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Appropriate Technology & Technology Transfer

The use of appropriate Prosthetic & Orthotic technology

Introduction

Prosthetic & Orthotic technology:

Refers to components, materials and devices applied to the body to replace a limb (prosthesis) or support the body (orthosis). 
Prosthetist Orthotist:

The person trained in the application of this technology is called a Prosthetist Orthotist.

Prosthetic & Orthotic technology can be extremely “low tech”, made from indigenous or scrap materials, or it can be very “high tech” containing expensive materials and electronics.

The quest for “appropriate” technology has been ongoing since the first prostheses and orthoses appeared in Egyptian times.

What is “appropriate technology”

Over the past six years, the International Society of Prosthetic & Orthotic (ISPO) has utilized the following definition:


The ISPO also stipulates that appropriate technology is only appropriate when it is fitted by a properly trained person.

Key words - taken from the definition of appropriate technology

System  - Components

The use of the word implies that the components of a Prosthetic & Orthotic device should somehow be matched and compatible with one another.  It is possible, in theory, to take a variety of components from different countries/technologies and combine them.  

However, the results may be at best unsatisfactory and at worst, dangerous.  The primary consideration at this stage, for those involved in provision of P & O services, must be to ensure that the different technology designs are compatible.

The complications arising following the implementation of a “combined technologies” strategy such as this will not occur if one standard or system is selected.  

Using one system that is already tried and tested speeds up the process and provides a superior and guaranteed result.
Modern plastics versus other techniques (materials)

As stated previously, proper fit of devices is only assured if carried out by trained people.  

In addition, the provision of appropriate materials and systems must be ensured to guarantee the fit of the limb or brace.

Modern materials such as thermoplastics are particularly widely used.  The thermoplastics are able to be vacuum molded to the plaster cast of the body part (leg, arm, torso) and are therefore able to achieve a good “fit”. 

Older materials such as wood or aluminum are cheap, strong and widely available.  However, while these materials may have a role in the structure of the limb they do not offer good socket fit.  This can be accounted for by the fact that they are unable to be molded closely and are therefore more difficult to use.   

Historically, leather has been extensively used for manufacture of Prosthetic & Orthotic devices.  However, while it is easier to work with than wood or aluminium, it is a malleable material the integrity of which can be compromised by frequent use and humid or wet conditions.

Alignment based on sound Biomechanical Principles  (Technique)

To ensure good “alignment” any system must allow for adjustment at the “fitting stage”.

This adjustment of the alignment of the socket, knee and foot allows the Prosthetist Orthotist to:

· ensure the patient can achieve the best and most “normal” gait.  

· reduce the stress on the limb or stump

· preserve the limb or stump in the best possible condition

High levels of understanding of Biomechanics coupled with problem solving critical thinking skills are necessary for this process.

Suits the needs of the individual (Technique)

In the fitting of an artificial limb or appliance no “off the shelf” system has ever been successful.  Each device must be custom made and fitted to achieve the best results.

Sustained by the country at the most economical and affordable price

There are many high tech systems utilizing high tech materials such as carbon fibre, Kevlar and titanium.  At the upper end of the market, some also have integral computer controlled mechanisms.  The costs of such devices, both material and maintenance, are prohibitive.   Providing technology such as this to developing and low-income countries is unsustainable.

Other factors

· Cosmetic appearance

Diminished self-esteem or the poor self-image resulting from the loss of a limb is a major factor in the decision to wear a limb or a brace.  He or she wants to “look” normal.  

As health care professionals it is essential to acknowledge the right of the individual to be provided with a device that is cosmetically, as well as technically, suitable.

“Appropriate technology”, while inexpensive and available, need not be equated with “ugly” or “clumsy”.

· Weight
Some designs of Prosthetic & Orthotic device are too heavy.  The materials used are strong and cheap but the patient often rejects the device it because it is too heavy and tiring to use.

· Durable
A good device should not wear out quickly.  A good guide to the expectations regarding durability is to compare the longevity of the device to that of a shoe.  A device should last as long as a shoe.  For a “light” user, the device may last up to three years.  For a “heavy” user, the device may last less than one year.


With regard to the regional approach to improvement of services it would most efficient and cost effective to also adopt a common approach to choice of appropriate technology.   

