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ABSTRACT

After surgical amputation, the availability of a prosthetic device with correct dimensional measurements for the amputee limb is a
general problem faced by several patients annually due to varying body sizes and dimensions of every individual. The prosthetic leg is
generally manufactured in preferred sizes through machining of materials giving rise to several problems like long time taken to
manufacture; unavailability of prosthetic leg to cater specific individual dimension, large geographic/regional distances having
prosthetics and lack of infrastructure to manufacture such a device within a short period with high accuracy and dimensions. etc. This
paper introduces a novel technique of an alternative approach for the development of prosthetic limbs on a Solid-works Model and then
3-D printing of the prostheses and casting it afterwards that allows the design of prostheses with required body dimensions of the

individual, within a short span of time and with high accuracy.
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1. INTRODUCTION

The amputation of an extremity is a precautionary surgical
practice adopted for 2 millennia back. It is a treatment procedure,
when the respective limb is not treatable and possesses a threat to
the life of patient by spreading infection such as gangrene in the
entire body. The mortality rate due to gangrene is 25% [l1].
Amputees, due to the amputation of major limbs significantly
suffer and feel impaired at several fronts such as routine physical
activities, normal body function, correct body posture and
hindrances in participation for various other activities [2]. Several
common issues faced by disabled people due to prosthetics are
such as-poor body balance, lack of stability of prosthetic, skin
irritation at the place of stamp, less mobility, fatigue and improper
alignment of socket [3]. According to the data gathered in 2012,
over 1,700,000 US citizens were amputees and approximately
over 185,000 are amputated annually at the United States alone;
due to several factors such as accidents, cancer treatment, Gagarin
and vascular diseases [4]. The lower-extremity amputations are the
most common type, amongst several of the amputations. The
Lower-extremity amputations account to 71% of the vascular
amputations. An increment of up to 47% is estimated for the lower
limb amputation, in the given year span of 1995-2020. The
presence of loco motor function in the lower limb is a life
providing resource for an individual and its amputation threatens
one’s employability. An estimate of roughly 0.62% of Indians is
amputees of per thousand populations [5]. In India, an estimated
20.6 million people have movement disability according to
disability census 2011. At present 230,000 transfemoral amputees
are in need of prosthetic devices to be facilitated for better living
style and standards, but low cost devices are yet to touch the
market [6]. According to the data represented every year,
approximately half million cases of amputees take place in India
alone; backed by the road-accident rate of India by World Health
Organization. The road accident rate is the highest in India, which
results in 16.8 fatal and 38.9 non-fatal injuries per 100,000 of the
population [6-8].

1.1. Current Scenario in India.

Approximately 20.6 million people are disabled in India,
according to the 2011 disability census, and clearly, this figure has
incremented over a span of this decade. The economic condition
of the country doesn’t allow masses to opt for imported advanced
prosthetics; however, the search for an economic, durable,
comfortable and water-resistant prosthetic is still out of reach.
However, a company based in Jaipur, Rajasthan called Jaipur
Foots makes outer shells of prosthetic legs made up of
polyurethane, rubber and wood which is quite easy to manufacture
but isn’t reliable. Alternatively, Social Hardware, a start-up
company has introduced an Al based product named avocado,
which is more of an orthotic device which connects to the
respective  prosthetic device for enhancing the complete
performance of the prosthetic; but it is only limited to the upper
limb prosthetics applications. The most attractive functions of the
avocado are its light-weight of 100 grams and compatibility with
any upper limb prosthesis ranging from US$ 154-$2,094.

1.2. Current Scenario of Prosthesis.

Introduction of Novel materials such as carbon fiber,
several plastic polymers have made the fabrication of prosthesis
much versatile in terms of durability and user experience; also,
significantly reducing their weight and energy required for limb
operation [9]. Employment of PVC and silicone has made the
prostheses much life-like and user friendly. Along with the
introduction of new metal-alloys and materials, the integration of
electronics in prosthetics has become a necessity now. One such
novel production is myoelectric limb [10]. These myoelectric
prosthetics operate and control limbs via electrical signals
generated through conversion of muscle motion. The myoelectric
limbs are much convenient, accurate and mobile than cable
operated prosthetic limbs. The electrodes installed sense the
myoelectric signals, after which the signal integrates and after
reaching a respective threshold, the control signal activates;
however, this phenomenon also creates lag in the myoelectric
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control which is undesirable. The fact that cable operated
prosthetics provide instant feedback force along with the requisite
of little physical strength which provides a conscious assurance to
the user of the desired function is a benefit for cable prosthetics.

