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&4 International Conference on Orthopaedic Technology

43  Component manufacturing units should be functionally separate {rom clinical facilities.

44  Priority should be given to providing prosthetic and orthotic appliances which arc made from
locaily produced or available components.

4.5  The use of different methods, procedures and materials should be investigated, tested and
evaluated.

4.6  New technologies, such as CAD CAM, may be adaptable to developing countries and should
be further investigated to study their effects on:
. Manpower requircments;
. production;
. quality;
. cost;
. delivery time.

4.7  The adoption of standards and the use of quality management in the production of prosthetic
and orthotic components and devices is recommended.

4.8 ISPO/WHO should be encouraged to develop standardised protocols to evaluate new
technologies.

49  Experiences related to appropriate technologies and the use of materials should be properly
documented and made available to others.

4.10  Regional collaboration in respect of local component production should be encouraged.

5, Assessment of needs and performance indicators.

5.1 Prosthetics und orthotics projects should be developed against the background of a national
needs assessment.

52 [t is necessary to develop performance indicators to evaluate effectiveness both during and at
the end of a project.

Reference.

ISPO (1996). Report of ISPO Consensus Confercnce on Appropriate Prosthetic Technology for
Developing Countries, Phnom Penh, Cambodia 5-16 June 1995./cdited by HIB Day, J Hughes, NA
Jacobs. - Copenhagen: ISPO.
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The population of users of upper limb prostheses attending
the Oxford Limb Fitting Service

P, J. KYBERD*, D. J. BEARD** and J. D. MORRISON*##

*Oxtord Orthopaedic Engineering Centre, Nuffield Orthopaedic Cenire, Headington, Oxford, UK,
*¥Phvsiotherupy Research. Nuffield Orthopaedic Centre. Oxford, UK,
***Prosthetic Service, Mary Martborough Centre, Nuffield Orthopaedic Centre, Oxford, UK.

Abstract

There is no central dalabasc that records the
changing provision of prostheses in the United
Kingdom. Experience suggests there have heen
some shifts in the population, particularly in the
past decade. Because the derailed records of
these changes are contained in the patients’
medical records it 1s dillicult to assess the
substance of these data cxcept on an individual
basis; the larger picture requires the sifting of a
centre’s or many centres” data. This paper
describes the analysis of one such set ol records
at the Oxford Limb Fitting Centre. It relates the
profile of the population that attends the centre
to the general population, and compares the
information with that obtainable from other
sources. The possible causes for the findings are
discussed.

Introduction

Prostheses and related care are provided over
many years. Patients may change geographic
area, treatment form and medical team, many

times, Their medical records often bear
testimony 1o the changes that the individual and
the prosthetic  service  have  undergome.

However, there is no central repository in the
United Kingdom for detailed information
concerning the limb deficient population. The
information is spread throughout the service, in
the localised databases for different aspects of
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the subjecty” life. For cxample, the number of a
certain typce of prosthesis supplied in the area
and its time of use is probably best found in the
records of the supplier of the prosthesis and it is
therefore commercially sensitive data. Some
national data were previously available in the
Amputation Statistics [or England, Wales and
Northern Ireland (Ministry of Health, 1967,
Ministry of Health and Social Sceurity, 1968-
1979 and 1980-1988). but this ceased to be
collected in 1989. So figures for the national
population of prosthesis users are now diflicult
to oblain. In addiuon, there is no requirement to
record any limb delicicncies at birth, and other
sources of information, such as disability grants,
de not report much details (McDonnell er af.,
1988). Therefore, the review of the population
{whether locally or nationally) can only be
achieved by reviewing the records of individual
patients. This is one such review,

