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Editorial

ISPO is the only international, multidisciplinary society involved in prosthetics, orthotics and
related topics. The strength of the Society lies in its membership. This is true not only in numcrical
terms, but also due to the depth of professional interests that the Society covers, the widespread
geographical locations of its members and the different culiures that it represents. This diversity in
membership provides the basis for a forum on the exchange of information at national, regional and
international levels.

The past ten years have seen a significant growth in membership. In 1985 the Society had 1,850
members from 62 countries. By 1995 the numbers had increased to 2,724 from 79 countries. During
this period the number of National Member Societies has increased from 14 1o 28. As a result of this
growth the influence of the Society has increased dramatically at national and regional levels.

The importance of National Member Societies cannot be over-emphasised. They arc the means by
which the majority of ISPO members can participate and influence the standards of prosthetics and
orthotics service and practice in individual countrics. National Member Socicties offer a
multidisciplinary forum to debate and influence local issues and, for the most part, provide a
continuing focus through organising national meetings and publishing newsletters. Many act as a
consultative body to national governmental agencies.

National Member Societies also have a direct influence on the way the International Society is run.
They select representatives to the International Commitiee which is responsible for ensuring that the
policies, plans and activities of the Society reflect the aims and aspirations of the membership as well
as its professional, cultural and gcographic variations. Thc International Committee has the
responsibility of electing the Executive Board and evaluating and influencing the activities of the
Society. In recent vears the International Committee has met regularly, once at the time of the
Congress and again midway through each triennium. These meetings have resulted in a positive
exchange of information and ideas between the International Commitiee and the Executive Board. The
next meeting of the International Commitiee is due to take place in January, 1997,

The number of new National Member Societics has greatly increased the influence of ISPO in
regions hitherto untouched. In particular over recent years there has been a significant growth of
activities in Central and South America and in Central Europe.

In Central aad South America, National Member Societies have been formed in Argentina,
Caribbean, Colombia and Panama with interest being shown by other countries in the region, The
latest activity held in the region was an International Conference in Trauma organised by ISPO -
Colombia in Bogota, in July 1996,

In Central Europe, National Member Societies have been formed in Hungary and Slovenia and
other countries m the region have shown un interest. Earlier this year the First Central European ISPO
Conference was held in Balatonfiired, organised by ISPO-Hungary and attended by participants from
surrounding countries (a report of this meeting can be found on p.70 in this issue of the Journal).

Events such as these greatly enhance the influence of the Society on the region, and the contribution
that it can make to the individual member. However these activities are only possible due to the
strenuous efforts of individual members working in collaboration with one another. If the Society is to
grow in strength and influence efforts should be made to increase membership, the number of National
Member Socicties and the range of activities. This can only be done through the continuing efforts of
the individual member.

Norman A. Jacobs
President-Flect
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First Central European ISPO Conference

30 May - 1 June 1996
Balatonfiired, Hungary

We have already announced in these columns the formation of ISPO Hungary in December 1994,
having been fostered by Ed van Laar of ISPO Netherlands. In 1995 we organised a one day
introductory event (a scientific conference and exhibition) and successfully approached the medical
postgraduate authorities to make prosthetics and orthotics an integral part of the training curriculum of
the relevant medical specialities (orthopaedics, traumatology and rehabilitation). In order to offer an
educational option, in October 1995 ISPO Hungary organised a one week basic training course for
junior doctors who were likely to become one of the above specialists. For this course the lecturers
were mainly members of 1SPO Hungary. The daily programme covered theoretical classes in the
morning and practical demonstrations and rehabilitation practices in the afternoon sessions. Each of
the five days was focused on ope profile: lower limb prosthetics, upper limb prosthetics, limb
orthotics, spinal orthotics and footwear, respectively. The speakers were medical doctors, prosthetisis
and orthotists, as well as physiotherapists. There were 19 participants, and more are expected for the
course this year.

In 1996 we again organised a one day postgraduate training course, focusing on medical-prosthetic
collaboration and funding in the state model of Health Care. Also in 1996 we undertook the duty of
expanding 1SPQ influence in the region, so we organised a three-day event, namely the First Central
Eastern European ISPQ Conference. We are thankful for the enormous help and support of the ISPO
Executive Board and ISPO Netherlands. The Patron of the Conference was Mr. S. Sdry, film director
and chairman of “Duna” Television Station, which specialises in features mostly about Hungarian
culture within and around Hungary, broadcast via satellite to a large catchinent area. Each of the
conference days covered instructional lectures of a specific topic (Jower limb prosthetics, lower limb
orthotics and spinal orthotics), with speakers such as Mr. Andries de Bont, Mr. David Condie, Ms
Elizabeth Condie, Ms. Bettina Grage, Mr. Fred Holtcamp, Mr. Ed van Laar, Mr. F. Lefeber, Mr
Andreas Wiirsching, Mr B. Zinnemers as well as Hungarian speakers. For the afternoon of the second
Conference day we organised a “Country profiles panel”, in which invited prominent personalities of
neighbouring countries brought a concise status report on prosthetics and orthoties in their homelands.
The panel consisted of Prof. Crt. Marincek from Slovenia, Dr. W. Ott from Anstria, Mr. L. Székely
from Romania, Mr. M. Vilent from Slovakia, Mr. Zivkovic from Croatia and last but not least Mr
Lajos Kullmann from Hungary. To our great regret, the invited speaker from Ukraine did not arrive.
There were technical demonstrations in the coffee breaks und an interesting exhibit which contained
17 sponsors (French, Italian, German, American and domestic ones). The smooth running of the
Conference was assured by the Hungarian organisers “Madai and Partners Company”. The final
farewell words of the closing ceremony went to Professor Marincek, who invited all 124 registered
delegates to reunite again in two years time from now in Slovenia on the occasion of the Second
Central Eastern European ISPQ Conference in September, 1998,

Budapest, 20 June, 1996

G. Laszlo MD, Chairman
L. Agoston, Secretary General

1SPO Hungary
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Clinical rehabilitation of the amputee: a retrospective study

G.M. ROMMERS,* L.D.W. VO§** )W, GROOTHOFF*** and W.H. EISMA*

*Department of Rehabilitation, University Hospital Groningen, The Netherlands.
**Rehabilitaiion Centre Beatrixvord, Haren, The Netherlands.
***kDepartment of Social Medicine, University of Groningen, The Netherlunds.

Abstract

The aim of this siudy was to determine the
rehabilitation outcome of lower limb amputee
patients after clinical rehabilitation. Allogether
183 amputee patients admitted for clinical
rehabilitation in the ycars 1987-1991 were
reviewed by retrospective analysis of medical
record data. Three groups of amputee patients
were identified by reason for amputation. The
vascular group: (N = 132), mean age 67 years,
mean admission time 119 days, 85% prosthetic
fitting.

The oncology group (N = 15), mean age 55
years, mean admission time 77 days, 60%
prosthetic fitting. The traumatic amputee group:
(N = 14}, mean age 41 years, mean stay 134
days and 100% prosthetic fiting. Some 22
patients were bilateral amputees and were
assessed separately. The most important reasons
for not fitting a prosthesis were oncological
melastases, stump and wound healing problems.

After rehabilitation 86% of all patients could
be discharged home. These results are more
favourable than those seen in previous studies.

Introeduction

In the Netherlands in 1992, 1,551,945
hospital admissions were registered by the
Central Burcau of Statistics (10.2 per 10¢
inhabitants) (Dutch Heart Foundation, 1994).
These admissions included 2000 lower limb
amputations. The total number of lower limb
amputarions, from sacroiliac to transmetatarsal
level, has not changed in the Netherlands over
the last 5 years (National Medical Register,
1993). Some 88% of all amputations are at
trans-tibial and trans-femoral level. Detailed

All  comrespondence  to  be  addressed to
G.M. Rommers, M.ID). Department of Rehabilitation,
University Hospital, PO Box 30.001 9700 RB
Groningen, The Netherlands. Tel: +31 30 61 22 93.
Telefax: +31 50 69 67 42.

information on these amputees is not available
at the moment. For survival rates and causes of
amputation in the population we have to depend
on population statistics from neighbouring
countries (Fowkes 1988; Ebskov, 1991; Stewart
and Jain, 1993). In the population of amputee
patients age is increasing (National Medical
Register, 1993). The population of amputee
patients is predominantly over 60 years of age
and amputation is mostly due to vascular
problems. After amputation surgery most
patients are seen by a rehabilitation medicine
physician and after consultation the need for
clinical rehabilitation is specified. Most
amputees are transferred home or to a nursing
home before prosthetic fitting.