2. MATERIALS AND METHODS
Problem Statement.

Due to the emergence of 3D printing technology and its
quick commercialization, the manufacture of prosthetics through
CAD and CAM based models is comparatively much convenient,
mobile and could be tailored specifically to the amputees need.
The physical design of the models and the manufacturing cost,
both are reduced. Several prosthetic designs with large share rate
of design files have globally emerged; providing an open wide
source of design files which facilitates the amputees. Amongst the
design files, a majority was based upon underactuated mechanism
[7]. Other than the prosthetics, other rehabilitation devices and
therapeutic measures the surgical methods have also significantly
improved, providing amputees much more comfort and treatment
options through 3D Printed Models.

Table 1. Comparison of 3D Printed Models with Models Manufactured
Using Machining.
Models Manufactured Using
Machining
Takes Time

3D Printed Models

Faster Process

Comes in Preferred Sizes. Comes in
Standard Sizes. Non-Customizable

Customizable and can be
Personalized according to one’s
needs.

Doesn’t need to be manufactured in  bulk

in Bulk Quantities.

Generally manufactured
quantities.

Costlier Less costly than 3D Printing.

Wide number of materials available
to machine the model.

Less number of available
materials to manufacture from

One of the major issues faced by Amputees with one-sided
transfemoral amputation is the gait unsteadiness, which occurs due
to the movement of lower limbs generated via rectified muscle and
joint function due to the use of manufactured prosthetic leg having
improper dimension; as the majority of prosthetic legs comes in
preferred sizes and least focus is showered upon replicating the
size and dimensions of the actual patient’s leg. This problem can
be solved using 3D printing.

After surgical amputation, the availability of a prosthetic
device with correct dimensional measurements for the amputee

3. RESULTS
3.1. Solid Modelling.

A standard model for the required prostheses has been
designed in Dassault Systemes Solidworks’17 and has been saved
in. SLDPRT format. The standard model consists of 4 parts —
socket, pin; pylon and foot (Figure 2). As soon as there is a
requirement of prosthetic leg for a specific patient, the standard
model dimensions will be altered to the required dimension of the
amputee limb and body size of the individual and to replicate the
dimensions according to patients need as shown in figures (Figure
3 & 4) below.

Other than the lag in computer system, the high consumer cost,
and heavy weight of actuators and motors installed inside marks
its disadvantages.

limb is a general problem faced by several patients annually due to
varying body sizes and dimensions. The fabrication of the required
prosthesis is delayed due to several factors such as unavailability
of prosthetic leg, large geographic/regional distances having
prosthetics and lack of infrastructure to manufacture such a device
within a short period with high accuracy and dimensions.

This paper focuses upon an alternative approach for the
development of prosthetic limbs on a Solid-works Model and then
3-D printing of the prostheses and casting it afterwards that allows
the design of prostheses with required body dimensions of the
individual, within a short span of time and with high accuracy.

The flowchart of the entire problem statement can be
depicted through the following figure below (figure 1):

Designing of Model in Solidworks

Requirement of Personalised Prosthetic Leg Comes

Solidworks Model is Tailored or Customized According
T'o The Requirement i.e. Dimensions are Changed

The designed model is saved in .STL/.3mf{/.amf Formats

Model is then Printed Accordingly Through
Stereolithography/Additive Manufacturing/3D Printing

Printed Model is then Casted Using Sand Casting

Model 1s slightly machined to provide smoothness

Model is ready for use.

Figure 1. Flowchart of the entire problem statement.

The above figure shows the entire flow of the process
beginning from designing of model in Solid-works to tailoring the
model dimensions when there is a requirement of any personalized
prosthetic leg and then to how model will be printed through 3D
printing and casting can be done to finally using the model.
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Figure 3. Zoomed View of the Designed Prosthetic Leg.

