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Approprige Prosthetics and Orthotic Technologies
in Low Income Countries

Foreword

The International Society for Prosthetics and Orthotics (ISPO) has had the great privilege of
implementing partner for the grant described and reported witmrethis docu

bein

Since 1995, ISPO has been supported by United States Agency for International Development (U
through the Leahy War Victims Fund (LWVF). The relationship began at that time with a grant fc

conference on appropriate prosthetic technolagpnfdieace brought together more than 100

rehabilitation experts who were charged with the task of deciding how best to use resoufces

measure effectiveness for Prosthetic and Orthotic services in developing country programs.
conclusions and recemuhations reached at that conference set standards used around the|worl
today.
Considering the roles and strengths of ISPO and the mandate of the USAID through the Lgahy
Victims Fund, it is not surprisiathis relationship developed and eohtinavolve and manifest
itself over the years. ISPO itself has over 3000 members worldwide from over 90 countries gnd |
interdisciplinary organization that works to improve the quality of life for persons who m§y ben
from prosthetic, orthotic,bitity and assistive devices. €
@)
O
From an overall perspective, the outcome of this grant perio@ddi2@8dollows: o
o
A Prosthetics and orthotics teaching programs have been strengthened by the provision oEsghole
to those who are trainedaiious schools globally to internationally recognized standards. |We
were able also to support the upgrading of teachers and teaching material; <
(%]
Q
A We tested several major prosthetic component designs and published the results. We f&und se
flaws in présetic foot design that led to prosthetic limbs malfunctioning and breaking an& S0 ha
made recommendations for improvement; g
|_
o
A We designed and ftelsted a monitoring and evaluation program and toolldcatreaaizle <
international orgaatiens to lter manage and measure thetiofprehabilitation programs; 5
o
A We encouraged foloprof graduates and their patients in the field. §
B
The i mpact of this work for some of the @crl
a
A More people with mobilityathilities have been able to access safe and effective care frorg traine
clinicians; el
o
o
Q.
<

©
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A Scholarships were awarded to students who then became trained professionals. Now, n
graduates have secure livelihoadeadohel to support themselves ancaithidied;

A We expect that the recommendations derived from the prosthetic foot testing work will have
direct impact on designers and manufacturers of prosthetic feet so that failures of thesg ess
parts will become less frequent.

We have learndwt there is still much to be done to improve the availability of appropriate prostheti
and orthotic technologies in low income countries and that our work will continue in this reggrd. V
have also learned that in order to maintain and developepdstgraldaiad technical skills, these
new professionals will need to further support and continued mentorship at various levelg to t
facilitate their continued development professionally.

Throughout my tenure with ISPO, it has been a greatnpldeswoeta have worked with the
many collaborators of this initiative. The personal commitment and exemplary work with theil rest
oriented approach is acknowledged. ISPO wholeheartedly thanks these individuals for their gigni
contributions. Inditlon, a very special thank you must be bestowed upon Dr. J.S. Jensen, for hi
many years of committed and dedicated hard work as the Project Manager, for all the USAID/LW
grants that ISPO has received until today.

Dan Blocka, B.Sc., C.DkC.B.C.,
Immediate Past President, ISPO
Chair, USAHIEPO Steering Committee
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Our work continues with the support of another collaborative agreement with USAI20082013. These images show an ISPO field visit team
evaluating scholarship graduate work in Vietnam in October 2010nages Mel Stills
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Appropriate technology isa system providing proper fit and alignment based Q
biomechanical prin@plkich gits the needs of the individual and can be sustaine
country at the most economical and affordable price.

Definitioendorsedta ISPO Consensus Conference
Appropriate Orthopedic TechnoléggoimeLGauntries,
Moshi, TanzaniaeSd000

J

Executive Summary

The need:

25.5 million people in the world are estimated to need prosthef
and orthotidevicesThe majority of these people cannot exercise
thar human rightshe right to a standard of living adequate for
health and vieing of individuals and their family, including fq
housing and medical care and necessary sppiapsatgices
prosthetic and orthotic devices for persanguaitiments or loss
of limbs or malfunction of the spine are important to assist thg
persons to participatédmesticsocial and employment activities.
These technologies are best provided by clinicians trained to .ﬂe
safe and effective prostaetiorthotic services. Devices should e
desiged to withstand everydapwsemany years and oftédmein
extreme environments of high ambient heat and huroadity th
exist in low income countries.

Outcomes:

This grant, provided by the LeahyMf{ens Fund of the United
Stated Agency for International Developeipatl to improve
prosthetiesrthotics service delivery and achieved the follow!
outcomes:

Consensus conferens2 Consensus conferencallowe

hgologies in Low Incohe Co

(@)

international agreement to be deaeh®ut appropriate
technlmgiesfor peoplewith mobility difficultiesn the light of
limited scientific evidence on this important rehabilitatibn éapig.outcome of this project was th
successful delivery ofSPO GnsensuSonferencentitiedAgpropriate Or#majicTechnolofgyy Low
income Countréd inMoshi, Tanzania,Sepmber2000 Two further ISPOonsensevents were
delivered under the projagpropriate Lower Limb Orthotics for Develppiegn@oynipe006
andWheelchairs for Developing, Caliatids/ember 2006

Prosthetic limb components Numerous designs of prostimticomponents exist. Of these,
prosthetic feet are an importantdeaatsin in the prescriptiopro$thetic limbs andyankmall range

Prosthetic limb user, Cambodialmage J&nsen

Appropriate Prosthetic®nd Orthotic Tec
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of prosthetic feet are available and affordable in low incomé-icstiyntvesmechanically tested
different kinds of prosthetic feet in a test labdfatbgnfollowed up numbesfusers dfanstibial
prosthetitmbsin theirown local® invesgjate how their prosthetic feeivear the rigors of daily life.

We werenterested in determiningdin@bilityof the prosthefietin thelaboratory and in fletd and

our findings wedgsappointing in that the materidisetn@re made from tend to fail relatively quickly
undercyclic testingr regular usmdetthe normal 4oounty conditions of rough terrain or high humidity
and ambient temperatiiés found that when tegpedsthetiteet made from rubber veergaor to
polyurethane fedth respect to durability.

We also followed apumber of persons with tfameral prosthetic limbs in the field and found that
prosthetic knee components prescribed for use in low income cdustkieseoftents mecsans

that loosengnhaking them less useful

We found that whprosthetic components begirear and fatigue, tdeynot then function properly
making walking more difficult. In the worst cases, adrapdhent pdras critical failure, the entire
prosthetic limb cannot be worn

Scholarships 109 &Sholarshipswere awarded to educate and train
prosthetisbrthotiss and orthopaedic technologistsarily fronpostconflict areag the last two
yearsgholarship agreements included a corhfrotméime home country employer or government and
the scholar that the scholar would returnhortieicountry to work for at least 3 yeagsaplosition

with a guaranteed position.

Training the Trainers: Training the trainshortcourses upgrddie skills of teachers

for programs in prosthetics and orthotics in Cambodia and’ Hermgadive of this upgrading
training was to improve the eff@ess of teaching and learning in the institutions where scholars
educated.

Evaluator Traning: We received support to train ISPO evaluators whose wor
includes recognition of training progranastimepes and orthoticsi@rnationally agreed standards.
Minimum standards ofgméitare were promotidough this work.

Educational resairces: Teaching and learning resources were developed and delivereq
Performance Indicators: We developgeerformancadicatorand outcome meastwes
monitor and assessgjtladityof educational provision and prosthetics and orthotics cksical servic

Footnote:

More detaibouhestudies of prostheticthotikehnologiesferred to in this dodsiment

\Wwere

available in the publications referred to in therbji=iggréphy




Impact:

The impact of the work done undagteemehEPO Appropriate Prosthetic and Orthotic Technologie
Income Countsigsultifactoridlecause of the different activities undetagkere believe that all
outcomes will have aifsiggmt impact on the end user of prosthetic and orthotic devides living in
income countries.

Vv

~

We have succeeded in building the pool of trained clinical staff working in lower income c
so that more persons with disabilities can be assessitofprosthetic and ortéchicology
services provided by personnel with an acceptable portfolio of clinical and technical skills

We have promoted safe standards of practice education for prosthetists/orthotists and ort
technologists. TREAID grant has helped to support increased interest and activity in
international standards of education for prosthetists/orthotists and orthopaedic technologi
has certainly been a key ingredient to promoting safe standards afrgaeisos ceeding

to access prosthetic/orths#iwices.

