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Gait in male trans-tibial amputees: a comparative study
with healthy subjects in relation to walking speed

Y. HERMODSSON*, C. EKDAHL**, B. M. PERSSON* and G. ROXENDAL**

*Department of Orthopaedics, Helsingborg Hospital, Helsingborg, Sweden
**Department of Physical Therapy. Lund University, Lund, Sweden

Abstract

Walking speed, stance duration and ground
reaction forces were studied with the use of a
stable force platform (Kistler) in 24 male trans-
tibial amputees and 12 healthy subjects matched
for sex and age. The aim of the study was to
compare the gait performance of two groups
with unilateral trans-tibial amputations for
either vascular disease or trauma and also to
compare the results of the two groups with the
results of a group of healthy subjects. Multiple
linear regression analysis was used to compare
the stance duration and the ground reaction
forces in relation to walking speed. The
vascular and traumatic amputees had
significantly reduced walking speeds compared
with the healthy subjects, 0.85+0.2 m/s and
0.991+0.2 m/s. respectively, as compared to
1.42+0.2 m/s. By comparing the vascular and
traumatic amputees with the healthy subjects in
relation to walking speed, it was shown that the
gait performance of the vascular amputee
differed from that of the traumatic amputee, a
difference that was not caused by the reduced
walking speed. The active forces during push
off on both the healthy (p = 0.02) and the
prosthetic leg (p = 0.003) in the trauma group
were not found in the vascular group. This
disparity could be an effect of the systemic
disease. It may be argued that the results of this
study contribute to the understanding of the
reduced walking ability of the vascular amputee
and should be borne in mind when planning
rehabilitation.

All correspondence to  be addressed to
Y. Hermodsson, Department of Orthopaedics,
Helsingborg Hospital, S-251 87 Helsingborg, Sweden.
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Introduction

After an amputation of a leg, the muscular
strength and the somatosensory information are
reduced. The postural function is now also
dependent on the stump, the prosthesis and how
well the stump fits the socket (Murdoch, 1969;
Sanders et al., 1992, Zahedi et al., 1987). The
person must regain the capacity to stand and
walk with an artificial leg in order to feel
confident in the activities of daily living
(Moncur, 1969; Winter and Sienko, 1988).

In healthy subjects normal walking speed
decreases with age (Nigg and Skleryk, 1988;
Oberg et al., 1993) and in general women have
been found to walk at a slower speed than men
(Oberg et al., 1993). Walking speed is reduced
in leg amputees compared with healthy subjects
(Levine, 1984; Robinson et al., 1977; Saleh and
Murdoch, 1985), and is significantly decreased
at higher amputation levels (Skinner and
Effeney, 1985; Waters et al., 1976). Variations
in walking speed as well as abnormalities affect
the walking pattern (Andriacchi er al., 1977).
Compared to the side with the normal leg in
trans-tibia] amputees, stance duration, vertical
ground reaction force (Suzuki, 1972) and the
horizontal ground reaction forces in the fore and
aft directions (Seliktar and Mizrahi, 1986) are
decreased on the side with the prosthetic leg.
This creates an asymmetric gait where the
sound leg has to compensate for the prosthetic
leg (Hurley et al., 1990).

The aim of the present study was to compare
the gait performance of two groups with
unilateral trans-tibial amputations for either
vascular disease or trauma in males and to
compare the results of the two groups with the




Vascular Trauma Healthy

Characteristics M SD range M SD range M SD range
Age (years) 67 10.6  48-82 67 9.9 48-82 68 105  48-82
Height (cm) 173 7.3 161-187 175 3.9 168-180 176 6.7 165-191
Body mass (kg) 74 17.8  S1-111 75 74 63-90 74 60 60-83
Years since the amputation 7 57 0-18 39 19.5 5-62 - - -
Age of the last prosthesis (years) 2 2.8 0.7 3 3.0 0.11 —
Stump length (cm) 15 3.1 11-21 15 7.4 8.34 - -
Characteristics Number
Sight (normal/slight impairment) /5 9/3 715
Hearing (normal/slight impairment/bad)  7/2/3 7/4/1 4/8/0
Smoking habits (smokers/ex-smokers/

non-smokers) 5/4/3 27713 1/417
Concomitant diseases (yes/no) 2/10 6/6 -
Medication (yes/no) 9/3 8/4
Walking aid outdoors (yes/no) 51 517
Side of amputation (right/left) 57 715
Stump pain (yes/no) 4/8 39 -
Phantom sensation (yes/no) 11/1 4/8
Phantom pain (yes/no) 10/2 6/6
Satisfaction with last prosthesis (yes/no)  8/4 6/6 -
Suspension (PTB/Supracondylar/