A second purpose for this audit was to
establish if there were any patterns of prosthetic
usage in the region. There are many factors that
dictate if a person will use or reject a prosthesis.
Though it is impossible to predict precisely why
a person will find a prosthesis unhelptul, when
a new design of prosthesis is contemplated it is
important to gather as much information abhout
use patterns as possible, in order to create a
design that is widely acceptable. The study of
the records of the user population of this
particular centre formed part of a knowledge
acquisition phase of a project (0 design an
advanced prosthetic hand under the European
Union’s TIDE initiative (Technology Initiative
for the Disabled and Elderly). [t was made in
the spring ot 1992 in order to assess the
utilisation of the scrvice by patients, as well as
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Type 2 Years 4 Years Total Level 2 Years 4 Years Total
Cosmetic 65 44 133 Trans-humeral | 55 2 9
Working 91 45 162 Trans-radial 88 49 163
Myelectric 9 4 13 Partial hand 32 27 n
Unknown 8 11 26 Unknown 0 1 3
Level Fraser | Burroughs and Silcox er al Atkins and Burger and Oxford
(1993) | Brook (1985) (1993) and Meier (1988) | MarinZek (1994) | (1994)
Shoulder disarticulation 8 21 5 1 0
Trans-humeral 33 14 25 23 21 29
Trans-humeral 33 52 68 60 65 49
Hand/wrist 25 14 7 12 13 21
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Sex Male 61%
Age 265 79%
Amputation level HP+HD 1%
TF 35%
KD 12%
TT 47%
Foot 6%
Reason for amputation Vascular 94%
Oncology 3%
Trauma 3%
Re-amputation 17.5%
Prosthesis 48.3%

HP: Hemi-pelvectomy; HD Hip disarticulation; TF:
Trans-femoral; KD: Knee disarticulation; TT: Trans-
tibial; Foot: Transmalleolar to tarsometatarsal.
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Nursing home 40%

Home 23% Home elderly 3%

Other Hospital 3%

Unknown 4%

Died 11%
Rehabilitation Centre 16%

' NMR OBS 7

‘ | ¢ | kD [ 1 | Tou Tt KD I Total
991 | 74 | 19 [ 106 | I %3 ' 30 ' 99 [ 212

‘ 1992 | 79 | 21 . 110 ‘ 210 I 82 . 28 236

TF: Trans-temoral; KD: Knee ._11;._\1\;'_||,=L|‘|11' I'T: Trans-tibial
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Population Study period Cause of Source Incidence
amputation (population size) /100,000
in general population
Southern Finland 1984-1985 VTO hospital area 1984: 325
Pohjolainen & Alaranta (1988) (1.1 x 109 1985: 28.1
Alaranta er al. (1995)
Eastern Finland 1978-1984 A% local area men: 33.9
Siitonen er al. (1993) (253,000 women: 17.3
Australian States 1981-1985 VTO 3 states 1984: 23.6
Jones (1990
Maryland USA 1979-1989 \Y | state 28-32
Tunis er al. (1991)
Sweden 1987-1992 \% hospital area 1987: 26
Wahlberg er al. (1994) (250.000) 1989: 16
Switzerland 1979-1989 v % of national data 1979: 7.7
Enzler (1994) (3.1 x 109 1989: 14
Denmark 1977-1990 A national data 1977:25.8
Eikhoff (1993) (5.1 x 10°) 1983: 32.2
1990: 23.1
Denmark 1978-1990 v national data 1978: 30
Ebskov (1992) (5.1 x 10°) 1983: 34.5
1990: 25.0
The Netherlands 1982-1993 VTO national data 1982: 18
Rommers et al. (15.1 x 109 1993: 20

Cause of amputation: V = Vascular; T = Trauma: O = Oncology. Source: studied area and population at risk in the study,

Incidence: number of amputations/ 100,000 in the studied area.
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SWB* Prosthetic limb DWB Sound limb DWB
Ist Peak Midstance | 2nd Peak I'st Peak Midstance | 2nd Peak
Mean 0.97 1.08 0.82' 0.96 1.19 0.81 1.03
SD 0.03 0.08 0.07 0.03 0.17 0.09 0.06
Min .92 0.99 0.68 093 0.99 0.66 0.96
Max (.99 1:25 0.90 1.01 148 093 115

*SWB was calculated for the prosthetic limb only. Therefore, comparisons of SWB and sound limb DWB were not

conducted.

indicates a significant difference (p<0.001) between SWB and DWB values on the prosthetic limb,




Velocity (m.s.")