We have strengthened the learning environment for student prosthetists/orthotists and

S in |

Duntr

hopa
the
5tS. |

stude

orthopaedic technologists in lower income countries by training their teachers in pedagogi

technigess and by provision of more learning resources.

Throughuse of outcome measures and analysis and dissemination of audivsthdyeresu
augmented quality improvement cycles in both eddoztiooal services.

w Income C@ntries

Whenreviewing the long term eiserosthetic componaritpeople with disabilities in their Z
usual environment we were able to promote the importance of disability rights to the dévi
and their communities.

nologies in

Showing interesttie personal outconwépersons with disabiliis® made a positive impact
upon promotion of the work of their rehabilitation service provider.

We have a better understanding of the usefulness deplosiltegic users in lower income
countries. Wpublished the results giribsthetic reawv follow up studesd thee resultsan

be used to help with prescribing decisions.

Although we are not aware of specific improvements in device design as a direct result & t
it underlines the importance of testing new designs befplaweiengl them on the market.
Wehope thahe device designers wal taite of our results so as to desigmurable devices

that wilbetter assigeople with limb absence to able fwaftitypat in society

Appropriate Pro€hetic and Orthotic Tech
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Lessons learned:

Ouractivityunder this progrd8PO Appropriate Prosthetic and Orthotic Technologies in Lisw Incon
an importa@lement dhe portfolio of work done by ISROtbg first decade of the mélennium

We are privilegeéd have been a part of globdakeffoprovide rehabilitation services to some of the
worl déds most di sadvant agwak tocdoton imprave trehabiltation T h
technology servicepfple with physical disabilities in lower income countries and we hate learng
our efforts cannot diminish in this régmedmust continue our efforts to ensure thatiappropr
prosthetic and orthotd®logieare made more readily available.

As weeflecupon the prograsfwork done over the deceeliinda common thae to our work which

is about skills development. All aspects of ouvetadrhabout muting or assessing the clinical and
technical skills of prosthetists/orthotists and orthopaedic technologistsitfarf therdmmefwith
physical disabibtiho need access to rehabilitation tecforthegymobility

Our work has naturally focused on suppbdiags snd enhancing theiirigagnvironmentooking

back on the successes and challenges of this approach gives us thghbewefareidwadgare of

a likely drop in skills level where clinicians work in atdatgraduation in coest where peer
communities and support is lianmetis can lead to a reduction in quality of patiéns ¢csreoming

clear thaaswell as supporting professional training through the provision ofveelvaléirsfupse

need to refresh our efforts to support the postgraduate community by encouraging mentoring
graduatesThis mentoring could be provided by in coufesgigmnals who could encourage and
participate selfsustaining professional communities and clinical interest groups.

To date we have speigrafisant amount of time anglgsudent performance and we need to shift our
focus to be more patmnteredwvhen measuring outcomes. We also wish to look more closely at
work done by the trained clinician to firtbraiaboulhow their training has influenced patient care. In
considerintpe circumstances in wiabhbilitation
services are pded, and the limited resaurc
available in low income countries, we have
come to readithatlong term record keeping shof®
be implemented withumlity contralystems.

We also believe thale development within th
wider service team is ingmtrtWe are particularl
interested in finding new and innovative wa
deliver services that are effective and efficie
are interested in understanding and encouragi
development fatl members of thwder clinical
team and particularly feommunity based
rehabilitatiomorkerswho can be a first point ¢
contact for persons with mobility challenges i

. Community activity, Tanzania Inage J®nser
communities.
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SECTION 1: Rehabilitation Technology

Mechanical testing of prosthetic feet utilized in lowncome
countries according tdS010328

Twentyone different prosthetic foot modelgesupplonGovernmer@rganisatiofsiGOsand
commonly utigd in the developing world were made by either natural rubber (14), polyurethane (P
or ethyvinytacetate (EVA, 2).

Theinitid Static Proof test, whichutates a single mometa(2,240 N)was not passduae to
permanent forefoot deformatiaeedingym In addition, all tested feet had significant internal failure
that were visible when sectioned longitudinally.

Foefoot deformation for flampur rubber feet came closest to meeting the standardnan8.3
deformation of the various types of rubber Jaipur feet was the gredietmiat 2E&refoot
deformation fd?U feet was 13t6.5mm. Forefoot deformatibtheEVAfeet was 228.7mm.

Breakage of the forefoot was observed with 3 rubber feet (VI Cambodia, HI Mozambique, PHN C
and 2 PU feet (Alimco India, PFThai).

After the Static Strength, testmanent deformation of the feet increased. dhenasenaum
deformation for rubber SACH forefeet varied from 17 to 30mm, and 11 to 26mnrudbbéhe heél;
Jaipur forefeet 47 to 60mm and heels 13 to 19mm; PU forefeet 20 to 44mm and heels 20 t0533
EVA forefeet 33 to 50mm and heels 16 toEddmge of the forefoot was observed with 2 PU fSet
(Alimco India, PFThai) and 2 EVA feet (Afghan, ASB Ethiopia).

After completion of the Cyclic Test (1,3302 MNip2 aycles) the prosthetic feet were sawatf
longitudinally and closely examindly visligeetevealed internal derangements

Low Income

U, 5)

amb

mm;

1. Deformation of rubber or PU foam under the keel of forefoot and/or heel : HCMC Vietaam, V
Cambodia, EB1 Vietnam, BAVI Vietnam, HI Cambodia, ICRC Myanmar, HI Angola, TATCO

Tanzania (all rubber feet); Kyng§A (PU foot) and-SRCH from ICRC Switzerland (PU foot). ‘_;3
Delamination from the keel : HI Mozambique, PHN Cambodia (rubber), and CIREC Colomtia
Delamination between foam layers : BMVSS, NISHA, MUKTI, amdigd\dalur rubber feet)
Two emironmental factors were tested; UV light 400 hts3Af@520 weeks; or°38ith 98
100% humidity for 20 weeks. The influence was minimal for rubber feet with respect to d@‘o
and inconsistent for the polymer feet; in particular for theCieeemcreased with humidity5

h

Hwn

[S]
(5]
|

Cc

(PU)

rmati

exposure in some featleof natural rubber. However, creep decreased with UV exposure fo&:these
natural rubber feet, as was also the case for EVA feet, whereas the creep increased for <9\N3 PU

Comparison of the eftét¢tumidity and UV exposure generally showed less creep with UV ex@)<
Inspection of the internal structures after the laboratory testing revealed failures in all tested fe%t
Conclusion: None of tested feet passed the standard ISO testingSd@ea8 testing prior to

release of a new foot construction by psesons with lower limb ampubatieveloping countries
important to better assurg@tbscriber and user of thgrityeof the prosthetic foot.

Appropriate Pré

ure.
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Clinical field testing ofprosthetics in tropical lowincome countries

/e Appropriate Prosthetic and Orthotic Technologies in Low Income Countries

Vulcanised rubber prosthetic feet: This study of prostheticvieet completed eitheioat

failure or followp appointment of people with transtibial amputation who had been prescrib
prosthetic footade from vulcastsrubbein Cambodia or Vietndrhe studyas conducted doy

ISPO teanargorthopaedic surgeonl g@rosthetist).

78 prosthetic feeteredelivered in Vietham from Wetnamese Training Centre for Orthopaedic
Technology (VIETCOT):

T

41EB1 feet were delivered vatsACHoot design developed by Prosthetics Outreach Foundatic
Hanoi, Vietnanthe footonsists of a wedge formed woodewitkemlvulcaeid textileubber
sandwich construction for the heel cushiamadniaalefoot.

37 VI-Solid faeweredeliveredrém the Vietham Veterans of America Foundation (VVAF), Kier
Khleang, Cambodi&e internal construction of the foot is a large tooth shaped polypropylene
with anchoring holes, 4yreber sole and rubber foam sbgbicuand textile reinforcement of heel,
midfoot and dorsum.

108 feet were delivered fronC#mbodian School for Prosthetics and Orthotics (CSPO), Cambodia:

l

War ordnance was the cause of amputation in 59% (94/K8tof
the time of folleup 94% were community ambulators and 79% in

40 VI cavity heeltflemVVAF, Cambodiad a cavitgrmed in the heel cushion to ashaska
absorber.

38 PRubberfeetwith SACH rubbdeet from ICRC, Phnom Penh, Cambodia. The polypropylen
keel is dog tathapéormed with multiple anchoring holes and wound with rubber bands. The s
reinforced with tyre rubber.