The various frames of the designed model in Solid-works is
shown in Figure 3-11 for better representation and understanding
of the model saved in .SLDPRT for complete change of
dimensions.
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Figure 4. Designed Model of Prosthetic Leg.
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Flgure 5. Designed Model of Prosthetic Leg.
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Flgure 6. Designed Model of Prosthetic Leg.
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Flgure 7. Designed Model of Prosthetic Leg
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 Fi igure 8. Designed Model of Prosthetic Leg
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Figure 10. Designed Model of Prosthetic Leg.
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Figure 11. Designed Model of Prosthetic Leg.
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3.2. 3D printing and casting.

After the completion of design model, modelled according
to the patient’s need and exact dimensions, the saved file is
converted into.STL file format for compatibility with the 3-D
Printing or getting it manufactured through other similar additive
manufacturing technologies like Fused Deposition Modelling,
Stereolithography, etc. (Figure 12).

It can also be saved in various other formats apart from.
STL like .3mf for 3D Manufacturing formats and .amf for
Additive Manufacturing formats (Figure 13).
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Figure 12. Saving of File in .STL file Format.
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Figure 13. Zoomed View of Different File Format Saving Options.

Table 2. Properties of ABSplus-P430 (as said by supplier).

Properties Value
Tensile Modulus (MPa) | 2210
Tensile Strength (MPa) | 32
Strain % 6.5

Figure 14. Sand Casting.

After the 3D-Printing of Prosthetic Leg, the prosthetic leg
can be casted (through sand-casting) since the material used for
3D printing will be ABS or similar polymers which won’t be
reliable/durable for Prosthetic Leg (Figure 14). The filament used
for 3D printing was ABSplus-P430, made available from Stratsys

(Minnesota, United States). The properties of ABS plus are
provided in the Table 2.

Hence, the printed prosthetic leg will be used as a pattern
for the final product. The casted material can be chosen depending
upon the patient’s requirement like cost, durability etc. Material
for final product (prosthetic leg) can be chosen accordingly like
Aluminium or Titanium Composite.

The material used to model is Aluminium Alloy (AA2219),
obtained from Sigma Aldrich, Hyderabad, India and its physical
and chemical properties has been provided below:

Table 3. Chemical composition of aluminium AA2219 (as said by
supplier).

AA2219

Table 4. Physical Composition of Al (AA2219) (as said by supplier).
Properties

Value

Tensile Modulus (MPa) 73200
Melting Point (°C) 560
Density (g/cm?) 2.95
Tensile Strength (MPa) 380
Thermal Conductivity (W/mk) 160
Co-Efficient of Thermal Expansion (/°C) | 22.4 x 10

Tensile Modulus (MPa)

20000 73200

60000
40000

20000
2210

ABSplus-P430 Aluminum AA2219

Figure 15. Tensile Modulus of 3D Printed Material and Cast Aluminum.

Tensile Strength (MPa)

200 380
300
200
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0 |

ABSplus-P430 Aluminum AA2219

Figure 16. Tensile Strength of 3D Printed Material and Cast Aluminum.

The strength of both ABSplus-P430 and Al AA2219 can be
compared and understood why we need to cast through Aluminum
which is both light-weight and strong compared to that of the
polymer ABSplus-P430. The strength of 3D printed element
ABSplus-P430 is almost negligible as visible in the graphs below.
The 3D printed materials act as a pattern for the casting process.

The need for 3D printed pattern is because of the reason
that the 3D printed material can be instantly printed whenever
there is a requirement whereas if we conventionally make the
pattern it will take quite a lot amount of time and the pattern made
other than 3D printing will not be customizable and personalized
which is the main goal for prosthetic leg.
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4. CONCLUSIONS

The development of prosthetic leg as discussed in the
current paper using Solid-works Modelling, 3D printing and
casting are quite novel and completely new for the entire world.

This could prove beneficial to numerous people suffering
from manufactured prosthetic legs because of inaccurate
dimensions, unavailability of the product, product taking time to
get manufactured and so on. The paper also shows why there is a
need to make pattern through 3D printing as it faster, reliable,
customizable and personalize-able. This method of development
of prosthetic leg using this novel method can improve the medical

scenarios in India and neighboring countries where the number of
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