Stance duration (ms)

Lateral weight

transfer (cm)
Prosthetic Sound Prosthetic Sound Prosthetic Sound
Mean 0.52 051 483 499 382 4.49
SD 0.18 0.15 214 224 096 1.33
Min 0.19 0.20 353 366 283 2.03
Max 0.74 0.67 1064 1113 5.60 6.06
Velocity (m.s. ) Stance duration (ms) Lateral weight
transfer
Prosthetic Sound Prosthetic Sound Prosthetic Sound
(n=10) (n=10) (n=10) (n=10) (n=9) (n=10)
SWB 0.472 0.680*% -0.649* -0.624 0.241 0.237
DWB
Ist Peak 0450 0.735% -0.513 -0.565 0.132 -0.004
Midstance -0.699* -0.781 0.509 0.585 -0.193 -0.091
2nd Peak -0.220 0.353 -0.233 -0.182 0.060 0.455

'SWB was correlated to the three gait descriptors to establish the relationship between the static weight bearing ability

and dynamic gait.

‘indicates a significant correlation at p<0.05 (r>0.632: df = 8)
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|Midd|e of Shoulder |

I Greater Trochanter l

Distance
load line - knee

| Distance
|knee - ankle

Knee Pivot |

l Lateral Malleolus j

[Distance
|load line - ankle |

Amputee’s habitual foot type
Trans-tibial amputees — =
. Number: I8 trans-tibial amputees
Number: 18 trans-tibial amputees .
; Foot size: 24-28
Actiology: 13 Trauma )
(2 as littte child) Foot type: Dynamfk D10 9
A Mpitferiation Dynamic pro 1D20 2
B Quantum foot |
1 Tumour Multiflex 3
1 Other Flexwalk 3

Trans-tibial amputees
Number: |8 trans-tibial amputees

Agely) Body mass(kg) Heighe (cm) Amp. period(Y}
Mean 39.0 773 177 16.9
Stand. dev. 8.7 13.8 13 10.0
Minimum 18 57 163 2

Maximum 65 106 190 36




Regular Posture Posture of Trans-tibial Amputees

[-70 to 0 mm

ST

e
-85 to -40 F F
a) 70 to -20 mm b)
Greater
Knee  trochanter Shoulder
Ankle 0.53 0.06 -0.31
s < = -0.04 -0.08
Mean distance to load line [mm] Koee o H
) Greater trochanter 0.22

Mean distance to load line [mm]

Ankie Knee  Great. troch. Shoulder

.25 -

@ @ |

TT-Amputees Normals -50

ankie knee reat. troch. [ ] shoulder @
= 75 L -50




Body mass Height Knce-Ankle
Ankle -0.20 -0.06 Ankle -0.75
Knee -0.44 0.01 Knee 0.17
Greater lrochanter -0.26 -0.12 Greater trochanter -0.10
Shoulder 0.01 -0.04 Shoulder 0.30
Height 0.09
Body mass -0.11
Distance knee-ankle [mm] Distance knee-ankle [mm]
0 - 0 - - -
[ 20 40 60 [ 20" - 40 - —50
-25 R=-0.75 . . =
-50 50 ’
-75
=0.87x-22 0.13x-22 =0,
-100 -100

Distance ankle-Hoad line [mm]

a)

Distance knee-load line [mm] b)




Mean distance knee-ankle [mm]
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2, Distance
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tool type

1. Knees position

30 to 10 mm

3 Plantarfiexion
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faot type, demands













m, m, i,
Normal Fast Normal Fast Normal Fast
(o) (o) (o) (o) {6) (o)