30HI feet wersupplied frofdandicap International, Phnom Penh, Cambodia. Thelnagddoth
polypropylene keel has anchoring holes and is wound wit
bands. The heel cushion is of polyurethane.

Failure was recorded in 41% (64/158) after 20 months on averagq

wear bsole or keel. TheGAvity Foot was followed for B2) Thonths
with an 18 months survival of 89%, but by the end of the study
were mounted in 40% (14/35) of cases due to wear of the foot sol *

The following table gives detailed indorateut theubber foattudy.

Rubber feet at review Image Jénsetr
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Vulcanised rulioer prosthetic foot study

Vietnam Cambodia
Study parameters EB1 Foot | ViSolid Foot| VHCavity | PRRubber | ., .. TOTAL
Heel Foot
Delivered 41 37 40 38 30 186

Followup 33 80% | 31 84% 35 88% 29 76% | 30 100% 158 85%
Months Followup 20 | 20-22 | 26 13-27 | 27 7-32 15| 1429 | 10 6-17 20 6-32
Age at Amptation 23 4-55 | 23 4-44 24 | 1141 | 25| 1648 |25 7-48 24 4-55
Age now 40 | 1966 | 40 19-57 | 40 | 2453 |40 | 2160 | 43 17-55 40 17-66

Skilled Work 8 24% | 10 32% 8 23% 0% 7 23% 33 21%
Unskilled Work 17 52% | 16 52% 16 46% 22 76% | 21 70% 92 58%
Nordimb User 3 9% 6 19% 9 6%
Community Ambulators 30 91% | 25 81% 35| 100% |29 | 100% | 30 100% 149 94%
Walks > 1 km 28 85% | 24 77% 35| 100% | 26 90% | 30 100% 143 91%
Intensive Users 24 73% 20 65% 31 89% 29 | 100% | 30 100% 134 85%
Insufficient craftsmanship 1 3% 2 6% 1 3% 1 3% 5 3%
Failure 14 42% 2 6% 15 43% 24 83% 9 30% 64 41%

- foot cover 1 3% 1 1%

- foot sole worn 12% 1 3% 13 37% 20 69% 3 10% 41 26%

- keel worn 8 24% 1 3% 3 10% 4 13% 16 10%

- bolt attachment 1 3% 1 1%

- new foot needed, no. 11 33% 1 3% 14 40% 23 79% 6 20% 55 35%

- foot survival, 18 Mmths 32 97% 30 97% 31 89% 11 38% 104 66%
- foot survival, 12 Maths 33| 100% | 30 97% 34 97% 27 93% 24 80% 148 94%
-foot survival, 6 Maths 33| 100% | 31 100% | 35| 100% |29 | 100% | 30 100% 158 100%
Time to Failure, Months 20 16-22 | 26 27 7-32 15 10-29 | 10 7-17 20 7-32

The Hffoot was only followed for 2@A7months on average, had 12 mnvikal of 80% and 20%
(6/30) new featrereneeded because of worn keel or sole. Eventually the PP Rubber foot from%C
Phnom Penh was followed for 12ZBjIonths. It started out well with 12 months survival of 93%8b
dropped dramatically to 28%8 months and by the closure of the study 79% (23/29) feet hag k

exchanged because of worn soles.

There is really no explanation of the poor performance @
Rubber Foot other than all the sole failures takes place in
keel, wherdné natural tdeeak will take pldsee image, right)

Conclusion:

for unknowreason@erhaps financial)

Feet were sawn through &xamined Image J8nser
This study of prosthetic feet used by persons-iltialteenputation in Cambodia and2
Vietnam revealed that the most durable feet made from rubber were from Veterans Intgrr
Cambodia, and thelEBom the Prosthetics Outreach Foundation iiiéaived. feet from Veterans
International providewa cost, durable and locally mamataprosthetic foot solution for low incomes
countriesThe suppliers of the othemferet notaware of the problems because no systematjc f0||0\?@
is undertaken by the NGO wagokdbeyond the first year @setrfiesitate to go back to the Workshopg

ountries
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Polyurethane Prosthetic Feet

A similar studp the rubber foot studws conductéar polyurethane prosthetic feet in El Salvador,
Cambodia and Vietnam.

A total of 82 polyurethane prosthetic feet were delivered by a clinic of the University of Don B
SalvadoBEOKingsleystridei08 feet werSACH feeconsisting of a wooden keel with a textile belt drive
forefoot reinforcement encapsulatewldgdoolyurethane (PU) fo8BCIREC feet consiste@ of
springblade footleveloped by CIREC, Colombia. They are madedgé dormed solid PP keel
mouldedaround two PP sprbigdes. The core is placed in a metal mould, which is filled with PU fq
that is cured to form the heel cushion and encapsulate the entire foot.

In Cambodia, 3% SACH feet from CR Instruments, SwitzerlardGmeet€ tested CSPOThe
dogtailed, fenestrated PP keel is encapsulated in PU foam.

In Vetnam, 35 Fujiarfeet from Endolifesia, werdested at VIETCOT, Vietnam. The internal
construction of the foot is a tooth shaped wooden keel and textile belt foeaheot mempsulated

by PU foanThe following table gives detailed information about the polyurethane foot study.

Polyurethane prosthetic foot study
El Salvador Cambodia| Vietnam
Study parameters Ksl?ﬁgleery CIREC CRSACH| Fujan TOTAL
Delivered 50 32 55 35 172

Followup 33 20 55 28 136 | 79%
Months Followup 17 | 137 | 13 | 527 |18 |11-18 |11 |11-11 | 11 | 137
Age at Amptation 28 | 1650 | 23 | 1-72 |25 |16-59 | 22 | 1344 | 24 |13-72
Age now 35 | 26-62 36 |20-73 |42 | 2168 |44 | 2057 | 41 | 20-73

Skilled Work 8 24% 5 25% | 3 | 8% | 9| 32% | 25 | 21%
Unskilled Work 12 36% 5 25% |33 | 87% |15 | 54% | 65 | 55%
NorHlimb User 3 3 3%
Household Ambulators 4 2 6 5%
Community Ambulators | 29 | 88% | 16 | 80% |38 | 100% |25 | 89% | 108 | 91%
Walks > 1 km 26 79% 10 50% |36 | 95% |22 | 79% | 94 | 79%
Intensive Users 23 70% 10 50% |37 | 97% |23 | 82% | 93 | 78%
Inadequate Craftsmanshig 6 18% 5 25% | 7 | 18% | 5 | 18% | 23 | 17%
Failure 29 88% 7 35% |43 | 78% |13 | 46% | 92 | 68%

-foot cover 13 | 24% 13 | 10%

- foot sole worn 20 61% 0% (23| 42% | 8 | 29% | 51 | 38%
-keel worn 9 27% 6 30% | 6 | 11% | 5 | 18% | 26 | 19%

- bolt attachment 1 5% 1 2% 2 1%

- new foot needed, total | 26 79% 5 25% |38 | 69% |13 | 46% | 82 | 60%
- foot survival, 18 Maths | 15 45% 16 80% |17 | 31% 48 | 35%
-foot survival, 12 Matths | 24 | 73% | 17 | 85% |31 | 56% |12 | 43% | 84 | 62%
- foot survival, 6 Months 31 94% 20 | 100% |52 | 95% |21 | 75% |124 | 91%
Time to Failure, Months | 15 | 1-35 16 | 722 |10 | 4-18 |11 | 411 | 11 | 1-35

PU feet at reviewImagesJ&hser
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War ordnance was the cause of amputation in 59% (70/119) of cases. At theuprod %f icdlew
community ambulators and 76% in work.

Failue was recorded in 68% (92/136) after 11 months on average. The CIREC foot performed best v

18 months survival of 80%; wear of the keel being the problem leading to exchange of 25% (%
Kingsley foot had the longest fopomith 12 months suaiof 73%; wear of foot sole and keel being
problematiand new feetereneeded in 79%#6/33) at 15 months

20).

The worst problems were experienced with only 43% survival at 12 months of the Fujian Foot becau

wear of the sole and keel with 46% (18/28¢et needed, and 31% survival at 18 months-of the C
SACH Foot because of deterioration of the foot cover when exposed to strong sunshine an

Q
] the

walking baii@oted. At the end of the study at 11 months 69% (38/55) were exchanged. ICRC apd C

Instuments have tried new compositions of PU foam in collaboration with the seapaieer, but
unaware ainy major bretticough.