PTB with a thigh corset/other 0/12/0/0 1/7/4/0
Liner (foam/leather/silicone/other) 11/0/1/0 10/1/1/0
Make (Boa/Bock/Swepro/TPJ/

Flex-Foot/other) 3/6/1/1/1/0 1/11/0/0/0/0
Foot (SACH/Single-axis/Multi-axis/

Energy storing/other) 6/3/2/1/0 4/4/4/0/0
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Yascular group Trauma group Healthy group
Healthy leg Prosthetic leg Healthy leg Prosthetic leg Right leg Left leg
Gait variables M SD M SD M Sb M SD M SD M SD
Walking speed (m/s) 085 02 085 0.2 099 02 099 02 142 0.2 .42 0.2
Stance duration (s) 085 0.1 083 0.1 087 0.1 080 0.1 0.67 0.0 067 0.1
Max GRF (%BW) 113.1 881063 87 114.9 93 1073 10.6 1233 98 1228 103
Max acc GRF (% BW) 13.1 49 103 42 174 52 108 27 213 39 210 42
Max ret GRF (%BW) 122 41 93 3.6 17.0 43 112 52 200 63 208 5.0
Max med GRF (%BW) 69 21 68 20 6.4 12 66 2.1 65 2.1 5.6 2.0
Max lat GRF (%ZBW) 32 15 16 13 4.1 26 21 08 55 30 56 2.7

Abbreviations: max GRF (%BW) = the largest measured vertical ground reaction force in per cent of body weight; max
acc GRF (%BW), max ret GRF (%BW) = the largest measured horizontal ground reaction forces in per cent of body
weight in the fore and aft directions, respectively, in the walking direction; max med GRF (%BW), max lat GRF (%BW)
= the largest measured horizontal ground reaction forces in per cent of body weight in the medial and lateral directions,
respectively, perpendicular to the walking direction




Trauma & vascular/healthy groups Vascular/healthy groups

Trauma/healthy groups

o l:leallhy le§ ﬁos(heﬁc leg l_-lealthy le§ P_rosthelic leg Healthy lc§ P.r<_>§thetic leg
Gait variables Difference®) p  Difference® p Difference®’ p  Differenced p Difference® p  Ditference® p
Stance duration (s) 001 066 -002 044 0.00 099 000 095 0.04 0.17 -001 060
Max GRF (%BW) 539 0.14 -6.62 0.18 439 009 -150 0.64 527 021 -477 040
Mac acc GRF (%BW) 3.80 0.01 -397 0.007 1.40 0.11 024 074 38 002 -530 0.003
Max ret GRF (%BW) 336 0.10 -2.78 0.14 .11 047 -1.32 029 456 006 -191 038
Max med GRF (%BW) -0.16 0.87 0.55 0.61 031 070 060 044 -020 085 1.64 020
Max lat GRF (%BW) 025 0.84 -336 0.001 -0.11 090 -1.98 0.03 050 076 -272 0.03

* Difference in seconds for the stance duration and in %BW for the ground reaction forces (GRF)
Abbreviations: max GRF (%BW) = the largest vertical ground reaction force in per cent of body weight; max acc GRF
(%BW), max ret GRF (%BW) = the largest measured horizontal ground reaction forces in per cent of body weight in the
fore and aft directions, respectively, in the walking direction; max med GRF (%BW), max lat GRF (%BW) = the largest
measured horizontal ground reaction forces in per cent of body weight in the medial and lateral directions, respectively,
perpendicular to the walking direction.

Vascular Trauma Healthy
Activity (h=12) m=12) (n=12)
Walk across the street 8/4/0/0 8/3/1/0 11/1/0/0
Walk up the stairs 5/7/0/0 6/5/1/0 11/1/0/0
Walk down the stairs 6/6/0/0 5151210 12/0/0/0
Rise from a chair 9/3/0/0 7/5/0/0 12/0/0/0
Sit down on a chair 10/2/0/0 8/4/0/0 12/0/0/0
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walking up and down the stairs and getting up
from a chair were found to differ significantly
between the three groups (p-values = 0.058,
0.01 and 0.05, respectively). The healthy group
thought their balance to be significantly (p =
0.01) better than the trauma group and close to
significantly (p = 0.06) better than the vascular
group when geiting up from a chair. In addition
the healthy group considered their balance to be
significantly better than the amputee groups
when walking down the stairs (p = 0.01 in both
cases). When walking up the stairs, however,
only the vascular group reported a significantly
(p = 0.01) decreased perceived postural function
compared to the healthy group. Non of the three
situations mentioned above was found to differ
significantly between the vascular and trauma
groups.

