He] ¥uje} TAE T3 7¢ 2Er] 2
w9l #AE A ugdrt 2 A3 Hounsfield Unit7} F71g
o mel W BAATT SUksle HHE BYon, 39
Mg Bt MY o AFAHA #BA(R=0.33~0.36) HrHe=
759 -‘r}ﬁ](R =04~042)7t B & BANE ¥nYeH F
AgHe= foldt 2ol3 JERITh(p<0.05) Eg AA AH
2Ry dzele] @A e P ddATTE RE W
ol gty HEALR Frtehe 74% E 4 g9l9leH, Houn-
sfield Unitebe] #Aet wpazbd 2 4849 BA(R*=0.42~051)
wrh HE5e AAR=05~059)7 Tﬂ =2 IAEE HIon,
A FAGH R Fog Aol VeEbTh(Table 1, p<0.05)

=
o
o ol

ﬂll

r #F

Table 1. Relationship between HU(Hounsfield Unit),
Spherical Indentation

Apparent density(g/cm3),
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HU Apparent Density HU Apparent density

n slope r2 slope r2 Power r2 Power r2
IS 72 0.0036 0.3539 3.8681 0.5111 0.0029 0.4241 4.2773 0.5855
Distal AP 72 0.0025 0.2844 2.5322 0.4279 0.0110 0.4000 2.6801 0.4966
Femur ML 72 0.0027 0.3630 2.7020 0.4226 0.0014 0.4120 3.2857 0.5088
Total 216  0.0030 0.3241 3.0318 0.4165 0.0033 0.3910 3.3479 0.4907
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