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Abstract: A prosthesis backup for a part of the body that may have been missing at birth or lost in an accident or
through amputation. Prostheses are used to restore the normal functions of the missing body part. Traumatic injuries and
different conditions have been set up as common causes of amputation.The need for prostheses in being patterns requires
individual measuring and manufacturing of prostheses inclusively for every case. Also, Amputees find it delicate to fit and
carry out their routine with a prosthetic duly heavy for them making it considered a burden. Quality of life, phantom
branch pain, and the psycho-social impact of prosthetics are duly taken into account for the development of malleable
prosthetic sockets. thus, preventing the individual manufacturing of prosthetic legs and the treatment is done and fixing of
prosthesis becomes easier. A collaborative observation demands the design of a bio-compatible, feathery, and provident
prosthesis to track normal mortal gait by barring phantom limb pain. This will improve the amputee's confidence to live a
quality life in society.
Keywords: Prosthetics, Bio-compatible, lightweight, Socket, Amputees, phantom limb pain, Traumatic injuries, psycho-social
impact.

I.INTRODUCTION
Amputation is common in humans and prosthesis restores the mobility of the lost part to enhance the quality of life.
Trauma and different conditions may be the major cause of lower branch amputation. Traumatic amputation may occur in
wars, due to road and plant accidents, during sports, in diurnal life conditioning, and due to becks. Conditions like diabetes,
cancer, excrescences, septicemia (blood infection), cardiovascular, frostbite (injuries to body skin due to extreme cold
waves), and osteomyelitis (bone infection) may beget amputation at different stages. In babies, it may be due to complex
natural conditions.
A. Lower branch prostheses
The lower branch prosthesis may include a mounting socket for the ham, artificial knee, cutter/ pylon, and bottom to
perform the functions of a natural mortal leg. Three types of prosthesis are distributed as passive, active, and semi-active.
Unilateral lower limb prosthesis develops secondary physical conditions, similar to low reverse pain, osteoarthritis, and
osteoporosis.
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They're at lesser threat of musculoskeletal injury, common degeneration, and pain in their complete (non-prosthetic) limb
compared to the general population. There are significant impacts of being a prosthesis stoner that is current throughout
the population including challenges to mobility, quality of life, and long-term health. For cases with transfemoral amputation
passing issues with their sockets, bone-anchored prosthesis systems are a violation and occasionally the only way to be
mobile and independent.
1. EXISTING SYSTEM

Prostheses are created by hand or with computer-aided design (CAD), a software interface that helps generators design
and dissect the creation with computer-generated 2D and 3D plates as well as analysis and optimization tools. The single
most critical aspect of any prosthesis is the quality of the interface between the branch remnant (scrap) and the
prosthesis. The portion of the prosthesis that fits snugly over the limb remnant, the “socket,” determines the amputee's
comfort and capability to control the artificial limb. At present prosthetic sockets are made from ultramodern plastic and
silicone paraphernalia as they offer a good admixture of comfort and functionality for the case. It's also common to see
paraphernalia similar to aluminum, pristine brand, carbon, and titanium in prosthetic connective componentry. The use of
these paraphernalia is fairly new as further exploration and technology help to contemporize and rate the prosthetic
socket design. Some of the first transfemoral sockets were made from wood and leather. Presently, silicone elastomers are
vastly used to produce a soft and slightly elastic inner liner, furnishing a thin, comfortable, and compliant hedge between
the amputee's skin and the more rigid, weight-bearing portions of the prosthetic socket. These socket liners are generally
tethered to the inside of the socket with a mechanical device nominated shuttle ice to give suspense for the prosthetic
branch.That results in the manufacturing of every single prosthetic branch for individual cases.
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Fig. I. Block diagram of classification of Artificial limbs.

A.Design and development in lower branch prostheses

Prosthetic developments are artificial reserves for the lost mortal body part. An optimized design depends on factors like
bio-harmony, cosmic, and featherlight, and on the feedback of cases that formerly used an analogous design. This section
presents multitudinous similar design mechanisms and developments for lower branch prostheses. fastening on the power
of the prosthetic bias. Passive prosthesis (roundly unresistant) doesn't conduct any power to the system for actuation thus
amputee has to move the leg using the body power. Active prosthesis is completely powered and semi-active uses
generally the power of the stoner during the station phase while providing the power to the prosthetic device in the
swing phase.