Only a small percentage (approximately
15%) of this group are admitted to a
rehabilitation centre. There they are trained in
Aid to Duily Living (ADL) activities. There is a
postoperative phase during which the stump is
forming, prosthetic training with an interim
prosthesis and appliance and training with a
lower limb prosthesis. Patients receive an
individual programme in a multi-disciplinary
approach with daily individual and group
exercises. The local government is informed of
any home adjustments which are required.

There are also educational classes for the
patients and their spouses and psychological
support is given to cope with their emotional
problems due to the loss of a part of the leg.
Information about the rehabilitation outcome of
this group of amputee patients is scarce. This
article is mainly written to analyse the
population of the amputee patients in a
rchabilitation centre and to determnine the
rehabilitation outcome for this group. The
authors have therefore carmed out a first
retrospective analysis of data in the north of the
Netherlands.

The Rehabilitation Centre Beatrixoord in
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Reason for Age (years) Male Female
Amputation level N amputation (N) mean SD (N) (N)
Hemipelvectomy 3 oncology: 3 49 10 3 0
(HP)
Hip disarticulation 4 oncology:3 40.7 21 1 2
(HD) vascular: | 66 0 | 0
Trans-femoral 60 oncology: 7 59.1 8 6 1
(TF) trauma: 4 52.2 17 4 0

vascular: 49 67.2 14 34 15
Knee disarticulation 4 trauma: 2 25.5 8 2 0
(KD) vascular: 2 54.5 12 2 0
Trans-tibial 89 oncology: 2 68 13 2 0
(TT) trauma: 8 396 25 4 4

vascular: 79 66.6 14 41 38
Ankle disarticulation | vascular: | 59 0 1 0
Total 161 63.3 16 101 60




Age Admission
Reason for not using (years) time (days) Discharge Prosthesis after discharge
a prosthesis N (mean) Level (mean) destination yes/no
metastases, oncology 5 61.6 HD 1 422 hospital no
HD 1 home yes in out-treatment
TT3 hospital: 3 no
Stump problems 5 63.8 TF 4 112.2 hospital: 2 no
h. elderly: 1 no
home: 2 yes | in out-treatment
TT1 hospital: 1 no
Wound healing 5 576 HP 1 78.6 hospital no
problems HD 1 home yes in out-treatment
TF 1 home: | no
T2 hospital: 2 no
Fractures 2 58 TT2 315 h. elderly: 1 no
home: 1 no
Mental disorders 2 74.5 TF 1 148.5 nurs. hom-psych no
TT 1 nurs, home no
Fear of walking 1 37 HP 1 T2 home no
Internal problems 1 60 TT 1 79 hospital no
ADL problems 2 ] TE1 37 home no
TT 1 home with family no
Conditional problems I 66 HD 1 91 home yes in out-treatment
Dead 1 78 TT 1 32 home no
Unknown 1 31 TT1 28 home yes in out-treatment
Total 26 61.8 73.1
(SD 61.88)
Amputation level Reason for Age (years) Sex Time between | Admission time
L R N amputation mean range m f | amputations (days) (days)
TF TF 3 Vascular 67.5 64-70 1 2 528 121.6
TF T 1 Vascular 79 1 0 2992 190
KD TF 1 Vascular 42 0 1 103 209
KD KD 1 Vascular 17 0 1 0 316
KD T 1 Vascular 68 1 0 2807 107
TE TT 11 Vascular 67.5 32-83 8 3 462 1585
TT Y 4 Trauma 39.5 22-46 1 3 0 221.7
Total/mean 59.5 17-83 |12 | 10 571 170




Amputation level Reason for not fitting Discharge
L R Age a prosthesis Sex destination

TF i 69 general condition F Home

TF TP 64 stump problems, M Home
takes wheelchair

TF TF 70 general condition F Hospital

KD TF 42 hand problems, dialysis F Home

TT TE 75 stump problems, depression M Home for elderly

T TT 65 prefers wheelchair F Home with family care, advice

nursing home

TT TT 66 stump problems, in 1993 F Home

mobilisation with prosthesis
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Zijp et al. (1992) found no association between
sex and functionality.

Length of the stump, type of amputation and
bilaterality

In the study of Pohjolainen and Alaranta
(1991) the length of the stump, in the group of
TT amputees, had a significant favourable
relationship with walking distance and in the
group of trans-femoral (TF) amputees a mild
positive association. However, they did not
precisely describe their measurements of stump
length and did not explain the relationship.
Several authors (Pohjolainen er al., 1990;
Pohjolainen and Alaranta, 1991; Helm er al.,
1986; Narang et al., 1984) have described a
coincidence of a worse prognosis for functional
performance with higher levels of amputation or
bilaterality.

Co-morbidity

The presence of co-morbidity in the lower
limb amputee probably will have consequences
on functional performance postoperatively
(Nissen and Newman, 1992; Steinberg et ol.,
1985), however this could not always be found
(Helm er al., 1986; Zijp ef al, 1992). The
presence of diabetes mellitus in onc study was
considered as a probable negative factor on
functional outcome in the elderly amputee
because of possible multi-organ damage and a
higher incidence of re-amputations {Akkerman,
1983), but most studies found that the presence
of diabetes mellitus made no difference in
regard to functional outcome (Steinberg er al.,
1985; Helm er ai., 1986; Zijp et al., 1992). In
the population studied by Steinberg et al. (1985)
more than half of the group of bilateral
amputees consisted of diabetic patients.
Kerstein er al. (1975) found that rehabilitation
of bilateral lower limb amputees with diabetes
mellitus was impaired severely only when
visual complications or significant renal disease
and hypertension were present. The presence of
a heart disease is described 10 be a negative
factor in the rehabilitation process (Kerstein et
al., 1975; Thorhill et al, 1986), as also is
chronic  pulmonary disease, local stump
problems (Kerstein et al., 1975), stroke
(Thornhill et al, 1986; Pohjolainen and
Alaranta, 1991) and contractures (Thombhill e
al., 1986). Pohjolainen and Alaranta (1991)
could find no significant association between

heart discase and physical function of the lower
limb amputee. Three studies investigated the
effect of mental problems on functional
outcome. These studies all describe mental
disorders as a negative factor influencing
functional performance after amputation of the
lower limb (Hanspal and Fisher, 199]; Kerstein
et al., 1975; Thornhill er al., 1986).

Motivation

Motivation is influenced by physical and
environmental factors. According to Zijp et al.
(1992), a strong positive relation was found
hetween motivation of the patient and the
functional outcome. In their study, involving
lower limb amputees in a nursing home, they
locked retrospectively into the relationship
between the results of rehabilitation in terms of
functional performance and eight psychelogical
and physical factors.

Social situation

Being employed  preoperatively  had
favourable associations with all the ambulation
functions after TF or TT amputation
(Pohjolainen and Alaranta, 1991). However,
employment is closely related to age and
displayed similar patterns with respect to
lunctional ambulation, Thomhill ef «f. (1986)
reported on five bilateral TT amputees, who
were  employed at the time of second
amputation and returned afterwards to work
using prostheses. Independence from social
provisions preoperatively (Helm er al., 1986}
showed favourable relationships with functional
capacity and postoperative dependence after
lower limb amputation. Comparison of pre- and
postoperative social dependence revealed that
only 6% of the patients became less dependent
after operation, whereas in 36% of the patients
the degree of dependence remained unchanged
and in 58% it increased. No significant
associations were found between functional
ability and social dependence on the one hand
and cohabitation on the other.

