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Abstract- Femur bone is commonly used for various experimental and computer
simulation works in multidiscipline research. Various techniques are applied prior to
mimic the actual bone properties. In order to perform any research related to human
bone, some issues need to take into account such as cost, ethical concern and limited
bone sample availability. Experimental test and computer simulation related to femur
bone model commonly executed using hollow cylinder, solid rod or beam elements
instead of real anatomy. The aims of present study is to provide 3D femur bone model
construction considering both cortical and cancellous structures utilising only one
software approach. The constructed model could be utilised for various research
purposes such as computer simulation, 3D print of bone model and experimental test.
Complete femur bone model which include proximal, shaft and distal condyles is
successfully constructed and ready to be used for further investigation. Mimics software
was the only software used in present study to performed overall task.
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Introduction body [3], supported with the muscles of

The femur is a long bone located hip and thigh.

in between hip and knee joints. Femur is
the only bone in the thigh that act upon
extreme forces during many activities,
such as running, jumping, walking, and
standing [1, 2]. Femur measured as the
longest, heaviest and strong bone in the

Femur bone is commonly used for
various experimental and computer
simulation works in  multidiscipline
research including orthopaedic surgery,
biomechanics engineering, biomedical
engineering, rehabilitation and medical
implant technologies. Various techniques
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are applied prior to mimic the actual bone
properties. In multiple software
application [4], 3-dimensional (3D) femur
bone model was constructed through the
creation of polygonal model from
computed tomography (CT) data and
exported to CAD software for bone
surfaces creation. However, the limitation
to develop real skeletal structure which
includes hard and soft tissues could not
be implemented. In laser scan approach
[5], CAD model was obtained based on
external geometric features of femur
bone. The dimension of marrow cavity
was created through approximation of 1.6
cm hollow cylinder using design software
(solidworks, Dassault Systems
Solidworks Corp., USA). The simple
cylindrical rod representing long bone
fracture for computer simulation was
reported as well [6, 7]. In experimental
works, utilisation of cylindrical rod [6—
10] and synthetic bone [11] to mimic long
bone structures were implemented. 3D
beam elements were used to model the
proximal and distal of long bone to
analyse the fracture fixation of external
fixator  system [12]. In  another
experiment, ultra high molecular weight
polyethylene (UHMWPE) hollow
cylinder with an outer diameter of 5.08
cm and inner of 2.54 cm was used to
simulate knee-spanning external fixation

[8].

In order to perform analysis
related to human bone, some issues need
to take into account such as cost, ethical
concern and limited bone sample
availability. As a result, prolonged
experimental ~ waiting  period and
unconformity research outcome are
experienced. Experimental test and
computer simulation related to femur
bone model commonly executed using
hollow cylinder, solid rod or beam

elements instead of real anatomy. The
actual bone anatomy and mechanical
properties almost totally neglected which
effect on reliability and accuracy of the
outcome.

The aims of present study is to
provide 3D femur bone model
construction considering both cortical and
cancellous structures utilising only one
software (Mimics, Materialise, Leuven,
Belgium) approach. The constructed bone
model could be utilised for various
research purposes such as computer
simulation, 3D print of bone model and
experimental test.

Material and Methods

In this project, a healthy female
subject was scanned to generate CT
images of the lower limb. Then, the
femoral bone was constructed from the
CT images datasheet using Mimics
(Materialise, Leuven, Belgium) software.
To begin, the DICOM CT images were
imported into Mimics software. The
software capable to visualise the CT
images in three different views include
axial, sagittal and coronal planes. The
cortical and cancellous bones were
segmented to construct the 3D model of
femur. In clinical practice, CT image of
hard tissues (bone) are visualised in
bright color while soft tissue (skin,
ligaments, muscles and tendons) could
not be visualised which represent in dark
color. The darker color of component
visualised, the lesser the density.