All the healthy subjects thought they had no
problem with balance. To have good balance
when using a prosthesis could be expressed as,
“Then it feels as if I have two legs,” or, “It’s
like having a real leg, only a little more stiff.”
One of the men in the trauma group thought
that, “It can never be exactly the same as when
you have two legs. The balance is in my healthy
leg and the prosthetic leg I only use as a
support,” and one of the men in the vascular
group wrote, “The days when the prosthesis fits
well the balance is quite good. Then I enjoy
life.” Activities difficult to perform were
walking up and downhill, walking fast, walking
when the ground was slippery, sloping or
bumpy and walking in the wind.

Perceived postural function compared to the
mean walking speed.

Those who thought their postural function
was “good” when walking across the street,
walking up and down the street, sitting down
and getting up from a chair were separated from
those who felt that their postural function was
“fair/bad/cannct” in one or more than one of the
five situations. Of the 6 men who walked faster
than 0.85 m/s in the vascular group, only 1
though his postural function was good. Among
the 6 men who walked more slowly, half
thought their postural function was good. In the
trauma group 8 walked faster than 0.99 m/s and
half of them thought their postural function was
good. Four walked more slowly and 1 of them
thought his postural function was good. In the
healthy group 6 walked faster than 1.42 m/s and

5 of them thought their postural function was
good, and among the 6 men who walked more
slowly 5 said their postural function was good.

Discussion

The results of this study show that the gait
performance of the male vascular amputee
differs from that of the male traumatic amputee.
Due to the availability of too few female
amputees, a corresponding comparison between
female vascular trans-tibial amputees and
female traumatic trans-tibial amputees could not
be carried out. The small number of female
traumatic amputees is explained by the high
frequency of accidents among men in contrast
to women (Hansson, 1964). Female vascular
amputees having a higher failure rate than
males in using the prosthesis (McKenzie, 1953)
explains the small number of female vascular
amputees, but the reason for this remains
unclear and merits further study. Amputees
having significantly reduced walking speed
compared to healthy subjects, as reported earlier
in the literature (Levine, 1984; Robinson et al.,
1977; Saleh and Murdoch, 1985), is confirmed
in this study. In the pairwise comparison,
significantly reduced horizontal ground reaction
forces were found in the fore direction in the
vascular group and in the fore and aft directions
in the trauma group on the prosthetic leg,
compared to the healthy leg. This asymmetry is
partly in agreement with earlier studies (Hurley
et al., 199Q; Seliktar and Mizrahi, 1986; Suzuki,
1972).

Subjects with diseased joints in the lower
limbs have been found to have a decreased
walking speed as compared to normal walking
speed. According to Andriacchi et al. (1977)
one should distinguish which variations from
normal walking patterns are due to differences
in walking speed and which are due to gait
abnormalities. As the aim of this study was to
investigate whether the gait of vascular trans-
tibial amputees differed from that of traumatic
trans-tibial amputees, and whether any
differences  could  contribute to  the
understanding of the reduced walking ability of
the vascular amputee in daily life, self-selected
walking speed was chosen as a clinically
relevant walking speed for the gait analysis. No
attempt was made to study the effect of walking
speed on the gait variables. Stance duration was
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conclusion when assessing patients with knee
disabilities. They did not consider themselves to
have sufficient data to explain why the medial
force was the same in the knee patients as in the
normal subjects. But they thought the finding
was worth considering as the mediolateral
forces cause bending moments in the knee
which could cause loosening of prosthetic
components. Like Andriacchi er al. the authors
do not have sufficient data to explain the reason
why the medial force does not change, but
presume that these bending moments might
occur between the stump and the prosthesis.

The amputee groups thought their postural
function to be just as good as the healthy group
when walking across the street. This is
somewhat surprising as the traffic signals in
Sweden are set according to a walking speed of
1.4 n/s (Dahlstedt, 1977). When rising from a
chair the amputee groups considered their
balance to be reduced. This is an agreement
with Yoshida et al. (1983) who found
hemiparetics to need more time to stand up and
regain postural control than healthy elderly
persons when rising from a chair. But the
amputees did not perceive their balance to be
reduced when sitting down on a chair as
measured in the hemiparetics in the study by
Yoshida et al. Walking up and down the stairs
caused some difficulty in the amputee groups.
To the authors’ knowledge, studies on postural
function when walking on stairs has not been
reported in the literature.