Time lag between surgery und prosthetic fitting

Time lag certainly is a dependent factor,
related to wound healing, co-morbidity etc. The
time lag between amputation and prosthetic
supply displayed an unfavourable association
with  prosthetic usage (Pohjolainen and
Alaranta, 1991). Knahr and Menschik (1931)
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Physical 14. preparing meal
1. transfer from lying, 15. household
sitting 16. employment
2. transfer from sitting, 17. recreation
standing 18. family role
3. walking (inside) 19. social integration
4. traversing (outside) Psychological
5. climbing stairs 20. orientation
6. reaching, retrieval, lifting 21. memory, attention
7. manual activities 22. behaviour, mood
8. endurance 23. learning abilities
ADL Communicative
9. eating, drinking 24. understanding
10. using the lavatory speech
11. bathing 25. talking
12. clothing 26. hearing
Social 27, seeing
13. transportation 28, writing
age <65 or 265 years
sex man or woman
smoking yes or no
type of amputation TTA/Rot. Ost. or
KD/TFA
co-morbidity:
diabetes mellitus yes or no
number of diagnoses <2 or >2 diagnoses

duration preoperative admission <39 or >39 days

motivation good or impaired
social partner yes or no
time lag amputation-prosthetic
supply <15 or 215 weeks
stump pain yes or no
TTA: Trans-tibial amputation

Rot. Ost.: Rotation osteotomy
KD: Knee disarticulation
TFA: Trans-femoral amputation
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mean SIP mean SIP
number of patients total physical
outcome in subgroup score (%) score (%)
age 265 years 9 26.8 35.7
<65 years 11 15.7 19.7
sex man 12 204 253
woman 8 212 294
smoking
(with arteriosclerosis yes 5 223 210
or diabetes) no 8 22.6 31.0
type of amputation TTA/Rot. Ost. 15 215 28.8
KD/TFA 5 18.2 212
diabetes mellitus yes 10 27 309
no 10 18.7 229
number of diagnoses >2 7 24.4 315
<2 8 18.0 229
duration preoperative >39 days 9 226 294
admission <39 days 9 204 259
motivation impaired 6 289 384
good 14 17.2 220
social partner yes 11 217 28.8
no 9 19.6 246
time lag amputation- 215 weeks 8 222 28.2
prosthetic supply <15 weeks 7 17.7 235
stump pain yes 8 204 23.7
no 12 20.9 29.1
SIP: Sickness impact profile

TTA: Trans-libial amputation
Rot. Ost.: Rotation osteotomy
KD: Knee disarticulation
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age of 65 years and an increasing slope
afterwards. A larger sample of patients is
necessary to map out this relationship. Though
it is still not clear whether age itself is a
significant factor or whether increasing
morbidity, diminished physical condition and
maybe diminished motivation with age
influence functional outcome. Nothing can be
said about the correlation between amputation
level and functional abilities in this study
because of the unhomogeneity of the
population.
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Statistical analysis of amputations and trends
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Abstract

Epidemiological research on amputecs is
being continued extensively world wide, but
there are different epidemiologic reports from
country to country. This study undertakes an
cpidemiologic report of the medical records of
amputecs in Korea which has developed very
rapidly, when compared with other countries.
This study included 4238 amputees who either
had an arnputation and/or reccived prosthetic
training at Yonsei University College of
Medicine, Severance Hospital from January
1970 to June 1994. The most common cause of
amputation was trauma {66.7%), and the second
most common cause was peripheral vascular
disease. While amputations due to infection or
trauma were the most common in the 1950’s,
amputations due to peripheral vascular disease
have gradually increased until they now make
up 23.5% of all amputations in the 199@'s.
Lower limb amputation, more comimon than
upper limb amputation, accountcd for 68.7% of
all amputations. Multiple amputation accounted
for 9.3% of all amputations, and the occurrence
rate ol multiple amputation was telatively
higher in cases of burn injuries, train accidents,
frostbite, and Buerger’s disease than in cases
brought about by other causes. The various
amputation causes change according to the
circumstances of the times, as can be seen in
this study.

Introduction

Amputation is one of the most ancient of all
surgical treatments, and the history of
All  correspondence  to be  addressed  to

You Chul Kim, Department of Rehabilitation
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College of Medicine, CPO Box 8044, Seoul 120-752,
Korea.
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amputations is as old as that of the human race.
Early in the 16th century Ambroise Paré was
the first to use ligatures to control bleeding after
amputation and also designed relatively
sophisticated  prostheses, Later, with the
development of tourniquet’s aseptic surgical
procedures and  anaesthesia, amputation
technique was developed radically by people
such as Lisfranc and Syme as Tooms (1992) has
described.

The increase in amputees today is due to the
improvement of transportation methods, as the
development of mechanical civilisation, the
prolongation of life, etc. Epidemiological
research on amputees is being continued
extensively in many countries all over the
world. After studying the cause of amputation
of young men from Illinois in the USA,
Lambert and Sciora (1959) found that trauma
was the most common cause, accounting for
52% of all amputations, Warren and Kihn
(1968) have reported that 76% of 1964

amputees who received treatment at  the
Veterans  Administration  Hospital — were
ampulation  cases caused by  vascular

insufficiency. Later, Hansson (1964) reported
that as a result of studying 586 amputees who
received amputation surgery in Sweden from
1947 to 1963, 85% of lower limb amputations
were because of peripheral vascular disease,
and that the rate of amputations due to
peripheral vascular disease yearly. Pohjolainen
and Alaranta (1988) reported that of the 750
lower limb amputees studied, 43% werc
because of Diabetes Mellitus, Still ater, Stewart
and Jain (1993) reported that thc majority of

amputations in Scotland were caused by
peripheral  vascular  disease,  especially
arteriosclerosis.

Putting these reports together, it is possible to
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Trauma PVD Infection Malignancy Congenital Total
ULA 1145 (37.0) 39( 6.3) 27(17.9) 38 (14.1) 210(61.9) 1459 (31.3)
LLA 1948 (63.0) | 582(93.7) 315 (92.1) 232 (85.9) 129 (38.1) 3206 (68.7)
Total 3093 (100.0) | 621 (100.0) 342 (100.0) 270 (100.0) 339 (100.0) 4665 (100.0)
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cases due to disease decreased thanks to the
improvement of treatment methods of internal
diseases while the rate of amputations due to
trauma increased cormelatively.

Looking at the cause of amputation according
to age, Kerstein er al. (1974) reported that
peripheral vascular disease occurred mainly in
the senior age group and that it especially
occurred frequently in the fifties age group.
These reports arc consistent with this study, and
show that cases where amputation was
performed because of accidents occur relatively
more often in the younger age groups while
cases due to peripheral disease are more
frequent than cases due o accidents in the
sixtics and older age group and that the
occurrence rate of these peripheral vascular
disease related cases increases with age. Cases
of amputation duc to malignancy were most
common in the tecn age group compared to the
other age groups. This seems to be because of
the speciality of osteogenic sarcoma which is a
malignancy that occurs mainly in the teens and
twenties age groups as Tebbi ef al. (1985) have
reported.

Lower limb amputation accounts {or 68.7%,
which is a larger percentage than that of upper
limb amputations. This is a similar result to the
report of Tooms (1972) saying that upper limb
amputations make up about 15-20% of all
amputations, and the report of Al-Turaiki and
Al-Falahi (1993) saying that lower limb
amputations account for about 65%

Locking at the various sites of amputation
according to the cause, cases due to accidents or
peripheral vascular discase were more common
in lower limbs than in upper limbs, and among
those lower limbs amputations the most
frequent site of amputations was trans-tibial
amputation including Syme amputation. In
amputation cases due to malignancy, however,
trans-femoral  amputation occumrcd  most
frequently. This is because the distal portion of
limbs are generally more likely to be injured,
and surgeons tend to amputate as distally as
possible to enhance functional activity.

As for the frequency of multiple amputations,
Hansson (1964} reported 16.9%, Stewart and
Jain (1993} 18%, Al-Turaiki and Al-Farahi
(1993) approximatcly 5%, and Kerstein et al,
(1974) 3.4%. The rate of multiple amputation in
this study is 9.3%, which is similar to other
reports. In cases where the cause of amputation

was electric burns, train accidents, frostbite, or
Buerger’s disease, the occurrence rate of
mulitiple amputation was relatively high. This is
because in cases of electric burns, there is an
entrance and exit area as in gunshot wounds as
Baxter (1970) has reported. In train accident
cases, the reason seems to be that train
accidents tend to be more severe than other
traffic accidents. As Buerger’s disease is not a
localised disease involving only one limb, the
recurrence rate is high as Ohta and Schionoya
(1988} have rcported. Therefore, it scemns that in
these cases there would be a higher multiple
amputation relative risk compared with other
causes. La Borde and Meier (1978) reported
that the multiple amputation rate of electrical
burn injury patients is 50%, and Kegel ef al.
(1978) have reported that most multiple
amputations were caused by peripheral vascular
disease.

Conclusion

Putting the results of this study together, we
arrived at statistics similar to those of other
Asian countries. Unlike developed countries,
trauma was the leading cause at present.
However, the amputation cause according to the
circumstances of  the  times  changed
dramatically as can be seen in this study as the
amputation cases due to peripheral vascular
discase have increased gradually and the cases
due to trauma have decreased gradually.

