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ABSTRACT

Bone remodeling process influenced by cells osteoblast and osteoclast. The remodeling of cortical
and trabecular influenced by mechanical stimuli. In this study, cortical and trabecular bones of 25
years old humans were observed, and the result was the cortical bone has the average Young’s
modulo 17.9 MPa with the Poisson’s ratio of 0.4. Trabecular bone has the average Young’s modulo
of 13 MPa and the Poisson’s ratio of 0.5. The metal orthopedic bone screw, which has used in this
research simulation, was is a Titanium screw. The screw has Young’s modulo of 110 GPa and the
Poisson’s ratio of 0.29. The results of the simulation of femoral bone elasticity limit with standing
activity at the age of 25 were found in the left femur of 112.9416 MPa and the right femur of
115.5134 MPa. The limit of elasticity of the femur due to walking was found in the left femur of
115.2166 MPa with an accuracy of 94.11% and the right femur of 117.6692 MPa.
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Introduction

The major components of a bone are
cortical and trabecular, which are
continuously experienced destruction and
repairs through the remodeling bone
process.t This remodeling process involves
reabsorption of the old bone by osteoclasts
and the formation of at the new bone by
osteoblasts.?

Based on the research of Gholamreza
Rouhi shows showed that bone density
determined by mechanical stimuli.®> Bone
density may slow down or increased
depending on the size of the burden of a
mechanic who accepted.® In addition to
mechanical, stimuli it also affects the age of
bone density. According to Keaveny et al.
2004, the bones in humans will increase solid
and getting longer and longer up to density
maximum at the age of 30 years. After age
30 years, bone density will decrease even can
cause a decrease in height. 4
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One disease caused by a lack of bone
density is osteoporosis. Osteoporosis is a
condition marked by bone density mineral
low and damage structure micro bone tissue.
This is what led to an increase in
vulnerability bone and to get broken bones.
When there were broken bones, it will be
done connection of bone with a pen as a
method of the cure.

Research on mechanical stimulation of
bone remodeling has been done by some
researchers but could not explain how this is
an implant pen on the boundary elasticity of
bones. V. Klika and F. Marsik in 2006 use
the model RANK-RANKL-OPG to lower the
equation differential bone remodeling.® Then
be continued in 2010. They were studying
the model thermodynamics remodeling bone
that could explain the process of the activity
of osteoblast by modifying than ever.® While
in 2013, Ahmad Idhammad et al. did research
simulation of the femur bone remodeling due
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to mechanical stimuli but, analysis of this
study cannot explain the influence of
mechanical stimuli on remodeling and limit
the elasticity of bones on the bone-implant
connection.” In 2014, Khusnul Yakin
developed the V. Klika and F. Marsik using
an element of the finite method for
determining the density of bone and the
elasticity but does not extend to the bone
with a pen.®

A clinical trial was conducted in the
patients who have a fracture in which the
bone connects with a pen. Because there was
a pen that had implant into the bone, it will
influence  bone remodeling. For it
researchers interested in the implant pen on
the remodeling influence on the bone that is
by counting bone density and the elasticities
around the pen.

This research includes four phases. The
first stage is the construction of the femur
bone connection pen in Matlab. Were then
followed by coming in and simulate this
voltage, strain, and strain rate on a bone. In
the long term, the calculated density is of
bone with the equation of thermodynamics
V. Klika and F. Marsik, and the phase most
recently is measuring the maximum limit the
elasticity of bone. The purpose of the
research is to simulate the spread of stress,
strain, and strain rate on bony tissue resulting
from stimulation mechanics and changes in
the age of the femur bone changes density
and limit the elasticity of the femur bone
around the junction of bones.

