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Estimation of Natural Frequencies in Osteoporotic Mouse Femur:
A Finite Element Analysis and a Vibration Test
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2 % OB BE A HHIY DRAESY ARE S5 detel FHALNNG AF ABE 53
Aok A7 UgoE FUIF 49 A 0F, BHEES A2d A 2§, 291 FToIF) gdE AV A 1§
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Abstract In this study, a finite element analysis and a vibration test were performed to estimate the natural
frequencies of mouse femurs with osteoporosis. Three groups of the femurs include the osteoporotic group,
the treated group and the normal group. For the finite element analysis, the micro finite element model of the
femur was reconstructed using the Micro-CT images and the Voxel mesh generation algorithm. In the vibration
test, the natural frequencies were measured by the mobility test. From the results, the averaged natural
frequencies in the osteoporotic group were the highest, followed by those in the treated group. The finite
element models were validated within 15% errors by comparing the natural frequencies in the finite element
analysis with those in the vibration test. The developed Micro-CT system, the Voxel mesh generation algorithm,
the presented finite element analysis, and vibration test could be useful for the investigation of the structural
change of the bone tissue, and the diagnosis and the treatment in the osteoporosis.
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1. = 132 A (nonhomogeneity) & W3d 4 gle B4 A
BE BIY & Yok 229 AAGS AvAse
A2 suelMe A7 w3t Fgel et ¥ zHo| MFAANL Y] st BEEY o
Foggol FEF £ FhEm Atk HE golNe] 7 Sa(pixe) o ZRE WA £I7Y
o 2AL 04 FWAA A B4 A% CT HEE G350 olg TUEY BASE W
o Az dastA H8, 2 olF waje] wet vl B 5 e AYAES BESADEI2. o] CT
9o 1% AR FaAo] WS B3, e 3 WE-E B4A WA JRE olLITW vy 4@
ol A7) oFe] Fadol 2w ooz F7k azd Z7ke] BANE IFoEN RzzAe
oI oS BHEFoR Astel WABOA WA AAH 54 WG & A He Aol
A%, #2274 g0 194 5o RYdM 2H A B fRezdANd N FAF &
ARl ST Atk B8, 2oEEd ol @as 2 44e u¢ Fad, YATERE
HE B Bhol WA Aol Axge] o B4 f¥8L wdo A4S B A x
ED FRFOL Y SHsEEo] WA Hol § o] am wuk ohz} obe ke vl
AA WS AAo)hm glA A o9k Zol & WA ANk Ao vEEY YFoREH 3
Ao 994 W FTriggol U Avrt il Y 4R8s 2UL A s, A%E ¥
¢ Fesitn & 4 Ao 9l 9 Abolo] 3349 & Al(hexahedron)E A
dutoz, g I Fadel Y B Fo YA Voxe 82 LTEE0| de A
zAo)Ne T2 Wat Jolt HEF(rabecular  H3 JTH7S).
bone)e] 7 B AAE ol 3A9H 72l W AeE f38s Bde o83t E HEAol
A =3, ool mat 2xAe JAY B4l W v IEE a2lm 2R A% AES d38] 9
tH23] ZEEE ges 22AdA F129 o do F2 SEsdo ATANL FF 9, ®
2 T TUEIL Aashs A T R 38 2e nfUERY 2o AR AAES
33 T2 A% A AR wWslepl Btk o]&@ £ vk WA Be ATAEL F2 1)
A FEE A9S st gAHoE AgHT  ASSHY EE 953G IR Y4 &
Qe WY FEE A FUARIE 24 5o @ez mde olgdte 39 HNn e HakE
BEd YT YRY A AN JEE HHoRE FAYYA 39 B AT7E 53
BYSE e AFoly) Wil ToFel A Fo gk U gEBY THAFS A A
A o wue) APH ABAL Wole Aol o} PEREo 2k DAY SHORA o YT BA
g @ vk ATole 2298 o8 Al & B WY 5 gle el oo tE A7t B
Ao ARE Wrlehe A7E 951 JoH4L o] WAL 9 @t} [513-15] LHAET HA
Ao v4 AuEzde) T4 4% 1Y FHoRe IF AYL 5 4des Fdd AT
ZANYES BRY 5 A UL MHESEY o] sbssith ol matd g8 sjyel Aze
(Micro-CI)& o83 e 2dYy 7PEs o8 Aoz PZFsr] A 2rissith =3 9 3
o188 FHa M) B A7rt BusA Iy Mol AATZEY FH 5A4E Yehled wald
H3 YrHE-10. EF BFEG 2" olgsld  nfASFE AATEEY 5 54¢ 2 B
28 249 ANE 912 vnAAe g A7 5 vk ols tEe] A% AYe AATRE
= AYHT o). LutEQl FEFACHOE AT F JE wAT(micro crack)el 9 54 #
RH A olulAe] @ stxpixe)e] ZE 02 ~  3F BAT F oA 2o AN Brld $8T
04mm Axe} Wz nH RS WYs) o] & dE 7FEAS /PIT ok
FAT v ARFEIE olgahd & 1W0um e 2 aA7edE # dE ol Ut fees ¥
HHEE A F4 oMXE A& 5 oA ¥ WL olgd THAES 4 % AF AFL
AR AWz gHE BFL 5 e Fdol A s FUEF) Be naAEsd weE B3
o EF P A9EEY oNAE ol A W, UEE FHE YPHoE EAY F e
=g At F2 e oA (anisotropy) ¥l AAGEA AxzM e S Fshe AS <
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T HEZ SYtE o2 sl FvhEEel ZY
A FEES NEDT H, 28 FTFEo| ¢
= A4 FAo dESd gstd mAREEd 3
AH Voxel 84 Zz 1388 olgata] vA £t
84 Rdg gy, CT HEE o|8ste] 84
@99 EAAE A3 o AdE {8
84 BdS o8 nHAFT ANFY F o oiE
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A% ANE 2748 f3as Mo 272 Biuy

