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Abstract

Biomechanics is of prime importance while designing any automobile, especially with the growing
competition in that sector. Present day research focuses to a great extent on this aspect and especially on
the comfort of the driver of the vehicle. Researches prove that there is increasing damage to the
backbone of the person riding the automobile, due to ineffective design of the suspension system of the
vehicle. Lumbar bone is that part of the backbone on which the entire mass of the body acts. Due to
improper suspension system, the lumber bone gets extensively damaged, leading to severe health effects.
Our thesis is to fabricate, analyse and compare the properties of a replica of human lumbar bone
created from Acrylonitrile Butadiene Styrene (ABS) with that of an actual human lumbar bone. The
MRI and CT scans of various bone samples are first collected. A prototype of the Lumbar bone is made
for experimental studies. Then, the forces acting on a human bone during the actual conditions are
considered and the prototype is tested for the same.
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Introduction
Biomechanics is of prime importance while designing any
automobile, especially with the growing competition in that
sector. Present day research focuses to a great extent on this
aspect and especially on the comfort of the driver of the
vehicle.

Nowadays, most of the automobile riders are prone to an
adverse phenomenon-“Back Pain”. Thereby, the riders are
desperate to find a solution to the above mentioned problem. In
our work, we created a prototype of the human lumbar bone
using ABS, so that studies can be conducted upon models
without the need for actual human bones.

Studies have shown that the part which is extensively affected
is the Lumbar Bone. So, in order to move forward we
developed a prototype of a human lumbar bone using Rapid
prototyping (RPT). Mechanical tests were conducted on the
prototype.

The regions of maximum distortion were identified from MRI
scans of actual human lumbar bones and, then the forces acting
on them were analyzed. These forces were applied on the
prototype made out of ABS and their characteristics were
compared.

Lumbar vertebrae
The Lumbar Vertebrae are the five vertebrae between the rib
cage and the pelvis. The lumbar spine is designed to be
incredibly strong, protecting the highly sensitive spinal cord

and spinal nerve roots. At the same time, it is highly flexible,
providing for mobility in many different planes including
flexion, extension, side bending, and rotation. The lumbar
bones are larger in size compared to other bones in the
vertebral column. This accounts for the fact that the centre of
mass of the human body acts predominantly on the lumbar
vertebrae. The lumbar vertebrae are very important in
supporting the upper body in an upright position and in
permitting movement.

Forces acting on the lumbar spine
The loads acting on the spine can be classified into two major
categories: (1) Physiological loads and (2) Traumatic loads.

The physiological loads can be further categorized into
different classes with respect to the normal and common
activities of the spine. They are long-term loads (in sitting,
standing), short-term loads (in flexion, extension), dynamic
loads (in running, jumping) and repeated or cyclic loads (in
gait, walk). Traumatic loads are those that occur abruptly and
unexpectedly with great magnitude (in impact, whiplash). All
these loads have great impact on the lumbar spine. It is
subjected to very high compressive load while lifting or
holding weights, depending on the horizontal distance of the
load from the lumbar spine. Vibrations from automobiles and
cyclical loads cause a fair amount of tension on the lumbar
bones resulting in structural changes and fatigue effects in the
tissues of disks and vertebrae.
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Experimentally, it has been found that the traumatic overload
of the spine can damage the disk and facet joints. When a disc
is loaded beyond its load-bearing capacity, structural damage
may occur as a consequence of high-level short-term loads that
exceed load tolerance. However, sub maximal long-term and
repeated loads may also cause disc failure.

Methods

MRI scan image processing
The MRI scan data was collected in DICOM format, as
DICOM format is the most commonly used for image
processing. The data availed from the MRI scan image is used
to understand the impact of various loads acting on the lumbar
bone. Data is extracted from the scan image and they are used
for the reconstruction and analysis of the prototype.

The region of study involved the MRI images obtained from
that of a lumbar bone of a human. In all, 34 slice images were
obtained each of 2 mm sliced segmentation for a height of 68
mm of the lumbar bone. In image processing, MRI images
obtained are segmented and the region of interest (lumbar
vertebrae) is extracted (Figures 1-5).

Figure 1. MRI Scan Image of Lumbar Spine

CAD modelling
In this step, data extracted from the MRI scan image is used to
understand the structure of the lumbar bone. This is achieved
by Stereolithography (STL) software. In Stereolithography, the
surface of the image is broken into logical series of triangles.
These images have an extension of (.stl). Each triangle is
mentioned by its structure and its three vertices. The STL file
format has become the Rapid Prototyping industry's de facto
standard data transmission format, and is the format required to
interact with Quickparts.

Figure 2: Front view.

Figure 3. Rear view.

Figure 4. Side view.
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Figure 5. Top view [1-3].

