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Editorial

Countries ravished by war will take generations to totally recover. The toll on human life receives
international attention but the war-injured with physical disabilities are often forgotten in time.
Vietnam still has an estimated 200,000 amputees with 15,000 under the age of 15. There are no clear
estimates of the numbers of remaining spinal cord injured, head injured, those disabled as a result of
mal-union or non-union of fractures or peripheral nerve injuries. There are certainly other disabilities
secondary to the war and a host of disabilities that occur as a result of disease and birth defects. Road
accidents, industrial injuries and accidental detonation of war munitions strewn throughout the
country and towns often add to the list of the disabled on a daily basis and in some areas surpass the
number of war-injured. There are simply hundreds of thousands of disabled to be dealt with and many
could become functional members of their society given the chance. Many have received prosthetic or
orthotic services in the past but will require replacement and repair on a regular basis. The average
amputee in Vietnam for example might need a new prosthesis every five years and a new foot every
year. This alone would account for one million prostheses required in the next 20 years and about four
million feet.

This scenario describes Vietnam but can easily be applied to much of Southeast Asia, many
countries in Africa, the Middle East, and now Eastern Europe.

There are numerous agencies and non-governmental organizations working in these areas to
reduce suffering and trying to rebuild lives by providing orthotic and prosthetic services. Some are
strictly humanitarian projects providing prostheses and orthoses which are simply fabricated and
fitted. Others are service and education providers. They are teaching others so that long term
dependency on outside support can be reduced. Others may approach the problem by introducing the
latest in technology. ““High tech” manufacturing, ‘‘high tech” imported material and components with
good prosthetic fitting results, is viewed as research by many but is still an important element for the
future.

I had the opportunity recently to view four such projects at six locations in Vietnam on behalf of
the US Agency for International Development (AID). All were providing a much needed service at a
varying degree of quality. Limb quality ranged from basic to “high tech”; and at costs ranging from
realistic to unaffordable. The cost of a trans-tibial prosthesis ranged from $35 to $225, a foot from $2
locally made to $100 for an imported design. All patients generally seemed to benefit from their fitting
but it is difficult to judge quality because everyone makes the best of the situation. I spoke with two
expatriate prosthetist/orthotists, one from USA working with World Vision and one from France
working with the International Committee of the Red Cross {ICRC) and both remarked how difficult
it will be to return home after working with the Vietnamese patients who never complain, are totally
accepting, and very appreciative of everything done for them. The highly trained could easily be lulled
into complacency and the other service providers may not realize the need for continual upgrading,

Of particular interest was one project independent of US AID funding. The ICRC project in Ho
Chi Minh City is using an innovative approach to delivering lower limb prosthetic services. They
import polypropylene that has been pigmented to closely resemble skin tones in Vietnam. The entire
lower limb prosthesis is fabricated from polypropylene. Polypropylene is used to make the socket and
the exoskeleton of the prostheses. The scrap material is ground, heated, and moulded to produce
knee joints, alignment fixtures, attachment pylons, and foot keels. The results are a very cosmetic and
light-weight prosthesis that is not affected by the high heat and moisture common in that part of the
world. Standard socket shapes are utilized and the prosthetic fit appeared to be very appropriate.
There is no waste of material; everything is recycled; all components are fabricated on site. This
technique is viewed by some as experimental, but similar techniques are utilized by ICRC in
Cambodia and Mozambique, also with excellent results. What is most interesting is that from the
developing world has come a technique that has clinical application in the developed world.
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Executive Board Meetings

23-24 January 1993, 4-5 June 1993
Copenhagen, Denmark

The following paragraphs summarise the major discussions and conclusions of the Executive Board
meetings held in Copenhagen in January and June of this year. They are based on the approved
minute of the first meeting and the unconfirmed minute of the second meeting.

Standing Committee and Task Officer Reports

Bent Ebskov (Denmark) accepted the appointment as Chairman of the Finance Committee. The
final accounts for 1992 have been published in the last issue of Prosthetics and Orthotics International.
The capital assets of the Society had increased during the year due to the positive result of the course
in Amputation Surgery and Related Prosthetics in Groningen and the extraordinary success of the
Chicago Congress. The Honorary Treasurer presented a revised budget for 1993. He indicated that
there was a further payment made from the Chicago Congress and the course in Amputation Surgery
and Related Prosthetics in Tanzania cost less than anticipated. The Honorary Treasurer, therefore,
anticipated a positive result for the year. The accounts for the course in Tanzania were displayed and
the support by World Orthopaedic Concern (WOC) and the International Committee for the Red
Cross (ICRC) as well as sponsorship from Otto Bock was recognised. The Executive Board discussed
the membership fees for 1994 and agreed that they should be kept at the same level. The Executive
Board discussed profit-sharing at future congresses and a formula was agreed upon whereby revenue
of non-members would be open for this purpose. This would allow a National Member Society hosting
a congress to have approximately 5% share of the profit. The Executive Board further agreed that this
formula should be applied to congresses from the year 2001.

The Honorary Secretary reported that Al Muilenburg (US) and Bjorn Persson (Sweden) had
accepted their invitations to join the Protocol and Nominations Committee as Fellows at Large and
that John Hughes (UK) and George Murdoch (UK) had accepted their invitations to join the
Committee as Past-Presidents. The Executive Board discussed a proposal from the Committee with
regard to the abolition of Fellowship status, as it stands. It was suggested that if the privileges
associated with Fellowship related to International Committee representation and Executive Board
membership are removed, it would answer the concerns expressed by members of the International
Committee. Once these privileges had been removed, it would then be possible to use the title as a
special tribute for deserving members. A number of proposed amendments to the Constitution to
allow this to happen were discussed and the Executive Board agreed that these proposed amendments
should be put before the International Committee. The Executive Board also discussed the role of
International Consultants and it was proposed that a new clause should be inserted into the
Constitution recognising the role of International Consultants. Proposed changes to the Constitution
will be published and presented to the International Committee in due course. It was further agreed
that the Protocol and Nominations Committee should prepare guidelines with regard the role of
International Consultants.

John Hughes (UK) agreed to be Chairman of the Education Committee. Sepp Heim (Germany)
agreed to join the Committee with a special responsibility to Education in Developing Countries and
William C. Neumann (US) agreed to join the Committee with a special responsibility for
Certification. Hans Arendzen (The Netherlands) and the Honorary Secretary would join the
Education Committee as members of the ISPO/INTERBOR Joint Education Committee. In
addition, a number of other individuals have been co-opted because of their involvement in organising
the courses in Amputation Surgery and Related Prosthetics. A report of the course on Amputation
Surgery and Related Prosthetics in Tanzania was published in the last issue of the Journal. Further
courses are being organised in Wuhan, China, 24-25 October 1993; Thailand, 14-18 March 1994;
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Ljubljana, Slovenia, 12-15 September 1994 and in Central America, sometime in November 1994
(Honorary Secretary’s Note—Since the last Executive Board meeting, it has been necessary to postpone
the course in China due to local difficulties). The Chairman of the Education Committee reported that
the American Board for Certification (ABC) held a trial of the written part of their certification
examinations in collaboration with the Association of Prosthetists and Orthotists in the UK in March
1993, The results of the trial examination mirror those obtained in the corresponding examinations in
the US. A post-examination critique with the 15 candidates established that they all felt it was a fair
examination which reflected practice in the United Kingdom, apart from some local/regional-type
questions which could be easily removed or amended. The Executive Board felt that these
examinations may form the basis for International Certification and it was agreed that a further three
trial examinaticns be conducted: in Australia which is another English-speaking country with a
differing education system from the UK; in Tanzania to assess the performance of Category II
graduates in such an examination; and in Germany to examine the results of non-native English-
speaking Category I professiorals sitting these examinations. The Education Committee was asked to
examine the possibilities for development of International Certification for Category II personnel
after the trial examinations in Tanzania were completed. The Honorary Secretary reported on his
inspection of the ICRC course in Beira, Mozambique and the Executive Board agreed that ISPO
recognise the course to be of Category II level. The Honorary Secretary also presented a list of criteria
considered while inspecting the course in Mozambique. It was agreed that the Education Committee
put minimum requirements to each criterion, where applicable, and present it to the Executive Board
in due course. Seishi Sawamura (Japan) reported on the proposed plan for an Asian Prosthetic and
Orthotic Education Centre. Both Indonesia and Thailand were being considered as possible sites. The
Executive Board agreed that the proposal formed a sound basis for Category II education which could
be up-graded in the future if required to Category I and agreed to the proposal, in principle, and
suggested that when the school is established, it would require a formal inspection to confirm these
findings. The Honorary Secretary reported on an approach by the Cambodia Trust inviting the
Society to provide advice for an Education and Training Programme that the Cambodia Trust wishes
to establish in the near future. The Executive Board agreed to give any advice and assistance it could
in helping the Cambodia Trust formulate its plans. The Honorary Treasurer reported that during a
recent visit to Kenya, he had some preliminary discussions with the Danish Embassy in Nairobi with
regard to the Society applying to the Danish International Development Agency (DANIDA) for
support to help improve the education and training of orthopaedic technologists there. The Executive
Board discussed this proposal and agreed that the Honorary Treasurer in collaboration with the
Chairman of the Education Committee should continue with processing this proposal to DANIDA.
The Executive Board discussed a proposal to produce videos on arnputation techniques. It was agreed
that the Society should participate in producing a pilot video on trans-tibial amputations.