B. Residual branch and 3D published socket

A prosthetic socket joins the residual branch to the prosthetic device. It feels strange at first because our body is a living
thing and may take some time to get used to it. The lower branch prosthetic socket comprises a liner and weight-bearing
external to mount on a residual branch as well as to fit with a knee joint or pylon.An inadequately fitted socket can beget
skin problems, affect walking capability, impact balance, and be painful to wear.

C.Socket

The prosthetic socket is the primary and critical interface between the amputee's residual branch and the rest of the
prosthesis, and thus a good, comfortable fit is demanded to ensure a positive outgrowth is reached in an amputee
recuperation. The socket has to be efficiently fitted, have respectable weight transmission, and it needs to ensure stability
and control. Numerous cases with amputations stop wearing their prosthesis and a major cause is socket-related
problems (poor fit, poor biomechanics, and reduced control). The process of making a socket begins with taking measures
and a negative cast of the residual branch.The cast is filled with cataplasm to produce a positive mold.The positive mold is
also modified to optimize the socket fit; this process is called “rectification”. The socket is also laminated using carbon and
resin to produce the custom socket, this is appertained to as the definitive socket. A “check” test/ existent socket is
occasionally fabricated before creating the definitive socket (this socket is generally transparent, allowing the clinician a
complete view to estimate the fit and make changes). Multiple fittings are at times necessary to ensure the best possible
design with a comfortable and effective fit. Generally, test sockets are made out of plastic. Definitive sockets are laminated
and can be made with fiberglass, carbon fibre, or nylon paraphernalia.
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D. Suspense Systems for Lower branches
This is a vital factor in the design of prosthesis. The suspense is how the socket kept on the residual branch preventing it
from falling off when the leg is lifted or moved during gait.
E. Bond, Strips and Belts
Also called Auxillary suspense.This is the original way of keeping the socket on and preventing it from falling off during the
swing phase. This can vary from a simple soft belt/ cuff to a truly rigid band around the pelvis.
Disadvantages
It's warm, has pressure around the pelvis area, needs good hand dexterity and strength, moves when sitting, is
uncomfortable, provides minimum suspense, and can beget bruising or chafing.
F. Lanyard
This is when a cord or strap is attached to the lower end of the liner. As the individual inserts the remainder with the liner
on the cord/ belt will go through a small hole in the bottom of the socket. The cord is also pulled tight, to draw the
remainder into the socket. The rope is also attached with a medium on the outside of the prosthesis to keep it secure.
Used for transfemoral suspense.
Disadvantages
Needs some hand dexterity and strength. A liner is demanded for suspense. tone Suspending Socket This is when the
suspense is created by the socket brim (top part) on the residuum.The brim part is made to extend and constrict over
the joint (illustration over the knee joint) to produce a grasp or hold over the joint.
G. External Sleeve
A sleeve that fits snugly over the socket and also extends onto the existent’s ham is used to seal in the air in the socket
and in that way produce suspense. Sleeves are made from different paraphernalia including neoprene, silicone, or
copolymer gel. substantially used with transtibial sockets. Disadvantages considered in being system The product isn't
readily available at the time of need and manufacturing and transport rates are necessary for every single product. These
detainments furnish the complete treatment process of the case and reduction of coffers involved during every single
transportation.
Disadvantages
Sweating (hyperhidrosis), can affect the fit of the prosthesis and lead to skin issues. Changing residual branch shape. This
generally occurs for the first time after an amputation as the kerchief settles into its further endless shape, and may affect
the fit of the socket.
H. Difficulty in handling prostheses
The other disadvantages the amputees face on handling the prosthetics are complete limb pain, Back pain, etc. Current
prosthetics are not meeting their conditions of demand resulting in Poor balance, insecurity, a fear of falling, and so on.
General fatigue and reduced mobility vexation and skin issues Socket issues or discomfort are usually seen in existing
prostheses.

111. PROPOSED SYSTEM
To modify the socket region of the prosthetic leg which in current trend is variable in size and differs from person to
person. A change in this mechanism is done by introducing an air chamber in the socket region. So that manufacturing
prosthetic legs with different socket size can be reduced. The socket gets tightly gripped in the pre-prosthetic part of the
leg by altering the pressure in the air chamber in the socket region to hold it with the pre-prosthetic area. The pressure
applied externally tightens the socket around the limb area thereby reducing the time and material required for
manufacturing of prosthetic leg.