Methods

Construction geometry connection bone

Construction geometry bone made in the
form of the femur bone.Geometry bone
consisting of 1580 elements where each
element a triangular-shaped with a wide 0.01
m and high construction 0.002 m. Femur
bone made two layers of where the inner
layer of the trabecular bone while the outer
layer of cortical bone. The observation is
made at certain points the head of the femur,
the neck the femur, stems the femur left and
stems the femur right shown in point number
1to 8 infigure 1.
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Figure 1. Construction of the femur bone
connection

The input of the mechanical properties

The mechanical properties of bones show
the nature of violence and stiffness given by
value Young’s modulo and the Poisson’s
ratio. This research gave treatment
differences in age bone the age of 25 years
old and 45 years. The cortical age of 25 years
has Young’s modulo of 17.9 MPa and the
Poisson’s ratio 0.4, while the trabecular
having Young’s modulo 13 MPa and the
Poisson’s ratio 0.5. The cortical age 45 years
have Young’s modulo 17.184 MPa and the
Poisson’s ratio 0.5, while the trabecular
having Young’s modulo 104 MPa to a
Poisson’s ratio 0.6. In addition, the pen used
iIs metal titanium in which it has Young’s
modulo 110 GPa and the Poisson’s ratio
0.29.

Mechanical input stimuli

A force that accepted the femur bone
following activities performed by patients.
This study considers the activity of the
patient is up and running normally. If severe
patients considered 65 Kg weight, then the
calculation style received by the femur bone
on the activity of stand up and running
shown in table 1. The mechanical force
exerted on the connection of the femur with
the femur in element 964 (figure 1).
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Simulated distribution stress, strain, and
strain rate

A simulation distribution stress, strain,
and strain rate are done with a method of
finite element. Calculations were done; every
element of elements that have mechanical
stimuli came to all the femur bone.
Calculation stress and the strain was done
with equation (1-4), Which previously
calculated his first displacement value
equation (5-7). The value of stress, strain,
and strain rate will be shown at the point 1-8
as a figure 1.
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Table 1. The force received the connection a result of the difference physical

activity
Activity Calculation Result
n 1.8+2.2
Stand < 650 1300 N
2
Walking Normall 1.6 +4.1
g y < 650 1755 N
2
i i dn steoi
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Calculation bone density to stimuli — 55 (Bra — Nvews )osteaia + Ds — D
mechanic was done using Runge-Kutta orde4 SN T TNewp /T0steold T Fa T TS
on equations (8-11) with software 2008 dnyew 5
Matlab. Variable of strain rate obtained from 3 = 85(B1s — Mew B)Nosteoid — Inew s + Ds
the simulated the pressure, strain, and strain ®)
rate included equation (10), which in turn .
affecting the calculation equation (8). 8a =1, ©)
dn lavd(1
% = —6;(B1 + nmceLL)NmcELL + )3 + INew B Dy = k+2[3(0;2 (10)
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d 3
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Bones

Limits the elasticity of bones calculated
by counting stress and strain until on the
boundary broken. Broken bone tissue, then
the amount be matched with experimental
(the available data in the hospital). If the
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results of computing obtained are already fit,
then it can be applied to the other bone
implant.

Result and Discussion

Construction of the femur bone junction

Construction of bones in connection of the
femur bone consisting of 1712 an element
and 964 points. Each element of a triangle
was arranged to form a connection pen on a
bone of the femur. Triangular element with a
pedestal one centimeter and high two
centimeters sides. Figure 2, with a blue color
element, was cortical, of a green color which
is in cortical was trabecular in bone, while
the red is pen connection on a bone of the
femur. Construction of the femur bone was
built in two dimensions with wide the
average of 10 cm during the high about 35
cm.
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Figure 2. Construction connection the femur
bone with finite element methods

The input results of the nature of the
bone were conducted by inserting the value
of Young’s modulo and the ratio of Poisson
bone and pen. The value of Young’s modulo
and the ratio of Poisson included was a bone
with age 25 and 45 years. While pen being
used is titanium alloy simulated data input
mechanical properties of bone shown in
figure 3. A blue color reflects Young’s
modulo of the cortical; a brown color reflects
Young’s modulo pen. While our value
Young’s modulo bone trabecular does not
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look due to having value Young’s modulo is
small compared to the cortical and pens.