The Honorary Secretary reported that at the end of 1992, there were 2,605 members of ISPO. A
number of countries and regions were considering establishing National Member Societies. They
included Panarna, Colombia, Mexico, Argentina, Slovenia, Mozambique, Malaysia, France and
Indonesia. The Executive Board appointed Hans Arendzen (The Netherlands) as Task Officer for
Membership.

The Publications Committee had initiated two proposals, firstly production of a flyer to promote
the sale of the Journal and secondly, a promotional brochure for membership. The Executive Board
agreed to both of these proposals. The Executive Board discussed the role of the Publications
Committee and agreed that it should be disbanded, however, Hans Arendzen (The Netherlands) was
appointed as Task Officer for Public Relations, Promotion and Publicity and the Editors John Hughes
(UK) and Norman A. Jacobs (UK), were appointed as Task Officers for the Journal. As other tasks
evolved, they would be allotted to other individuals.

David Condie (UK) reported on the work currently being carried out by the International
Standards Organisation (ISO) and the European Community Standards Organisation (CEN) in the
fields of prosthetics, orthotics and rehabilitation engineering. He agreed to prepare a paper outlining
the current situation with regards work on standards for publication in Prosthetics and Orthotics
International.
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The Honorary Secretary reported that the United Nations (UN) Committee on Non-Governmental
Organisation at its session held from 22 March-2 April 1993 decided to recommend to the Economic
and Social Council that ISPO be re-classified to Category II Consultative status. This
recommendation is still subject to the approval of the Economic and Social Council which will
examine and take action on the Committee’s recommendation at its session to be held from 28 June-
30 July 1993. The Honorary Secretary reported that he had represented the Society at the Non-
Governmental Organisations Consultative Meeting at the UN office in Vienna on 3-4 December 1992
during which he had reported on the activities of the Society over the past year.

Congresses

The final report of the Chicago Congress was submitted to the Executive Board. The Congress had
been attended by 2,220 people from 40 different countries which included participants, volunteers,
complementary registrations and exhibitor registrations. The Scientific Programme had been an
outstanding success. There were 20 overview sessions, 225 contributed papers, 160 symposia papers,
50 posters and 40 video/films. Some 37 instructional courses and 20 commercial workshops had been
presented. The exhibit was also very well supported. There were 98 commercial exhibitors and 16
scentific exhibitors. The total number of booths taken was 222. The social programme had been very
well received and the response from everyone who participated in the Congress had been favourable.
The Congress was an extremely successful event and the final outcome will make a considerable
contribution to the Society’s reserves. The President, on behalf of the Executive Board and the
Society expressed gratitude to Dudley Childress and all his colleagues for the hard work and
enthusiasm which they had put into making the Congress such a great success.

Arrangements for the Eighth World Congress to be held in Melbourne, Australia, 2-7 April 1995
were well underway. Detailed planning for the Congress, both as far as programme and organisation
was at an advanced stage. The President reported that both he and David Condie (UK) had visited
Australia in April and met with Valma Angliss, the Secretary General of the Eighth World Congress,
together with the majority of members of the organising committees to discuss progress with
arrangements. The International Congress Committee had met prior to the Executive Board meetings
and the ideas generated at the Committee are being incorporated into the programme and
organisation procedures,

The Executive Board considered the bids to host the 1998 Congress submitted by the German
National Meraber Society and The Netherlands National Member Society. The Executive Board
discussed these bids in detail and after much deliberation decided that the 1998 Congress should be
held in the The Netherlands.

Conferences and Meetings

On behalf of the Society, Rene Baumgarter (Germany) had organised a session on the Neuropathic
Foot at the first European Congress of Orthopaedics, Paris, France, 21-23 April 1993. Contributors
to this session included Rene Baumgarter (Germany), Jean Vaucher (Switzerland), Per Holstein
(Denmark) and Pierre Botta (Switzerland).

The Society has been asked to organise a session at the World Federation of Occupational
Therapists, Eleventh International Congress, London, UK, 17-22 April 1994.

The Executive Board agreed to collaborate with the organisers of Dundee '94 Clinical Gait
Analysis, Dundee, UK, 5-8 July 1994. There would be no financial obligations on ISPO and members
of the Society would be offered a reduced registration.

Meeting of International Committee Representatives

The Executive Board discussed arrangements for the Interim Meeting of International Committee
Representatives and agreed that it should be held on 21-22 January 1994 in Denmark in association
with the next Executive Board meeting. The Executive Board also agreed that in order to ensure full
participation, the International Society would pay for all the costs of the Interim Meeting. Travel
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Walking speed of normal subjects and amputees:
aspects of validity of gait analysis

A. M. BOONSTRA*, V. FIDLER** and W. H. EISMA*

*Department of Rehabilitation Medicine, University Hospital Groningen, The Netherlands
**Groningen University, Groningen, The Netherlands

Abstract

This study investigated some aspects of the
validity of walking specd recording in 15 normal
subjects, 16 trans-femoral amputees and 8 knee
disarticulation amputees. The variability and
test-retest reliability of walking speed and the
influence of simultaneous recording of EMG
and goniometry on comfortable and fast
walking speeds ‘were studied.

The variability between sessions was mainly
detcrmined by the variance within each session.
The variance of speed within sessions while
walking with fast speed, was higher when
walking without equipment than when walking
with cquipment. The variances of speed within
sessions of the normal subjects were higher
than those for both amputee groups. The test-
retest reliability, expressed by the intra-class
correlation coefficient, was good: between (.83
and 0.98. The speed when walking without
equipment was significantly higher both in
normal subjects and amputees than the speed
when walking with equipment.

Introduction

Measurements of walking speed by means of
gait analysis are based on the assumption that
waiking speed is a basic gait parameter which,
when measured objectively, can be useful in
characterizing an individual’s walking ability. In
studies of prosthetic components, walking
speed is often used as a parameter for the
quality of performance (Barth et af, 1992;

Al comespomdence 1o be  addressed  to
A. M. Boonstra. Depantmem of Rehahilitation
Medicine. Lnive-sity Hespital. Groningen, P.O. Box
30,001, 9700 RB Sromingen. The Netherlands.
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Godfrey et al., 1975; Murray er al., 1983),
Validity of speed recordings is cssential. There
are several aspects of validity. One of thesc is
the test-retest reliability. Normal subjects show
good reliability, but studies have becn limited
to the test-retest reliability of the natural
walking speed (Kadaba er al., 1989; Waring and
Mclaurin, 1992; Winter, 1984) or have
included only a few subjects (Winter, 1984). In
neurologic patients (Holden ef al., 1984; Wade
et al., 1987) and post-polic patients {Waring
and McLaurin, 1992) the test-retest reliability
has been shown to be satisfactory.

Another aspect of the validity concerns the
question about the relationship between speed
recordings measured during gait analysis and
the walking speed of the patient in his/her own
surroundings. So far, nobody has answered this
question. An important problem in gait
analysis, affecting the validity. is the
simultaneous recording of speed. goniometry
and EMG. It is unknown how the walking
speed is influenced by the equipment and the
wires attached to a patient for gait analysis.

In this paper, a study is presented of the
variability of walking speed and the test-retest
reliability, based on repeated recordings of
comfortable and fast speed in normal subjects
and amputees. The study also examined the
influence of simultancous recording of
goniometry and EMG on walking speed.

Material and methods
Subjects

The study included 15 normal subjects, 16
traus-femoral  amputces and 8  knce




BI (\UF‘

| normal subjects

| knee disarticulation

trans-femoral
.'NT]'[“HL' cS

amputces

number of

subjects

15

16

walking without
cquipment

mean

1.45

1.04

walking with
equipment

mean sd

1.36 0.194
0.97 0.201
1.09 0.234



number of walking without walking with
group subjects equipment equipment
mean sd mean sd
normal subjects 15 2.10 0.249 1.90 0.276
trans-femoral 16 1.26 0.297 1.16 0.292
amputees
knee disarticulation 8 1.46 0.359 1.36 0.311
amputees
number of A% itninx 1072 number of sd%erween® 1072
group subjects subjects
without with without with
equipment | equipment equipment equipment
normal subjects 15 6.95 5.06 15 2.26 1.72
trans-femoral 16 1.92 4.03 8 2.33 o*
amputees
knee disarticulation 8 3.36 1.23
amputees
*negative variance component.

sd"'z’,.,,,,,m is the mean of the variances calculated within each session.

5% eiween =50 e ssion — Y250  within * » Where sd . ion is the variance of the session means within each subject.

number of sd?pinx 103 number of sd%eiweenx 1072

group subjects subjects

without with without with

equipment | equipment equipment equipment

normal subjects 15 11.0 5.39 15 3.02 4.68
trans-femoral 16 237 0.49 8 3.34 3.72
amputees
knee disarticulation 8 7.66 1.89
amputees

sd?  within is the mean of the variances calculated within each session.

5% erween =50 ession — Y280 wichin % » Where sd° .o, 18 the variance of the session means within each subject.




number of comfortable speed fast speed
group subjects
without with without with
equipment equipment equipment equipment
normal subjects 15 0.83 0.89 0.87 0.91
trans-femoral 8 0.93 0.98 0.95 0.95
amputees







Age Grou
Years
7-8

st.dev
9-10
st.dev
11-12
st.dev
total

mean
st.dev.

1p|

Males

(no.)