Speed (m/s) 1.47 (0.03) 1.86 (0.03) 1.57 (0.04) 1.89 (0.06) 1.61 (0.03) 1.86 (0.04)
Cadence (stepfs) 86.5 (0.01) 97.1 (0.01) 87.1(0.01) 96.0 (0.02) 84.4 (0.02) 93.2(0.01)
Stride length 1755 (20) 1912 (33) 1811 (31) 1973 (35) 1909 (32) 2001 (35)
(mm)
Single support 4049(2.2) 39.81(2.8) 4158 (3.1) 38.4(2.3) 39.62(5.1) 37.84 (3.9)
left (% cycle)
Single support 39.87(2.6) 41.6(2.6) 41.35(2.3) 4083 (3.1) 4204 (1.5) 41,19¢5.2)

right (% cycle)
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the following address:

Seishi Sawamura,

The Hyogo Rehabilitation Centre,
1070, Akebono-cho, Nishi-ku,
Kobe 651-21,

JAPAN

The Brian Blatchford Prize

The Brian Blatchford Prize has been established by the Blatchford family to honour the
memary of Brian Blatchford, It is awarded every three years at the World Congress of the
International Society for Prosthetics and Orthotics,

The Prize of £2,500 will be awarded to an individual who has an outstanding record of
innovative achievement in the field of prosthetics and/or orthotics. The achievement should be
related to prosthetic and/or orthotic hardware, or scientifically based new techniques which
result in better prostheses or orthoses. The President, in seeking to identify the recipient of the
award, will also consider nominations or applications from National Member Societies or
individuals. Such nominations or applications should contain a justification together with a
curriculum vitae of the candidate and should reach the President of ISPO by | January 1998 at

The prizewinner shall make a presentation based on his/her work at the Closing Ceremony of
the 9th World Congress, Amsterdam on Friday July 3 1998 and the paper shall be duly
published in Prosthetics and Orthotics International. The President and Executive Board of
the International Society for Prosthetics and Orthotics and the Blatchford family reserve the
right to withhold the Prize should no suitable candidate be identified.
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pendulum movement. Amputees move their
stump to swing the prosthesis, which is mainiy
controlled by a knee mechanism.

With different locomotive abilities it their
lower limbs amputees have 10 make
compensatory movemenls to overcomne their
disabilities,

Through this study, a few points have been
clarified in this regard.

Amputees who  walk  well have lesser
movement in their gait. und most noticeable is
their shoulder lateral displacement.

But, good walkers have rather lopsided pelvic
movements, and it can be assumed that they are
making compensatory movements.

Of particular interest, is that good walkers
keep their pelvic horizontal rotation in relation
to the prosthesis much smaller compared to the
sound side pelvic horizontal rotation.

This has the result that, belween pelvis and
shoulder. therc is uneven rotation between
sound side and amputated side.

It was rather difficull 1o evaluate the data on
the movement of arms due to the complex
movement of shoulders (adduction, abduction),
and elbow (flexion, extension}. But it was clear
that arm swing is a balancing factor to
accommodate  weakness of push-off on the
prosthetic side.
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The Forchheimer Prize

The Forchheimer Prize has been established by the Forchheimer family 1o honecur the memory
of Sylvia and Alfred Forchheimer. [t is awarded every three years at the World Congress and
will nexl be presented at the Closing Ceremony of the 9th World Congress, Amsterdam on

The Prize will be awarded lor the most outstanding paper on Objective Clinical Assessment,
Clinical Evaluation or Clinical Measurement published in  Prosthetics and Orthotics
International during the three years prior to the Congress.