It is hoped that this study on amputees in
Korea will help in the efforts to provide morc
comprehensive rehabilitation  wreatment by
predicting the course of future amputation
patterns and being used as basic data in setting
up plans in the developing countries.
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Abstract

Stump length and the thigh muscles strength
of the amputated limb are among the major
factors influencing outcome of prosthetic
rchabilitation of trans-tibial amputees. In the
present study the authors evaluated and
compared the strength of quadriceps and
hamsftrings muscies of both limbs in trans-tibial
amputees, as measurcd by means of an
clectrical dynamometer. The obtatned results
showed that the thigh muscles of the sound
limbs are significantly stronger than those of the
amputated limbs (p<0.01). The results obtained
for amputees with shorter stumps were
compared to those with longer stumps. In the
group of amputees (n=9) with a stump shorter
than 15.1 ¢m, values of peak torque (in
isokinetic contraction) and maximal average
torque  (in  isomeltric  contraction)  were
significantly (p<0.5) weaker when compared to
those (n=9) with a stump longer than 15.1 cm.
The results obtained for amputees with a higher
rate of thigh muscle atrophy were compared to
those with lesser atrophy. In the group of
amputees where muscle atrophy  was
accompanied by decrease in thigh girth of over
5.9 cm, muscles strength did not significantly
decrcase (p<0.5) as compared to amputees
where thigh girth decrease was less than 5.9 cm.
Tt is concluded that atrophy of the thigh muscles
of trans-tibial amputees is accompanied with a
significant decrease in strength. In amputees
with a short stump, the short lever action
provided by the stump interferes with the ability
of the thigh muscles to control the prosthesis
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efficiently doring daily activities such as
standing and walking.

Introduction

A short stumnp might interfere with success in
prosthetic  rchabilitation  of  trans-tibial
amputees. An adequately long stump provides
thc amputee with a good proprioceptive
feedback {Guerts and Mulder, 1992) resulting
from both a large contact surface and good
stability of the stump-sockel unit. These factors
enable good standing and walking in these
paticnts (Isakov et al., 1985; Isakov et al., 1994;
Scliktar et «@l., 1980). When the stump of a
trans-tibial amputee is short and the transverse
and longitudinal dimensions are almost similar,
the stump acquires a round shape and may
become unstable inside the prosthetic socket
(Selikiar er al., 1980; Nissan, 1977). As a result,
instability of the stump-prosthesis complex
creates shear forces with resulting pain and/or
blisters or friction sores which prevent
prosthesis usage for a long period of time.
Researchers have studied the forces acting on a
short trans-tibial stump (Sanders et al.,, 1992,
Lilja ef al, 1993) and various prosthetic
solutions have been suggested for improving
stability of the sturp-socket unit and the quality
of standing and walking (Isakov er al., 1992;
Pritham, 1979).

It is suggested that the stump of trans-tibial
amputees is less active in the daily functions of
standing and walking. In fact, atrophy of the
thigh muscles of the amputated limb is often
observed among such amputees, a finding
evident from quadriceps muscle hiopsies
(Renstrom et al., 1983). Evaluation of standing
balance activity of both limbs in trans-tibial
amputees showed that the foot-ground reactive
forces generated by the amputated limb are




n=18 :

Sex (E/M) 6/12
Age (yr) 45.7+14.7 (27-74)
Amputation
- side (R/L) 6/12
- duration (yr) 134x144 (1-46)
! Stump
- length (cm) 15.1£3.2 (8.5-21)
- thighs girth diff (cm)
18 cm above TT 5.9+2.5 (2-12.5)
30 cm above TT 4.0£2.9 (0-10.5)
Walking
distance (km) 2.5+1.4 (0.5-10)
- prosthesis
PTS 4
PTB+belt 12
PTB+corset 2
- aids none 17
cane/crulch 3
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Hamstrings

Type of muscle
contraction

Isokinetic concentric
Isokinetic eccentric
Isometric
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Isokinetic concentric
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29.9+20.0
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171.2+£45.4
93.0£34.0

74.6134.8
128.2+45.1
52.6£24.3
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Type of muscle

Stump length:

Muscle contraction <15.1 cm (n=9) <15.1 cm (n=9) p
Isokinetic concentric 32.6x16.6 48.3+219 113
Quadriceps Isokinetic eccentric 87.0+£27.6 137.1+50.6 016
Isometric 354«173 60.4+£31.7 112
Isokinetic concentric 19.1+6.0 40.6£23.6 .038
Hamstrings [sokinetic eccentric 47.8+10.5 81.3x47 075
Isometric 22.1+12.6 38.3+24.2 087
Type of muscle Thighs girth differences:
Muscle contraction <5.9 cm (n=9) <5.9 cm (n=9)
Isokinetic concentric 35.9£13.8 44.91+25.6
Quadriceps Isokinetic eccentric 108.5+47.9 115.6+49.1
Isometric 45.7x18.7 50.1£36.0
Isokinetic concentric 30.0£20.8 29.8+20.5
Hamstrings Isokinetic eccentric 62.1x27.3 66.9+46.8

Isometric

24.1+11.6 35.8+26.3
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short trans-tibial stump, compromises the
performance ability and level of the knee
muscles activity during prosthesis usage.

Thigh muscle atrophy was determined by
measurements of thigh girth. The measuring
level was chosen where differences between
thigh girth were greater, 18 ¢em proximal to the
tibial tuberosity. Two groups of amputees were
compared; those where thigh girth differenccs
were greater than 5.9 cm and thosc with a
diffcrence smaller than 5.9 c¢m. Comparing
values of muscles strength measured in these
two groups, a general decreasc in strength was
noticed among those with a greater thigh
muscles atrophy nevertheless, differences were
not significant,

In conclusion, although most trans-tibial
amputees manage their activities of daily living
and conduct a fairly active life, strength of the
amputated limb thigh muscles was found
significantly reduced, especially in amputees
with a short stump. In so far as the ultimate goal
in the rehabilitation of ampulees is to return the
patient to an acceptable level of function, it is
recommended that the amputee should be
traincd and encouraged in self strengthening
exercises for the amputated limb thigh muscle.
Stronger muscles will improve standing balance
and quality of gait, especially among those with
a short stump,
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of the two values times 100%, where perfect
symmetry was given by 81 = 0%. Asymmetries
for 12 variables, extracted from the vertical
force curves of 62 men and women were all
within +4%, with standard deviations ranging
from +2.0% to +41.3% (Herzog er al., 1989).
Variables derived form the anteroposterior and
mediolateral force curves exhibited greater
asymmetries. These data suggest that there are
slight asymmetries inherent even in normal gait.
However, the magnitudes of asymmetry
reported differed for diffcrent variables,
suggesting that asymmetry is not a universal
quality of gait, but is dependent upon the
particular variable being measured.

Symmetry is an issue in the gait of amputees
because of the unnatural asymmetry imposed on
the biomechanical system by the prosthesis
(Winter and Sienko, 1988). The most prominent
asymmetrics found in amputee gait have
involved shortened stance timcs (Breakey,
1976; Cheung et al., 1983; Skinner and Effeney,
1983, Seliktar and Mizrahi, 1986; Baker and
Hewison, 1990) and decreased ground reaction
forces (Skinner and Effeney, 1985; Seliktar and
Mizrahi, 1986; Baker and Hewison, 1990) for
the prosthetic limb compared to the natural
limb. Most studies in the literature have focused
on the qualitative description of gait
asymmetries (Skinnner and Effeney, 1983), or
quantitative measures based on raw differences
(Breakey, 1976; Skinner and Effeney, 1985;
Cheung ef al., 1983; Baker and Hewison. 1990},
or ratios (Seliktar and Mizrahi, 1986) of values
recorded for each limb. Lack of plantar flexion,
and normal ankle motion has been described as
the primary causc of most amputce gait
deviations, including asymmetrical gait timing,
knee joint motions, and increased muscle
activities in both amputated and contralateral
limbs (Breakey, 1976; Winter and Sienko,
1988). Loss of normal neuromuscular control
and proprioceptive feedback functions have
been cited as the major causes of the increased
variability in gait timing between normal and
amputee subjects (Zahedi er al., 1987).

Cheung e af. {1983), reported that raw
differences in total support times for four TT
amputee patients decreased from 5.7% to 3.5%
of the total stride time after six weeks of gait
training. Similar results were reported by Baker
and Hewison (1990) for asymmetrics in single
support times of twenty unilateral amputee

subjects, indicating that these inherent guit
asymmetries can be reduced with training. Bach
et al. (1994) tested a computer simulation which
adjusted incrtial loading and mass distributions
in the prostheses of five trans-fernoral amputec
patients in order to maximise swing phase
symmetry. Siguificantly greater swing phase
symmetry, reduced oxygen consumption, and
increased subjective ratings were found for
subjects wearing the symmetry optimised
prostheses. These results support the idea that
improved gait symmetry, at least for certain
variables, is related to reduced energy
expenditure, and is therefore an appropriate
goal in rehabilitation.