The subject’s own perception of his postural
function when moving in the different situations
did not correspond well to the mean walking
speed of the different groups, which explains
the somewhat contradictory findings mentioned
above. This is in agreement with Ekdahl et al.
(1989) who found low correlations between
experienced and tested standing balance in
patients  with  rheumatoid arthritis and
osteoarthrosis. The fact that the healthy group
showed more confidence in their postural
function, independent of walking speed,
confirms that they were selected according to
the inclusion criteria. As they walked faster than
the vascular and traumatic group, it could also
indicate that when a person, as a normal
walking speed, choses to walk at a speed
approaching 1.4 m/s they also have a better
postural function. This is similar to the results
of Mathias et al. (1986) who found that in a

group of elderly patients with some degree of
balance disturbance, all subjects with a walking
speed faster than 1 m/s had a sway path in
standing balance below 20 mm/s. This they
thought confirmed the dependence of rapid
walking on good balance.

When trying to describe perceived good
postural function, all groups had difficulties in
putting words to this phenomenon regardless of
what degree of postural function they had. In
general, good balance is something that is
natural, taken for granted or never given any
special thought. When not good, as in the
amputee groups, balance is classified in what
activities one cannot do. As noted by others
(Murdoch 1969; Sanders et al., 1992; Zahedi et
al., 1987), the importance of a well-fitting
prosthesis to good balance cannot be
overlooked and it contributes to a greater
satisfaction with life.

To conclude, by comparing the vascular and
traumatic amputees with the healthy subjects in
relation to walking speed, the authors have
shown that the gait performance of the vascular
amputee differs from that of the traumatic
amputee, a difference that is not caused by the
reduced walking speed. The active forces
during push off on both the healthy and the
prosthetic leg in the trauma group were not
found in the vascular group. This disparity
could be an effect of the systemic disease. It
may be argued that the results of this study
contribute to the understanding of the reduced:
walking ability of the vascular amputee and
should be borne in mind when planning
rehabilitation.
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Experiences with respect to the ICEROSS system for trans-tibial
prostheses

J. CLUITMANS, M. GEBOERS, J. DECKERS and F. RINGS

Rehabilitation Centre “Hoensbroeck”

Abstract

This article describes the authors’ initial
experiences and those of their patients with
respect to the ICEROSS system for trans-tibial
prostheses. Up to October 1992, 54 patients
attending the “Hoensbroeck” Rehabilitation
Centre received such a prosthesis.

With the aid of patients’ records an all-round
evaluation has been made. In addition, a survey
was undertaken and an examination made
amongst the 43 patients who responded to a
written request. For 26 patients who were
provided with the ICEROSS as a second
appliance after having used an older kind of
prosthesis a comparison was made with the old
system. In general these patients considered the
new prosthesis as providing a clear
improvement.

Introduction

For the past 3 years the authors’ experiences
with the ICEROSS (Icelandic Roll-on Silicone
Socket) system have proven largely positive.
This article provides a description and an
analysis of those experiences and those of their
patients with respect to the ICEROSS.

Any prosthesis necessitates a good
suspension in the swing-phase and adequate
pressure distribution in the stance-phase. It has
been claimed that the use of a silicone roll-on
socket with trans-tibial prostheses provides

All  comrespondence  to  be  addressed  to
Dr. 1. Cluitmans, Rehabilitation Centre
“Hoensbroeck”, Postbus 88, 6430 AB Hoensbroeck,
The Netherlands.

78

, Hoensbroeck, The Netherlands

benefits with regard to both of these aspects
(Kapp and Cummings, 1992; Madigan and
Fillauer, 1991; Roberts, 1986; Sanders et al.,
1992; Wetz et al., 1992). Since 1990 the authors
have built up experience with respect to the pre-
fabricated ICEROSS sockets.

The Icelandic Roll-on Silicone Socket was
developed in 1985 by Ossur Kristinsson
(Kristinsson, 1993). It is an elastic socket which
is rolled over the stump and provides good
overall contact with the skin. The secure fitting
on the skin provides a good suspension and the
visco-elastic features of the socket are said to
facilitate good pressure distribution.

As a consequence, a reduction in problems to
the skin can be expected as well as a reduction
in problems which may otherwise result from
poor suspension of the prosthesis (Sanders et
al., 1992).