Females

58

Height

(no.) ‘ (cm)

130
(7)
140
(7)
148
(6)

136
(10)

(8)




Subject
number
04
05
06
14
32
33
M
36
24
38
39
43
46
51
52
53
54
55
56
59
60
mean
st.dev,

-
Gender

Mass

Age Height | Amputation Foot Socket Suspension
(years) (cm) (kg) type | type
8 m 124 20 left SACH | PTS Condylar
10 [ 117 19 left SACH PTB Condylar
11 m 147 43 left Flex PTB Sleeve
17 m 168 63 right Flex PTB Sleeve
14 m 155 49 right SACH PTB Condylar
8 m 130 28 right SACH PTB Condylar
12 m 144 37 right Seattle PTB Fig of 8
12 m 155 54 left Flex PTB Sleeve
5 m 116 22 left SACH PTB Condylar
5 m 113 20 left SACH PTB Sleeve
13 m 140 37 right Single axis PTB Sleeve
11 m 138 29 right Seattle PTB Condylar
12 m 178 65 right Seattle PTB Th.corset
17 m 170 66 left SACH PTB Condylar
11 m 130 29 right SACH PTB Condylar
6 m 112 20 right Flex PTS Condylar
12 f 144 32 right SACH PTB Condylar
15 f 160 42 left Seattle PTB Condylar
13 f 153 49 left Seattle PTB Condylar
15 m 171 60 left SACH PTB Condylar
7 m 113 19 right SACH PTB Condylar
11 142 38
(3.6) (21) (16)




Vertical Force
[Body Weight Ratio]

3.0

2.0

1.0

—— Able-Bodied
-=-=-=~ Prosthetic
——— Non-Prosthetic

Normalized Time

Force —— Able-Bodied
[Body Weight Ratio] --=-= Prosthetic
Propulsive Non-Prosthetic
0.4+
0.2
0.04
0.2
0.4 - — - - - .
0.00 0.25 0.50 0.75 1.00
Retarding Normalized Time
Force —— Able-Bodied
[Body Weight Ratio] ---- Prosthetic
Medial Non-Prosthetic
0.10 4
0.05 1
0.00 1
-0.05 4
-0.10 : ' : + - - ,
0.00 0.25 0.50 0.75 1.00
Lateral Normalized Time




ZImpl | ZMaxl | ZT1 Slope ZImp2 ZMax2 ZT2 ZMin ZImpTo
Leg BWxratim| BW ratim | BWxratim | BW xratim BW ratim BW BW xratim
AB 0.19 1.90 0.18 17.1 1.18 2.44 0.82 1.34 1.37
(N=400)| (0.08) | (0.58) | (0.05) (7.6) (0.18) (0.33) | 0.05) | (0.37) (0.20)
NP 0.25+ 2:11 0.20 20.9+ 122 2.54 0,80 1.574 1.47+
(N=22)| (0.11) | (0.48) | (0.07) | (10.0) (0.20) 027 | (007 | (0.39) (0.15)
P 0.28+ 1.89 0.22+ 151 L15+ 2.56 0.78+ 1.77+ 1.42
(N=22)| (0.17) | (0.65) | (0.08) (12.3) (0.21) (0.46) | (0.08) | (0.65) (0.22)
BW=body weight
ratim=ratio of total single leg support time
ZImpl=area under vertical force-time curve from touch down to local minimum
ZMax1=first local maximum on vertical force-time curve
ZT1=time from touch down to ZMin
Slope=slope of ine from touch down to ZMax1
Zlmp2=area under vertical force-time curve from local minimum to take off
ZMax2=second local maximum on vertical force-time curve
ZT2=time from ZMin to take off
ZMin=local minimum on vertical force-time curve
ZImpTo= total area under vertical force-time curve
+Significantly different from able-bodied (p<0.05)
*Significantly different from non-prosthetic (p<0.03)
L]
RImp RMax RTime PImp PMax PTime
Leg BW xratim BW ratim BW xratim BW ratim
AB 0.081 (.42 0.46 0.078 0.27 0.54
(N=400) (0.032) (0.19) (0.06) (0.021) (0.06) (0.06)
NP 0.091 0.45 0.46 (1.093+ 0.36+ 0.54
(N=22) (0.032) (0.17) (0.09) (0.040}) (0.16) (0.09)
P 0.086 0.39 0.46 0.063+* 0.23+* 0.54
(N=22) (0.038) (0.14) (0.11) (0.040) (0.15) (0.11)

BW=body weight
ratim=ratio of total single leg support time
RImp=area under retarding portion of antero-posterior force-time curve
RMax=maximum value for retarding force in the anteroposterior force-time curve
RTime=time from touch down to change from retarding to propulsive force
Plmp=area under propulsive portion of anteroposterior force-time curve
PMax=maximum value for propulsive force in anteroposterior lorce-time curve
PTime=time from change from retarding to propulsive force to take off
+Significantly different from able-bodied (p<().05)
*Significantly different from non-prosthetic (p<0.05)




MImp MMax MTime MImp LMax LTime
Leg BW xratim BW ratim BW xratim BW ratim
AB 0.022 0.14 0.47 0.034 0.14 0.53
(N=400) (0.024) (0.11) (0.29) (0.037) (0.11) (0.29)
NP 0.018 0.16 0.39 0.048 0.18 0.61
(N=22) (0.019) (0.12) (0.24) (0.038) (0.11) (0.24)
P 0.016 0.13 0.29+ 0.042 0.20+ 0.71+
(N=22) (0.023) (0.10) (0.24) (0.027) (0.18) (0.24)

BW=body weight

ratim=ratio of total single leg support time

MImp=area under mccfial force portion of medio-lateral force-time curve
MMax=maximum value for medial force in the mediolateral force-time curve
MTime=time from touch down to change from medial to lateral force
LImp=area under lateral force portion of medio-lateral force-time curve
LMax=maximum value for lateral force in mediolateral force-time curve
LTime=timefrom change from medial to lateral force

+Significantly different from able-bodied (p<0.05

*Significantly different from non-prosthetic (p<0.05)
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differences between leg types and the tables as
providing accurate discrete information for
particular variables associated with the curves.

Prince ef al. (1992) presented local maxima in
the vertical, anterior, and posterior directions
for a group of young TTA adults (n=9, mean
age of 16 years). They found significantly
greater values for the ZMax2 variable for the
non-prosthetic leg when compared to both the
prosthetic legs and legs of the AB. The present
investigation did not find those differences and
indicated no differences between the three leg
types. Even though Miller (1987) did not
present discrete values for the prosthetic and
non-prosthetic limbs of TTA aduits (n=4, mean
age of 40 years) her figures concur with the
results of the present investigation suggesting
that approximately the same values occurred
for the non-prosthetic and prosthetic legs. In
support of the results presented by Prince er al.
(1992) and in contrast to the resuits of the
present investigation and of Miller (1987) the
authors of this paper have reported greater
ZMax2 wvalucs for the children of this
investigation during walking (Engsberg et al.,
1993). The results indicated that thc non-
prosthetic leg had a significantly greater ZMax2
value than the prosthetic leg and the legs of AB
children. In addition, it was reported that the
prosthetic leg force was significantly less than
the AB leg force for the ZMax2? variable.
Further investigation appears warranted in this
regard.

In the anteroposterior directions Prince et al.
(1992) reported significant differences for the
RMax variatle between the non-prosthetic legs
and the AB 1zgs and between the prosthetic legs
and the non-prosthetic legs. The present
investigation found no significant differences in
RMax values between leg types. For the PMax
variable Prince et al. (1992) reported significant
differences between the prosthetic leg and both
the non-prosthetic and AB legs. The present
investigation supported thesc relationships and
also found significant differences between the
non-prosthetic and the AB legs. The
differences in the results between the two
investigations may be explained by subject age,
subject numbers, and different prostheses.

Prince ez al. (1992) reported that the ZMax2
and the ZlmpTo variables were significantly
greater (rigid keel only) in non-prosthctic legs
when compared to similar values of AB

controls. Similar results for the same variables
and for approximately the same group of
subjects as in the present investigation have
been reported for walking (Engsberg et afl.,
1991 and 1993). In contrast to these results the
present investigation did not concur with these
findings. A potential cxplanation could be
related to the possible effects of foot types since
Prince et al. (1992} reported no significant
differences for the two variables for flexible
keel feet. Further investigation is necessary in
this regard.

Prince et al. (1992) reported that the PMax
and PImp variables were significantly different
between the prosthetic legs and the legs of the
AB subjccts. These loading differences, also
occurring in the present investigation, have
been reported for walking (Engsberg er al.,
1991 and 1993). The similarity of thesc results
appcars to indicate that despite the type of
terminal device used, the prosthetic legs do not
generate propulsive forces similar to thosc
produced by intact legs. The objective of the
authors’ rescarch in this arca is to enable TTA
children to walk and run in the samec way as AB
children. The accomplishment of this objective
would however require the development of a
prosthesis which allows the prosthetic leg to
produce the same forces as those of intact legs.

Conclusions

The results of this investigation provide
normative ground reaction force data for both
AB and TTA children during running. The
results for the AB children can be used for
comparison with TTA children and with any
other groups of children {e.g. children with
cerebral palsy) if similar data are determined.
The results for the TTA children can be used to
determine if TTA children are functioning
similarly to other TTA children. Since the
results indicate basic differences between TTA
and AB children during running, research
should be directed towards eliminating these
differences.

Acknowledgment

Funding provided by the George Reed
Foundation for the Handicapped, Hospital for
Sick Children Foundation, and the Variety
Club of Southern Alberta-—Tent 61.