Biofeedback techniques have been used in a
variety of areas involving gait rehabilitation,
Systems have been built which provide
quantitative feedback of temporal (Hirokawa
and Matsumura, 1989), kinematic (Femnie ef al.,
1978), kinetic (Gapsis et al., 1982), or EMG
information (Colborne and Olney, 1990), or a
combination of these. Such feedback is usually
auditory (Fernie et al., 1978) or visual in nature,
or both (Hirokawa and Matsumura, 1989,
Colborne and Olney, 1990). Gapsis ef al. (1982)
reporled the use of a device (the Limb Load
Monitor, or LLM) designed to provide auditory
feedback of weight bearing information. The
authors studied the rchabililation outcomes of
ten subjects with different gait disabilities using
the LLM device comparcd with ten subjccts
matched for age and diagnosis who did not. The
group of patients who used the LLM reached
their goals in a significantly shorter period of
time than did the control group (7.3+3.0 days
versus 13.6+5.8 days, p<0.001) (Gapsis et al.,
1982). The same device was later used by
Gauthier-Gagnon et al. {1986) Lo assist a group
of TT amputees in carly balance lraining. These
studies demonstrate that bioleedback can be
used to improve rchabilitation cutcome.

The purpose of the rescarch rcported here
was to evaluate a newly developed system for
assessing and providing feedback of gait
symmetry informaltion in real time to subjects
walking on a motorised treadmill. The system
involved the use of 4 specially designed device
(the “CCF Trecadmill™) with two force plates
mounted under the treadmill beli (Dingwell and
Davis, 1995), The CCF Treadmil] was used to
compare various parameters of gait symmetry
between two groups of normal and TT amputee
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were not necessarily reflected in improved
symmetry for other parameters of gait. The TT
ampuiee subjects may have in fact altered their
gait patterns to decrease one form of asymmetry
by increasing other asymmetries., No known
study to date has adequately addressed the
questions of how asymmetries measured for
different variables are related, or what
magnitudes of asymmetry for any of these
parameters are neccssary to adversely affect
gait. In this respect, for future studies trving to
use such RTVF to improve rehabilitation
outcome, it would be advantageous to identify
those specific variables for which attaining a
more symmetrical gail would have the greatest
conseguence for long term benefit.

The results in Table 3 show that asymmetries
in the gait patterns for all three feedback
variables were significantly reduced after
subjects trained with RTVF. These results
demonsirate that subjects have the ability o
manipulate their walking patterns based on the
visual feedback information being given. The
subjects of Cheung et al. (1983) showed a
reduction in asymmetry of percent stance time
from +3.7% to +2.4% after six weeks of gait
training, a 35% change in asymmetry. Subjects
from the current study showed percent times of
+7.03% and +5.18% before and after visual
feedback training, and effective reduction in
asymmetry of 26% in only five minutes. These
results, although encouraging, must be
interpreted  with caution for two primary
reasons; it is not yet known whether subjects
would be able to maintain these decreased
asymmetries in the absence of visual feedback,
and it is also not yet clear that these controlled
changes in gait symmetry would result in long-
term learning of a more symmetrical gait
pattern. Since the primary goal of this project
was to determine if amputee subjects could
respond positively to RTVE, and since this was
shown to be the case, the questions of long term
gait training effects are lefi to future research,

Conclusions

The primary objectives of the current study
wete  to evaluate the gait asymmetry
characteristics of a group of normal subjects
compared 10 a group of TT amputee subjects,
and to evaluate the cffectiveness of giving TT
amputee patients RTVF training of gait
symmetry information. The normal subjects

studied did not demonstrate significantly
asymmetrical gait patterns though small
asymmetries were rccorded. The asymmetries
measured in TT amputee gait patterns were
greater than those of normal subjects, and
agreed  qualitatively  with  asymmetries
previously reported in the literatore (Breakey,
1976; Cheung er al., 1983; Seliktar and Mizraha,
1986; Baker and Hewison, 1990), These
increases in gait asymmetry arc most likely due
to the mechanical asymmetries imposed by the
prosthesis (Winter and Sienko, 1988) and the
loss of normal necuromuscular control and
proprioceptive feedback in the amputated limb
(Zahedi ef al., 1987). RTVF training was shown
to be an effective means of producing
significant short term reductions in the gait
asymmetries of these amputee subjects.

Quantifying asymmetries in amputee gail
patterns as they relate to normal subjects is the
first step in trying to define what degree of
asymmetry is acceptable, or dcsirable in
patients’ gait patterns during the rchabilitation
process. Devices such as the CCF Treadmill can
be useful tools both for defining and
quantifying rehabilitation targets, and for
measuring patients’ progress towards those
targets over a period of time. The results of this
study should be taken as encouraging, but
further study of gail asymmetrics needs to be
conducted in two areas; first, to identify and
define the relationships between asymmetries
measured for different variables and their
functional relationship to the process of
ambulation, and second, to detcrmine the long
term rehabilitation benefits of gait retraining
with RTVF.

Appendix

Single support time asymmetries (Slger)
were quantified to determine the effects of
different feedback modes on a gait parameter
not directly associated with the [leedback.
Although SIger and Sl ¢ were shown to be
strongly related, they were different variables in
that Slggr omitted the duration of double
support. If the gait cycle for a given snbject was
1 second long, with (.62 and (.58 seconds spent
in total support on the sound and prosthetic
limbs, respectively, and if the duration of
double support were 0.1 seconds, the
calculations of Slget and Slger (from equation
4) wouid produce the following results:
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with ICEROSS sockets on Endolite* prostheses
with multiflex ankle joints. An ICEROSS roll
on silicone sleeve was used in all cases in
conjunction with a polypropylene outer socket
and they werc connected to each other by means
of u “shuttle lock™ mechanism. In all cases a
thin stump sock was worn between the silicone
slecve and the outer hard socket. All these
patients were previously using Endolite
prostheses with mutliflex ankle joints and
polypropylene PTB sockets with inner Pelite
liners. The decision to change to an ICEROSS
for these patients was taken in the prosthetic
clinice by the rehabilitation physician in
conjunction with the prosthetist, with full
discussion with the amputee. In some cases the
amputee had enquired about the ICEROSS
system, having seen a  commercial
advertisement. An ICEROSS system was not
provided to amputees with poor hand function
or to patients who could not reach their sturmp
with both hands due to major restriction of joint
movements or other reasons.

A composite questionnaire was devised after
an initial pilot excercise to ascertain users’
views. The three page questionnaire included
direct questions e.g. “how many hours per day
do you wear your prosthesis on average”, some
2 or 3 point response closed questions, e.g.
Yes/No or Same/More/Less and some questions
with response on a digital score of 0-5 (0 = very
poor, 5 = very good). The questionnaire also
included 3 open questions inviling comments on
users’ own perccived advantages and
disadvantages and their own ideas for possible
areas of improvement of the ITCEROSS system,
In all but the 3 open questions, patients’
response for both ICEROSS and PTB were
specifically required so that a comparison could
be made.

The main indications for changing over to the
[CEROSS  system  were, problems with
suspension, skin problems e.g. skin grafts or
very scarred stumps vulnerable to frequent
breakdown. In 13 paticnts ICEROSS was
prescribed for young active amputees where it
was felt that improved weight bearing tolerance
of the ICEROSS and possible reduction of the
shear forces to the skin of the stump could be
beneficial. Statistical anatyses of the responses
10 questionnaires were donc by using r-tests for
parametric data. McNemar test and Wilcoxon
matched pairs signed ranks test were used for

statistical analysis of non-parametric data.

Results

Out of 69 amputees who were sent the
questionnaire, 54 returned their questionnaires
giving a response rate of 78.26%. Qut of these
54 patients amputation had been carried out due
to trauma in 27, vascular disease and/or diabetes
mellitus in 11, congenital limb deficiency in 6
and other miscellancous causes in 10 patients.
The PTB prostheses for these 54 patients prior
to the supply of ICEROSS were suspended by
leather cuff suspension in 31, self-suspending
supracondylar sockets in 21 and by elasticated
sleeve suspension in 2 patients.

All analyses of results are from these 54
returned questionnaires. The guestionnaires
were incomplele in some instances and these
were taken into account in presenting the results
and analyses.

The average age of the amputees was 48.35
years (range 22-80 vyears). At the time of the
questionnaire, 15 out of 54 were not using the
ICEROSS and reverted back to their old PTB
prostheses. Of these 15 patients, 1() had stopped
using the ICEROSS due to the development of
skin problems e.g. marked skin rash, blisters,
sometimes associated with excessive sweating,
4 patients had stopped due to pain and
discomfort at the distal end of the stump and |
patient felt insecure with the [CEROSS system
as he missed the mediolateral knee joint support
of a supracondylar PTB socket.