Materials, patients and methods

The ICEROSS roll-on sockets are made from
silicone rubber and are available in a number of
standard sizes. The silicone layer is thicker at
the distal end of the socket into which a
screwthread has been moulded and into which
the means of fixture can be screwed. The socket
is unfurled over the stump. The close fitting and
the secure attachment to the skin essentially
aims for no movement at all between skin and
socket. As regards the outer socket the authors
generally use a PTB fitting (without knee-
strap). The inner and outer sockets are attached
to each other by means of a suspension device
in the outer socket: sometimes a string attached




' From the patient record | Survey and examination

| Age Problems with
ICEROSS prosthesis
Sex Length of stump

Double-sided amputation | Skin condition

Length of time since
amputation

Cause of amputation

Complications
vision
sensibility
fine motory
other

Survey and Examination
Duration of use of old prosthesis
Problems with old prosthesis

Patients’ assessment of:
donning and doffing
ease of maintenance
feeling of hygiene
suspension
standing
getting up
walking, general
walking indoors
necessity of walking aid
walking speed
walking distances
walking outdoors on the pavement or street
walking on uneven surfaces
climbing
cycling
getting in and out of the car

Final verdict of patient: do you wish to keep this
prosthesis or get the old
one back?
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Total 17 13 13
Men 11 9 11
Women 6 4 2
Double amputation | 5 0 5
| Average stump
| length (cm) 14 14 13
Complications
vision 9 4 2
sensitivity 7 | 3
fine motory 4 3 3
other 3 2 2
Length of time since
amputation 5.2 16.9 years

Group 1: Patients with an ICEROSS prosthesis as a first

appliance

Group2a: Patients with an ICEROSS prosthesis as a
second appliance. The previous appliance was

a KBM

Group 2b: Patients with an ICEROSS prosthesis as a
second appliance. The previous appliance was

not a KBM
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with respect to the knowledge and expertise of
the prosthetist and the rehabilitation team must
be willing to acquaint themselves with the
system.

As regards supply, the extra cost of the roll-
on socket in relation to the KBM prosthesis and
the extra time demanded of health-care workers
may prove problematic.

Conclusion
The ICEROSS roll-on socket was perceived to
be of benefit in a subjective assessment by a
group of patients. Previously difficult
suspension and pressure problems have been
considerably remedied. The numerous skin
complaints experienced at the trial stage do not
prevent patients from being ultimately satisfied
with improvements in respect of suspension and
increased function.

As such it is important for rehabilitation
teams to be fully aware of these improvements.
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Energy expenditure of trans-tibial amputees
during ambulation at self-selected pace
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Abstract

The purpose of this investigation was two-fold:
1) to compare the metabolic cost (VO:), heart
rate (HR), and self-selected speed of ambulation
of trans-tibial amputees (TTAs) with those of
non-amputee subjects; and 2) to determine
whether a correlation exists between either
stump length or prosthesis mass and the energy
cost of ambulation at the self-selected
ambulation pace of TTAs. Subjects were thirty-
nine healthy male non-vascular TTAs between
the ages of 22 and 75 years (mean + sd = 47 +
16). All had regularly used their prosthesis for
longer than six months and were independent of
assistive ambulation devices. Twenty-one
healthy non-amputee males aged 27-47 years
(31 £ 6) served as controls. Subjects ambulated
at a self-selected pace over an indoor course,
with steady-state VO., HR, and ambulation
speed averaged across minutes seven, eight and
nine of walking. Results showed that HR and
VO: for TTAs were 16% greater, and the
ambulation pace 11% slower than the non-
amputee controls. Significant correlations were
not observed between stump length or
prosthesis mass and the energy cost of
ambulation. However, when the TTA subject
pool was stratified on the basis of long and
short stump length, the former sustained
significantly lower steady-state VO:. and HR
than the latter while walking at comparable
pace. These data indicate that stump length may
influence the metabolic cost of ambulation in TTAs.

All  correspondence to  be  addressed to
Robert S. Gailey, University of Miami Division of
Physical Therapy, Sth Floor Plumer Building, 5915 Ponce
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Introduction

The surgical, rehabilitative, and prosthetic
management of  individuals  sustaining
amputation from all causes represents a
significant challenge for contemporary health
care professionals. In the United States alone,
the National Centre for Health Statistics
estimates that 105,000 to 115,000 amputations
are performed annually, of which 25,000 to
30,000 involve loss of limb below the knee.
Moreover, the National Health Interview
Survey (1983-1985) reported that 268,000
survivors of amputation presently live in the
United States. Based upon population growth,
the total amputee population would now
number nearly 311,000, of whom 77,750 will
have undergone trans-tibial amputation (TTA).