The best performing foot in this sjpulgared to IRREC foot from Bogota, Colanfiausers
claimed to betémsive userbut it was noted thatftsmanship and user comphareen the low
side, andhé drogut from followap waghe higheand swedo not hawvenfidence in the results.

Conclusion: Current designs mdlyuréhane based prosthetic feettche rsommended for tropical
areas of the developing world.

Vulcanised Jaipur Rubbe Feet:

Il n the 197006s Dr. PpmentKof a @Bosthelici footiramlieratie ttoette
conventional SACH foot, but which allowed barefoot walkinpasduatiisgged sitting. The foot

C

omeTountries
-
@

was originally designed with a high ankle block of wood facilitating fixation to the aluminium skzamnk of
prosthesis with wooden screws; a block of sponge rubber layers glued together to resemble th§ rnobil
the mrmal ankle, subtalar and midtarsal joints. Originally the tarsus and metatarsals were repkcated |

wooden wedge with plantar reinforcement by cord lining. Each block was enclosed in a sk@ll
rubber, covered with naturBber and vulcauisinatermodels the fefeot was replaced by a hard
rubber block or sponge rubber layers. The sponge rubber parts alleffesbforpdansidlexion,
supination, pronation, internal and external rotation and provided a more natural gait clo
performance of the normal foot.

r

Two studies of persons with-tikaakamputationsinglaipur rubber feet produced by two differen
manufacturedsMUKTI, Chennai and NISHA Foot Centre, Wartdgipur, Indigereconducted
Thefoot constructionseae in essence identical to the original design of foetJaitha wedge

etic and Orthotic $echnolog

of h

to tl

formed block of sponge rubber layers, separated by a wall of natural rubber from the cubical, cgnjpres

heel block of sponge rubber layers, separated from the wbdbolda @hklevhole construction is 5

wrappedvith natural rubber and vuledniBhe studies were conducted at the ICRC project in Hoig:k

Minh City, Vietham. The prostheses were produced by prosthetic technictans,chut extheck
byone of two expatieprosthetists. The participaet® seen for follapw by an ISR€am at-8
months and -1 months. Study participants wereitle@nat failued their prosthetic fastat the

Appropri
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latest follomap. The clinical field testing was conducteddanaecwith the system developed by
ISPO.

OtherISPO assessment geasitedcentersn Honduras, Uganda and India. At alténteethe

technology had b&#noduced through a three waeking course provided by trainers from BMVSS|

The Teletorrgect in Honduras was sponsored by Rotary International, the materials supplied by BM
with the prescription supported by a physiatrist, and the prosthetics fabrication and fitting undertaken

occupational therapist and a maintenance manctsha guaje and Baluba, Uganda were coordinated

by World Rehabilitation Fund (WRF)tdiseld orthopaedic technologists and technicians with seveyal
y e a r-tlsefdb tmining. The Indian project in Kerala was administered by the Tropical ldealth Foundati

sponsored by Rotary Jaipur Limb Project of the United Kingulegadtaoknicians with more than
fifteen years-timejob training.

Vulcanised Jaipur Rubber Feet studies
ICRC, HCMC, Vietnam Comparative studies
Study Parameters -
MUKT! Foot NISHAFoot Honduras, 2001 Uganda, 2002 India, 2002
Delivered 41 42 109 104 107

Followup 41 100% 40 95% 31 28% 70 67% 71 66%
Months Followup 16 9-17 15 8-17 31 1181 36 1144 37 16-51
Age at Ampitation 20 13-28 20 7-48 24 0-72 37 1-70 40 0-82
Age nav 51 2555 51 36-61 33 1385 58 6-84 46 20-86

Skilled Work 12 29% 7 18% 7 23% 3 4% 13 18%
Unskilled Work 21 51% 24 60% 9 29% 49 70% 18 25%
NorHimb User 4 13% 2 3% 4 6%
Household Ambulators 7 18% 3 10% 7 10% 10 14%
Community Ambulators 41 100% 33 83% 12 39% 63 90% 61 86%
Walks > 1 km 41 100% 40 100% 8 26% 51 73% 23 32%
Intensive Users 37 90% 33 83% 11 35% 33 92% 28 76%
Inadequate Craftsmanship 3 7% 3 8% 16 52% 41 59% 40 56%
Failure 23 56% 19 48% 16 52% 47 67% 34 48%

- foot cover 1 2% 5 7% 1 1%

- foot sole worn 2 5% 3 8% 1 3% 12 17% 3 4%

- keel worn 6 15% 14 35% 15 48% 40 57% 34 48%

- bolt attachment/others 14 34% 2 5% 0% 0% 0%
-new foot needed, total 11 27% 11 28% 13 42% 41 59% 16 23%
-foot survival, 18 Maths 20 65% 41 59% 63 89%
-foot survival, 12 Maiths 27 66% 30 75% 24 T7% 49 70% 67 94%
- foot survival, 6 Maths 41 100% 39 98% 29 94% 61 87% 69 97%
Time to Failure, Months 16 15-17 9 5-16 17 2-38 17 341 30 347

There was a high follgwvrate fothe prospective sagdin Vietnam, but a low felipwate in the
retrospective studies, which could influence thelhegirivsips from Honduras and Inde less
intensive usefsywerhad jobs and the craftsmanshgemerally poor in the retrospective series.
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The1l2 months survival exceeded 65%vabloiver than the experiences with both PU feet and i
particular rubber feet. The failure rate was a/@bitdii@h with the feet provided by trained staff ang
the technicians in Honduras, Uganda and Indialerhe were mainly related to the keel and heel blo¢k
with separation of the sponge layers followed by fracture of the skin. The need of a new foot was le:
30% in Vietnam and India4¢B606% in Honduras and Uganda.

=)

For the Honduras and Ugandssirsdar results were seen avibind 40% failuresrafi@& morits,
whereas the Indian feeabadt 20% less failat@) months, which is apparently thenbféor Jaipur
feet.

Based on confidence interval for estimated proportionsat is
to evaluate the reliability of the results obtained from subpo
of the original finite population of N=320 (Machih3g 74!

If, for instance, the true proportipfooexampleénadequate fit
among the cohort of 320 is 78%, a sangil&&izerequired to
produce a 95% confidence interval with a width pgrcentage
points around the estimated proportion. Assuming that pro
found among the Jp#tticipantseen are of similar magnitude
those in the oplete population3#0 peoplehe sample size @
172is sufficient for producing confidence intervals with a re
width. For misalignment, the observed proportion was 789
leads to the confidence intervalJ@3]L

This analysis was performed for eaghpuadjélots involved, b
the sampling number for Honduras was low and the requirgq

statistical adegy could not be met. rs. ImagaSlense

Conclusion: When thestudiesvere pooled together thsultsallowedusto conclude, with 95%

certainty, that thgrosthesder people with tratibial amputatian these studiisled to meet the

standards for socket fit, socket wall adequacy, alignment, length, craftsmanship and system
(i.e. foot) patient compliance, and occurrence of pain.

lated

The Shap&Roll Foot

The Shape&Roll prosthetic foot mimics the natural
characteristic of oroll o]
Northwestern University, USA for use in developing co
The prdbketic foot core is made by ingelpieces of
polpropylenpolyethylene plastic in an oven followed
compression in a lewetding device and shaped to lengths of

2225 cm. A flange is left at the heel forafisocgtion, arsdw cuts in the forefoot aftmwan

Foot cross sectionimage J&nset
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appropriate shape in di@sionduring wiing. A sock of about 6mmupellzane is made and the core
is put on as a shoe with the help charsh® attempt is made to glue the cover to the core, nor is
sealed at the top.