Linar

Air balloon
layer

Fig. 2.Artificial limb stump and prosthetic socket stump and liner.

A prosthetic socket is a crucial component of a prosthetic limb, serving as the interface between the residual limb of an
amputee and the artificial limb. Its primary purpose is to provide a secure and comfortable connection, allowing the
individual to move efficiently and effectively. Lower Limb amputation leads to impaired balance, ambulation, and transfers.
The proper fit of the prosthesis is a determining factor for successful ambulation.Vacuum-assisted socket systems extract
air from the socket, which decreases pistoning and the probability of soft-tissue injuries and increases proprioception and
socket comfort.

A. Key aspects

The main aspects of the proposed systems used to design and manufacture the prosthetics are;
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e The socket applies external forces over the surface of the residual limb. The amount, the location of their
application, and the means that control those forces contribute to the impact the prosthesis has on mobility,
function, and acceptance of the device.

e Pressure distribution over a greater surface diminishes the load and provides more comfort during the use of
prosthesis.

e Although the majority of the stump areas are considered as pressure tolerant, some are very sensitive and cannot
support any pressure.

e Sockets designs should allow forces to be distributed over as large a residuum surface area as possible and should
be applied as evenly as possible over pressure-tolerant areas.

e These pressure-tolerant areas might turn red with pressure, that will subside when the prosthesis is taken off, but
no skin breakdown occurs. Pressure-sensitive areas have a high probability of skin breakdown. No redness should
occur in the pressure-sensitive areas.

e The purpose of this socket is to provide structural integrity to the prosthesis where it interfaces with the
residual limb. It also may provide elements of suspension to hold the prosthesis in place. The socket should be
easily accessible, comfortable and able to withstand all of the external forces placed upon it by the user.

B. Functionality

A prosthetic socket is a custom-made sleeve that fits around the end of a residual limb, such as a stump. It acts as an
interface between the body and the prosthesis. The socket has many functions, including: The socket plays a pivotal role in
distributing forces generated during movement, ensuring stability and support. It facilitates the transmission of body weight
and movement cues to the prosthetic device.

e Distributing weight: The socket creates a suction seal that distributes the weight of an amputee, which helps with

fluid flow and comfortable movement.

Transmitting forces: The socket transmits forces from the stump to the prosthesis.

Suspension: The socket may contain electrodes and a roll-on liner to help suspend the prosthesis.
Proprioception: The socket helps with proprioception in lower-limb devices.

Transmitting control signals: In myoelectric prostheses, the socket houses electrodes that allow the transmission
of control signals.

e They are often used to improve appearance rather than function.

C. Design type

The socket type used as design model are classified into following types:

Suction sockets : A socket on an artificial leg that is held to the stump by the suction of negative pressure maintained
within the socket. It creates a secure fit through atmospheric pressure, minimizing movement between the residual limb
and the socket. Suction suspension is achieved by using a valve built into the distal end of a prosthetic socket. The valve
allows air to escape as a prosthesis is donned.An outer sleeve is worn over the top end of the socket to 'seal' it.
Anatomical sockets: Contour to the specific shape of the residual limb, optimizing comfort and support.

Modular sockets : Allow for adjustments and component interchangeability, catering to different user needs. Of all the
type of sockets used, this work is based on the suction type sockets which gives a negative pressure to get hold on to the
residual limb for every type of leg size by adjusting the air level in the socket with the help of an air pump.

D. Materials

TABLE |. Major Materials in Prosthetics

Material Type Material Name

Metal Aluminium
Metal Titanium
PMC Carbon Fibre
Thermoplastic Un-named
Thermoplastic ABS
Rubber Silicone
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E. Project Prototype