High income, developed countries may use a high proportion of high tech expensive limbs while the low income countries will have more limited access to such technologies.                                               In most cases, it is relatively simple to import the necessary materials and components thus minimizing the necessity of setting up a component manufacturing facility in each target country.  However, it is important to bear in mind that foreign currency is required to purchase imported components.  Some of the countries in which we are proposing to work have limited access to foreign currency.  It may therefore be necessary to explore the options for acquisition or manufacture of components in-country.

A strategy for appropriate technology in S.E. Asia

Appropriate technology is divided into three areas:

· Materials for sockets and structure of braces.

· Modern techniques

· Componentry for modular assembly devices.

Technology transfer of modern materials

The use of thermoplastics and resin based plastics has become established already in Cambodia, Laos, Vietnam, Thailand, Malaysia and Singapore. To a lesser degree in Myanmar, Sri Lanka, Indonesia, Philippines.

The use of such material enables the use of modern fitting techniques, but must be applied by well trained practitioners.

Investment is needed in basic equipment such as ovens, vacuum pumps and the like.  However, the possibilities and improvements in fit and comfort for the patient when transferred from a wood, leather or metal socket are considerable.

Transfer of modern techniques

The modern limb and brace fitting techniques taken so much for granted in Cambodia and in the developed world, go hand in hand with the use of modern materials.  It is possible to use modern, technologically advanced techniques using older materials, but there are many constraints.

Modern fitting techniques rely exclusively on well-trained practitioners who understand the biomechanics and tissue mechanics of a prosthesis.  The training offered in Cambodia and in the regional target countries will address this objective

Transfer of modern components

In the search for appropriate technology, the Prosthetic & Orthotic world often fixates on the issue of components such as knee joints, feet, ankle mechanisms and structural stress members.  While the components are important, they are in fact, not the most crucial part of the whole process.  Well fitted braces and limbs can be achieved using modern materials and good technique.  However, modern components undoubtedly improve the product, save time, and increase functionality and cosmetic appearance.

Modern light weight components are available through the ICRC in Geneva and are durable and functional, relatively cheap and have good appearance.


The long term future for componentry

It is proposed that one centre or school of Prosthetic & Orthotics be designated as a research centre for appropriate technology (possibly CSPO).  

This centre will:

· obtain examples of Prosthetic & Orthotic technology from the region and beyond.

· evaluate designs and materials.

· develop alternative designs and materials.  

· conduct engineering and field trails.

· develop and implement processes and logistical lines for the dissemination of this research. 

· Work with the ICRC and the private sector.

The CSPO in Cambodia is an established centre experienced in the development and testing of appropriate technology and would be ideally suited to such a role.

This research facility would be required to form working relationships with engineering, academic, technical and commercial organisations to facilitate the development of new ideas and technologies.

Prior to the availability of appropriate technology designed and manufactured in Asia it is suggested that the system produced by the International Committee of the Red Cross (ICRC) should be used.    As the Asian Regional P & O Research Centre comes on-line with developments the new technology and advancements can be disseminated throughout the region. 

In the preliminary stages of the project components manufactured at the ICRC factory in Geneva will supply sufficient components for the initial demand.  However, it is envisaged that as the provision of services improves, demand will increase accordingly.  It is at this point that difficulties may arise with regard to the ability of the Geneva factory to cope with the increased demand. 

A review of the current appropriate technology available

Following is a review of materials and components currently available and affordable.  The review includes recommendations regarding the first stage strategy to be used in the target countries.

Socket Materials.

The structural requirements for a socket are:

· Strong enough to bear the weight of the patient.

· Able to be molded accurately to a plaster former.

· Non Toxic

· Non malleable at normal temperatures.

· Light weight.

	Material
	Properties
	Performance

	Poly Propylene
	The most commonly used material.  Heated in a special oven and vacuum molded.  Cheap, non-toxic, difficult to glue.  Durable and light.  No special storage needed.

Excellent cosmetically.
	An excellent material for the job.  Initial investment in ovens and equipment is quite high.  Needs good power supply.

	Glass reinforced resin
	The most widely used material.  Very similar properties to Polyprop.  Higher levels of toxicity.

Good/excellent cosmetically.
	Excellent proven performer.  Some health issues. Needs to be stored in cool area.  Available in most developing countries.  Very cheap.  Low investment.

	Leather
	Moldable, but loses shape.  Heavy, prone to bad smells.  

Cosmetically unsatisfactory.
	Good performance when new,  Widely available.  Inexpensive.  Can be used as a liner, as long as there is a strong backing socket in plastic

	Wood
	Difficult to get a good fit.  Needs specialist manual skills.  