Prasthetics and Ovthotics International, 1993, 17, 90-94
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Abstract

The subjective responses and gait patterns of
unilateral  kneze  disarticulation amputees
wearing prostheses fitted first with the Multiflex
foot and then with the Quantum foot were
studied. Nine amputees were included in the
trial.

A questionnaire asked the amputces about
their preference for one of the fcet.

Gait analysis was performed measuring
temporal parameters and goniometry of hips,
knees and ankles in the sagittal and frontal
planes.

There was a slight preference for the
Quantum foot. Preference secmed not to be
related to physical characteristics of the
amputecs nor to gait parameters.

There were no differences in gait as far as the
temporal factors were concerned.

The main differcnces in the range of motion
of the joints were in the frontal plane: the
eversion-inversion movement of the ankle and
the adduction-abduction movement of the hip.
During walking at comfortable speed with the
Multiflex foot the ankle and hip range of
motion averaged 2.1 and 3.1 degrees
respectively, less than during walking with the
Quantum foot.

Intreduction

If a prosthesis is to be prescribed after an
amputation, the choice of a prosthetic foot is an
important one, both for the amputee and for
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the clinical team. Scveral studics have reported
on differences in gait patterns in trans-tibial
(Barth et al., 1992, Culham et al., 1986; Mizuno
et al., 1992, Wirta et al., 1991) and trans-
femoral (Goh et al., 1984; James and Stein,
1986) amputees resulting from the use of
different feet. However, it has so far been
difficult to make a choice for the individual
patient from the many available artificial feet,
The same problem occurs in  knee
disarticulation amputees. The gait
characteristics of the knee disarticulation
amputee are difficult to compare with those of
trans-tibial amputees because of the abscnce of
a knee joint; neither are they comparable with
trans-femoral amputees, bccause of the end
weight-bearing principle of the socket. Henee,
studies of trans-tibial or trans-femoral
amputees cannot be generalized to knce
disarticulation amputees.

This study investigated the gait patterns of
unilatcral  knee disarticulation amputees
wcaring prostheses  fitted with  either the
Multiflex or Quantum foot. The Multiflex foot
is one of the most common prosthetic fect in the
Nctherlands. The Quantum foot was used
because it is onc of the modern “energy-
storing” fect and because it differs from the
Multiflex foot in biomechanical properties such
as hysteresis and stiffness (Jaarsveld ef al.,
1990).

Method
Subjects

Nine subjects who met the following criteria
were recruited for the study: unilateral knee
disarticulation amputation fitted with an end




prosthesis

cause of year of knee-joint
patient | gender |age(y)| amputation amputation (Otto Bock) initial foot  |preferred foot

1 F 67 osteomylitis 1968 3R21 Multiflex Quantum
2 M 70 vascular 1991 3R21 Multiflex no. pref.

3 M 24 trauma 1988 3R45 Multiflex Multiflex
4 M 24 bone-cancer 1968 3R45 Multiflex Quantum
5 M 45 vascular 1986 3R21 Multiflex no pref.

6 F 20 trauma 1987 3R45 Seattle Quantum
7 M 33 trauma 1988 3R45 Multiflex Quantum
8 F 48 vascular 1991 3R21 dyn. SACH Multiflex
9 M 39 trauma 1989 3R45 Multiflex Quantum




comfortable speed

prosthetic foot speed m/sec swing phase msec step time msec
prosth. side sound side
mean (sd) mean (sd) mean (sd) mean (sd)
Multiflex 1.12 }0.23 553 %35; 458 E33; 1257 %90;
Quantum L1l (0.22 559 (36 449 (33 1267 (97
fast speed
prosthetic foor speed m/sec swing phase msec step time msec
prosth. side sound side
mean (sd) mean (sd) mean (sd) mean (sd)
Multiflex 1.37 50.32; 510 (53) 411 (39) 1110 (90%
Quantum 1.37 (0.31 532 (70 422 (43) 1139 (113
comfortable speed
joint range of motion
ankle knee hip
inversion/ | plantarfl/ | flexion/extension abduction/adduction flexion/extension
eversion dorsiflexion
prosthetic | prosth. side | prosth. side | prosth. side | sound side | prosth side | sound side | prosth. side | sound side
foot mean (sd) | mean (sd) | mean (sd) | mean(sd) |mean(sd) |mean(sd) | mean(sd) |mean (sd)
Multiflex 6.1 (1.6) |24.2 (4.7) [52.4 (24.8)|58.4 (2.7) | 8.6 (2.9) | 11.6 (3.3) |43.1 (7.7) | 36.2 (4.6)
Quantum 8.2 (3.1) [22.6 (5.6) |58.1 (19.0)|57.9 (9.2) [11.7 (2.7) | 11.2 (2.5) |42.1 (7.3) | 374 (6.5)
fast speed
joint range of motion
ankle knee hip
inversion/ | plantarfl/ | flexion/extension abduction/adduction flexion/extension
eversion dorsiflexion
prosthetic | prosth. side | prosth. side | prosth. side | sound side | prosth side | sound side | prosth. side | sound side
foot mean (sd) | mean (sd) | mean (sd) | mean(sd) |mean(sd) |mean(sd) | mean(sd) | mean (sd)
Multiflex 6.8 (2.2) |26.6 (4.9) |60.4 (23.8)[59.7 (2.8) [ 11.2 (34) | 126 (3.7) [46.9 (8.9)|41.5 (5.6)
Quantum | 8.9 (32) |254 (7.1) [64.6 (17.9)] 56.7 (8.9) | 13.5 (3.0) | 12.1 (2.5) [48.1 (10.2)43.1 (7.5)




A : comfortable speed

speed step time swingph. _Sw-phprosts. .,
sw.ph.sound 8
: C : comfortable speed
§ :
ankle knee hip
df/pf  efi ext/fl ext/fl ab/ad

B : fast sp

eed

step time swingph. _Sw.phprosts. .,

speed
sw.ph.sound s.
D : tast speed
. ! ]
- . L]
ankle knee hip
df/pf e/i ext/fl ext/fl absad
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preferred the Multiflex foot while others
preferred the Quantum foot. One of the two
amputees who had not previously used the
Multiflex foot, now preferred the Mutliflex
foot, while the other preferred the Quantum
foot. There were no differences in gait as far as
regards the temporal factors.

As expected, the swing phase of the
prosthesis was longer than that of the sound leg:
the difference was about 23% during walking at
comfortable speed. Only one patient showed a
nearly symmetrical gait.

The only earler study comparing Multiflex
and Quantum feet — as well as other types —
was that by Mizuno er al. (1992) using trans-
tibial amputees, but they studied other
parameters. Most studies (Culham et al., 1986,
Doane and Holt, 1983; Goh et al., 1984,
MacFarlane, 1991; Wagner er af., 1987) of
different feet found no differences in walking
speed. Only Nielson et al. (1989) found that
trans-tibial amputees walked faster when fitted
with the Flex-foot than with the SACH foot.
Some studies of trans-tibial amputees (Culham
et al., 1986; MacFarlane et of., 1991; Van
Leeuwen ef al., 1990) found differences in
symmetry in the stance phase between the
prosthetic and sound sides while walking with
different feet. Other studies failed to find such
differences (Doane and Holt, 1983; Goh er al.,
1984).

The main diffcrences in the range of motion
of the joints were in the frontal plane: the
eversion-inversion movement of the ankle and
the adduction-abduction movement of the hip.
During walking at comfortable speed using the
Multiflex foot, the ankle and hip joint ranges of
motion were an average of respectively 2.1° and
3.1° smaller than with the Quantum foot.

It may be assumed that the difference in the
ankle joint range of motion in the frontal planc
was primary, while the difference in hip joint
range of motion was secondary. Differences in
ankle joint rangz of motion between different
feet have been found by many authors (Barth
et af., 1992; Dozne and Holt, 1983; James and
Stein, 1986; Wagzncr, 1987) in studies of trans-

tibial amputees. To what extent this increased
transverse mation is reflected in the subjective
preference, remains unclear.
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with traumatic amputation walked at 52 m/min
(1.94 mph), 56% and 37% slower respectively
than non-disabled control subjects {82 m/min=
3.02 mph). Sicmlarly, Huang et al. (1979)
detcrmined  that  trans-femoral amputecs
wcaring a QUAD sockct cxpended 49% more
energy than able-bodied individuals while
ambaulating at 47 m/min (1.75 mph).
In an effort to imyprove biomechanical function
and thus reduce metabolic cost of ambulation,
John Sabolich designed the Contoured
Adducted Trochanteric-Controtled Alignment
Method (CAT-CAM) socket in the early 1980s.
The CAT-CAM socket, more narrow in the
mediolateral dimension than the QUAD
socket, is designed to fit intimately with the
ischial ramus, thus “locking™ onto the pelvis,
and encapsulating the ischial tuberosity.
Additionally, thz CAT-CAM socket has been
claimed to improve muscular function, enhance
pelvic motion, and maintain a more natural
femoral adduction angle to a greater extent
than the QUAID socket (Sabolich, 1985;
Flandry et al., 1989). Consequently, proponents
of the CAT-CAM socket have suggested that
this design is associated with a decreased energy
requirement during ambulation by trans-
femoral amputees. To date. however, there has
been limited rzsearch which has shown a
reduction in energy cost for those using the
CAT-CAM socket. For example, Flandry et af.
{1989) reported that five trans-femoral
amputees fitted with both QUAD and CAT-
CAM sockets used 56% less energy during
ambulation with the latter. Ambulation speed
of the CAT-CAM group was 44.5 m/min (1.66
mph), 16% faster than the pace of the subjects
using the QUAD socket design (40.4 m/min=
1.5 mph), wtile sustaining reduced gait
deviations and a slightly longer stride length.
While this study suggests an energy and
biomechanical advantage for the CAT-CAM
socket during ambulation, the findings are
compromised by the small study sample.
Therefore, the purpose of this study was to
determine whether differences cxist in encrgy
expenditure during ambulation of trans-femoral
amputees using QUAD and CAT-CAM
sockets.

