Effect of Vibration on Lumbar Bone of OVX Rats
compared with Risedronate-dosed Rat
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Abstract— Many different prevention and treatment regimens
have been developed to resolve the growing problem of the
osteoporosis. Some researchers showed positive effects of whole
body vibration (WBV) on osteoporotic trabecular bones of
animals. In the present study, the correlation between the
morphological and mechanical characteristics and the treatments
(interventions and whole body vibration) was investigated and
analyzed. The rats were randomized into 3 groups: CON, DRUG
and WBV 45Hz. The DRUG group was administered the
risedronate (Actonel, 0.58mg/Kg, Sdays/week). The WBV 45Hz
group was vibrated on a vibration-plate (magnitude : Immpeak-
peak, frequency : 45Hz) for 30 minutes every day in 5 days every
week. The 4th lumbar on rats was scanned by In-viveo Micro-CT
at the week 0 (just before treatment) and the week 8 (after
treatment). Structural parameters and moduli of the 4th lumbar,
based on two dimensional (2D) scan image data, were
investigated and analyzed. The change of quantity and
mechanical strength of trabecular bone on WBV 45Hz and
DRUG groups were lower than that of CON group. There was no
significant deference between WBV 45Hz and DRUG group. The

results showed that WBYV beneficially affected osteoporotic bones.
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I INTRODUCTION

Osteoporosis, a disease characterized by the progressive
loss and weakened strength of bone tissue, is one of the most
common complications related with aging, especially post-
menopause. Osteoporosis is accompanied with fractures that
occur at the spine and many other sites[1-2]. Social cost for
treatment and prvention of osteoporotic fractures increased in
the world[1-2]. For treatment and prevention of osteoporosis,
interventions such as estrogen and bishosphonates are mainly
used in these days. The risedronate can improve biomechanical
properties and decrease the risk of vertebral fracture related
with osteoporosis[3-5]. However, the intervention treatment
could be accompanied with adverse side effects[6-10]. Some
researchers showed that vibration was an effective method to
prevent a fracture related with osteoporosis[11-17]. However,
there were few studies for detecting and tracking the effect of
vibration on osteoporotic bone of living animals.

Beob Yi Lee
Department of Anatomy. College of Medicine,
Kunkuk University
Chungju, South Korea

In the present study, not only morphologies but also
mechanical characteristics in the lumbar vertebra of rats were
detected and tracked to investigate the effect of whole body
vibration (WBV) by using finite element (FE) analysis, based
on acquired images from In-vivo micro computed tomography
(In-vivo Micro-CT, Skyscan-1076, Skyscan, Belgium).

II.  METHOD

All procedures were in accordance with approved National
Institutes of Health (NIH) guidelines, under a protocol
approved by the Yonsei University School of Animal Care
Committee.

For this study, 8 virgin Sprague-Dawley (SD) rats, 14-
week-old, weighing approximately 250g were housed in an
individually ventilated cage (IVC) under standard condition
(room temperature 23°+£2°C, humidity 50%+10%). The period
for day and night was alternated every 12 hours. 8 rats were
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Figure 1. Vibration test machine to whole body of rats.
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TABLE 1. STRUCTURAL PARAMETERS
BV/TV(%)* Tb.Th(um) Tb.Sp(pm)*+ Tb.N* SMI*¥
WEEK 0 WEEK 8 WEEK 0 WEEK 8 WEEK 0 WEEK 8 WEEK 0 WEEK 8 WEEK 0 WEEK 8

CON 45.12 18.89 145.62 136.14 176.95 307.96 3.10 1.38 1.02 2.45

+2.07 +5.45 +2.04 +5.23 +5.62 +56.77 +0.13 +0.38 +0.17 +0.23
DRUG 45.22 30.17 148.75 142.81 184.61 239.98 3.04 2.11 0.96 1.82
WBV 451z 34.28 23.16 134.83 134.08 191.87 250.21 2.54 1.72 1.74 2.27

+0.52 +4.02 +0.39 +6.15 +1.95 +1.08 +0.03 +0.22 +0.04 +0.22

randomized into 3 groups (CON : 5, Drug : 1, and WBV 45 : 2).

All experiment groups were ovariectomized (OVX) to
induce osteoporosis. DRUG group was administered risdronate
(Actonel, HANDOK Pharmaceuticals Co., Ltd.) orally by
catheter at 0.58mg/Kg for 5days/week. For 30 minutes/day for
5 days/week, the rats in the WBV groups were stood in a
customized cage and were stimulated on a vibration test
machine (Fig. 1, , 45 Hz, Immpepeas). The frequency and
peak-to-peak acceleration were calibrated by a vibration meter
(SHOWA SOKKI, JAPAN) before stimulation.

The 4th lumbar vertabrae of rats were scanned by In-vivo
Micro-CT at week 0 (just before treatment) and week 8§ (after
treatment). To minimize quantity of radiation exposure for rats,
35um resolution and the shutter was used.

Three dimensional (3D) structural parameters were
calculated by acquired images from In-vivo Micro-CT. The
volume of interest (VOI) selected a 4.9mm length of trabecular,
locating 1.4mm below the anular epiphyses (Fig. 2.). In the 3D
analysis, the bone volume fraction (BV/TV, %) was calculated.
Trabecular thickness (Tb.Th, um), trabecular separation (Tb.Sp,
pm) and trabecular number (Tb.N, 1/mm) were measured
directly on 3D model. The relative prevalence of rods and
plates in the trabecular bone can be measure by using the
structure model index (SMI). The SMI value is 0 for an ideal

Range of VOI(volume of interest)

Figure 2.