Light, strong, repairable.
	A good, cheap material.  Widely available.  Socket fit is a compromise

	Aluminum


	Strong, light, easily beaten to shape.  Requires very high artisan skills,.  Not moldable to plaster impressions.  
	Very cheap locally available material.  Compromise socket shape.

	High Density Poly Ethylene
	Very similar qualities to Polyprop
	Available locally as water pipe, Very adaptable.



Materials for thighs, shins and other connective aspects

The technology used for connecting the socket to the foot or the knee, or the knee to the foot, is less critical.  However it should be easily to use and should also be durable.

There are two types of structure:

1) Endoskeletal - sometimes called Modular  

In this case, the structural member is usually a metal or carbon fiber tube.  This tube is located in the centre of the leg and is covered by a non-weight bearing cosmetic cover. 

2)  Exoskeletal. 

In this case the limb may be hollow with the outside material carrying the weight of the patient.  

Endoskeletal or modular systems are now the technology of preference for many service providers.  Such systems are easily adjustable, light, strong and simple to repair.  Using a lightweight non-structural cover, the cosmetic effect is very good.

The components are mass produced and easily assembled.

With exoskeletal limbs, it is more difficult to achieve good alignment.  Such limbs are also difficult to adjust.  Appearance is not so good.  A high degree of specialist manual skills are required to fashion such a device.

Endo skeletal limbs are usually easily combined with plastic sockets which is the material of choice.  The exoskeletal limbs can utilise plastic sockets but again, it is more difficult.

Wood and Aluminum are the most common materials available in the target countries.  However, with the availability of inexpensive and high quality alternatives it is an appropriate time to facilitate a change and introduce modular endoskeletal devices.

The ICRC system
The modern and affordable system of limb components produced by the ICRC in Geneva meets all of the criteria we have identified with regard to appropriate technology.  While the capacity of their factory is sufficient at the moment, there may be potential in the Phnom Penh and Ho Chi Minh factories should demand rise.  However, informal discussions with the ICRC indicate that production capacity will not be a limiting factor for several years.

Therefore, in the initial stages, there is no need to reinvent the wheel and develop a brand new system, the currently available system is available and is very good.
Commercially available systems

Only one commercially available system suitable for low income countries is on the market at present.  The Blatchford “Atlas” system has enormous potential.  While it is cheap it is still not adequately durable.  However, with some design modifications it may become viable proposition.  There is potential for manufacture of a cheap commercial system under license in a developing country and this should be considered in the long term country strategy.

Prosthetic Feet

The use of locally made rubber feet is already well established in the developing world.  At least three designs are available in Cambodia and are currently undergoing evaluation at CSPO.  The transfer of this technology to another country would be relatively easy.  

In the initial stages of the school projects, it will be easier and cheaper to import the feet.  They can then be locally manufactured if the long term development strategy and demand calls for it.

Orthotic braces

The use of plastic materials for the manufacture of orthoses is already well established and should be the way forward for the new target countries.  This strategy is most effective given that the materials, the ovens and other equipment used in Prosthetics can also be used for manufacture of orthoses.

Suitable side bars can be manufactured locally using widely available designs.


“Appropriate Prosthetic & Orthotic technology is a system providing proper fit and alignment based on sound Biomechanical principles which suit the needs of the individual and can be sustained by the country at the most economical and affordable price”.








A major part of the Strategy being developed is the transfer of appropriate technology to the target countries and the region.








It is proposed that the strategic plan for the training of Prosthetic & Orthotic practitioners runs in parallel with the introduction of appropriate modern technology.








Recommendations:





Only the plastic materials should be used as sockets. 


Sockets should be manufactured using a modified plaster impression.  


The material of choice is polypropylene, but Glass Reinforced Plastic (GRP) is also acceptable.  


High density polyethylene should be investigated since it is more readily available as water pipe.  This can be modified and used as a basic material.








Overall Recommendations





Modern materials for sockets and Orthotic structures be introduced and encouraged from the outset.


Modern techniques in Prosthetic & Orthotic fitting adopted using appropriate materials and processes from the outset.


Prosthetic & Orthotic graduates from the proposed schools should be trained in appropriate technology from the outset.


Projects should start up using the componentry technology available from the Geneva factory of the ICRC.


Existing capacity in Cambodia and Ho Chi Minh factories of ICRC should be examined.





Long term





A universal local technology should be developed in collaboration with all the regional countries and disseminated throughout the region.
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