Methods
Subjects
Twenty unilateral trans-femoral amputees

wearing cither the CAT-CAM (n=10) or
quadrilateral (QUAD) (n=10) socket and 10
non-amputce (control) subjects participated in
this study. Subjects who met the following
selection criteria were randomly selected:
healthy males between the ages of 18 and 58
years (sce results), amputation due 10 non-
vascular pathology, unaffected sound limb, at
least six months expcrience with the tested
prosthesis, and a minimum stump length of 15
cm, measured from the greater trochanter to
the distal lateral end of the femur, with the
amputation site proximal to the femoral
condvles. All subjects were free from any
stump soft tissue problems, pain, or limitations
that would influence their gait to an appreciable
degree.

All amputee subjects were selected based
upon the type of socket they were currently
wearing. Subjects were not asked the name of
their prosthetist, and as a result the
investigators were not aware of the socket
fabrication techniques employed by the
prosthetists. Therefore, subjects were selected
and tested purely of the basis of their socket
design and not a single prosthetist’s fabrication
or casting technique.

Subjective criteria

The subjective criteria for the CAT-CAM
socket were true ischial containment medially
with no lateral gapping between the lateral wall
and stump, an appropriate mcdiolateral and
anteroposterior dimension for each individual
amputee, and an appropriate  femoral
adduction anglc. Criteria for the QUAD socket
were: a posterior brim which an ischial seat,
equal height of the medial and posterior brim,
Scarpa’s bulge anteriorly. Essentially, the
socket design had to be consistent with the
classic description of the quadrilateral socket by
Radcliffe  (1955). The same investigator
evaluated every subject w0 provide
standardisation in subject selection.

Procedure

Two trials were performed during which each
subject ambulated at both 33.5 m/min (1.25
mph) and 67 m/min (2.5 mph). The order of
trial was raadomised and separated by a 20
minute rest period. Heart rale (HR) for each
subject was measured using a Vantage



Group Age Mean Age Range
CAT-CAM 324+ 11.03 26-58
QUAD 346+ 9.83 23-55
Control B2E 9,57 25-50
CAT-CAM | QUAD | t-values
Time after
amputation 13.6yrs |15.37yrs| -0.51
Mass of
prosthesis J64kg | 4.13kg | -0.42
Residual limb
length 0.63% 0.61% 0.27
Time with
present prosthesis | 1.6lyrs | 4.6yrs | -1.04




CAT-CAM Knee Foot Type of Mass of
subjects unit assembly system prosthesis kg

CCl1 SA/Hyd Seattle Endoskeletal 3.54
cc2 4 Bar Seattle Exoskeletal 6.58
CC3 SA/Hyd Seattle Endoskeletal 3.18
CC4 SA/Hyd Multi Flex Endoskeletal 4.31

. B SA/Hyd Multi Flex Endoskeletal 3.4
CCo SA/Hyd Seattle Endoskeletal 3.63
cCT SA/Hyd Multi Flex Endoskeletal 2.81
CC8 SA/Pneu Seattle Lite Endoskeletal 207
CC9 SA/Hyd Multi Flex Endoskeletal 2.50
CCl10 SA/Hyd Multi Flex Endoskeletal 3.54
Quad Knee Foot Type of Mass of

subjects unit assembly system prosthesis kg
Q1 SA/Hyd Seattle Endoskeletal 2.77
Q2 SA/Pneu Greissinger Exoskeletal 4.45
Q3 SA/Hyd SACH/Rot Exoskeletal 7.26
04 SA/Hyd Seattle Exoskeletal 3.41
Qs SA/Hyd Seattle Exoskeletal 3.63
Q6 SA/Hyd Seattle/Rot Exoskeletal 4.31
Q7 SA/Hyd SACH Exoskeletal 3.86
Q8 SA/Fric SACH Endoskeletal 4.54
Q9 SA/Hyd Multi Flex Endoskeletal 3.63
Q10 SA/Hyd Multi Flex Endoskeletal 3.41
SA =single axis 4 Bar=4 bar linkage system Hyd=hydraulic cadence control
Pneu=pneumatic cadence control Fric=friction control Rot=rotator
Slow speed (33.5 m/min) Fast speed (67 m/min)

Group VO, HR VO, HR
CAT-CAM 5.4 +0.58 87.3 £ 10.96 553 123 86.2 £ 11.63
QUAD 5.9+1.30 85.4 £ 10.36 572+ 1.88 87.5+ 9.00
Control 4.9 +1.38 824+ 7.26 5.12+15.70 81.5 £ 11.05

Slow speed (33.5 m/min) Fast speed (67 m/min)

Group VO, HR VO, HR
CAT-CAM 10.37 £ 1.34 101.42 + 13.27 15.12+ 1.89 116.42 + 14.48
QUAD 11.72 £ 2.70 100.82 + 10.61 183.98 £ 5.52 119.75 £ 16.28
Control 8.48 £ 1.08 8380+ 9.22 11.08 = 1.88 90.04 + B.60




Group

Level of significance

Percentage

VO, comparison at 33.5 m/min

Control vs CAT-CAM significant at p<0.01 +18%
Control vs QUAD significant at p<0.01 +28%
CAT-CAM vs QUAD p=>0.05 (non-significant) +12%
VO, comparison at 67 m/min

Control vs CAT-CAM significant at p<0.01 +27%
Control vs QUAD significant at p<0.01 +42%
CAT-CAM vs QUAD significant at p<<0.01 +20%
HR comparison at 33.5 m/min

Control vs CAT-CAM significant at p<0.01 +17%
Control vs QUAD significant at p<0.01 +17%
CAT-CAM vs QUAD p>§,05 (non-significant) 0%
HR comparison at 67 m/min

Control vs CAT-CAM significant at p<0.01 +23%
Control vs QUAD significant at p<0.01 +25%
CAT-CAM vs QUAD p=>0.05 (non-significant) + 3%
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A comparison of paraplegic gait
performance using two types of reciprocating
gait orthoses
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Abstract

This study ecxamined the energy cost of
ambulation using the reciprocating gait orthosis
(RGO) and thc modified Isocentric RGO in
paraplcgic spinal cord injured subjects. In 4
subjects, the rates of O, consumption per
minutc, O, cost per metre, heart rate (HR).
respiratory  cxchangc ratio, velocity, and
physiologic cost index (PCI} were measured
during ambulation with the two orthotic
devices. PCl was calculatcd by dividing the
difference between walking and resting HR by
velocity. PCI was significantly lower during
ambulation trials with the Tsocentric RGO
compared to the RGO, but was the only
measurement that detected a significant
difference beween the two orthotic devices.
These results indicate that energy costs of
ambulation at self-selected speeds were lower
with the Isocentric RGO compared to the
standard RGO. Furthermere, PCI could be
used as a sensitive indicator of gait efficiency in
spinal cord injury subjects.

Introduction

In the last decade, considerable attention has
been directed towards the development of
devices that would cnable paralyzed people (o
achieve a reciprocal gait. The options available
to the spinal cord injured individual include
mechanical orthoses, functional electrical
stimulation (FES), and a combination of these
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two systems. Current systems using FES are
limited due to the Yow reliability and safety of
these systems (Yamaguchi and Zajac, 1990).
Therefore, at this time only the systems using
mechanical orthoses are practical in a clinical
and home setting (Stallard et a/., 1989).

The reciprocating gait orthosis (RGO} is onc
of the orthotic options available to spinal cord
injured patients with paraplegia. The RGO
consists of bilateral  hip-knee-ankle-foot
orthoses (HKAFQ) connected by an extended
pelvic band (Douglas ef al., 1983). This custom
moulded pelvic band functions as a lever, so
that ipsilateral hip extension is achieved when
the individual extends his back. Two Bowden
cables cross-connected to opposite sides of each
hip joint, mechanicaily couple hip extension on
one side to hip flexion on the contralateral side.
Rhythmic activation of the cable system causcs
hip flexion on alternating sides, thus producing
areciprocal gait pattern.

Although crossed cables are a simple and
reasonably effective way to produce reciprocal
hip joint motion. they may not be the mast
efficient mechanical coupling available. Since
the cables are secured only at cach end, some of
the energy associated with active hip extension
is wasted in unwanted cable flexion. In
addition, sincc a cable must be in tension to
effectively transmit large amaounts of force, only
half of the system is being used at a time. For
these reasons, any orthotic system that can
achieve reciprocal hip joint motion without the
nccd for a crossed cable coupling may
theorctically be  more  efficient  and
subsequently require less effort on the part of
the spinal cord injurcd patient.










Values are mean+SD*

indicates significant difference (p=0.04) between the

RGO and isocentric RGO.