The following taljeves details for the study
Shape-and-Roll Foot Study, Cambodia
Followup 35
Months Followup 9 8-10
Age at Ampitation 25 6-44
Age now 45 17-60
Skilled Work 10 29% ]
Unskilled Work 24 69% ﬂ:ggg}i?}i;? atreview.
Nordimb User 0 0%

Household Ambulators 1 3%

Community Ambulators 34 97% | 35 users were followed up af@veangef 9 months use.
Walks > 1 km 30 86% | Severe wear of the ablthe heebas observed in 20/35
Intensive Users 21 60% | (57%)casem combination with breakage of the cover over

Inadequate Craftsmanship 7 20% | thefirst toe or loss ofthkkcoverand sole distal to the level
Failure 30 86% | of the metatarsal heaftisr 5 (B) months on average.
- foot cover 12 34% | Eventually the whole keel was expulsed and the foot filled
- foot sole worn 25 7% | with water and mud in the many open spaces. New feet wg
- keel worn 2 6% | needed in 868bcasesithin 9 months.
- bolt attachment 0%

- new foot needed, total 30 86% | Conclusion: We recommenbatfurtheruse ofhis model

“foot survival, 18 Manths 0 0% | of the Shape&Rpblyurethane deal, nosealed fods

'_ffo";fs“:rv\'/‘i’va:‘l 162,\';"0::’: E iizﬁ broughtto a halandthatthose fevfeetstill functioning

: — should be exchanged

Time to Failure, Months 5 19

The ATLAS Prosthesis fgreople with trans-tibial amputation

The ATLAS system consists of an intdggatadshin and fkeel blade, designed for fibre reinforced
thermoplastic injection moulding, and an injection moulded elastmeekic Tioe sHoot
component comes with ddniith durafoam cosmetic cover. The height of the prosthesis is adjust
cutting off the length of thedm, which is then fixed tepeofiled slot in a chassis with two clamp
screws, and between that and the prosthetic socket an alignnemteqgsed)to allow linear shift,
angulation and rotation at one level. The prosthetic socket is not part of the system, but is individy
in the conventional fashion.

The prostheses were tested in 49 cases in Cambodia and 36 caseSinvi#r8dbstdo follaw

and 15 were nasers; mostly because of unsatisfactory socket fit (9), but in six cases becat
shrieking noise from the-fsloin piece during walking. Intensive users were 89% (59/66) and 7
(51/66) could walk moramhoneilometerin Cambodia 56% (23/41) had failed afte&2Q)0r({8nths

and in El Salvador 72% (18/25) aftet313 if8nths. The most serious failure was fracture of the sha
in 36% (24/66) happening during sports or walking. The foot sole& 4% (A/66), the ibeam
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needed tightening in 17% (11/66) and the cosmetic cover worn out in 8% (5/66). The survival ct]:ves

the two countries followed that of thebHér foot from Cambodia tightly. With a failure rate of abo
40% after 1v2 yeae tRTLAS system was considered unacceptable amdthhdravate

Clinical field testing of trandemoral prosthetic technology

This report presents the experienceseoqle with trafesmoral amputatipnovided with either a
prosthesis of convergiodesign with reliminated socket, wooden blocks, uniaxial knee, and

a

vulcanised rubber foot of SACH design; or a polypropylene prosthesis based on a tubular, modular

from ICRC (International Committee of the Red Cross) with a polyppsay/Emeetsocket, a uniaxial
knee joint, and a vulcanised polyunethiagiecovered SACH design made with polypropylene keel

The prostheses were supplied by the orthopaedic workshop atlthe @gtestsyhool, TATCOT
(Tanzanian Training Gefar Orthopaedic Technologistsptaaithers or under their supervision. The
TATCOT prosthesis had a knee mechanism from Otto Bock, Germany of uniaxial design; in 5
swing phase control, 8 cases as a freely swinging knee, and ia Ib¢keasesiasial knee. The

case

TATCOT vulcanised rubber foot is a SACH design. The components were united with wooden blocks

static bench alignment performed.

The ICRC prosthesis had a uniaxial knee mechanism from CR Eq@pmegriaiEiAe sk part
is fixed to the proximal housing by a transverse hollow axis, which is fixed with a transvei&se
arrangement with side washers. The rotation of the axis is secured by 2 screws that are tigHe
trough of the axis. In 12 casesdabddcking mechanism was left open for the knee to swing freelyeo 3
23 cases a locked kneetikigesl Two dynamic alignment discsplaaedbetween the socket and the%

knee unit, and between the foot and the shankiobhes @RSACH desigh witlypropylene keels and 2

toebreak with a vulcanised polyuretiiaver cover.

All 27 TATCOT pstheses provided were sedimical and technical follpafter a median of 20 (8
27) months. Of 42 ICRC prostheses provided 35 were seenffafténllthv@6) months, and 7
were lost to folleup.

hnologies in Low

Failureassociated with wear of the prostheticdooedn 5 cases with TATCOT rubber feet and
cases with the &t from ICRC, requiring replacement of the foot inAf foatbes. 7 patientvith

CR polyuretharfeet needed to have the attachment bolt tightened or a malrotation correcte(ﬁ f
associated with the prosthetic foot thus occurred in 19% (5/27) of TATCOT prosthesis aofd 31%
ICRC prosthesgs=(0.26).Failures ofriation and stability of the knee joint occurred in 5 cases @C
with the TATCOT prostheses, requiring a new prosthesis in 3 cases. The failures were relat@i 1
brake, the axis and the lock. Equivalent failures were encountered in 7 tates (2@xahknee 3

otic 'I_',gc

bolt
ned i
nd ir

ailur
11/3!
%)

0 the

from ICRC. However, an additional problem was observed in 12 cases after 10 months and a fjjrther :

16months followp, namely wobbling or slackness of the knee axis because of loosening of t’ge
and the fixation tsofo the axis. In 8/12 usermsh a nodocked knee this failure was observed,%&
compeed to 5/23 with locked knees (2008). This involved need of adjustment by an orthopge
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technologist or technician in 40% (14/35) of cases, but only 3 knebs negldeddoAt the second

followup 6 months later the same wobbling had reappeared and required a second adjustrment.
problem was, however, not associated with the insecurity of the knee reported by 4 patients (15%, 4/2

Transfemoral study Poor socket fit requiring new sockets
Study parameters | TATCORW ICRGPP encountered in 4 cases (15%) with T/
Delivered 27 42 prostheses and 7 ca88s)(with ICRC prosthe
Followup 27 | 100% | 35 | 83% An additional Bmb userdiad their TATCC
Months Foll 20 8-27 15 6-26 . .
onths Folowtip prosthesis replaced because of failure of
Age at Ampitation 28 6-51 26 7-57 .. he falil id q be i
Age now 8 | 1267 | 36 | 2267 joint. The alures. were considere to' el
Skilled Work 9 3% | 11 | 31% the components in 46% (6/13) of failures
Unskilled Work 4 15% | 13 | 37% TATCOT group, but 63% (17/27)hHa tCR(
Nordimb User 1 4% 0% group (p = 0_33)_

Household Ambulators 0% 2 6%

Community Ambulators | 26 96% 33 94% The StUdy was conducted at a school for ¢
Walks > 1 km 24 | 8% | 33 | 94% and training of Category Il orthopaedic tech
Intensive Users 23 | 8% | 33 | O4% with the aim of eliminating the educational 1

Inadequate Craftsmanship| 4 15% 14 40% fabricati f th thesi th th
F— 3 | asn | 27 | 779 abrication of the prosthesis, as the prosthe
_socket 4 15% | 7 20% all made by Catggd prosthetists and t

- socket change 2 % 4 | 1% associates. This goal was not achieved in
-knee unit 4 5% | 7 20% mairotation or loosening of thef@i® probab
-wobbles 1| 4% | 14 | 40% because the professionals were not use

- knee adjusted 0% 13 37% techni f attachi the foot t tubul

hew prosthesis ., 5% | 3 9% e.c niques of attaching the foot to a tubu
- foot cover 0% 2 6% with a bolt.

- foot sole worn 5 19% 2 6% .
rool worn In trandenoral usera complex knesechanisn

bolt attachment 0% 7 | 20% has previously shown to be a problem w

-new foot needed, total | 4 15% | 3 9% ATLAS knee (Jensen and Raab, 2003). A

-survival, 18 Maiths | 85% 23% knee dégg was utilised in bodimponents in tt

~survival, 12 Maths | 93% 43% study.With the ICRC knee, in particuldren

-survival, 6 Maths 100% 100% . . . .
: : usedin a free swingfashionthe side nuts an

Time to Failure, Months 19 8-21 10 9-21

the screws aimed at adjusting the swing phase and at fixating the rotation of the knee axis, wagrked

although the sidéshad a bitlt nylon Bhegtended to lotke nut.

Conclusion: AlthougHoose joints are a simple tkati@nly requires tighteninguts, or locking

them witlglue it is a significant problem that needs to be addressed by the design engineers. Thq staf

for the dbrication in this study had been through a practmaldoansks, but still did not fully

acknowledge the importance of these screw arrangements and might have ignored sufficient tighgenin

first place or did not understand that wobblinkredetheas associated with loosening of the nut
However, as the problem reiterated itself it is unlikely th#te main caudee problem is in the
design. Aerepaircamot be expected to be addressed bgdaiceted technician in a eenilage, but

it requires the userseek help at the orthopaedishop, which might be aéraagl away.

