
Products: Lower limb prosthetic components 

Overview

Lower limb prostheses are devices that replace the missing portion of a leg. A lower limb prosthesis may replace part of a foot, the whole foot, the leg below or above the knee. Common types of lower limb prostheses include: 
Above knee prosthesis (trans femoral): For people who have an amputation above the knee. 
Through knee prosthesis (knee disarticulation): For people who have an amputation through the knee joint. 
Below knee prosthesis (trans tibial): For people who have an amputation below the knee and above the ankle. 
Though ankle prosthesis (ankle disarticulation): For people who have an amputation through the ankle joint. This is also sometimes called a Symes prosthesis. 
Partial foot prosthesis: For people who have part of the foot amputated. 
Each lower limb prosthesis is made from a number of different components. There are different options for most prosthetic components. The choice depends on each person’s physical needs, where they live, their lifestyle and cost. Some of the different types of components are described below, along with the benefits of each. 
Prosthetic foot and ankle
[image: page98image18754736]A prosthetic foot should absorb some shock, allow the user to walk as normally as possible, and be durable. There are different types of prosthetic feet. The most appropriate choice depends on the physical needs of the user, where they live and work and their lifestyle. 
[image: page98image18758688]Low profile foot: Used for a person who has an amputation through or close to the ankle. The heel part of the foot does not come up as high as other feet so there is more room to fit prosthetic components without making the leg too long. 
Foot with solid ankle: A basic and affordable foot. There is no movement at the ankle. This reduces moving parts (making maintenance easier), however can make it difficult for the user to walk over uneven ground or up and down slopes. 
There are different types of solid feet. Two common types are: 
Rubber feet (non SACH): Designed for durability in tropical climates and where the user does not wear a shoe. Rubber feet are heavier than SACH feet (see below), and usually do not have a cushioned heel so there is less shock absorption. 
[image: page99image18464192]Solid Ankle Cushioned Heel (SACH): A solid foot with a cushioned heel, providing some shock absorption. The inside of the foot may be made from foam, wood and plastic, usually covered with polyurethane. Suitable for people with a low activity level and who will be walking over level ground. SACH feet should always be worn with shoes to protect them.
Single axis foot: Provides some ankle movement, providing more shock absorption. The user can walk with a smoother walking pattern, and more easily over uneven ground or up and down slopes. 
The single axis foot is usually easier to use for a person with an above knee prosthesis, compared to a SACH foot.
[image: page99image18460656]Multi-axial foot and ankle: Gives the user more ankle movement than the single axis foot. This foot is suitable for people walking over rough or uneven ground. There are more moving parts, needing regular maintenance, so the user needs to be able to easily access the service. This device is more expensive than the other types of feet described above. 
[image: page99image18458368]Dynamic response foot (energy storing foot): Provides more function for the user. Provides good shock absorption, stability over uneven ground and acts like a spring to push the foot off the ground for a more natural walking pattern. This foot can be damaged by use in sandy or dusty environments. It is generally a more expensive option than the feet above. 

Socket and liner for lower limb prosthesis
The socket fits over the end of the user’s limb (stump). Usually there is also a liner inside the socket, to make it more comfortable and protect the user’s skin. 
The socket and liner components are made for each user by a trained Prosthetist from specialist materials. Materials for the socket include fiberglass and resin; or polypropylene plastic. The liner is usually made from high quality polyethylene foam such as EVA. The shank components (see below) that are used can affect which materials are used to make the socket. 
Shank and cosmesis
[image: page99image18461696]The shank connects the socket (for a below knee prosthesis) or the knee (for an above knee prosthesis), to the foot. The shank components need to be adjustable so that the shank can be aligned correctly for each user. The shank must also support the person’s weight, activity level and be durable. 
Two main types of shanks are described below: 
Endoskeletal shank: A pole and adapters that join the socket or knee to the foot. The pole may be made of metal (for example aluminium or titanium) or polypropylene plastic. Most endoskeletal prostheses can be aligned to suit the client’s walking pattern. 
[image: page100image18477872]A separate cosmesis (cover) can then be made if the user would like the prosthesis to look more like a leg. Materials used to make a cosmesis may be soft foam (such as a pre-made foam cover, pelite or plastazote) or a hard plastic (such as polypropylene). 
Exoskeletal shank: A laminated shell or solid wooden component joining the socket or knee to the foot. Compared to an endoskeletal shank, it is more difficult to re-align or adjust. There are fewer prosthetic feet or knees available that can be used with an exoskeletal shank; and it is heavier.
Does not need a cosmesis as this is built into the shank. 