Age Height Weight Levet of Time since
Subject (yrs) (m) (kg) Injury Injury (months)
1 36 1.83 70.31 TS 27
2 24 L.68 70.31 T8 25
3 25 1.89 83.92 T8 58
- 34 1.93 §8.00 Ti0 33
Isocentric
RGO RGO
O rate (ml/kg min) 14.2+1.8 13.0+1.4
O; cost (ml/kg m) 1.1+0.3 1.0+0.1
RER 1.1+0.1 1.2+£0.2
HR (beats/min) 145+23 144420
PCI (beats/m) 3.6x0.7 2.610.5*
velocity (m/min) 12.7£1.9 13.542.1
cadence (steps/min) | 30.3%6.2 31.3279
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reported in this study. This difference could be
due to the length of training with the RGO.
Their sobject had been ambulating with the
RGO for two vears and averaged § hours/week
of gait training.

A significant reduction in the PCI was found
in the group of subjects in this study when the
standard RGO hip joint was replaced by the
Isocentric RGO hip joint. Caution must be
exercised when a conclusion is based on a small
sample size. however, subjective reports from
the subjects included that they felt less fatigued
when walking with the Isocentric RGO.

Although a decrease in the O, rate per
minutc and the Os cost per metre was observed,
thesc two mcthods of expressing energy
expenditure were not statistically  different
bhetween orthotic devices. One reason for this
may be the small sample size. However, an O,
recording system that requires a face mask,
nose clip, and tethered cart may be so
disruptive to the subject that the oxygen
consumption measurements may not be
representative of the true cnergy requirements
of walking. [t has been observed that face
masks can block a test subject’s vision. This is
not a problem for normal subjects. bul in
certain disabilities where proprioception and
kinesthesia are absent or impaired. subjects
may have to rely upon visual feedback for foot
placement during gait. In the earlier stages of
this stedy an attempt was made to use a face
mask that covered both the nose and mouth but
the collection apparatus had to be maodified 10
allow the subjects a better visual field. The
advantages of using measurements of HR and
velocity 1o estimate energy expenditure in
paraplegic individuals is that it eliminates the
use of mouthpieces and nese clips that the
parients may find cumbersome or functionally
interfering. Furthermore, it does not require
the use of expensive gas collection appararus.

This stadv demonstrated that PCI can be
used as a tool in the asscssment of gait
efficiency in spinal cord injured subjects.
Combining a physiological measurement (HR)
with a functional measurement {velocity) may
make PCI a more sensitive measure for
detecting small but significant dilferences in
cnergy cxpenditure. Previous investipators
have used PCI as an asscssment tool in normal
(MacGregor. 1981), disabled children (Butler er
al., 1984: Mossberg er al., 1990). and paraplcgic

subjects {Bowker ef gl., 1992 Isakov er al.,
1992). Isakov et al. (1992) reported a dramatic
reduction of PCI values in a spinal cord injured
subject ambulating with RGO and FES
compared to ambulating with just the RGO.
Only minimal changes were observed in other
parameters of gait performance such as
cadence. velocity, and step length. A slight
improvement i$ reported here in velocity and
cadence with the Isocentric RGO, however,
these measurements do not reflect changes in
the energy demand of walking.

In this study. it is reported that modifying the
standard RGO by exchanging the cables for an
isocentric bar resulted in a significant reduction
in the PCI of spinal cord injured individuals.
Furture studies incorporating kinematic analyses
of gait with the RGO and the Isocentric RGO
may provide insight that will continue to
improve the design and function of this orthotic
device.
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Abstract

This presentation will review briefly the current
practice and state of the art in functional
electrical stimulation (FES) as applied to
stroke, head injured or brain tumour operated
patients. A similar application is used in paretic
patients following trauma or other aetiology.
Over 20 years experience in the application of
FES, as practised in Ljubljana, will be
highlighted and the devices currently in use will
be described. The statistics show the results
obtained on 2,500 bhemiplegic patients
examined for FES application during the last 10
years. The statistics and results of the Slovenian
population indicate 0.15-0.20% new cases
annually or 1,500 new cases per million
inhabitants. Up to 63% of annual cases are
candidates for an FES based therapeutic
locomotion rehabilitation programme.
Experience indicates that 60% of hemiplegic
patients received single-channel stimulation to
correct equinovarus or foot drop, 30% obtained
dual or even three chaonel stimulation
treatment and only 10% of paticnts were
involved in muitichannel FES of four to six ar
even eight channels of stimuiation. The benefits
and outcome of rehabilitation will be presented
and discussed in regard to current trends in the
field of FES for hemiplegic and paretic patients.
The partly inactive but very important field of
FES application to the upper extremity in

achievements presented. Future developments
will be presented together with advances
forescen by steadily improving technology.

Imtroduction

For the last decade development in the field
of functional elecirical stimulation (FES) of
hemiplegic patients was concerned with
indications, prescriptions, treatment and
modality refinements with important hardware
improvements but no basic innovative
developments taking place. The steady
refinements and advances were a consequence
of general technology improvements. The vital
developments in the field of FES of spinal cord
injured patients will dramatically, in the near
future influence the field of hemiplegic
patients. Due to the vast interest and overly
optimistic expectations triggered in the early
years of the last decade the major efforts of
funding were focused on locomotion
rehabilitation of spinal cord injured (SCI)
patients utilising FES. It took almost 10 years to
recognise and adopt more realistic and
achievable expectations. Interest was regained
in FES rehabilitation and methodology
advances in the field of applications to stroke,
head injury, trauma, surgical and other
patients, The improved hemiplegia
rehabilitation using FES is very important and
promising. In terms of numbers of patients it by
far exceeds the SCI field. Stroke is commen in
the middle-aged and elderly and brain injury is

hemiplegic and paretic patients will be
discussed and the relatively modest
All  correspondence to  be addressed to
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frequent in tae younger and middle-aged
population. Stroke affects two to three people
per thousand and conseguently dominates the
field of neurologic rehabilitation. In the USA
the population of hemiplegic patients is of the
order of 2 million (LaPlaute, 1988). It is also
interesting to note that for the last 10 years no
significant advance has bcen made in the
application of FES in the upper limb in gencral
and in hemiplegic hands in particular. In
contrast the rehabilitation of grasping and hand
movement advanced noticeably in the field of
quadriplegic patients. Developing technology
and other advances in neural recording may in
the future influence FES application in the
resteration of hand function in hcemiparctic
patients following stroke, brain injury or
operated brain tumour as described later in this
presentation.

Before  highlighting the advances and
displaying the current state and trends in FES
application for locomotion restoration in
hemiplegic patients, the aims, goals and
strategies in general will be presented since they
arc specific to the rchabilitation and use of FES
in hemiplegic patients. Neurologic paticnts with
upper motor acurone dysfunctions following
stroke are considered as a stabilized or
“complete  stroke”™ group including by
definition patients with cerebral thrombosts,
infarction, embolus with infarction,
intracerebral haemorrhage, the scquence of
subarachnoid haemorrhage from ancurysm or
arterio-venous malformation. Brain injured
and/or operated brain tumour patients are also
candidates for FES therapeutic treatment and
later, if applicable, the long term use of FES
devices for the restoration of lost function. All
unstable or transient neurologic dysfunctions
such as neurologic vascular cpisodes and stroke
in progressien  are  cxcluded from our
consideration because by classical definitions
{Davis, 1985) only paticnts suitable for
rehabilitation are candidates for FES related
rehabilitation  trecatment.  After  admission
therapcutic FES application is focused on
preserving existing function and augmenting
reccovery for restoration of lost function. A
typical goal is to restrengthen weak muscles,
maintain range of motion al joints and prevent
the development of wvery exaggerated
synergistic patterns such as extension or flexion
patterns. At this stage spasticity development is

reduced by FES rrecatment and the voluntary
recovery of movement is enhanced. In general
the goal is 1o facilitate sensory and antigravity
awareness, to use the lower limbs for standing
and to initiate early walking by the patient.
Multichannel FES is very efficient in this
respect and also helpful in lessening the
physical effort by the physiotherapist in raising
the patient to g standing position in the early
phase of treatment. Early standing ol patients is
a good strategy ensuring faster recovery and
preventing the development of severe spasticity
with exaggerated synergism which is later very
hard to modify. The described aims and goais of
FES application follow the strategy of using in-
patient hospital time efficiently to achieve a
higher level of function in a shorter time. On
completion such treatment indicates the lost
functions which can be, at present, only
partially restored by continuing FES. This is
carried cut in a programme of long term FES
device prescription and patient training for
independent home use. The following describes
the current statc of hemiplegic patient
rehabilitation by means of FES as developed
and practised in Ljubljana (Acimovic— Janezic,
1989; Malezic et al., 1984 Stanic et uf., 1990).
This will focus mainly on the lower limb
programme  utilising  surface  stimulation
electrodes but also highlighting the upper limb
applications.