D.
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Clinical Field Testing of HDPElaipur TransFemoral Prosthetic Technology

The assessment team evaluating the Jaipur foot us&bidbmptogtesses alsurveyed?2 trans
femoralises provided with prostheses according to the Jaipur system by the same technician trainec
three weeks at the BMVSS in Jaipur, India. The fabrication is rather complex (Jensen et al 2004}, but
on usual plastof Paris technique with a quadrilateral socketeexmal &nemint.

The patients were followed f

Clinical Field Testing of HDPRERipur median of 32 months. Fifty pe
TransFemoral Prosthetic Technology . .
Horduras Uganda ndia (36/72) were working and :
Delivered 80 35 13 (28/72) community ambulat
Followup 32 | 40w | 12 | 34% | 28 | esw | whereas 35% (25/72) were -
Months Followup 29 | 1057 38 17-46 36 1754 users. This can in part be ass
Age at Amptation 46 0-77 21 8-46 41 9-66 with 86% (62/72) of the pro$b
Age now 55 991 27 | 1580 | 48 | 2876 being assessed as de
Skilled Work 6 19% 3 25% 5 18% . .
Unskilled Work 11 34% 4 33% 7 25% craftsmanship. Poor socket fi
Nondimb User 13 | 41% | 3 25% | 9 a0, | €ncountered in 63% (457
Household Ambulators 7 22% 0% 12 43% inadequate walls in 51% (37/72
Community Ambutors 12 38% 9 75% 7 25% misalignment in 78% (56/'
Walks > 1 km 9 28% 7 58% 4 14% Among the narsers 32% (8/2
Inadequate Craftsmanship| 27 84% 12 100% 23 82% had experienced failures, bu
ralure 2L e L L 90 LB L OB assessors found need for niests 8
poor fit 16 50% 11 92% 18 64% =
“inadquate walls g 5% | 11 | o929 | 18 | 64% | orpoor alignmentin 84% (21/25 §
- socket 4 13% 1 8% 8 29% . v et g
- socket change 6 19% 3 25% 7 25% g
-knee unit 10 31% 6 50% 4 14% e
- screws 12 | 38% | 1 8% | 4 | 14% >
Misalignment 24 75% 11 92% 21 75% 3
-new knee 9 28% 0% 4 14% E
- new prosthesis 1 3% 3 25% 0% .053_)
-foot cover 0% 0% 0% <_03
-foot sole worn 4 13% 5 42% 7 25% £
_keel worn 0% 0% 0% E
- screw attachment 5 16% 5 42% 7 25% o
- new foot needed, total 9 28% 5 42% 7 25% E
-survival, 18 Maths 72% 100% 86% ; “ 5
-survival, 12 Maths 94% 100% 100% : 5 Bl e
-survival, 6 Maths 100% 100% 100% Inadequate anterior and lateral socket g
Time to Failure, Months | 15 | 157 | 22 | 1246 | 29 | 1754 walls and tuber seatimages JS Jenser 2
Conclusion: It is not possible to approve the Bl technologytfans %

femoral useas an appropriate technology with the way the services are r%o ided
andwith some of the components used. The material and components ar€ qf hig
technical standaand could provide a low cost possibility, but improveméht]is

A misaligned knee joint,
anterior view

%
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needed. Thatilisationof manpower is unacelet The ndrainedtechnicians are unable to adapt a
prosthesis to an amputation stump with a functional result even with more swpliticatdd ma
components. recogned prosthetics training is required to ensure proper use of materials and ¢
alignment of the prosthesis.

The ATILAS prosthesis for people with trandemoral amputation

The ATLAS systamluds of an alignment dewdech allows movement in any direction. In the kneg
mechanism a threaded pivot runs in a moulded housing with a transverse split brake. This has
function of knee flexion bearingtabdisigbrake. A shock cordsriorward across a graovthe

brake moulding, acting as an extension assistance spring. There is a manually operated knee loc
knee moulding ends with-pnofflled slot with two clamp screws into which the shin/foot component
fixed. This consists of an integrbesim shin and foot -késede, designed for filmiaforced
thermoplastic injection moulding, and an injection moulded eladimeakric toe

At UDB, El Salvador 22 TF prestinee delivered, but 6 ugems lost to folleup 10 (4.8) months
laterand 3 were naisers and one household ambulator. Eight (8) were in work and 12 could w
1km. The prosthetic fit was inadequate in 69% (11/16) and misalignment observed in 62% (8/13
of 92% (12/13) failures needed repair or replacemeng ih2ludiee joint failures, 3 alignment
problems and 3 socket cracks.

At CSPO, Cambodia 25 prostheses were deliversisdmd the folloyw. 12peoplevere in work

and 14 could walk > 1km. At the first fopoat 7 (41) months 89% (17/19) kneeddilad; 7
extension assist and 1 knee lock broken and 8 knees loose. All needed repair, including 9 new
which led to withdrawal by 3 amputees. At the seceamgl &ftéove 7 {80) months only one knee was
intact for light use at home. Bhesds having togldemolished the knee joint efézeed a second
generation component, bomo@thg2-18) later this knee had also failed and the study was termina
There was no likelihood that major design changes in the knee mechapismywoeiidl lbs the
problem would then be transferred to the shin/foot part, which had already demonstrated its inadg

Conclusion: It was concluded, that the ATLASf¢raosabystenshould be abandoned frorfouse
these patients. This was done.
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Amputation stump casting technology

Inadequate fit of the prosthetic socket is a frequently occurring problem in the devitogheg worl
use of conventionialsker of Paris casting technique. Teastamygtechnology developed by the Center
for hternational Rehabilimti¢CIR), Chicago, USA might have bpessible improvement in
consistency of prostheti€Hitdcasting fahape capture andket fabricatibasot yetesulted ia
technical bre#tirough in the developing worldogalcdcontactouldonlybe achieved by applying 3 (2

5) oneply wool stump sackbe new CHR/u technology was then introdlibedprincipal difference
wadhat the original sammhtainewasreplaced by a small Wgkight castifpg containing polyeste

beads, and an air compr&ssoo longer needed. However, angoump with a large surge tamk wa
still required.

Twentyeight youngestablished limb userse selected for the @t testing and followed for 7 and
11 months. First, the stump was dressed with two tersgioomnspcks and a relief added over pressur
sensitive areas. A nylon sock was applied and over that a thin plastiobdgaAsupravas added
and kept in place with tape. The stump was inserted into a cdhialien siltba sand aaduwum
applied. A thin plastic bag was pulled over the container to seal it, and the stump removed from
thin plastic bag leaving the brim as part of the walls of the negative cast. A suction mandrel wa|
the negative model, which Wwes dipp with silica sand and vacuum afaliean was releasau the
main container and the positive model removed followed by rectification by gentle pounding. Th¢
model was vacudmaped with a thermoplastic polypropylene sheet affdasticaotdl disas added o
to thedistalend to prevent grounding. At the firstigtlawtransparent trial socket was made by the
sanetasting technique and another (check sptsti} loyaping on a positagte® of Paris cast of the 3
initial sdeet. At both followp visitssocket mapping was performed after dressing the st¥mp wi
compression socks. Total contact was achieved i

q

Stump casting technology study caseslthough ioheck sockets 5 anaaslager and 3

CIRWuCasting| SandCasting] smaller than expectedetrial socketgadarge.