The President and Executive Board of the Internationat Society for Prosthetics and Orthotics
and the Forchheimer family reserve the right to withhold the Prize should ne suitable paper be




Prosthetics and Orthotics International, 1997, 21, 141140

The efficacy of the one-leg cycling test for determining
the anaerobic threshold (AT) of lower limb amputees

T. CHIN, S. SAWAMURA, H. FUJITA, S. NAKAJIMA, I. OJIMA, H. OYABU,
Y. NAGAKURA and A. NAKAGAWA

Hyoge Rehabilitation Centre, Kobe, Japan

Abstract

The aim of this study was to investigate
whether or not the one-leg cycling test driven
by the subject’s sound leg as the exercise load
method is an applicable method for determining
the anaerobic threshold (AT) of lower limb
arnputees. To evaluate physical fitness, a graded
exercise lest that monitored gas exchange,
ventilation and hearl rate (HR) was performed
in 51 unilateral lower limb amputees. AT was
successfully measured for 42 out of 51 subjects,
an 82.3% success rate. The average AT was
12,7 = 2.2 ml/kg/min, and the average HR at
AT point was 117.7 + 162 beats/min. The
average peak oxygen uplake was 20.1 + 5.6
ml/kg/min. and the average peak HR was 145.1
+ 22.4 bewts/min. The peak HR excecded the
HR at AT by an average 27.4 beats/min, which
indicates that a comparatively intense exercise
load above the AT level is possible. The
average AT was 409% of the predicted
maximum oxygen uptake, which seems
reasonable when compured to the reports of
other researchers. These results suggested that
the one-leg cycling test driven by the sound
limb is of use as a method for determining the
AT of lower limb amputees.

Introduction

Lower limb  amputees  walking  with
prostheses. particularly those with trans-femoral
prostheses, must expend considerably more

All correspondence to be addressed to Dr. I, Chin,
Hyogo Rehabilitation Centre, 1070, Akebono-Cho,
Nishi-Ku, Kobe, 651-21, Japan.
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energy than able-bodied people (Gonzalez et
al., 1974; Waters et al., 1976) and as a result the
physical burden on them is considerable. Tt
should be considered as whole-body exercise.
Consuming morce ¢nergy makes the amputee tire
more quickly than his/her able-bodicd peers. In
tun the amputee is inclined to reduce his/her
walking. Reducing his/her walking decreases
the level of filness and makes walking even
more ol an effort. In  this  connection
maintenance and increasc of the level of fitness
is csscntial to the amputec, providing a
preventive treatment of hypokinetic state. In
this respect exercise training is considered to be
of importance lor the amputee. However it
should be noted that in previous prescription of
cxcreise maximum oxygen uptake was firmly
entrenched as the standard indicator of the level
of fitness. For disabled peers measurement of
maximum oxygen uptake is practically
impossible and a new indicator is required in
the prescription ol appropriate exercise for
them. The anacrobic threshold (AT) is a concept
mtroduced by Wasserman (Wasserman et al.,
1973; Wasserman, 1984). AT is an indicator for
exercise performance which is particularly
effective in expressing long-term performance
(Yoshida er al., 1982; Hurley e al., 1984), AT
can be used as an indicator of level of fitness for
amputees. Like maximum oxygen uplake, AT
can vary with fitness level. As fitness decreases,
so too does the AT. Below the AT, aerobic
pathways which are quite efficient, are vsed o
supply energy. Above the AT, aerobic pathways
diminish and anaerobic pathways, which are not
efficient are used with greater frequency. AT is



Measures Trans-femoral Trans-tibial Hip-disarticulation
(n=37) (a=11) (n=5)

Age (year) 51.8+ 189 356170 400+ 165

Height (cm) 1627 £8.5 1694 +59 1585+ 111

Weight (kg) 545+9.7 60985 570+99

Values are means + SE.
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A review of 42 patients of 16 years and over using
the ORLAU Parawalker

R.E. MAJOR#, ], STALLARD** and S.E. FARMER**

*Deparmment of Bioengineering. Regional Medical Physics Department, Newcastle General Hospital, UK.
wiThe OQrthotic Research and Locomoior Assessment Unit {QRLAU), The Robert Jones and Agnes Huni Hospital,
Oswestry, UK.