Therapeutic FES applications

For the past 20 years thc Ljubljana
University  Rehabilitation  Institute  has
routinely practised FES as a treatment module
additional to the standard and established
therapy for rehabilitation {Acimovic—Janezic,
1989; Stanic et al., 1990). At present about 80%
of all patients admitted participate in the FES
therapeutic or orthotic FES programme. With
the help of electrical stimulation different
muscles can be activated, restrengthened and
the joint range of motion maintained actively,
the blood circulation augmented and pain
reduced. FES is a convenient and effective
means of cnhancing scnsory awarencss. In
many instances mobilization is easier and
achieved in a shorter time while also radically
activating the  patient’s  remaining and
developing resources hecause FES provides
affercnit and FES induced movement with
proprioception  and  exteroceptive  sensory
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observed between 1970-80 has mostly faded out
during the last decade. FES was applied at the
end of the 1970s as a therapeutic means of
effcctive treatment to improve the range of
wrist and finger extension motions and to
prevent the development of contractures
caused by flexor spasticity. The application of
cyclical isotomic FES of wrist and finger
extensors decreases not only the established
spasticity but also wrist and finger flexion
deformities (Baker et al., 1979). It was
concluded that two to three 30-40 minute
stimulation sessions per week could substitute
for all other range of motion techniques.
Patients gradually bcecome accustomed to the
feeling of discomfort caused by the treatment
and the majority later learned to tolerate the
sensation produccd by stimulation even at the
range of settings activating isometrically the
wrist and finge: extensors for a good, visible
motoric response. Bowman er @l (1979) has
proposed position feedback for automated
treatment for the hemiplegic wrist by means of
FES. The only marketed FES long-term wrist
and finger extcnsion system which is still
available in Ljubljana was proposed nearly 15
vears ago (Rebersek and Vodovnik, 1975).
Because of thz clumsiness in domning and
doffing and the rather minor function of wrist
and finger extension. the unit never reached
comparable popularity when compared to the
onc-channel peroneal stimulator. The only FES
system for continuing hand function restoration
in hemiplegic putients is not a very successful
unit. In spite of this the unit is still commercially
available and is occasionally prescribed for
therapeutic use. To our knowledge an
implantable unit for hand function restoration
in hemiplegic patients has not yet been
produced or marketed. It is interesting,
therefore, to present optimistic developments.
because the future is going to progress first
along the linc of developing multichannel
implants and these will also be very suitable for
hand function restoration,

Trends and expectations

The FES methodology applied to hemiplegic
patients for tierapeutic treatment and gait
assistance with long-term wuse for gait
restoration has proven its effectiveness and
usefulness (Malezic er al., 1984; Stanic et al.,
1990). At present, of paticnts requiring long-

term FES devices, only those who are
candidatcs for simple equinovarus correction
arc reasonably well served. For this group of
patients the single channel FES unit is
available, being the only such unit in the
market. [n principle the equinovarus deficiency
needs a balanced control of equinus and varus,
This requires in essence a 2-channel unit. In
addition up to now there has been negligible
provision for the development of a total
implanted system because the required
technology was difficult to realize. The research
results obtained within the last years have
raiscd cumulative evidence that substantial
progress can  be expected towards the
development of totally implantable systems. In
prnciple the design of totally implanted
systems is almost cosmetically ideal and
eliminates patient donning and doffing.

In recent years refined recording techniques
from sensory peripheral nerves (Johansson,
1991) indicate that with minimal circuitry for
signal recognition it may be possible to develop
very selective triggering and even provide
control signals for arbitrary movement
restoration by  means of FES.  These
developments are complemented by long-term
implantable infrafascicular recording electrodes
(Lefurge er al., 1991). These achievements are
raising optimistic hopes that in the ncar future
safe, reliable and good control using trigger
signals can be obtained for hand and gait
function restoration in hemiplegic patients.
particularly with implanted systems.
Continuous recording from peripheral nerves is
very important, because these nerves are
transmitting the information detected by
natural sensors. For instance heel contact in
gait can be detected and used for a trigger
SOurce.

Interesting developments have also begun to
improve the motoric activation of muscles by
FES and are also dircetly applicable to
hemiplegic  patients (Waters ef al, 1988,
Marsolais er al., 1990) Waters et al. (1988) are
atilizing surgically inserted epimysial electrodes
for therapeutic electric stimulation of the lower
limb. By percutaneous wires, as used for almost
two decades in the Cleveland upper extremities
programme (Hunter Peckham, 1987) cxternal
connection to the epimysial electrodes is
established. In patients with inadequate hip
stability preventing them from balancing on one
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Technical note

Automatic suspension device for gait training
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Abstract

The autcmatic suspension device
(REHABOT) suspends the patient’s body in a
standing position allowing the patient to walk
around the circular handrail without forward
propulsion. Reduction of body weight is
accurately maintained automatically while
safely supporting the patient.

The device was used for 23 patients with
orthopaedic disorders or central nervous system
disorders who were chosen because of their
initial difficulties with gait training in parallel
bars.

Its advantages are that (1) it may be used for
patients with open wounds or cardiac problems,
or patients using prostheses or orthoses, (2)
preparation and walking practice are simpler
both for patiznts and staff than the therapeutic
pool and walking trolley, (3) running costs are
lower than the therapeutic pool. Its drawbacks
arc that the initial cost is relatively high, only onc
patient can be trained at a time, and the effect of
warm water is missing,

The automatic suspension device will become
one of the new and fundamental picces of
equipment for gait training, especially for hos-
pitals where therc are many clderly patients and
also severely and multiple disabled persons.

Introduction

The automatic suspension device named
REHABOT was developed as a picce of
eguipment for gait training by Dr. Ide at the

Department  of  Orthopaedic  Surgery,
Yamanashi Medical College with the
All  correspondence  to be  addressed  to

Dr. Jiro Kawamura, Department of Physical
Medicine and Rehabilitation, Osaka Rosai Hospital,
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apan.
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cooperation of Japan EM Co., Lid. and is
presently supplied by the Sumire Medical Corp.
(1de and Nakajima, 1986; 1de et al,, 1993).

The device has been used for gait training at
the Department of Physical Medicine and
Rehabilitation, Osaka Rosai Hospital since
1988.

This paper introduces the structure and
funetion of the device and reports some clinical
experiences at the Osaka Rosai Hospital.

Structure and function of the device

Basically, the device consists of a central
shaft, a suspending arm containing a control
section, and a sling. The suspending arm which
extends horizontally from the central shaft is
able to rotate 360° in the horizontal direction
and 30° vertically both upward and downward.
Presently, two kinds of slings are availabie which
are mounted at the end of the arm. One of the
slings is attached under the patient’s axilla and
trunk with a safety belt placed around the
patient’s chest-wall (under-arm sling) (Fig. 1).
The other sling is similar to the harness of a
parachutc and is able to lift the patient strongly
and comfortably, even supporting more than
two-thirds of bodyweight (parachute sling)
(Farrimond, 1989).

Compressed air is used as the power source
for the suspending force. The patient is
suspended in a sianding position and is able to
walk around the circular handrail with reduction
of the body weight and without the aid of
forward propulsion.

Four kinds of sensors are installed to detect
the load, the air pressure, the height of the
suspending arm, and the rate of rotation. As
changes occur in the load, a load-cell sensor
which is installed between the end of the arm
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maintenance of a pool are very high and it
involves strenuous work for the staff during the
treatment (Skirner and Thompson, 1983).

The antomatic suspension device enables gait
training even for patients who have open
wounds, percutaneous fixation, prostheses,
orthoses, etc. The preparation before the
walking practice with the device is simpler than
for the therapeutic pool for both patients and
staff. Staff costs using the device also are low,
The running cost of the device is merely the cost
of electricity.

Formerly, the walking trolley was used for
patients with orthopaedic disorders and central
nervous  system  disorders. However, the
problems of the walking trolley were the
difficulty of setting the sling and lifting the
patient and the imprecise control of the
reduction of load bearing. This caused patients
to lose balance occasionally (Hattori and Hara,
1964, Hosokawa, 1964; Sugiyvama et al., 1964,
Boyle, 1965).

Although the purpose of the automatic
suspension device is similar to that of the
walking trolley, the automatic suspension
device can control the reduction of load
precisely and with security, The adjustment and
fitting is easier than the walking trolley and there
is no chance of the patient falling down.

Walking around the circular handrail enables
the patients to walk uninterruptedly and thus
reduce the frequency of manual support by
therapists to permit turning around. Dizziness
did not occur from walking around the circular
handrail because the patients could not walk
swiftly. Compured with pool therapy, patients
infrequently were afraid of the device. None of
the paticnts refused to use the device. There was
no accident, such as a patient falling down
during training with the device.

Although patients with central nervous
system disorders needed longer periods of gait
training and also final levels of walking ability
were lower than for patients with orthopaedic
disorders, work by staff during training with the
device was easier and safer in comparison with
the walking trolley.

Stubbies have been used for prosthetic
training often in cases of bilateral trans-femoral
amputation before training with full-length
articulated prostheses. Using the device, a
bilateral trans-femeral amputee could begin
walking practice without the help of stubbies.

When gait will be achicved by combining
assistive devices, such as reciprocating gait
orthoses (Beckman, 1987) and functional
electrical stimulation (Kralj and Bajd, 1989); or
when other new technology is intended, the
device could be very useful.

The number of patients trained with the
device was cquivalent to about 1.3% of the total
number who received medical rehabilitation at
the department and about 2.2% of the number
of patients who received gait training during the
period of the study. There were 156 patients
who received pool treatment for the same
period. If there were no therapeutic pool the
number of patients trained by the device would
have increased.

Concerning the drawbacks of the device, (1)
it does not have the thermal and buoyancy
effects of warm water (Walsh, 19940), (2} only
one patient can be trained at a time, and (3) the
frequency of its use is not high.

Conclusion

The automatic suspension device is useful for
patients who are not able to initiate gait training
in parallel bars, especially in cases involving
difficulties of entering the therapeutic pool.
Training is easicr and safer and staff costs also
are lower than for pool treatment and walking
trolley. The running cost of the device is low.