The energy cost of ambulation following
amputation has long been a topic of concern
among physicians, prosthetists, and physical
therapists. Related to this concern is the
question of an optimal stump length following
amputatiorn, an aspect of surgical management
which is highly influential in determining the
success of  post-amputation ambulation.
Historically, opinions concerning the effect of
stump on efficient prosthetic use date to Yale
Medical Institute Professor Nathan Smith,
whose lecture notes of 1825 contained the
admonition that “as a general rule, you should
save all the stump you can” (Sanders, 1986).
More recently, investigations have directed their
attention toward identifying a stump length for
TTA which will optimize prosthetic fit,
biomechanical conditions, and limb circulation
(Levy, 1983) (Fig. 1).

The majority of studies examining metabolic
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Characteristic mean

Amputee

Control
mean

p-value?

Walking speed

Prosthetic mass (kg)
Stump length (cm)

Amputee Control
Characteristic mean mean p-value?
Age (years) 47.05 31.19 0.0001
Baseline VO:
(ml/kg.min) 49 45 0.2093
Baseline HR (bpm)  82.9 726 0.0008

2.45 (5.371b)
16.41 (6.46in)

2 Student’s t-test
Amputee group N=39
Control group N=21

(m/min) 69.7 (2.6mph) 75.0 (2.8mph) 0.1674
Final VO:
(ml/kg.min) 12.9 10.9 0.0051
Final HR (bpm) 102.5 86.5 <0.0001
4 Student’s t-test
Amputee group N=39
Control group N=21
Group Baseline VO:  Final VO:
Amputee (ml/kg.min) 492 12.87
Control (ml/kg.min) 447 10.88
Source of variance F4 p-value
Group effect 6.50 0.0100
Time effect 886.98 0.0001
Time* Group effect 8.66 0.0047 J

3 Two group repeated measures ANOVA




Ambulation

heart rate Ambulation VO:
Baseline heart rate  0.71384 0.0978
0.0001° 0.5535
Baseline VO: 0.1711 0.6351
0.2978 0.0001
Age -0.0367 -0.3575
0.8243 0.0255
Speed -0.4750 0.4354
0.0022 0.0056
Prosthesis mass -0.1285 0.0978
04355 0.5538
Stump length -0.0548 -0.3223
0.7404 0.0454

Model R-square F p-value
1. Baseline VO.  0.4034 25.017 0.0001
2. Age 0.1278 5421 0.0255
3. Speed 0.1895 8.654 0.0056
4. Stump length  0.1038 4.288 0.0454
5. Baseline VO:  0.5465 21.691 0.0001
Speed
6. Baseline VO:  0.5671 15.284 0.0001
Speed
Age
7. Baseline VO:  0.6277 19.667 0.0001
Speed

Stump length

a Pearson product moment correlation

b p-value

Ambulation
heart rate Ambulation VO:
Baseline heart rate  0.76934 0.1231
0.0001P 0.5949
Baseline VO: 0.0829 0.7144
0.7210 0.0003
Age 0.0800 0.1909
0.7302 0.4070
Speed 00815 0.3941
0.7254 0.0771

Light? Heavy?
Factor prosthesis prosthesis p-value
Prosthesis mass
(kg) 2.0 (4.51b) 2.7(591b) 0.0001

Stump length (cm) 152(598in) 17.3(6.80in) 0.0884
Age (yrs) 506 446 0.2660
Baseline HR (bpm) 859 80.8 0.1220
Ambulation HR

(bpm) 103.8 101.6 0.5061
Baseline VO:

(ml/kg min}y 438 50 0.6997
Ambulation VO: 124 13.1 03411
Speed (m/min) 67.0 (2.5mph) 724 (2 7mph)0.2561

a Pearson product moment correlation

b p-value

2 Light defined as prosthesis weighing 2.27kg (5Ib) or less
N=16

b Heavy defined as prosthesis weighing more than 2 27kg (5Ib)
N=23




( p-value

Adjusted  Adjusted for means
Model VO:(light) VO: (heavy) R-square equal

1. Mass group 12.44 13.15 0.0245 03411
2. Mass group

stump length 12.15 13.36 0.1692 0.1010
3. Mass group

Stump length

age 12.32 13.20 0.2769  0.1894
4, Mass group

Stump length

Age

Speed 12.44 13.15 0.3497 03010
5. Mass group

Stump length

Age

Speed

Baseline VO: 12.51 13.11 0.6695 0.2279




ot R S. Gailey, M. A Wenger, M. Raya, N. Kirk, K. Erbs, P. Spyropoulos, and M. S. Nash

movement sensors, as well as muscle chemical
receptors, which normally regulates the heart
response to work in the intact lower limb. While
HR and VO: responses to work throughout the
submaximal exertional range are normally
positively correlated in persons without
amputation, the HR response is also influenced
by peripheral neurogenic input which may be
lost or diminished in a limb without a distal leg,
ankle joint, and foot.

