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Abstract

Purpose: The aim of present study is to evaluate a possibility of clinical application for the effect of low intensity ultrasound stimulation
(LIUS) in mechanical characteristics of bone on osteoporotic fractures prevention.

Materials and Methods: Eight virgin ICR mice (14 weeks old, approximate weight 25g) were ovariectomized (OVX) to induce osteoporosis.
The right hind limbs were then stimulated with LIUS (US Group), whereas left hind limbs were not stimulated (CON Group). Both hind
limbs of all mice were scanned by in-vivo micro-CT to acquire two-dimensional (2D) images at 0 week before stimulation and 3 weeks and
6 weeks after stimulation. Three-dimensional (3D) finite element (FE) models generated by scanned 2D images were used to determine
quantitatively the effect of LIUS on strength related to bone structure. Additionally, distributions of Hounsfield units and elastic moduli,
which are related to the bone quality, for the bones in the US and CON groups were determined to analyze quantitatively a degree of
improvement of bone qualities achieved by LIUS.

Results: The result of FE analysis showed that the structural strength in US Group was significantly increased over time (p<0.05), while that in
CON Group was statistically constant over time (p>0.05). High values of Hounsfield units obtained from voxels on micro-CT images and high
values of elastic moduli converted from the Hounsfield units were dominantly appeared in US Group compared with those in CON Group.
Conclusion: These finding indicated that LIUS would improve the mechanical characteristics of osteoporotic bone via the effects of bone

structure (bone strength) and quality (Hounsfield unit and elastic modulus). Therefore, the LIUS may decrease effectively the risk of
osteoporotic fracture in clinics.
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Fig. 1. Identification of osteoporosis occurrence via 2D micro-CT images and 3D reconstructed models.
(a) Representative 2D micro-CT image, (b) Representative 3D reconstructed model. it is identified that trabecular bones were disappeared after OVX.

136 | J. Biomed. Eng. Res.



Dae Gon Woo, Chi Hoon Kim, Ji Hyung Park, Chang Young Ko, Han Sung Kim, Jin Man Kim, Sang Hee Kim, and Dohyung Lim

I 2, MUT ZSTRIT ALY, 220 47 ol 223 X127|E 53

23°43°C, 4% 5 S0:10%), 12413} 37 !
Fath REH A FHTES L] Yot dadAe
(Ovariactomy; OVX)Z A3t 1 3 35 Bk 459 X
&3 ETHE S RIS tHFig. 1). RE
B39 (National Institutes of Health; NIH)*] % 7]

A, AP FEL ANy B8 B35 2 A}go J*‘r?} bAE

il et AR E A

it
AL
:Jd
d s
o
I,
X
b

B. 23043

i dAE F gulele] 2 2% vhe] 3 le}
(334 1.0kHz, 2% 30mW/em’, B2 2 200yus, 227k
20min/day, Sdays/wk, 6wks) FARIA (US;L), A% o] <]

T e 239 A= éA}o}xl #ATHCONE). ©] @) CON
T 899 25 AFE A ¥L AF Ul E gaTrer
4% O}A}\I:]’(Flg. 2).

Aol 2ot

(a) (b)

I 3. LR DK, (a) 0 MISHSHS ola|xlolAf2] 2H o] ey
(=]

(il =Br= iy Bl 1

Tetes R X R34 2E S MMET] 2510] M L ofA|

—Oo=20

eEZrR| 5
Fig. 2. Configuration of LIUS system. Ultrasound stimulation is applied to the right hind limb through ultrasound transducer attached on the wall of the water bath.
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Fig. 3. Process of FE modeling. (a) Selection of bone on micro-CT image, (b} 3D reconstruction of micro-CT images, (c) 3D FE models of US (down) and CON (up)
Groups. The hind limbs of all mice were scanned by in-vivo micro-CT to generate 3D FE models.
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Fig. 4. Application of compressive dispacement to FE model to calcutate structural strength. Compressive displacement and boundary condition are applied to the
surfaces at the top of the bone and at the bottom of the bone, respectively.
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