The respondents had worn their ICEROSS
systems for between 2 and 104 weeks (mean’
21.22 weeks). A comparison was made between
PTB and ICEROSS of the number of hours the
limb was said to be worn per day. An average
use ol 12.26 hours per day for PTB and 10.42
hours per day for ICEROSS was mnot
significantly different (s~test, p = 0.074).
Similarly a comparison between the two types
of prostheses of distance said to be walked per
day was not significant (r-lest, p = 0.776).

Trans-tibial amputees who were provided
with TCEROSS prostheses did not wear them
longer, did not walk longer distances, did not
lind walking on rough ground any easier and
did not use walking aids any less compared to
theitr PTB prostheses. Sweating of stump was
significantly increased in the first three weeks
of using ICERQOSS, but settled after 3 weeks.
Skin breakdown tended to be less and walking

*Trade name of Blatchford modular, carbon fibre endoskeletal prosthesis.




FCERTEAS prostheser 1113
[nformation from Number of With With Statistical
questionnaire respondents PTB ICEROSS p value significance
Use of walking aids,
indoors 49 11 6 02168# NS*
Use of walking aids,
outdoors 51 25 26 0.6875# NS*
Use of walking aids
on rough ground
and bad weather 45 24 22 1.0000# NS*
Presence of pain in
the stump 46 10 8 0.8145# NS*
Presence of skin
breakdown of the
stump 47 32 28 0.1153# N§*
*NS — Not significant ~ # — McNemar test
[nformation from Number of Statistical
questionnaire respondents Same Less more p value significance
Rate of skin breakdown with
ICEROSS compared to PTB 49 10 26 13 0.0376# Some significance
Rate of sweating in first 3
weeks with [CEROSS
compared to PTB 52 8 4 40 0.0003# Strong significance
Rate of sweating with
ICEROSS after 3 weeks
compared to PTB 49 14 15 20 0.3954# No significance

# — McNemar test




ICEROSS PTB

Information from Number of Mean Number of | Mean Statistical

questionnaire respondents score | respondents | more p value significance
Comfort of wearing 52 3.50 51 2.82 0.679%# NS*
Comfort of walking
for long distances 51 3.06 50 2.66 0.2976# NS*
Ease of donning and
dotfing 52 3.63 51 3.25 0.23994 NS§*
Comfort of walking
over rough terrain 51 3.00 50 252 0.1157# NS*
Ease of maintenance
of prosthesis 50 3.86 50 3.36 0.0546# NS*
Comfort of climbing
slairs 51 3.55 50 2.82 0.0230# Some significance
Comfort of coming
down stairs 51 343 50 2.90 0.0390# Some significance
Overall rating 49 3.82 49 3.12 0.0182# Some significance

*NS - Not Significant

# — Wilcoxon matched pairs signed ranks test

Advantages mentioned Number of
respondents
Better comfort 14
Better donning and doffing 12
Less friction/less skin problems 8
Secure/better suspension 8
Better movement of knee >
Better cosmesis 2
Better control 2
No more cuffs and straps leading
to less wear and tear of clothes 2
Feels part of human body 1
ICEROSS is the only prosthesis
which is good 1

Disadvantages mentioned Number of
respondents
Skin ulceration/itching/rash/sweating 20
Difficulty in donning and doffing 7
Connection at bottom of stump -
Discomifort/fecls the socket is hard 3
Needs washing frequently 2
Prosthesis feels insecure/rotates 2
Wool sock gets stuck in lock 1
Sleeve gets damaged 1
Prosthesis feels heavier 1
Constriction at top of sleeve 1
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trans-femoral amputee using the Intelligent Prosthesis and
conventionally damped prosthetic limbs
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Abstract

Comparisons were made hetween the
Intelligent  Prosthesis (IP), Mauch and
pneumatic swing phase control damping

systems on the same prosthesis worn by a high
level (trans-femoral amputee. Speeds sell
selected by corridor walking (4.4 — 5.5 kmh')
proved not to be sustainable for treadmill
walking. Comfortable speeds were attained
when the subject walked on a treadmill at 2.0,
26 and 3.2 kmh' in two tests for each
prosthesis type. Oxygen uptake (VO:), cadence
and heart rate were measured over 5 minute
walks interspersed with rest periods.

Spearman’s correlation was used to test for
differences between prosthesis types at each
speed. At the two slower speeds no significant
difference was found, but at the higher speed of
3.2 kmh', the IP was associated with a
significantly lower VO: (p<0.05). A two way
analysis of variance with replication (ANOVA)
demonstrated a significant difference between
VO: for different limb types (p=0.013). A
square law function was fitted to the mean VO:
for each prosthesis type by the method of least
squares regression. ANOVA demonstrated a
significant  difference  between  velocity
coefficients for the different prosthesis types
(p<0.05). Cadence was almost constant during
the period of each walk, varying by 1 step min™
at most. However the test-retest differences in
cadence were considerable.

All  corespondence 0 be  addressed  to
M. B. Taylor. Bioengincering Department Princess
Royal Hospital, Saltshouse Road, Hull HUE YHE,
UK.
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It is concluded thal there was little difference
in energy expenditure between prosthesis types
at slower speeds, but at higher speeds (=>3.2km
h'} the IP gave a lower oxygen uptake by about
10%.

Introduction

Conventionally damped prosthetic limbs use
a pncumatic or hydraulic damping cylinder
which is adjusted by the prosthetist to provide
optimum gait parameters at the subject’s
customary walking speed (CWS). If the
amputee walks at a different speed, he or she
must compensate for the pendulum action of the
prosthesis in order to alter stride length or step
rate by tilting the pelvis to delay extension or by
“ throwing the leg through”, in order 1o ensure
that the foot is in the right place for the next
heel strike. This not only leads to an abnormal
gait, but requires extra physical effort. In 1993,
an “Intelligent Prosthesis™ (IP) was introduced
(Chas. A Blatchford & Sons Ltd) featuring a
microprocessor  controlled  knee  extension
damper. The TP uses a proximity switch to
detect the step time and automatically alters the
level of knee extension damping to suit, using a
motor driven needle valve on a pneumatic
cylinder. Thus the knee should extend at a rate
appropriate  to the actual walking spced,
removing the need to compensate and reducing
effort.

Initial measurements and the results of a 100
subject survey of TP users were reporied by
Zahedi (1993). This early rcport suggested that
the IP could reduce the physiological cost of
walking by as much as 10%, that gait deviations
arc reduced and that optimum walking speed
and range of speeds are increased, It is not clear
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The empirical, subjective method of
assessing CWS  as recommended by the
manufacturer calls into question the validity of
programming the IP for a range of speeds
around this CWS, particularly in a device which
it is claimed will alter the ease of walking at
different speeds and even increase the CWS
(Zahedi 1993). The manufacturer in fact
recommends re-evaluation of CWS after a
period of experience with the prosthesis. The
authors were unable to evaluate changes in
CWS as it had not been measured prior to TP
use.

The subjects initial corridor walk seemed
typical of his usual speed of ambulation at work
in the limb centre. This CWS of 5.1 kmh" is
considerably higher than that found by Waters
and Yakura (1989) and could not be sustained
for 5 minutes of trecadmill walking. The
determination of CWS using treadmill walking
was felt to yield speeds more representative of a
middle distance walk — for example, when
walking in the street. This CWS was closer to
those found by Waters and Yakura (1989).
Although it may be suspected that there are
physiological differences between (readmill
walking and free walking (Mattsson, 1989),
several workers have used similar methods of
CWS determination on a treadmill (Herbert ef
al., 1994, lJaegers er al., 1993). Waters and
Yakura (1989) found no significant differences
in the energy expenditure of non-amputees
between free walking and treadmill walking.

Workers looking at normal walking speeds
have generally compared different pcople
walking in the same situation. For example
Finley and Cody (1970) made covert
measurements on people walking a 50 foot
straight line in outdoor urban locations. Similar
results were found by Waters er ¢, (1988) using
an outdoor circular track with an instruction to
walk at a comfortable pace. Varnious workers
including Gailey er al. (1994) und Nene (1993)
have used °L." shaped or ‘figure-of-eight’ indoor
tracks. Although intra-study CWS
measurements  will be valid, differences
between studies would be important when
selecting a ‘Lypical’ CWS for use in all walking
situations, as in the case of IP set-up. For the
full exploitation of the IP’s adaptability further
work should be done on the influence of
environment on the range of amputee walking
speeds.