A regression analysis was conducted to
examine the contribution of various factors to
the ambulation VO: in amputees. Interestingly,
baseline VO: alone explained 40% of the
variance in ambulation VO:, a finding which
implicates level of fitness as a major factor
influencing the metabolic cost of ambulation.
Otherwise, subtject age, speed of ambulation,
and stump length each individually explained
between 10% and 18% of the variance. Age did
not significantly influence ambulation. VO:
when added to a model containing baseline VO
and speed of ambulation. The final model which
contained baseline VO, speed of ambulation
and stump length, explained 63% of the
variance in ambulation VO: (Table 6).

Prosthetic manufacturers and prosthetists
have long been concerned with minimizing the
mass of the amputee’s prosthesis. During the
past two decades, use of lightweight materials
including titanium and carbon graphite
composites have decreased overall prosthesis
mass, in some cases, by half. Prosthetic limb
mass in this study (which included the shoe)
ranged from 1.59 to 3.4 kg (3.5 to 7.5 1b) (mean
+ sd = 245 = 04 kg). It was interesting to
observe however, that prosthesis mass did not
explain a significant percentage of the variance
observed in ambulation VO.. Moreover, when
controlling for stump length, age, speed of
ambulation, and baseline VO:, there was no
significant difference in ambulation VO:
between groups that were segregated on- the
basis of heavy and light prostheses. One might
normally expect that additional mass of the
prosthetic limb would penalize the heavy
prosthesis user through higher energy cost.
While significant effects of mass on energy cost
might be unmasked by testing during longer
ambulation periods, heavier prosthetic limbs
might also stimulate musculoskeletal and
cardiopulmonary adaptations favouring greater
tolerance of the additional mass. This finding is

important, especially as considerable emphasis
is placed during prosthesis design and
fabrication on minimizing its mass, emphasis
possibly at the exclusion of componentry or
materials which might favour improved
function and decreased energy expenditure.
Moreover, the small advantage provided by a
lightweight prosthesis might eventually be
buffered by user characteristics including age,
gait mechanics, level of fitness, or training
effects imposed by the mass of the prosthesis
itself. However, as not all trans-tibial prosthesis
users are young and fit, these results may not be
generally applicable to those with deteriorating
vascular conditions, sensory loss in the
amputated limb, muscle dysfunction, or cardiac
impairment. Nonetheless, and within the
boundaries of successful amputation procedure
and proper prosthetic fitting, an optimal
“window of mass” might exist in which a
device provides optimal function without
excluding the use of selected componentry on
the basis of excessive mass. For example, if a
rotation device or locking mechanism, once
thought to be contraindicated due to mass
considerations, could be incorporated into the
prosthesis, function might be improved’ without
increasing the energy cost of walking.

Moreover, physicians and prosthetists have
generally credited longer stump lengths with
specific advantages, including: 1. longer lever
arm; 2. greater muscle capacity; and 3. greater
load bearing capability.

Conclusion

It was concluded that:

1. Non-vascular TTAs in the present study
walked at an average pace of 67.1 m/min and
an energy cost of 12.9 ml/kg.min which is
comparable to that reported by other
investigators.

2. A significant effect of stump length on
metabolic cost and speed of ambulation was
observed when TTA subjects were stratified by
long and short stump length. This indicates that
while small differences in amputation level
might have minimal impact on metabolic
consequences of ambulation in these subjects,
sparing as much limb as possible may desirably
influence both walking pace and energy utilized
during walking.
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3. Resting VO: explained 40% of the variance
observed in ambulation VO, a finding which
implicates level of fitness as a major factor
influencing the metabolic cost of
ambulation. To a lesser extent, age, speed of
ambulation, and stump length each represent
meaningful factors in predicating energy cost
of walking.

4. Prosthesis mass did not significantly alter
ambulation VO, and when controlling for
stump length, age, speed of ambulation,
and baseline VO, no significant difference
in ambulation VO: was observed between
groups that were segregated by heavy and
light prostheses.

