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Abstract : This study investigates micro-structural and mechanical properties of trabecular bone in human femoral head with and without osteoporosis
using Micro-CT and finite element-model. 15 cored trabecular bone specimens with 20mm of diameter were obtained from femoral heads with
osteoporosis (T-score > -2.5 ) resected for total hip arthroplasty, and 5 specimens were removed from femoral head of cadavers, which has no history of
musculoskeletal diseases. A high-resolution micro-CT system was used to scan each specimen to obtain histomorphometry indices. Based on obtained
micro-images(pixel size=21.31um), a FE-model was created to determine mechanical property indices. While non-osteoporosis group had increases
trabecular thickness, bone volume, bone volume fraction, degree of anisotropy and trabecular number compared with those of non-osteoporotic group,
the non-osteoporotic group showed decreases in trabecular separation and structure model index. Regarding the mechanical property indices, reaction
force, apparent stress and young’s modulus were lower in osteoporotic group than in non-osteoporotic group. Our data shows salient deteriorations in
trabecular micro-structural and mechanical properties in human femoral head with osteoporosis.
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Fig. 1. Coring in human femoral head(OP: Osteoporosis,
Non-OP: Non Osteoporosis) (a} Cylinderical saw, (b) Coring of
femoral head, {c) Cored specimen OP & Non-OP
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Fig. 2. 2D micro-images of trabecular bone with and without
osteoporosis

(a) Femoral head with osteoporosis, (b) Femoral head without
osteoporosis {up: sagittal images, down: cross section images)

(b)

Fig. 3. 3D micro—-image of trabecular bone
(a)Femoral head with osteoporosis, (b) Femoral head without
osteoporosis
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32k9) mule 239 HA4L ulgo=®  CTAnalyser™
(SKYSCAN, Belgium) 43 E ¢ o] & ©]-8-3}¢] 4742 (growth
plate)g T2 2 AF 5.7lmm, £°] 4.60mme] FL 3 913
A #HAFH(VOL Volume Of Interest)e A I,
ANT™(SKYSCAN, Belgium) 2~ZE9|o]Z o] §3le] 3319
4538 2d & A A(reconstruction) 3+ 9 th(Fig. 3).

& ) X 4=(histomorphometry index)[9] & ANT™M 2z &
A& olg-sto] 23 A4 FAF FA(Tb.Th, trabecular
thickness), & 243 74 (Tb.Sp, trabecular separation) 2] 1
Z 4 7)=(Tb.N, trabecular number)$} 3 2} A 4=21 F A
Z(BV, bone volume), & HZH|(BV/TV, bone volume
fraction), o]®¥A =(DOA, degree of anisotropy) 18|31 F=&
2ol A= (SML, structure model index)& T3} G thH(Table 1).
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Fig. 4. Hexahedron mesh of trabecular bone microstructure
(a) Femoral head with osteoporosis, (b) Femoral head without
osteoporosis.
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4 BdoA] we] v F2E H g wrgsty] 93l
A &g 8 2] 4> (histomorphometry index)?] A HRB|(BV/TV)
o fete s 2E e AAY)BV/TVe)E 2A 317] 93k 34
=] (threshold value)E Z2}sla & A (element) -5 Z A3 =

M-S AL SHATHS]. o &2 Theat 2t
BV/TV=BV/TVE = element/voxels

FEas 4L ANSYS 6.1(ANSYS. Inc) AT E o] &
olggom AAxHL dFE HTasRdY FIP
(bottom face)E -4 (constraint)st i HA4HH (top face)ol] 1%
o] W¥E(e, strain rate)& HEHUE o AEsh= WHR,
reaction force) 7} ¥te] @ R Ao o3 AtH = TH-EH
(0., apparent stress)[10] 28] 31 %4 &(E, Young's modulus)&

785 th(Fig. 5).

Fig. 5. Boundary condition: For compression test model a strain
of 1% was applied at the top face(D) while displacements

were constrained at the bottom face(@®).
2 3
L HATE S49 B4 A%

G Ao A3 viA FE S EH dd = FUE S
°f & HEEFF FEFol UdE dEEF nlEA
Tb.Thi 14.98%, BVE 84.73%, BV/TVE 84.65%, DOAE
017% 2)3 Tb.NE 48.11%7} F7H§l2 5, Th.SpL 49.00%
18] 31 SMIE 23.70% 7} 22 3 tH(Table 1).

Table 1. Histomorphometry indices of trabecular bone with and without osteoporosis

Tb.Th(mm) | Tb.Sp(mm) | BV(mm?® BV/TV(%) DOA SMI Tb.N(mm™)
Non—Op 0.186 0.233 66.337 45.168 0.432 0.624 2.633
(£0.045) (£0.144) | (£10.832) | (+7.375) (£0.020) | (£0.320) | (£0.835)
op 0.162 0.461 35.911 24.461 0.431 0.817 1.778
(£0.028) (+£0.166) (+7.872) (£5.373) (+£0.040) | (£0.182) | (£0.774)
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95.87%, oa+t 89.01% 12] 1 E= 89.01% 7} =4 4= i)
Table 2. Mechanical property indices of trabecular bone with and without osteoporosis
Re{N) 0a(MPa) E(GPa)
Non-0OP 637.892(+165.584) 24.723(+7.294) 2.472(+£0.729)
oP 325.665(+198.135) 13.080(+8.275) 1.308(1+0.827)
Table. 3 Statistical analysis of trabecular bone with and without osteoporosis
Indices Tb.Th Tb.Sp BV BV/TV DOA SMI Tb.N R¢ Ca E
Simbol ns sig sig* sig* ns ns sig sig sig sig

Data are anslyzed by Graphpad software, in which the ns, sig and sig* mean not significant (p-value>0.05),
significant(p-value<0.05) and extremely significant respectively(p-value<0.001)
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Fig. 6. FE-Analysis of trabecular bone
(a) Femoral head with osteoporosis, (b) Femoral head without
osteoporosis
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