Suspension system for lower limb prosthesis
[image: page100image18465600][image: page100image18478704]The suspension system holds the prosthesis onto the limb. There are different ways of doing this. The choice of suspension system depends on the type of socket used, the user’s activities and shape of their limb. Two main types of suspension system are: 
Anatomical suspension (for example over the knee). 
External suspension (for example with a strap). External 
suspension
Anatomical 
suspension



Prosthetic knee joint

People with an above knee amputation need a knee joint. The knee joint supports the user when they are standing and walking; and bends so they can walk smoothly and sit comfortably. There are different types of knee joints. Three types are described below: 
Basic single axis knee: A basic knee joint. Only suitable for a person with strong hip muscles and good balance; as the user must use their muscles to make the knee stable while walking. Some basic single axis knees will be able to be locked in a straight position for extra stability, however this can make normal walking more difficult as the knee does not bend.
[image: page101image18512512]Single axis knee with adjustable stability and/or swing control: More adjustability than a basic single axis knee. The amount of stability and how fast the knee bends can be adjusted to suit the user. It can also help to straighten the knee during walking. There are many different types of single axis knees that provide different variations of these functions and different levels of adjustment.
Polycentric knee: Works more like a real knee. It looks better when sitting, and is more stable when walking than other knees. This knee is good for people who have an amputation through the knee, very short stumps or have weak hip muscles.

Stump socks for lower limb prosthesis
Many prosthetic limbs require the user to wear stump socks on their limb. Stump socks help to adjust the fit of the socket. There should be a continuous supply of quality cotton socks for use with the prosthesis. 
Components and materials

Various components materials and equipment are required to apply and maintain prosthetic devices. These include: 
Low profile foot (for through ankle prosthesis) 
Rubber feet 
Solid Ankle Cushioned Heel (SACH) feet 
Single axis feet 
Endo-skeletal shank components 
Single axis knee joint with adjustable stability and/or swing control 
Polycentric knee joints (for through knee and above knee prostheses) 
Materials to make prosthetic devices including: lamination materials (resin and fibreglass) or polypropylene of different thicknesses, strapping supplies (webbing and Velcro of different sizes), fasteners (screws and bolts), EVA of different densities and thicknesses, plaster of Paris and adhesives such as contact adhesive. 
Consumables such as stump socks and stockinette.