Rapid prototyping
Rapid prototyping is a group of techniques used to quickly
fabricate a scale model of a physical part or assembly using
three-dimensional computer aided design (CAD) data.
Construction of the part or assembly is usually done using 3D
printing technology.

In all commercial RP processes, the part is fabricated by
deposition of layers contoured in a (x-y) plane two
dimensionally. The third dimension (z) results from single
layers being stacked up on top of each other, but not as a
continuous z-coordinate. Therefore, the prototypes are very
exact on the x-y plane but have stair-stepping effect in z-
direction.

The material used for experimentation is Acrylonitrile
Butadiene Styrene (ABS). Chemical formula (C8H8) x·
(C4H6) y·(C3H3N)z) is a common thermoplastic [4-6].

Model reconstruction
At this point, the prototype is ready is for pre-construction. In
order for the computer file to be constructed into an actual
three-dimensional model, the file must be sliced into layers.
Those layers will eventually be stacked on top of one another
to create the final three-dimensional design. The sectioning of
the file is done by another computer program designed
specifically to perform that function. The lumbar bone
prototype is formed by deposition of photosensitive polymer
layer by layer inside contour of given lumbar bone profile. UV
rays are made to fall on the photosensitive polymer which is
moving along longitudinal axis of given lumbar bone profile.
Due to sensitivity of the polymer it melts and gets deposited in
one layer. Then it is allowed to cool for sometimes. The same
process continues for every layer of prototype and formed.

After the construction of prototype it is allowed to cure to get
the definite shape of the lumbar bone. The supports which are
given for the deposition of filling material are cleaned from the
prototype profile. At this point, the prototype has been fully
constructed. All that is left to get the prototype in "show"
condition, which may include applying a sealant, painting, or
adding other "finishing" touches to the lumbar bone prototype
so that others can have an accurate depiction of what a fully
functioning design would look like (Figures 6-8).

Figure 6. Facet joints.

Figure 7. Front view.

Figure 8. Top view [7-9].

Results

Compressive testing
As compressive force mainly acts on the lumbar bone while
riding in automobiles, Compressive tests were performed on
the prototype model with the help of Universal Testing
Machine. The specimen began to yield when a load of 135.6
kN was applied. The deformation at that point was 0.9 mm.
This is in accordance with the graph provided herewith
(Figures 9 and 10).
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Figure 9. Deformation Vs Load.

The load applied at yield point (P): 135.6 kN

The vertebrae transverse diameter (VTD): 52.2 mm of the L5
vertebra

The area of cross section of the bone (A) = π*VTD*VTD/4

(considering the surface to be circular)= π*52.2*52.2/4

=2138.9994 mm2

Therefore, the stress induced =Load Given/Area

= 135600/2138.9994

= 63.3941 N/mm2

= 63.3941 MPa

Figure 10. Compressive yield stress comparison.

Young's modulus calculation
From the above calculations for stress induced it can be noted
down as (σ) : 63.3941 MPa

The deformation was noted to be (δl): 0.9 mm

The body height of the bone (l): 30.7 mm

Young's Modulus (E)=σ*l/δl

=63.3941*30.7/0.9

=2115.433 Mpa

Tensile testing
Similarly, tension tests were performed on the prototypes. The
specimen began to yield for a load of 97.6 kN. The elongation
was observed to be 0.8 mm (Figure 11).

Figure 11. Tensile load diagram.

The stress induced (σ)=Load/Area of cross section

=99300/ 2138.9994

=46.4237 MPa

This is within the limits of tensile strength for ABS material as
provided by reliable sources (41-60 MPa) (Figure 12).

Figure 12. Tensile Stress Comparison Diagram.

Discussion
The compressive stress induced at yield point is 63.39 MPa.
This value lies within the range stipulated for an ABS material
which is 60-86 Mpa. The compressive stress range of actual
human lumbar bone is within 55-80 MPa. This shows that the
ABS material shows similar compressive characteristics as that
of an actual human lumbar bone in the lower range of stress.

The Young’s modulus of the ABS material is in conformance
with the original data.
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The tensile strength is calculated to be 46.42 MPa. This
calculated tensile strength is within the limits of tensile
strength for ABS material as provided by reliable sources
(41-60 MPa).

The limit for the tensile strength of an actual human lumbar
bone has been stated to be within the range of 30-50 MPa. The
calculated tensile strength for various specimens has been
within this range and, hence the ABS material shows similar
tensile characteristics with the stress in the upper region of the
limits.

The material cannot be used for fracture testing because of the
extended elongation of the material before fracture. Thus, it
can be inferred from the research that Acrylonitrile Butadiene
Styrene (ABS) can be used to test the tensile and compressive
characteristics of human lumbar bone. They cannot be used for
testing the fracture characteristics of the lumbar bone [10,11].
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