Fig. 3. Model of proposed system

I.Airbag 2. Nozzle 3.Tube 4. Socket 5. Pump
F. Name of the components
Airbag
Nylon is used for prosthetic sheaths, plastic laminations, bushings, suction valves, and nylon stockings to cover prostheses.
Nylon is a popular, inexpensive, and durable material used and preferred by professionals. Nylon's flexibility makes it good
for printing thin-wall parts. Nylon belongs to a class of polymers called polyamides. The major advantages of this manmade
fibre are its strength, elasticity, and low coefficient of friction. Silicone rubber is a synthetic rubber elastomer that is a
rubber-like material. It is made from silicone polymers that contain silicon, oxygen, hydrogen, and carbon. Silicone rubber is
durable, resistant to heat and chemicals, and can withstand ozone and UV rays. It is also non-corrosive and hardwearing
Silicone rubber has many applications across many industries.
When considering silicone rubber; you can think about factors such as:
Temperature resistance: Silicone rubber is resistant to extreme temperatures.
Flexibility: Silicone rubber has durable mechanical properties.
Tear strength: Silicone rubber may have limitations in tear strength.
Use cases: Silicone rubber is not the best material if your application is going to expose it to gas, oil, or acids, or if it
needs to have strong tensile strength.
Nozzle
A nozzle is often a pipe or tube of varying cross-sectional area, and it can be used to direct or modify the flow of a fluid
(liquid or gas). Nozzles are frequently used to control the rate of flow, speed, direction, mass, shape, and/or the pressure of
the stream that emerges from them.

Fig. 4. Nozzle and air pump
Tube
A hollow, usually cylindrical body of metal, glass, rubber, or other material, is used. especially for conveying gases or liquids.

©

Fig. 5. Tube

IJIRAE: ©2014-24,AM Publications, India - All Rights Reserved https://doi.org/10.26562/ijirae Page -358




1L ‘3‘!_;4

& 2

g E‘J IJIRAE:: International Journal of Innovative Research in Advanced Engineering ISSN: 2349-2163
AR AE Volume 11, Issue 04, April 2024 https://www.ijirae.com/archives
Socket

Multiple fittings are at times necessary to assure the best possible design with a comfortable and effective fit. Generally,
test sockets are made out of plastic. Definite sockets are laminated and can be made with fiberglass, carbon fiber or nylon

materials.
- -

Fig. 6. Sockets
Shaft and shoe

The shank is merely a shaft of a suitable length to serve as a frame structure to transfer biomechanical forces between the

socket and foot.

Fig. 7. Shaft and Shoe

G. Advantages of proposed system

e The production of prosthetic legs with constant socket size which can be adjusted as per the size requirement
and convenience of the amputees.

e With the help of the air chamber that holds the grip of the amputated part, production of prosthetic legs with
different socket sizes can be reduced and expenses of transportation modalities are cut off.

e It is easily accessible by the amputee themselves without the help from attenders or physicians.
IV.RESULT AND DISCUSSION

The proposed work resulted in the production of a modifiable socket that holds onto the residuum part of the amputated
leg by the air pump mechanism.

Fig. 8. Socket connected with the air pump

The air pump is used to adjust the pressure of the airbag inside the socket through the nozzle via an airflow tube. The
airbag bulges to get hold of the residual parts of varying size.
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Fig. 9. Socket connected with Shaft

In recent years technical innovations have combined to make artificial limbs much more comfortable, efficient, and lifelike
than earlier versions. Surgical innovations and enhanced rehabilitation appear promising for patients with limb loss who
hope to return to their pre-injury level of function. The project aims to design and manufacture a prosthetic leg that may
be used to fit patients with varying shrunk sizes by adjusting the air mechanism installed in the socket. This pistoning
mechanism is more convenient and efficient rather than the current method of producing individual prosthetic sockets
and set up for every patient involving a series of steps and a delay in time to reach the patient.

a) b)
Fig. 10.a) Before air pumped b) After air pumped
The complex part is the socket that differs for individuals for proper fit, which may now be made comfortable and
constant by the proposed mechanism.
V. CONCLUSION AND FUTURE WORK
This study is limited to the contents related to lower limb amputations and the main aspects of lower limb prostheses.
Our main end is to design a socket and the development role plays a central part in manufacturing a prosthesis which
involves the operation of an air pump to hold on to the residual branch by suction similar to individual manufacturing of
prosthesis is averted and therefore easy availability is put forth for easier medium and at moderate costs. The unborn
development of adjustable prostheses will depend greatly on demand. In this, the single entire air chamber that covers the
socket can be timely replaced by a subcaste of multiple chambers with each chamber having a nozzle. This enables the
amputees to acclimate the grip, concentrated on a certain area where it's needed. Also, the air pump can be replaced or
bettered in terms of a motor control introduced to change the pressure in the chamber. The request for low-cost, limited
function bias will continue to expand in trouble to meet the requirements of the developing world as well as the backing
restrictions that are decreasingly common in all husbandry and therefore increase the implicit openings in the field of
prosthetics. The unborn work of the trouble is always stimulating to meet the demands for further advancements and
easier handling of the prosthesis.
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