Abstract

A 7 year rctrospective review of 42 patients
of 16 years or over using the ORLAU
Parawalker has been conducted to establish the
degree of long-term compliance in using the
orthosis on a regular basis. Regular use was
defined as putting the orthosis on at least once a
week.

All subjects had been supplied with an
ORLAU Parawalker via the routine supply
procedures adopted in Oswestry, and were
followed up at regular 6 month intervals as part
of the standard treatment regime.

The records from routine follow-up were
surveyed for those patients who were
continuing to use their orthosis to establish age,
length of time since supply of orthosis and
cause of lesion. Average peniod of usage is
calculated for those still using their orthosis,
and for all patients in the study.

Of  the 42 subjects. 32 were
myclomeningocele  patients  with  conlirmed
abscnce of inncrvation of hip extensors and
abductors, (he remainder being paraplegic
paticnts with traumatic or acquired complete
thoracic lesions. Compliance figures were
extracted from the results, as were the minimum
possible average periods of usage. The
respeclive results were:

+ of the 32 myelomeningocele patients 59.4%
continued usage after an average period of

85.5 months, and

All  correspondence to be  addressed w0
1. Stallard, ORILAU. The Robert Jones and Agnes
Hunt Hospital, Oswestry, Shropshire 8Y 10 7AG,

LUK
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= of the 10 traumatic or acquired lesion paticnts

60% continued usage after an average period

of 24.8 months respectively, which gave a

combined compliance of 59.5% after a

minimum average 71.1 months of use,

The performance of myelomeningocele
patients  suggests that their  additional
deformities do not lead to inferior compliance
as adults and that a high proportion to continue
to walk after adolescence.

Introduction

The continuing interest in reciprocal walking
for paraplegic patients is reflected in the
growing number or orthoses which are
bececoming routinely available, Well established
designs (Butler and Major, 1987 Douglas et
al.,1983)yhave  been supplemented more
recently by new variants (Lissons er al., 1992;
Motloch, 1992; Kirtley, 1992) and further
fundamenial work on Functional Electrical
Stimulavon (FES) (Bajd et al.. 1989; Hermens
and Baardman, 1993; Marsolais and Kobetic,
1987) and hybrid systems (Cliquel et al., 1986;
Nene and Jennings, 1989 Isakov er al., 1992) is
continuing in the search for even greater levels
of ease and efficiency of walking.

The evidence of Mazur er al. (1989), who
showed that non-walkers had five times the
number ol pressure sores, iwice the number of
bone fracturcs, with walkers being almost four
times more likely to be independently mobile
within the community as teenagers, strongly
suggests that the earlier claims of therapeutic
benefit and improved independence for heavily
handicapped patients who ambulate regularly
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subjects still using

Traumatic Myelomeningocele Traumatic and
subjects subjects myelomeningocele
subjects
Compliance 60% 59.4% 59.5%
Average time 41.3 months 144.0 months 119.4 months
since supply for
those still using
*Average time of 24.8 months 85.5 months 71.1 months
usage for all
subjects
Average age of 34.8 years 21.9 years 25 years

*This assumes, because information was not available, that the non-users had ceased using their orthosis immediately and

therefore represents the worst case possible.
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valgus varus
hips 24 11
average age (years) 54 51
average follow-up (months) 24 23
average hip score (points)
before 11 12
after 12 14
stage (hips)
early 2 4
advanced 9 fd
terminal 13 0
average lift (cm) 14 1.5
average range of motion (degrees)
flexing before 88 95
final 84 101
abduction before 12 29
final 12 24
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pelvis

stage pain decreased pain disappeared no change total
early I1)* 3 0 6
advanced 9(1.6) 5(3.6) 2 16
terminal 5(1.2) 5(13.4) 3 13
total 17 13 5 35

*average time of treatment (months) for decrease or disappearance of pain
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