The authors belicve that the automatic
suspension device will become one of the new
and fundamental pieces of equipment for gait
training, especially for hospitals where there are
increasing numbers of elderly paticnts and also
severely and multiply disabled persons.
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Preliminary Programme

Monday

Working Environment in Developing Countries
Compound Fractures

Tuesday
Amputation Surgery - General Considerations
Basic Biomechanics

Wednesday
Transfemoral (Above-Knee) Amputations and
Prosthetics

Thursday

Through-Knee Amputations and Prosthetics
Transtibial (Below-Knee) Amputations and
Prosthetics

Friday
Ankle and Foot Amputations and Prosthetics

Prosthetics Supply in South East Asia

Provisional Faculty

Denmark: J. Steen Jensen (Surgeon)
England: R. Merryweather (Surgeon)
Japan: S. Sawamura (Surgeon)
Scotland: N. A. Govan (Prosthetist)
J. Hughes (Bioengineer)
N. A. Jacobs (Bioengineer)
A. Jain (Surgeon)
Switzerland: R. K. Coupland (Surgeon)
J. Gehrels (Prosth/Orthotist)
Thailand: T. Keokarn (Surgeon)
Vietnam: J.-C. Vessan (Prosth/Orthotist)

D. Watkins  (Prosth/Orthotist)

Please send application form to:

Dr. J. Steen Jensen
ISPO

Polymers Reconstructive A/S

Rugmarken 24-26
3520 Farum
Denmark

Further Information

Should you require further information contact: Dr.
J. Steen Jensen, ISPO, Polymers Reconstructive
A/S, Rugmarken 24-26, 3520 Farum, Denmark.
Fax: (45) 45 87 30 36

Local Organising Committee
Honorary Chairman: Thamrongrat Keokam
Over all Chairman: Suprija Mokkavesa
Chair. of Organising Cmte: Charoen Chotigavanich
Vice-Chair. of Organising Cmte: Prasit Gonggetyai
Chusilp Kunathai
Sahachart Pipithkul
Banchong Mahaisaviriya
Ananpat Impoolsub
Somchai Prichasuk
Manoch Chantarasom
Suthisak Ratanatumawat
Theodchai Jivacate
Panupan Songcharoen
Ekachai Chulasaevok
Chuslip Kunathai
Thamrongrat Keokamn
Yium Manopoop
Anapat Impoolsub

Secretary-General:
Assistant Secretary:
Congress Facility:
Promotion and Social Event:
Publication:
Treasurer:
Members:
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NC512
NC502
NC504
NC503
NC505
NC801
NC510
NCs511
NC506

NC221
NC205
NC211
NC218A
NC212
NC218B

NC217

NC801

NC719

Further information may be obtained by contacting Prof. J. Hughes, Director, National Centre for
Training and Education in Prosthetics and Orthotics, University of Strathclyde, Curran Building, 131

Calendar of Events

National Centre for Training and Education in Prosthetics and Orthotics
Short Term Courses and Seminars 1993-94

Courses for Physicians, Surgeons and Therapists

Orthotic Management of the Foot; 25-26 October, 1993
Upper Limb Prosthetics and Orthotics; 1-5 November, 1993
Lower Limb Orthotics; 8-12 November, 1993

Introductory Biomechanics; 22-26 November, 1993

Lower Limb Prosthetics; 17-21 January, 1994

CAD CAM,; 8-10 March, 1994

Wheelchairs and Seating; 12-14 April, 1994

Clinical Gait Analysis; 11-13 May, 1994

Fracture Bracing; 23-27 May, 1994

Courses for Prosthetics

Trans-Tibial Suction Socket; Date to be announced
Trans-Femoral Prosthetics; 4-15 October, 1993

PTB Prosthetics; 29 November-10 December, 1993

Ischial Containment Prosthetics; 5-14 January, 1994

Hip Disarticulation Prosthetics; 21 February—4 March, 1994
Ischial Containment Prosthetics; 21 April-6 May, 1994

Course for Orthotists and Therapists

Ankle-Foot Orthoses for the Management of the Cerebral Palsied Child; 20-22 April, 1994

Course for Rehabilitation Engineers

CAD CAM:; 8-10 March. 1994

Seminar

CAD CAM; 7 March, 1994

St. James’ Rd., Glasgow G4 OLS, Scotland. Tel: 041-552 4400 ext. 3298.

28 August-3 September, 1993
19th World Congress of SICOT, Seoul, Korea.

Information: SICOT 93 Seoul Secretariat, c/o Korea Exhibition Centre, KWTC PO Box 4, Seoul

135-650, Korea.

13-15 September, 1993
Autumn Scientific Meeting of the British Orthopaedic Association, Torquay, England.
Information: BOA, 35-43 Lincoln’s Inn Fields, London WC2A 3PN, England.
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13-15 September, 1993
Annual Scientific Meeting of the Biological Engineering Society, Bath, England.
Information: Mrs. B. Freeman, BES, RCS, 35 Lincoln’s Inn Fields, London, England.

15-17 September, 1993

Orthopaedica Belgica Annual Congress (in collaboration with the Belgian Ameroscopy Association
on the Belguim Society for Foot Medicine and Surgery).

Information: Medicongress, Waalpool 28, B-9960 Assende, Belgium.

22-25 September, 1993

12th International Congress of Interbor, Lisbon, Portugal.

Information: Mundicongressos, Edif. Alcantara-Tejo, R. Maria Luisa Holstein 15,1300 Lisbon,
Portugal.

29 September-1 October, 1993

2nd International Conference on Computers in Biomedicine, Bath, England.

Information: Audrey Lampard, Wessex Institute of Technology, Ashurst Lodge, Ashurst,
Southampton SO4 2A A, England.

6-10 October, 1993

REHA ’93: Disability aids exhibition, Dusseldorf, Germany.

Information: Diisseldorfer, Messegesellschaft mbH-NOWEA-, Postfach 101006, D-40061
Diisseldorf, Germany.

7 October, 1993
Chair-Aware '93, Wheelchair awareness seminar, Independent Living Exhibition, Stoke Mandiville
Hospital, Aylesbury HP21 8AL, UK.

12-16 October, 1993
Annual National Assembly of the American Orthotic and Prosthetic Association, Reno, USA.
Information: AOPA, 1650 King Street, Suite 500, Alexandria, VA 22314, USA.

17-22 October, 1993

10th International Conference of Neurological Surgery, Acapulco, Mexico.

Information: Dr. F. Rueda-Franco, Secretariat Office, PO Box 101-108, Col. Insurgentes Cuicuiclo
Deleg. Coyoacan Mexico, DF-04530, Mexico.

21-23 October, 1993

17th Annual Meeting of the American Society of Biomechanics, Iowa City.

Information: Prof. V. K. Goel, Dept. of Biomechanical Engineering. The University of Towa, 1202
Engineering Building, Iowa City, 1A 52242. USA.

23-29 October, 1993

1st North American Regional Conference of Rehabilitation International, Atlanta, USA.
Information: 1st North American Regional Conference of Rehabilitation International, c/o U.S.
Council on International Rehabilitation, International Square, 1825 I Street N.W., Suite 400,
Washington, D.C. 20006, USA.

25-30 October, 1993
American Orthotic and Prosthetic Association Annual National Assembly, Reno, Nevada, USA.
Information: AOPA, 1650 King Street, Suite 500, Alexandria, VA 22314, USA.
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17-22 April, 1994

11th Congress of the World Federation of Occupational Therapists, London, England.

Information: British Association of Occupational Therapists, 6-8 Marshalsea Rd., London SE1 1HL,
England.

31 May-1 June, 1994

8th World Congress of Orthopéadie + Reha Technik International, Essen, Germany.

Information: Verlag Orthopidie Technik, 4600 Dortmund 1, Reinoldestrasse 7-9, Postfach 10 06 51,
Germany.

5-8 July, 1994

Dundee 94— International Conference on Clinical Gait Analysis, Dundee, Scotland.

Information: Dundee "94 Secretariat, Dundee Limb Fitting Centre, 133 Queen St., Broughty Ferry,
Dundee DD5 1AG, Scotland.

10-15 July, 1994

2nd World Congress of Biomechanics, Amsterdam.

Information: Biomechanics Section, Institute of Orthopaedics, University of Nijmegen, PO Box
9101, 6500 HB Nijmegen, Netherlands.

20-26 August, 1994

17th International Conference on Medical and Biomedical Engineering, Rio de Janeiro, Brazil.
Information: Dr. C. G. Orton, International Organization for Medical Physics, Gershenson
Radiation Oncology Center, Harper-Grace Hospitals, 3990 John R., Detroit, MI 48201, USA.

4-9 September, 1994

6th European Regional Conference of Rehabilitation International, Budapest, Hungary.
Information: Rehabilitation Secretariat, ISM Ltd., The Old Vicarage, Haley Hill, Halifax HX3 6DR,
England.

11-15 October, 1994
American Orthotic & Prosthetic Association: Annual National Assembly, Washington.
Information: AOPA, 1650 King Street, Suite 500, Alexandria, VA 22314, USA.

1995

2-7 April, 1995

8th World Congress of the International Society for Prosthetics and Orthotics, Melbourne, Australia.
Information: Congress Secretariat, 8th World Congress of the International Society for Prosthetics
and Orthotics, PO Box 29, Parkville 3052, Victoria, Australia.
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