Number 10 28

Users of Prosthesis 10 | 100% | 25 | 89% | A pilotstudy witiOpersons withangibial ampation

otic Technologies in Low Inéémg:C

Intensive 5 | S0% | 23 | 8% | was pdéormed witlthe new CIR casting mebydtie

8 80% 22 79% . . ..
Walks > 1 km ” " same Categdryrosthetisivho didthe original sand
No Comfort 2 20% 9 32% . . . .
— T T 10% | 10 [ 3s% | casting methoféirst the stump svaovered with a thin
Satisfied 8 so% | 25 | so% | nylon sheet and a thin plaagand the casting bag
Good Fit 8 80% | 19 | e8% | rolled on to a level slightly above the trim line. A sec@&ng

- . . : o
Wide Fit > | 1% | plastic bagtwia vacuum connector attacisegippied o

Tight Fit 2 1 20% | % | % | onto the end of the casting bag and then pulled oveftf

Difference Circumference, CHV/u versus Sanetast

casting bag towara@skhee. The second plastic kag W@

Min Max . =
— 13 | o1 held down by a rubber band, and the first bag folge.(
patellaTendon + 4cm | 05 | 0.2 downwards to cover the second bag and secured ‘3;V|
patella Tendon +8cm | 1.2 | 05 another rubber band distally to the fékhthis time .8
Patella Tendon + 12 cn{ 15 | 05 the vacuum pumpsweonnected aiie air evacuated

=
o
resulting in the casting bag becomimd) rregative mld of the amputation stump. By pulling an§
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pushing on the sockeimfort wa checked. Additionallgight bearing on a padded autegack
possibleThe negative o wa removed, but the vacuum suction maifianedgative o wa

filled with silica saaduction mandrel inserted, and a bottomless plastic cup placed on top of the sxnd 3

filled up wh sand. The first plastic bagtivem pulled over the bottomless cup and taped onto t
mandrel to seal the sand inside thieot#vét negative mould. Vacusmapydied to the mandrel to
form the solid positsand model. The vacuum sucsomawatained through the mandrel, but released
from the casting bag, wiviedthen removeidhe positive moaesnodifiecindnadeealy for drape
vacuum forming or bubble vacuum forming of the prosthdtlsessg&etfollowedfor 5 months
Thecircumference of the positive cast was measured at the level of thelpestaridrdrig and 12

cm distally for each methodstihg#t followup the satisfaction rate between the two groups did ng
differ, but the sandst group used the device more interisigetjear that comfort complaints were
less with the pilot grq@p% ersus82% and prosthetic Was better (86 versud8% with no wide

fits. This was specifically reflactéte imeasures of circumfethatavere significantly lower at all
levels with the CIR casting system, and also that only one sock was required to obtain total
compared to 3-%2 with thesanetasting systefurther 21% (6/28) of the sacabt sockets were
considered failures. However, the negdldfainegrosthetist is not eliminated by this technology.

Conclusion: The CIR casting method is a positive developestingprtranstibial amputation
stumps.
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Impact onend-user or consumer compliance follow up

A number of publications exist on certain prosthetics or orthoticss teahfitilege known about
general consumer compliance withaedicogevices. Hgg (1996) said at the ISPO/USAID/WHO
consensus conference on appr op radercies arepwelh s t
i nt e n ther® is ead @most complete failure to evaluata the o me o f bsheir
organegtionstilldo not &we quality data on the setiveseprovide for their most remote patients. In the
extensive ISPO/USAID program on prosthetic foot testing we develogéy senehmarks for user
compliangdensen et al 2005; Jensen & Raab 2007):

ISPOquality benchmarks for user compliance

Patient compliance 95+5%
Nonusers 5+5%
Walk > 1km 90+10%
Pain 5+5%
Satisfied 90+5%

Technical compliance

Good socket fit 60+5%
Malalignment 10+5%
Insufficient craftsmanship  10+5%

Assessment ajraduate work. Image M Thor

8

Patient compliance studies §

TATCO, Catll VIETCOT, HANOI, VIETNA 8

Transfemoral, RW| Transfemoral, PP| Transtibial VISolid Fujian EB1 %

Prescribed 27 35 31 28 35 =

Patient Compliance 23 85% 35 100% | Patient Compliance 25 | 81% | 25 | 89% | 30 | 86% §
NonUsers 1 4% 0 0% Non-Users 6 |19%| 3 |11%| 3 | 9% .Z

Walking > 1 km 24 89% 31 89% Walking >1km |25 |81%|22|79% |27 | 77% g’

Pain 3 11% 7 20% Pain 6 |19% |10 | 36%| 8 | 23% _g

Satisfied 25 93% 32 91% Satisfied 25| 81% | 25 | 89% | 30 | 86% é

g

2

CSPO, PHNOM PENH, CAMBODIA UNIVERSITY DON BOSCO, EL SALVAI 5

Transtibial CRSACH | Handic Int| PP, ICRC| VICavity | VFMultiax Transtibial Kingsley [ CIREC %
Prescribed 55 30 29 37 56 33 20 8
Patient Compliancel 55 | 100% | 5 | 17% | 29 | 100% | 37 | 100% | 56 | 100% Patient Compliance] 33 | 100% | 18 | 90% %
NonUsers 0 0% |14 |47% | O 0% | 0 0% | O 0% NonUsers 0 0% | 2 | 10% E
Walking>1km |53 | 96% | 16 | 53% |29 | 100% | 35 | 95% |55 | 98% Walking>1km |26 | 79% | 10 | 50% %
Pain 0 0% [ 0| 0% |0 0% | 2 5% | 0 0% Pain 8 | 24% | 7 | 35% g’
Satisfied 55| 100% | 28 | 93% |24 | 83% |37 | 100% | 54 | 96% Satisfied 26 | 79% |14 | 70% §

S
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Quality of Life Studies

The World Health Organization has developed and promoteflLi@@ualtgles based on self
administrated forms or interviews. Other groups have also worked with such sysémshilch the SF
has been applieqdently to orthegdic patients in the USA. The most recent dev&opnvwhiO

is the WHEBREF toplvhich is based on 26 questiorsrtinat subdivided into 4 domains:

| Physical(Pain Prevention, Medical Treatment, Energy, Getting Around,kshee@apémity);

Il Psychological (Enjoy, Meaningful, Concentration, Body AppearaesteecBelNegativood);
lIl Social (Relations, Sex, Friend Support);

IV Environment (Safe, Environment, Money, Info Needed, Leisure, dayiAgdelss, Transport

We used the questionnaire in the local language and thevastemdkwted by a local (secretary,
CBRworker) with the following results, applicable only to individuals over 14 years of age.

There were only sporadic differences between dnfatedamprostheses that required repair or
replacement; mainly because of poor socket fit or worn prosthetic foot. There were no differg

ENCES

domain scores in this rather small study. This system has not proved its usefttibeds with frans

prosthetis, but further studies should be condNmtsinificant differences were found in domain
scores inedtifying prosthetic failuregrdmsfemoralisers

With the orthotic applianttesre were more evidence in failures as they significaceigthefluen
domain scores in the psychological domain fortKk@ge® @=0,02Yhe environmental aawop

domain was significantp @) affected for the AFO orthoses. However, the differences do not lead to

any clinical awareness.

In conclusion, we didhot see any benefits in continued use of this system in the way it was em
because we felt it was not sensitive enough to demonstrate significance in our special populati
series were very small. Future fgfiostudies should consideh®mhet not to use this outcome
measure

bloye
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ISPO Consensus Conference on appropriate orthopaedic
technology for lowincome countries

The conference was héWtbshi, Tanzania;ZB September 2000participaniacludedjovernment
programs and Agovenment organizations, education progranesoance persoAsfull report was
publishedConsensusas reached about the following points:

1. Appropriate technology is a system prenagergfit and alignment based on soun
biomechanical principle which suits the needs of the individual and can be sustainec
at the most economical and affordable price. That statementdomfesebh68%vas endors
and it was agreeat thapplies to the whole field of prosthetics and orthotics.

2. It is the responsibility of NGOs to consider the positive or negative impact of f
introduction of new technology on the existing system and service.

3. New technology should be evalbedadh pilot testing whiculd allow other local
organetions to become familiar with it.

4. Other ircountry orgaaisons should be invited and encouraged to participate ir
making about the introduction of new technology.

5. The need for ingwed access to andtearf information was emplaassalso was t
need for publication of activities.

6. There is an urgent need for research, development and evaluation activities i
appropriate orthopaedic technology.

7. Although moraumerous, the orthotics needs in low income countries have bee¢
neglected. Orthotics services should be given at least equal priority to the prosthetic

8. There was general agreement on the factors to be considered in agsiyrag g
in prosthetics and orthotics seanidets importance was engihasis

9. It was emphasighat data collection is an essential element of quality assuran
problems.

10. Results oriented (simple) and product oriented (congplEhqugbt assurance we
considered and their relative places in the development of a service identified.

@ Appropriate Prosthetic and Orthotic Technologies in Low Income Countries
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ISPO Consensus Conference on wheelchairs for developing countrig

Definition of an appropriate wheelchair: A wheelchair is appropriate when it mee
individual 6s needs an ¢gropmnfiivand posturalesmppoa based or
biomechanical principles; is safe and durable; is available and can be accessed, mainta
the country at the most economical and affordable price.