Annex 1: Procurement checklist for: Prosthetic components

1. Selecting products 

A trained prosthetist should always be involved in procurement of prosthetic components and materials. Wherever possible, this prosthetist should have good knowledge of the different prosthetic technologies available for their context. The following will help when making procurement decisions. 
Size range: Some components such as prosthetic feet and stump socks, come in a range of sizes. Select a range of sizes to allow the correct fit for fit clients of different ages and sizes. 
User weight limit: For each component, check the user weight limit (weight rating) that is specified by the supplier. This is the maximum weight the user can be to use that product safely. 
Materials: Select materials that are durable and easy to maintain and repair. It is also important to select materials that are compatible with the components you select and the equipment available to make and adjust devices with. 
Components: Where possible ask suppliers what testing has been done of the components and if they have passed relevant ISO tests. Select components that are compatible with available materials and the tools and equipment available to make and repair devices. 
Tools and equipment available: All components listed below are used to make prosthetic devices. In order to do this, workshop space, equipment and tools are required. Different tools may be needed depending on the types of components and materials to be used. The availability of tools and equipment needs to be considered when procuring prosthetic components and materials.
Trial new components or materials: When introducing a new component that has not previously been tried, or when purchasing from a different supplier, consider ordering a small quantity to trial. These components may be reviewed by prosthetist-orthotists and if considered safe for use, trialled with prosthetic users. If the review and trials are positive, a higher volume order can be placed. 
Cost: The cost of prosthetic components varies greatly, depending on the materials and features of different components. Cost therefore needs to be carefully considered, while at the same time considering the function, durability and cosmetic features of each component. 
Spare parts: When procuring prosthetic components, also procure a quantity of the most commonly needed spare parts. The spare parts needed will depend on the prosthetic components used. Suppliers should be able to assist by identifying what spare parts are most likely to be needed.
2. Summary of features to look for

	Component
	Features to look for

	For all prosthetic components
	
	Passed ISO testing (ISO 22523:2006 or ISO 22675:2006) and/or

	
	
	Passed field test by a reputable organisation (for example the International Society for Prosthetics and Orthotics, ISPO)

	
	
	Relationship between affordability, durability and function

	Prosthetic feet
	For all feet:

	



	
	Compatible with the shank components being procured

	
	
	Durability (how long will the foot last with and/or without shoes)

	
	
	Colour of foot (close to skin colour) 

	
	
	Split toe (separate big toe) will look more cosmetic (natural) 

	
	
	The heel height matches the shoes to be worn

	
	
	Choose feet that suit the activity level (eg. K level) of the users

	
	Solid Ankle Cushioned Heel (SACH) feet:

	
	
	The cushioned heel should compress to reduce shock and provide smooth function (smooth roll over for the foot)

	
	Rubber feet:

	
	
	Weight as low as possible (while ensuring durability and function)

	
	Single axis feet:

	
	 
	Availability of spare parts for repair and maintenance

	
	
	Includes all ankle parts needed for the foot to work

	
	
	Ankle joint bumpers that suit the user’s activity level and weight for smooth foot function

	Endoskeletal prosthetic shank components (including socket connectors, shank and foot connectors)
	
	Includes socket connectors, shank and foot connectors; and all bolts and screws needed for assembly

	
	
	Corrosion resistant for humid environments

	
	
	Possible for height and angle adjustments to suit the user

	
	
	Compatible with materials, feet and knees available or being procured

	
	
	Spare parts such as nuts and bolts can be ordered or are available locally

	Prosthetic knee joints 
	For all knee joints:

	
	
	Includes all bolts and screws needed for assembly

	
	
	Corrosion resistant for humid environments

	
	
	Compatible with shank, socket adaptors and materials available or being procured

	
	
	Can be maintained and repaired locally, with spare parts readily available or can be ordered

	
	
	Proven stability

	
	
	No excessive noise when user is walking

	
	
	User should be able to control the knee without excessive effort

	
	Single axis knee joint with adjustable stability and/or swing control:

	
	
	A manual knee lock may be included in the joint when additional stability is required, for example walking up or down hills

	
	
	Stability and swing control adjustments can be made locally with available tools, materials and expertise

	
	Polycentric knee:

	
	
	Stability and swing control adjustments can be made locally with available tools, materials and expertise

	Stump socks
	Socks without seams
Made of natural fibres such as cotton




References: 
PNG Department of Health, Brentnall L et al 2016, ‘National Guidelines on the Provision of Assistive Technology in Papua New Guinea’, http://www.motivation.org.au/resources/. 
World Health Organization standards for prosthetics and orthotics. Geneva: World health Organization; 2017 < https://apps.who.int/iris/bitstream/handle/10665/259209/9789241512480-part1-eng.pdf>. 
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