VO: measurements indicate that energy
savings at low speeds are not significant. At
speeds of 3.2 kb and above energy savings of
from 5% (MAUCH) to 15% (PSPC) may be
obtainable for treadmill walking. Extrapolating
a squarc law equation to the subjects normal
walking speed as initially assessed (5.1 kmh)
would again give greater savings.

Considerable test-retest variation is present in
VO: measurements. Little has been rcported on
test-retest variation of VO: measurements on
amputees, however Herbert ef al. (1994) found
a testrctest VO: variation of the same order as
the differcnce between amputee and non-
amputce children walking at CWS. Changes in
resting V. are unlikcly to be attributable to
changes in fitness of the subject over the period
of the study.

There is considerable variation in the cadence
patterns adopted between test pairs, This is in
contrast to the unvarying nature of intra-test
cadence and the resuits of Jaegers ez al. (1993)
who suggested that amputee cadence varies less
than that of non-amputees. However variability
in cadence will result in increased variability in
VO:. Lukin et ai. (1967) demonstrated that each
step entails the raising of ones centre of gravity
with ity attendant work in acquiring potential
energy. Thus ambulation at the same speed with
increasing cadence will expend incrcasing
amounts of energy. Empirical models of energy
expenditure incorporating both cadence and
stride length developed for non-amputees have
not been validated for amputees (Zarrugh ef al.,
1974), Cadence variation may result from the
subject’s alterapls to cope with the unfamiliar
technique of treadmill. It might be expected that
the TP’s method of measuring step time in order
to adapt to different cadences might increasc the
range of cadences possible for a given specd.
This was not evident. However, further work is
needed to explore the relationship between
speed, cadence and energy expenditurc
particularly in the use of TP.

Change in heart rate and physiological cost
index are widely acccpted as meuasures of
energy expenditure. This study found no
relationship between heart rate and walking
speed. This finding was predicted becausc of
the action of antihypertensive drugs on heart
rate control mechanisms.

It is possible that mcasuring energy
expenditure at constant speed is not the most
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Abstract

Whereas walking for paraplegic patients is
now a routing clinical option, ambulation for
heavily handicapped cerebral palsy patients is
less well established. There are good reasons for
supposing that therapeutic benefits similar to
that achieved with paraplegic patients are
possible for this group. However, the
biomechanical problems which must be
overcome arc different and in many ways more
difficult to address.

The most important factors are identified as
appropriate  truncal  support, control of
abduction/adduction, rotation and flexjon range
at the hip, and of knee flexion.

A means of applying these controls is
described as being a combination of a walking
frame and orthosis. The special walking frame
provides adjustable support at thoracic,
abdominal and sacral levels and incorporates
castor steering and upper limb support. Controls
on lower limb movements are applied through a
special orthosis which has a readily available
variation of specification to accommodate the
wide range of conditions met in cerebral palsy.

Practical application of a prototype systcm
has shown that it can enable patients to walk
unaided. However, in most cases it was used
indoors only.

Evaluation of the cxperience in applying the
system has enabled the fundamental principles
to permit more practical applications o be
defined.

All  correspondence to be  addressed to
John Stallard, Technical Director, ORLAU, The
Robert Jones and Agnes Huat Orthopaedic and
District Hospital NHS Trust, Oswestry, Shropshire,
SY10 7AG, UK.
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Introduction

Walking for paraplegic patients is now a
routine clinical option which is widely adopted
(Douglas et al., 1983; Motloch, 1980; Kirtley,
1992; Lissons, 1992; Butler and Major, 1987).
None of the systems described has sought to
address the problem of providing walking for
total body involved cerebral palsy patients.
There are good reasons for this in that lack of
control in the upper limabs and trunk creates a
different challenge of patient stabilisation. In
the lower limbs there is also a different
biomechanical situation with the potential for
harnessing the available active motor power,
despite the inherent lack of motor control.

The objectives of walking for paraplegic
patients have been widely proposed as (Rose,
1983; Menelaus, 1987):

therapeutic bencfit;

improvement of independence.

Confirmation that these objectives can be met
in high lesion spina bifida patients has been
reported by Mazur et al. (1989) who showed
not only that non-walkers had five times the
number of pressure sores and twice the number
of bone fractures, but also that paediatric
patients who walk are more than three times
more likely to be able to move around the
community independently. The success of
properly controlled  clinical  provision  of
ambulation to spina bifida patients suggests that
the benefits can be reproduced for other clinical
groups.

Whereas many congenital or neonatal
pathologies have been decreasing, cercbral
palsy has remained stubbornly consistent at 3.5
per 1000 live births (Pharach ef al, 1990).
Since survival rates of cerebral palsy patients
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Treatment outcomes

Fourteen patients have been treated in the
prototype ORLAU  Locomotive Guidance
System. Walking was generally restricted to
indoor use but the majority of patients were able
to walk with only limited supervision. In many
cases physiotherapists were able to allow
patients to move at will within the confines of
the Special Scheol. Some patients used the
system at home and therc were reports in a few
cases of the child assisting with simple chores,
such as laying the table.

Commonly patients and parents found the
system worthwhile even though the distances
walked were relatively small, as might be
expected in the cnvironment of home or school.
Regular clinical reviews revealed that patients
did generally continue (o use the system over a
period of years, the motivation expressed by
parents being that it broadened the scope of
activity and improved the outlook of their child.
As they got older some of the paticnts gave up
ambulating because it became too inconvenient.
However, eight are still using the system and
five of these have been doing so for more than
five years,

Quite cornmonly patients used the orthosis
for activities ather than walking. The additionat
stability which it provides during sitting
permitied some children to concentrate on upper
limb activities so that they were able to
accomplish particular tasks more speedily.
Using the orthosis as a standing device with the
hips locked, together with an additional
stabilising device (ORLAU, 1990 and 1985),
enabled some patients to undertake activities
alongside their peers in the school environment.

In a small number of cases patients improved
their overall motor control over an extended
periad during which they were regular users of
the system. One child developed an ability to
stand independently and then later still take a
few steps. A different child was, again after
several years’ use, able to walk using the
walking frame without the orthosis. Clearly it is
not possible to ascribe such improvements
specifically to the system. However, applying
appropriate  biomechanics through otthotic
intervention has in lower levels of handicap in
cerebral palsy patients led to motor learning
(Butler and Major, 1992; Butler et al, 1992;
Major and Butler, 1995). This would suggest
that the improved motor control achieved with

some patients could be attributable to the
Locomotor Guidance Systerm. At the very least
it demonstrates that such walking activity docs
not interfere with acquisition of motor skills,

Discussion

The results achieved with the experimental
ORLAU Locomotor Guidance System have
been greatly encouraging with the majority of
patients who have had the opportunity to use it.
However, its use has raised as many questions
as it has provided answers to the dilemmma of
providing  walking for an  extremely
handicapped group.

Careful analysis of the walking patterns
adopted by the majority of the patients involved
in the trials revealed a number of factors which
need to be investiguted if the system is to
become both more widely applicable and of
greater utility to the patients and their families.

An upright truncal posture during walking is
an important requirement if appropriate walking
patterns are 10 be stimolated and social
interchange during walking is to be promoted.
Observation of patients walking in the ORLAU
system also revealed that paticnts require some
vertical support if reciprocal lower limb
patterning is to be promoted.

Some patients were clearly frustated by the
need for their arms to be constrained to operate
the walking frame, and stecring the system by
this method was itn many cases an
uncomfortable compromise.

1t was observed that getting the patient into
the complete system of orthosis, then the
Walking Frame, was a time consuming and
inconvenient activity which made great
demands on carers. As the children became
older (bcyond 8 years) it was not uncommon for
three carers to be required for this to be
achieved safely.

It has become clear that the existing ORLAU
Locomotor Guidance System has successfully
addressed the orthotic demands of walking for
the heavily handicapped cercbral palsy patient.
The structural requirements were found to be
much more demanding in the over 8 year old
group than had been anticipated. Substantial
orthosis strength and stiffness is an essential
requirement to cnsure both utility and rcliability
of the system, as is the range of variablc options
for control because of wide differences in
patient motor impairment.