CON : CONTROL, WBYV : Whole Body Vibration, mean+standard deviation
* Statistically significant by ANOVA between CON and WBV 45Hz groups within p<0.5

T Statistically significant by ANOVA among groups within p<0.5

plate-like and 3 for a rod-like trabecular structure. Woo et
el.(2003) showed that the results of FE analysis were accurate
until 84pumx84umx84pum cubic block[18]. Voxel models with
70umx70umx70um cubic blocks for FE analysis were
generated from acquired 2D cross-section images by using
BIONIX 3.3 (CANTiBio Co., Korea). The bone volume
fraction of FE models was similar to that of structural
parameters. The material properties of rat bone were assigned
the value of Kinney et al.(2000), 12.5Gpa (Young's modulus)
and 0.3 v (Possion’s ratio), and all FE models were assumed to
be isotropy[19]. To investigate mechanical characteristics in
the whole vertebral bone model of the 4th lumbar vertebrae,
simulated compression tests of 3D FE-models were performed.
Displacement boundary conditions were applied to the FE
models to simulate a compression test.

For the elastic characteristic of micro-FE analysis,
structural modulus was measured by applying a compressive
displacement of 0.5% strain. All FE analyses were performed
by using the FE software (ABAQUS 6.4, HKS Inc, U.S.A).

The effect of whole body vibration was investigated using
analysis of variance (ANOVA) based unbalanced single factor
between structural parameters or structural moduli and groups.
In addition, Duncan’s Multiple Range Test (Duncan's MRT)
was used to compare average values of structural parameters
for each group.

III. RESULT

To detect and track for change of morphological
characteristics on rat lumbar trabecular bone, structural
parameters were calculated from images which were acquired
by In-vivo Micro-CT (Table 1, Fig. 3.). For BV/TV, Tb.Sp,
Tb.N and SMI, there were significant difference between CON
and WBV 45Hz groups by ANOVA (p<0.05). However, In
Tb.Th, there was no significant difference between CON and
WBV 45Hz groups. The results showed smaller loss of
quantity and the least change of structure in WBV 45Hz groups
than that of CON group. In structural parameters, there were no
significant differences between DRUG and WBV 45Hz groups
by Duncan's MRT. The changes of 3D architecture from 0
week to 8 week in a identical rat were shown in Fig. 4. To
detect and track the change of mechanical characteristics on rat
lumbar trabecular bone, structural moduli were measured by
FE analysis (Fig. 5). The relative values of structural modulus,
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Figure 3. Structural parameters (a) relative value, normalized to the values
for the week 0, and (B) SMI. * significant difference between groups by
Duncan's MRT method within p<0.05.

normalized to the values for the week 0, were shown in Fig. 6.
The relative values of structural moduli in groups of 45Hz were
significant bigger than that of CON group by ANOVA
(p<0.05).

However, There were no significant differences in
structural modulus between DRUG and WBYV 45Hz groups by
Duncan’s MRT.

IV. DISCSSION

In the present study, the effect of whole body vibration
(based on the mechanical stimulation), on osteoporotic bone
were evaluated by the biomechanical method, combined with
In-vivo micro-CT and micro FE analysis. In vivo Micro-CT
system make it possible to perform longitudinal studies in
identical small animals (rats). The biomechanical method was
non-invasive or non-destructive and was able to detect and
track changes of morphologies and mechanical characteristics
in the lumbar vertebrae of identical rats and to reduce the
sacrifice of animals needed, and to accurately measure
morphological changes of the bone. In the result, the
biomechanical method would cut the cost of experiment and

Figure 4. Changes of 3D structure among groups at 0 week (left) and 8
weeks (right) in identical rats, (a) and (b) CON group, (c) and (d) DRUG
group and (e) and (f) WBV 45 Hz group.

(@ (b)

Figure 5. 3D models in the 4th lumbar of the rat. (a) 3D FE model and (b)
simulated result of FE model (top view)
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Figure 6. Relative value of structural moduli normalized to the values for the
week 0. * significant difference between groups by Duncan's MRT within
p<0.05.

ethical issue.

The vibration test with magnitude Immpeupear, and
frequency of 45Hz performed to rats in WBV 45Hz group.
DRUG group was administered risdronate orally by catheter at
0.58mg/Kg. In the lumbar trabecular bone on OVX rats in
WBYV 45Hz group, there was smaller loss than that in CON
group. The results supported that whole body vibration was
able to prevent loss of osteoporotic trabeculae bone. The
relative values of structural modulus in 45Hz group
significantly increased, compared with CON group. The results
indicated that whole body vibration was able to prevent weaken
of osteoporosis of trabecular bone. However, there were no
significant difference in the loss of quantity and relative values
of structural modulus between WBV 45Hz and DRUG groups.
These results indicated that the effect of whole body vibration
was similar to that of risedronate. The previous studies showed
that the risedronate could improve biomechanical properties of
osteoporotic bones and decrease the risk of vertebral fracture[3-
5]. In these results, the vibration with 45Hz and 1mmpeak-peak
was likely to have a beneficial effect on osteoporotic bones
quality as well as quantity which was also investigated by
Flieger et al.(1998), Oxlund et al.(2003), Rubin et al.(1995,
2001a,b, 2002), and Verschueren et al.(2004)[11-17].

The previous researchers investigated the effect of vibration
on osteoporotic bones which were close to vibration-plate.
However, the present study was investigated for changes of
lumbar bones which were far from vibration-plate. These
results were similar to Rubin et al. (2003)[20].

In conclusion, whole body vibration will be likely to treat
and prevent osteoporosis, and partly replace interventions such
as estrogen and bishosphonates.
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