Simulation of Distribution Stress, Strain,
and Strain rate

Distribution stress occurs in the femur
occurring in uneven. The largest stress is on
the stem of the femur. Figure 4 shows the red
and blue is the largest stress contained in a
cortical bone femur. The cortical femur bone,
the right stress blue (in the negative) showing
happened compression on the bones. While
the left cortical red (are positive) shows bone
cell experienced stretch. This is in
accordance with the calculation of Martini in

the year 2009.°
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Figure 3. Simulated input mechanical
properties bone and pen

Figure 4. Distribution of stress on the femur
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Trabecular bone has a smaller stress value
than cortical bone because the trabecular
bone is located on the inside so that the
distribution of stress is more on cortical
bone. Titanium metal can withstand the
stresses  originating  from  mechanical
stimulation so that the stress felt at the bone
joint with the pen tends to be small
Distribution strain in proportion to the
distribution of stress. Distribution strain
largest is also in the cortical stems the femur.
Strain the cortical stems right is higher than
stems left. The distribution of the strain rate
(figure 5) is proportional to the distribution
of strain. The only value is always positive
the calculation of stress, strain, and strain rate
used in the observation given in table 2.

Figure 5. Distribution of strain rate on the
femur

Table 2. Simulation of stress, strain, and strain rate of the 25-year-old femur bone

Points of Stress (N) Strain Strain rate
Observation
@ 1.9930e+004 0.0011 0.0534
) -3.7380e+004 -0.0021 0.1075
3 1.7673e+004 9.3649e-004 0.0471
(4) -3.6134e+004 -0.0021 0.1037
(5) 2.2863e+003 1.1111e-004 0.0056
(6) -5.1517e+003 -3.3844e-004 0.0122
Trabcular Bone (7) 691.6219 -1.4813e-005 7.4458e-004
Titanium (8) -2.8474e+003 -2.0539e-004 0.0103

The density of Bone Femur

Table 2 showed a rough estimate of the
density of bone Dby using equation
thermodynamics V. Klika and F. Marsik. The
simulation shows that the greater the strain
rate received by cells, the more many cells
osteoblast that can be activated. Cells
osteoblast having sensitivity stimuli; one of
them is stimuli mechanical. The consequent
is on bone cells that are influence more force,
the more many cells osteoblast of being
turned. The more cells osteoblast that can be
activated, the formation of bone will be
bigger, so that bone density will increase. On
a calculation, this research got that activity
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walk density bones have indigo higher than
with the activity of standing. This because
walk activity stimuli the force exerted on the
greater than when standing.

Limit of Bone Elasticity

Calculations carried out using particle
swarm (PSO) optimization. The results of
equation (12) the show precision C different.
A calculation Young’s modulo in the break is
influenced by the density of the bone cell in
this phase. Meeting the density of bone cell,
so Young’s modulo who also generated
bigger (table 3).
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Table 4. Comparison of simulation results with experimental cortical bone elasticity limits

Activity (Observation) Young’s

Modulo Ultimate Stress (N)  Experiment Accuracy
Stand (1) 17.6185 112.9416 - -

Stand (2) 17.9734 115.2166 122 94.11%
Walking Normally (1) 18.0197 115.5134 - -
Walking Normally (2) 18.3560 117.6692 - -

Conclusion

Based on the calculations, obtained
elasticity limits around the bone connection
with the activity of standing and walking. For
the stem left on the activity of stand obtained
Young’s modulo 17.6185 GPa and the limits
of elasticity 112.9416 MPa. As for the
activity of walk to get Young’s modulo
17.9734 GPa and the limits of elasticity
115.2166 MPa. For the stem right on the
activity of stand obtained Young’s modulo
18.0197 GPa and the limits of elasticity
115.5134 MPa. As for the activity of walk to
get Young’s modulo 18.3560 GPa and the
limits of elasticity 117.6692 MPa.
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