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Abstract. In this study, the dynamic properties of a cell in vitro are analyzed using
the finite element (FE) model. An idealized FE model of a bone cell is developed,
and then FE analysis is performed to study its vibration in vitro. The first ten natural
frequencies of the bone cell can be obtained using the FE method, which are 11.35
Hz, 11.39 Hz, 15.51 Hz, 23.38 Hz, 25.64 Hz, 25.71 Hz, 30.82 Hz, 30.89 Hz, 35.27 Hz
and 35.34 Hz, respectively. The mode shapes of the first ten modes are presented as
well. In addition, the frequencies of 1-80 Hz and acceleration of 0.5 g (9.8m/s?) of
base vibration have been applied to the harmonic vibration analyses. The relationship
of displacement versus frequency is plotted based on the responses for the harmonic
vibration. This study will help us further understand the in vitro vibration
characteristic of a cell.

Introduction

According to previous studies [1, 2], the vibration frequency is very important for
bone cells to implement some processes, like bone resorption and bone formation.
Generally, the range of vibration frequencies is selected between 1 Hz and 100 Hz for
the bone cell in-vitro studies [3, 4].

The aim of this study was to investigate the vibration responses of a bone cell
osteoblast in vitro using the FE method. Firstly, the natural frequencies and mode
shapes of FE models were obtained. Furthermore, the harmonic analyses were
carried out with base excitation 0.5 g and a vibration frequency range between 1 and
80 Hz. Finally, the response curves of displacement versus frequency were obtained.
This study can provide guide and references for vibration experiments of bone cells in
vitro.

Materials and Methods
Geometry

Based on the images of the cells in vitro [5], an idealized modelling was developed
using FE software ABAQUS (Fig. 1). The cell is comprised of three parts, i.e. cell
membrane, cytoplasm and nucleus. In this study, the whole volume of the cell is about
3000um3, the volume of the nucleus is ~105um3, the membrane thickness is ~ 6 nm
[6-8] and the cell height is ~ 13um. A shell element S4R and a solid element C3D8R
were used to represent cell membrane and cytoplasm/nucleus, respectively.
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Figure. 1 Finite element modelling of a  osteoblast. (a) The whole model; (b) cell membrane and (c)
cytoplasm and nucleus.

Material Properties

The linear elastic isotropic material property was used in this study. The material
properties of a bone cell are presented bellow [8, 9]: Young moduli of the cell
membrane, cytoplasm and nucleus are 1kPa, 1.5kPa, and 6kPa, respectively.
Poisson’s ratios of the cell membrane, cytoplasm and nucleus are 0.3, 0.37 and 0.37,
respectively. Densities of the cell membrane, cytoplasm and nucleus are 600kgm,
1500kg m™ and 1800kg-m>, respectively.

Modal Analyses

Natural frequencies can be obtained using ABAQUS. The governing dynamic
response equation of vibration of a bone cell may be expressed in Eq. (1) [10]

Mii+Ci+Ku=F (1)
where M, C and K are mass matrix, damping coefficient matrix and spring stiffness

matrix in the system, respectively. F is loading, and %, % and u are the acceleration
vector, velocity vector and displacement vector, respectively.

The undamped vibration of the system and only one degree-of-freedom (DOF)
were considered in this study. In the FE simulation, the bottom surface of model
was fixed.

Results and Discussion

Table 1. Natural frequencies for the first ten modes of the finite element model of a bone cell.

Mode Number Natural Frequency (Hz)
11.35
11.39
15.51
23.38
25.64
25.71
30.82
30.89

35.27
35.34
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Figure. 2 Shapes of the first ten modes (viewed from the top) of the finite element model of a bone
cell. (a) The 1st mode; (b) 2nd mode; (c) 3rd mode; (d) 4th mode; (e) 5th mode; (f) 6th mode; (g) 7th
mode; (h) 8th mode; (i) 9th mode and (j) 10th mode.

The natural frequencies were extracted for the first ten modes of the FE model (Table
1). In addition, the vibration mode shapes of the cell were obtained for the first ten
modes of the FE model (Fig. 2).

The natural frequencies of the first ten modes of the bone cell are ~ 11.35-35.34
Hz (Table 1). The natural frequencies of a bone cell were previously obtained by other
studies. For examples, the first ten natural frequencies were ~9.95-211.05 Hz [11] and
the first five natural frequencies were ~ 18.11-21.05 Hz [12]. Compared with these
previous results, it can be found that the natural frequencies obtained by our FE model
are consistent with the values in the literature.
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Figure. 3 The relationship between the displacement of the centre of nucleus and the natural frequency
of the bone cell in different directions. (a) 0.5 g acceleration in X-direction; (b) 0.5 g acceleration in
Y-direction and (c) 0.5 g acceleration in Z-direction.

In addition, from Fig. 3, it can be clearly observed that the peak values of the
displacement of the center point of the cell are nearly the same and occur at nearly
the same frequency for the X-direction and Y-direction. While for the Z-direction, the
peak displacement value of the center point of the cell is smaller than those of the
other directions (X-direction and Y-direction) and occurs at the fourth mode of natural
frequency. The differences caused by the shape of a cell are also apparent (Fig. 1).

Conclusion

In this present study, a FE model was developed to conduct the vibration analyses of a
osteoblast in vitro. The natural frequencies were extracted which were between 11.35
Hz and 35.34 Hz. This range accords with data from the previous studies.
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Furthermore, the harmonic analysis was carried out to analyze the vibration responses
for the base excitation with 0.5g and frequency range between 1 and 80 Hz. The
results showed that the peak values of the displacement of center point of the cell
occurred at the first mode natural frequency for the X-direction and Y-direction. The
peak value of the displacement center point of the cell occurred at the fourth mode
natural frequency for the Z-direction, and this is because that the shapes of a cell are
different in three directions.
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