This conference was held in India in No266thend a fuport was publish€&bnsenswgas
reached on a number of points including

Needs assessmerAccording to WHO it is estimated that about 10% of the population are people
disabilities. There is no accurate figure for the nuropér of geveloping countries that require a
wheelchair. It is estimated that about 1% in any given population, i.e. about 65 million people w
require a wheelchainecdotal evidence indicates a very small minority of those in neetbisave acce
appropriate wheelchair.

Outcome measures

U Reliable record keeping is essential for all phases
wheelchair  provision including assessment,
prescription, fitting, delivery and fallpw

U Regular followp/evaluation of outcomes of
wheelchair provisioowt be performed.

U User satisfaction surveys should be performed an
include measures of the impact of wheelchair
provision on the quality of life of the user.

SRS S — . 54 R
Wheelchairs can allow participation n sport. Image J Fi

Services

U Wheelchair services are an integral part of wheelchair provision.

U User participatias an integral part of wheelchair services.

U Wheelchair services should be delivered by trained personnel.

U Government has the primary responsibility for sustainable wheelchair service. Wheelchain
should be an integral part of national strategies.

U The wheelchair services are encouraged to ensure that people with disabilities from all sector
are provided with appropriate wheelalhiding those from margathlsd vulnerable groups
such as women and children.

U The aim of wheelclsairvices is to ensure that the person in need of a wheelchair receives it tg
with the necessary i nformation and suppor
terms of mobility, appropriate fit, comfort, safety and ability toactiyiesiof daily living and
exercise basic human rights.

with
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Distribution

It is recommended that, irrespective of method of distribution:

U The provider has the capacity to provide the wheelchairs in a reasonable and responsible mar

U The distribution iaded on an assessment of the situation in the country or the region of the @
and considers the impact on local wheelchair producers and service providers;

U Procured wheelchairs meet or exceed relevant international standards and be appropriat
environment of use;

ner,
ount

b for

U Wheelchairs are provided following a provision process that meets or exceeds internationally ac

minimum requirements for service provision, including requirements for assessment, fittin
training and follewp;

U Distributorsaordinate their distribution with national and local governments as well as producg
providers avheelchairs in the country.

Training and education

g, u

IS al

U It is recograd that training and education are key elements for developing, introducgng, mainfainir

and buildingustainable wheelchair services.
All stakeholders need to be trained and/or informed regarding their roles in wheelchair provisic
In particular the user and assistant must be properly informed and trained.

An expert group under the uraloéHln internationally recognised atrgargbould:

o develop the professional profiles for the training of people involved in wheelchair service‘-_fp
o specify the content of the various training, education and information modules required.

me Count

PresentStatus £
WHO has in collaboration with stakeholders developed a basic module of 2 weeks duration of €

DN,

OVisi

stabl

a sufficient service provision of wheelchairs in developing countries, which has been tested indnfdia a

Solomon Island@’he group is cantly working on a 2 weeks intermediary programme and a 3_5|d
course for managers and policy makers to be ready for testing in Romania, Kenya, and the Bh

. (@]
February 2011 daddaunched in September 2011.

Appropriate Prosthetic and Orthotic Technolo
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ISPO Consensus Conference on apprage lower limb
orthotics for developing countries

This conference was held in VietAgmi @2006: Conclusions and recommernidatiaied:

Needs assessment

i
i
i

i

Need of orthotics has not been met and orthotics should be given greater attention.

The greast area of need is the lower limbs.

Epidemiological data collection related to orthotics needs is required for policy and
development.

Standardid tools and methodology need to be developelémedted for data collection.

Outcome assessment

U Reliable patient record keeping is essential for all phases of orthotic management i
prescription, checkout and falipw

U Regular followp/evaluation of outcomes of orthotic management should be performed. This 9
include functional outcomes.

U User involvement including satisfaction surveys must be an integral passetsuienime

U User satisfaction surveys should be performed and include measures of the impact of
managemeiotenhance the quality of life.

Education

i

There remanan overwhelming unmet need for ‘
trained persons to work in the orthotics secff-
developing countries.

The meeting endorsind ISPO standards ¢&
education and the WHO/ISPO guidelines &
education and training.
There is a need for upgraded knowletgef
understanding of medical and rehabilitie
personnel in issues relevant to ort
management.
Need for upgraded knowledge and understan
relevant pathologies for orthotics personnel.
The conference endorses the use of quality managencenteasgstarns in P&O educational
institutions.

Training in orthotic care. Image J Fi:

Servi
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P&O schools should promote the role of orthotics in rehabilitation, the rehabilitation team at

continuing education.
ISPO should establish a working group to investigate issues related to the ppaesicn of or
footwear in developing countries.
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Technology
U Need for research, development, production and evaluation of appropriate orthotic components.
U ISPO should explore and implement methods to share and transfer appropriate technology.

U ISPO should promated encourage the coordination of availability and accessibility to appropriate
orthotic technology.
Rehabilitation team

U Establish better links between orthotic service and user groups.

U The user/family must be an equal member of the rehabilitation team.

U There is a great need for exchange of information between different rehabilitation personnel.

U Itis recograd that the full clinical team is not always available. However it is recommended that t

minimal clinical team should include the user/fanmelypahdtist.

Community based rehabilitation

U Establish a network between the orthotic service and CBR, PHC and/or other community bas
programs®d an example of a positive relationship between CBR and orthotic services |s th
implementation of the Powisdt foot management prognduganda, amongst other places.

U A close working relationship betweenp@BRmMsnd the orthotics service providers should
facilitate early detection, early intervention andgddliggvomote optimum functional capalcity an
prevent further impairment.

Quality management

U Schools should promote the knowledge and need of quality orthotic services as a part of tk@lr edu:
curriculum.
Orthotic service providers need to develop and implement quality management procedures?

U Theconference endorses the use of quality management and outcome systems in ort}‘E)tc se
delivery.

Cost calculation

U The conference recommends promotion, feedback, evaluation and development of the IS
cost calculation tool.

U It is recommended timet individual P&O schools use the ISPO/USAID cost calculation tool
curriculum.

U Recommend the establishment of a forum through which users of the ISPO/USAID cost
tool can communicate.

General

U Orthotic management should address tltemmsh conditions encountered in the field. The§e
include; cerebral palsy, clubfoot, polio, stroke/traumatic brain injury and the insensate foot. 2
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d Orthotic_Technajogies

k5
U Orthotic treatment should be based upon Endi
U0 Generalorhot i cs treatment protocols may be iaompra
presentation. %
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U ISPO Workshop on Prosthetics and Orthpotic

/@ Appropriate Prosthetic and Orthotic Technologies in Low Income Countries

SECTION 2: Education

The purpose of Gellaborative agreement in relation ttic@duees tamprove prosthetmthotics
service deliveryabgh:

Scholarships

Training the trainers

Evaluator training and Support
Teaching and learning resources
Performance indicators and outcome
measures

Training Institutes in Nodustrial
Countries

SC h (0] I ars h | pS Scholars learning anatomylmage J Fi:

In total 10%cholarships were awatdestholars attendingd8cational instituti@msl 100 of these
scholars graduatsdprofessiomdlhe following summary gives detail of the scholarship allocations
the associated programs the scholars attended:

1SPO Categoryscholarships

B.Sc ProstheticsOrthotics, Tumaini University, Tanzania

With support from the USAID granst@ilentsvereawarded schalaips sinc2003. 16scholars
graduated, one is inrtlasit year, and one was terminated in 204 fmrformance.

B.Sc. (Hons) Prosthetics and Orthotics, University @&trathclyde, Glasgow

1 student was awarded a scholarship and graduated.

Category | upgrading, University Don Bosco, San Salvador, El Salvador

4teachers weregnaded successfuollgn ISPO Category 1l to ISPO Category | standard

ISPO Category Il scholarships:

Diploma in ProstheticsOrthotics, TATCOT, Mahi, Tanzania

9 studentaere awarded scholarships through the USAID grant; 7 of whom graduated (2 were exp
poor perfornnae).

Diploma in ProstheticsOrthotics, CSPO, Phnomdhh, Cambodia

11studentaere awarded schedigrs through the USAID grgngdtiated

Diploma in Prosthetics Orthotics, VIETCOT, Hanoi, Vietham

12studentaere awarded scholarships through thegyta84I&ll graduated.

Diploma in ProstheticsOrthotics, University Don Bosco, San SalvadpEl Salvador
19studentwere awarded scholarships through the USAID grant; all but one graduated.
Diploma in Prosthetics Orthotics, Pakistan Institute of Prosthetic and Orthotics Sciace
(PIPOS), Peshawar, Pakistan

and
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