=1 %0}04 AHEE #He dEE S 6
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Fig. 1 Mouse femurs used in this study. {a)
Osteoporotic femurs. (b) Treated femurs. (c)
Normal femurs

Fig. 2 Flat panel detector based Micro-CT system
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Micro-CTol| 4] @do]x o]u]x] Hio]ElE Voxel &

& FREAFE o83l MY AULL UL

Y& TH16]. Voxel £4E 2219 v&2dd o
49 4aE 9 AYNF EF(extrude)rA 3}
el SHAE 349% ot gEdd e o
B AE KR EXHoE 9d 94e BE
ol Wbzl wEe ¢9w Alolo AYUNE F4E

EE A7 ¢ 9e] Qa(element)r} A BT
ol2 7} wdol bl wE Aysd SWA g
(hexagonal element)2 olF ozl AA 3z H-3
a2 a9 Fao] 44U 1 F, 7 %oﬂ
Aol Y X-Ae ek 58 e
¥ 3 (Hounsfiled Unit; HU)E o| &3}y 7z} _9_/\1:]-
=RAE WAt F1 AR BHE £Ps}
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Software Inc., CA, USA)S A}&3t3itt 283 E
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(¢) Node and element
of voxel

(d) Shape of voxel mesh

{b) Pixel of bone region

(a) (o)

{e) Voxel mesh of
proximal femur

Fig. 3 Finite element modeling of mouse femur
based on voxel mesh algorithm. (a) Pixel
view of bone boundary. (b) Pixel of bone
region. (c) Node and element of voxel. (d)
Shape of voxel mesh. (¢) Voxel mesh of
proximal mouse femur
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71, 7 Rz 2 g lﬂ% 7|(force transducer) :La
xgg,]_ 0],1,]1:—1)\ o]]
(Fig. 4). A&
ERAAAL olgalel A UHNEE <
=d 2ZAAT Fope B2V AsEgrE
B8l Bl 713 AlZ (excitation signal)7} %
1 AR F 71309 FAF Az ARE A
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Fig. 4 Schematic diagram of the mobility test for
mouse bone

WA 122 180 ~ 20.6 Hz,
A WA 22e 179 ~ 194 Hze] HYE Yz
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2434 éﬂrﬂwsﬂ AEF7t As A8 AelA
o AFFRG A Utk ol AF Y 2317
ftas Y 29 Aol A7 Aom nelm
e, FRassdiNe 24 (damping) AHE
aHA] &sky, FHe dEEE A2 AT Al
9 46@@ un Aus) AASA Fe A= (soft

Agglr HAg ¢ 9ol
L=, %Eﬂ(mode shape)E HW, 13 oA
R Z(frontal mode), 23} EEoAE A4
3z RIdMe F§g ns
(transverse mode)E Holal oW, Al Mo 2F
FES REDE R EERRE RS
Fo3zel 29 A9 dEBol A% xe
Roln e AL SUF3

a5

E (sagittal mode),

4
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Eoa=

x]o“l"a
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HastA He Q39
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91t} (Fig. 6).
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Fig. 5 Average natural frequencies as measured
by vibration test and finite element analysis

Fig. 6 Micro-CT (a)

images of mouse femurs.
Osteoporotic femurs. (b) Treated femurs. (c)
Normal femurs
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Table 1 Averaged natural frequencies of osteoporotic, treated and normal mouse femurs as measured by
vibration test and finite element analysis
Mode Group | Group I Group it Mode
Order Experiment| Analysis | Relative | Experiment| Analysis Relative |Experiment| Analysis | Relative Shape
(H2) (H2) error (%) (Hz) (H2) error(%) (Hz) (H2) error(%)
1st 229 25.8 12.7 18.9 21.3 124 18.7 215 15.0 F
2nd 244 - 277 133 233 26.5 13.7 215 244 135 )
3rd 411 465 130 350 406 159 328 374 132 T
4th 431 486 12.8 389 429 10.2 364 410 126 F
5th 434 49.1 129 39.9 446 12.0 39.1 439 122 S

= F 1 Frontal Mode, S : Sagittal Mode,

T * Transverse Mode
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