In order to separate the
construction of cortical and cancellous
bones, different range of Hounsfield
value are applied. The cortical bone is
extracted by means of thresholding using
value range from 750 Hounsfield units
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(HU) to 3071 HU. For cancellous bone,
extraction by means of thresholding using
value range from 200 HU to 750 HU was
performed. Separate masks on cortical
and cancellous bones are then obtained.
The correction of mask is required prior
to obtain solid 3D model. This could be

Coronal| plane vig

done by addition of mask and subtraction
of unnecessary mask generated during
threshold value application. Figure 1 and
Figure 2 illustrate the completed of mask
generation for both cortical and
cancellous bones.

Axial plane view

Figure 1: Construction of femur cortical bone
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Figure 2: Construction of femur cancellous bone

Then, by using calculate tools constructed. The overall steps performed
provided in the software, cortical and to construct 3D model of femur bone are
cancellous bones were successfully illustrated in figure 3.

Step 1: CT scan

Cancellous

Cortical

Step 3:
3D Femur bone model

Step 2: Femur bone construction

Figure 3: Complete 3D femur bone construction



INTERNATIONAL JOURNAL OF ENGINEERING TECHNOLOGY AND SCIENCES (IJETS) Vol.7 (1) June
2017 DOI: http://dx.doi.org/10.15282/ijets.7.2017.1.12.1074

Result

Mimics software was fully utilised in the
present study to construct 3D femur bone.
Both cortical and cancellous bones were
considered in the construction using CT
images (Figure 4). Complete femur bone
model which include proximal, shaft and

Cancellous — |

~ Cortical

distal condyles is successfully constructed
and ready to be wused for further
investigation. Mimics software was the
only software used in present study to
performed overall task.

Cortical Cancellous

Figure 4: Complete model construction of femur considering cortical and cancellous bones
based on real anatomy

Discussion

Used real femur bone anatomy instead of
approximation model

Previous studies demonstrate
various methods to develop bone
structure for analyses. Hollow cylinder,
solid rod and beam element are some of
the approaches [5-7, 9]. In present study,
instead of using structural approximation,
we revealed simple technique on
developing bone structure based on real

anatomy. CT images in DICOM format
has been successfully utilised on bone
construction which considering both
cortical and cancellous structures. The
complete bone construction are capable to
be exported into various file formats such
as stl, igs, iges and dcb. By applying the
method proposed in present study, it
helps researchers to construct bone
component faster, easier and simpler. In
addition, the Dbetter reliability and
accuracy of outcome is expected when
using actual bone anatomy rather than
approximation structures.
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Simpler step in model construction

In present study, we have
successfully develop 3D model of femur
bone using only one software approach.
Any imaging modalities such as CT, MRI
and x-ray data is required as a basis for
model construction. Previous studies
reported of bone construction using more
than one software or methods approach
[1, 10]. Some required additional steps
such as laser scan and creation of
additional structure to represent the
cancellous bone [5]. Others used only
cortical structure to represent bone in
analyses [11-14]. Present study provide
simpler step on 3D bone model
construction which could be utilised for
further investigation related to human
bone. 3D printing technology and
computer simulation software can simply
use the model produced as it can be
converted into various file format.

Ethical concern, cost, prolonged
experimental waiting period and outcome
unconformity

Ethical concern and cost are the
most common issues while considering
human or animal as a sample in
experimental work. There is no other way
to avoid the ethical concern instead of
dealing with it. For cost, it can be reduced
if the sample is already available to be
use or easily accessible in lab. But the
majority will experience difficulty in term
of cost and effort on getting the bone
sample for analysis purpose. In present
study, we have revealed simple methods
on femur bone construction using CT
datasheets. The methods for bone
construction is easier. Only medical
imaging data and single software

utilisation are required tools. In addition,
in case of mechanical structure test, this
method offers repetition of bone model
production through the use of 3D printer.
Researchers are able to perform
experiment test up to hundred times of
repetition until optimum result is obtain.
The issue of prolonged experimental
waiting period and unconformity research
outcome could also be avoided.

Conclusion

The model of 3D femur bone with
cortical and cancellous structures was
successfully constructed. Mimics
software was the only software required
to perform the overall task. The 3D bone
model produced is able to be utilised for
various purpose of research investigation
such as computer simulation and
experiment test.
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