24






A device for measuring ankle moment 131

measurable, the maximum force range rose io
40Nm with the lever arm length set at 0.5m. The
materials of the orthosis should be of low
viscosity when this measuring device is used to
assess orthotic characteristics during ambulation.
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Stiffness control in posterior-type plastic ankle-foot orthoses:
effect of ankle trimline
Part 2: orthosis characteristics and orthosis/patient matching

T. SUMIYA, Y. SUZUKI, and T KASAHARA

Rosai Rehabilitation Engineering Center, Nagova, Japan

Abstract

The hingeless plastic ankle-foot orthosis
(AFQ) changes stiffness largely depending on
how much plastic is trimmed around the ankle.
To support proper selection of the orthosis and
final adjustment of the orthotic stiffness, the
correlation between the posterior upright width
and the resistance 10 dorsi- and plantar {lexion
movemecnts was measured in 30 posterior-type
plastic AFOs. The posterior upright width was
varied by regularly trimming around the ankle in
nine stages. The resistance to dorsi- and plantar
flexion movements was measured by bending the
plastic AFQOs 15° with the measuring device
described in Part 1. All the plastic AFOs
decreased in their resistance to both movements
in proportion to the reduction of the posterior
upright width. The maximum resistance to plantar
flexion movement was about 28 Nm, which was
strong enough to assist dorsiflexion in patients
with severe spasticity. On the other hand, the
maximum resistance to dorsiflexion movement
measured was about 10 Nm, which was
insufficicnt to stabilise the ankle in paticnts who
lacked in plantar flexion strength. These findings
suggested that this type of plastic AFO should be
prescribed for patients who predominantly
require dorsiflexion assist, and that the orthotic
stiffness could be finally adjusted by trimming to
exactly meet individual requirements.

All  correspondence  to  be addressed to
Tadashi  Surmya, MD, Rosai Rehabilitation
Engineering Center, 1-10-5 Komeir Minato-Ku,

Nagoya-shi 455, Japan. Phone: (+81) 32-652-5831
Fax: (+81) 52-652-6275
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Introduction

The plastic ankle-foot orthosis (AFO} assists
the swing phase by maintaining thc ankle in a
neutral position, controlling plantar flexion
immediately after heel contact to absorb the
impact of body weight, and supporting forward
propulsion of the body by stabilising the ankle
during terminal stance. 1t also controls eversion
and inversion to provide adequate mediolateral
stability.

Plastic AFOs without ankle joint articulations
provide these functions in relation to the
stiffness of the plaslic around the Achilles
tendon region. The ankle trimline is the most
important among the severul factors which
affect the stiffness (Stills, 1975; Sulls, 1977).
Final adjustment of the ankle trimline is needed
to meet the individual patient’s requirements
exactly even with proper selection of orthosis.

There are prescription criteria provided for
plastic AFOs without quantitative data to define
the final adjustment (LeBlanc, 1973; Lehmann,
1979; Lehneis ef al, 1973; Samo and Lehneis,
1971; Samo, 1973). The influence of the ankle
trimline on orthotic stiffness has been evaluated
without consistently regulating the trimming
form (Condie and Mcadows, 1977; L.ehmann et
al, 1983; Rubin and Dixon, 1973) The
objcctive of (his rcscarch was to analyse
quantitatively the change in orthotic stiffness
corresponding with regulated unkle trimlines,
and to advance prescription criteria. The
posterior-type of AFO was selected for analysis
because of its high frequency of prescriptlion
(Ofir and Sell, 1980; Sumiya et af., 1993).
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posterior-type if the same resistance to plantar
flexion was available.

Conclusion

The posterior-type plastic AFO decreased in
resistance to dorsi- and plantar  flexion
movements nearly in proportion to the reduction
of posterior upright width. The maximum
resistance to plantar flexion movement was
sufficient to assist dorsiflexion even under
severe spasticity, but that to dorsiflexion
movement was only about a third of the former.
Accordingly plastic AFOs of this type should be
prescribed for patients who predominantly
require dorsiflexion assist, and the ankle
stiffness must be adjusted by trimming to
provide the optimal degree of support.
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Calendar of Events

National Centre for Training and Education in Prosthetics and Orthotics
Short Term Courses 1996-97

Courses for Physicians, Surgeons and Therapists

NC504  Lower Limb Orthotics, 18-22 November, 1996

NC505  Lower Limb Prosthetics, 27-31 January, 1997

NC517  Trans-Tibial Pressure Casting Techniques, 12 February, 1997

NC514  Orthotic Management of the Diabetic Foot, 26-27 February, 1997

NC515  Orthotics and G.P. Fundholders, 25 March, 1997

NC516  Clinical Audit and Outcome Measurement for Lower Limb Amputees, 9 April, 1997
NC511 Clinical Gait Analysis, 10~11 April, 1997

NC310  Wheelchairs and Seating, 15-17 April, 1997

NC506  Fracture Bracing, 28 April-2 May, 1997

Courses for Prosthetists and Orthotists

NC220  Upper Limb Prosthetics (in conjuction with BAPO);
Module 1 20-24 January, 1997
Module 2 19-23 May, 1997
Meodule 3 13—15 October, 1997
NC219  Orthotic Assessment for Orthotists, 6-7 February, 1997
NC517  Trans-Tibial Pressure Casting Techniques, 12-13 February, 1997
NC218 The TEC Interface System, 10-12 March, 1997

Course for Orthotists and Therapists

NC217 Ankle-Foot Orthoses for the Management of the Cerebral Palsied Child;
27-26 November, 1996

Further information may be obtained by contacting Professor J. Hughes, Director, National Centre for
Training and Education in Prosthetics and Orthotics, University of Strathclyde, Curran Building, 131
St. James’ Road, Glasgow G4 0LS, Scotland. Telephonc: (+44) 141 552 4400 cxt. 3298,

Fax: (+44) 141 552 1283, E-mail j.hughes@strath.ac.uk

3-5 September, 1996

42nd Annual Scientific Conference of the American Paraplegic Society, Las Vegas, USA.
Information: American Paraplegic Society, 75-20 Astoria Boulevard, Jackson Heights, NY 11370-
1177, USA.

9-11 September, 1996

Instructional Course on Gait Analysis, Dublin, Ireland.

Information: Ms. Ann Jenkinson, Gait Laboratory Manager, CRC, Vernon Ave., Clontarf, Dublin 3,
Ireland.

10-12 September, 1996

2nd Annual National Conference of the Institution of Physics and Engineering in Medicine and
Biology, Leeds, England.

Information: The Secretariat, IPEMB Annual Conference, 4 Campleshon Rd., York YO2 1PE, England.
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1997

13-18 February, 1997
American Academy of Orthopaedic Surgeons Annual Convention, San Francisco, USA.
Information: AAQS, 1650 King St., Suite 50§, Alexandria, VA 22314, USA.

8-9 March, 1997

Annual Scientific Meeting of British Association of Prosthetists and Orthotists, Blackpool, England.
Information: The Secretariat, BAPO, Dunoon and District General Hospital, Duncon, Argyll PA23
7RL, Scotland.

17-20 March, 1997

1st Gulf Congress in Medical Rehabilitation, Kuwait,

Information: Congress Secretariat, Physical Medicine and Rchabilitation Hospital, PO Box 4079,
13041, Kuwalil.

11-14 April, 1997

ISPO Update Course on Amputation and Prosthetics, Helsingborg, Sweden.

Information: May-Christine Friberg, Department of Orthopaedics, Helsingborg Hospital, 5-2351 87
Helsingborg, Sweden.

6-9 May, 1997

Orthopaedic and Rehabilitation Technology Trade Fair and World Congress, Nuremberg, Germany.
Information: Bundesinnungsverband fur Orthopadie-Technik, PO Box 10 06 51, D-4406 Dortmund,
Germany.

31 August-5 September, 1997

8th World Congress of the International Rehabilitation Medicine Association, Kyoto, Japan.
Information: Japan Convention Services Inc., Nippon Press Center Bldg., 2-1, 2-chome, Uchisaiwai-
cho, Chiyoda-ku, Tokyo 100, Japan.

§-12 September, 1997

Dundee 97: International Conference on Wheelchairs and Seating, Dundee, Scotland.

Information: The Secretariat, Dundee 97, Dundee Limb Fitling Centre, 133 Queen St., Broughty
Ferry, Dundee DD5 1AG, Scotland.

14-19 September, 1997
World Congress on Medical Physics and Biomedical Engineering, Nice, France.
Informaltion: Nice 97, SEE-48, Rue de la Procession, F 75724 Paris, Cedex 15, France.

23-25 October, 1997

25th Annual Scientific Meeting of ISPO UK National Mcember Society, Scotch Corner, near
Darlington, England.

Information: Mrs. P. McLauchlan, Orthotic Dept., Perth Royal Infirmary, Western Ave., Perth PH1
INX, Scotland.

1998

28 June-3 July, 1998

9th World Congress of the Intermational Society for Prosthetics and Orthotics, Amsterdam, The
Netherlands.

Information: Congrex (Holland) B.V., Keizersgracht 782, 1017 EC Amsterdam, The Netherlands.

Tel: +3120 626 13 72. Fax: +3120 625 95 74.
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