5. Absence of a significant effect of prosthesis
mass on VO: may be explained by
musculoskeletal adaptation to heavier
prostheses. As the mass of the prosthesis
does not apparently affect the amount of
energy expended during walking this might
suggest greater use of accessories such as
rotators and multi-axial feet and other
componentry that might improve ambulation
gait and efficiency.
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Subjective benefits of energy storing prostheses
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Abstract

The energy storing (ES) prosthesis has been
used in the Prosthetic Foundation’s workshop
since 1987. Subjective responses from 168
amputees (141 trans-tibial and 27 trans-femoral)
fitted with the ES prosthesis were analysed.
Ratings were generally favourable in
comparison with those for conventional
prostheses. The most pronounced advantages of
the new prosthesis as shown by the ratings were
in walking uphill or swift walking. The younger
amputees had more benefit than the older ones.
High body weight decreased the benefit of the
ES prosthesis. The ES prosthesis does not seem
to provide any major advantage for the less
active amputee whose movements are mainly
indoors.

Introduction

Lower limb amputees spend significant time
and effort attempting to regain their lost
walking ability. Most lower limb amputees can
still achieve an efficient gait within the limits of
their disability. For optimum gait efficiency, it
is imperative that prosthetic devices keep
energy expenditure to a minimum. The gait of
amputees has been studied by means of motion
and force analysis and also energy cost
assessment techniques. Results from these
studies show that an amputee walker with a
limb prosthesis consumes more energy than a

All  correspondence to  be addressed to
Hannu Alaranta, Rehabilitation Unit, Invalid
Foundation, Tenholantie 10, FIN 00280 Helsinki,
Finland.
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non-amputee at comparable walking velocities
(James, 1973; Gonzalez et al., 1974; Pagliarulo
et al., 1979). Within the last ten years, new foot
components, the so called energy storing (ES)
feet, have become commercially available. It
has been reported that for trans-tibial amputees
ambulation with ES prostheses conserves
energy at higher walking velocities: This
procedure leads to lower levels of exercise
intensity at a given speed and enhanced gait
efficiency (Michael, 1987). The biomechanical
analysis of Wagner et al. (1987) revealed
improved ankle range of motion and gait
symmetry using the ES foot compared to the
SACH (solid-ankle-cushion-heel) foot.
Incorporation of a flexible plastic leaf spring in
the forefoot is common. This not only permits a
more normal range of motion during the stance
phase, but also gives the amputee a sense of
active push-off. Data are beginning to emerge
suggesting that under some circumstances
ambulation with these sophisticated prosthetic
feet requires less oxygen consumption than with
a more common SACH type of prosthetic foot
(Nielsen et al., 1988). Previously the authors
have found that the energy storing prosthesis
provides beneficial effects in walking for most
trans-tibial amputees (Alaranta et al., 1991).

The purpose of this study was to investigate
subjective differences, benefits and
disadvantages of the ES prosthesis and the
conventional prosthesis. This might help to
develop guidelines in the prescription of the ES
prosthesis.



Characteristics Males Females All
Trans-tibial amputees (N) 130 (6%) 11 (4*) 141 (10%)
Trans-femoral amputees (N) 26 (1*) 1 27 (1%)
Total number of amputees (N) 156 (7%) 12 (4*) 168 (11%)
Age at amputation (Yrs; mean, SD) 24.0 1.3 21.3 14.9 23.8 11.6
| Duration of wearing the old type of
prosthesis (Yrs; mean, SD) 32.8 16.8 21.5 159 320 17.0
Duration of wearing the
ES prosthesis (Yrs; mean, SD) 2.5 1.5 2,3 L3 25 1.7
Age during the follow-up (Yrs: mean, SD) 59.5 16.8 447 11.7 58.4 16.7
(youngest — oldest) (18 —82)(19 - 68) (18 - 82)
Height (cm; mean, SD) 174 15 165 6 173 15
Body mass (kg; mean, SD) 77.1 10.4 59.3 15.9 75.8 11.8
* = bilateral amputees
Diagnosis Males | Females All
Trauma 87.8 66.7 86.3
Vascular dysfunction 45 8.3 5.0
Other 7.7 250 8.7
100% 100% 100%




t-value

Rating of disability and statistical

Item of movement | Prosthesis 0 1 2 3 Mean value | SD significance

Indoors CP 70 56 9 0 0.55 0.62 4.3]%%>
ES 92 36 5 0 0.35 0.55

Upstairs CP 39 70 27 0 091 0.69 4.09%**
ES 59 61 13 1 0.67 0.68

Downstairs Ccp 25 70 41 0 1.12 0.69 2.84*%
ES 34 73 23 2 0.95 0.70

Even street CP 62 63 11 0 0.63 0.63 4.92%%%
ES 87 37 9 0 0.41 0.62

Uneven ground CcP 29 68 36 1 1.07 0.72 4.88*x*

(sand, snow) ES 51 60 16 1 0.74 0.70

Forest CP 13 55 61 9 1.48 0.76 4.86%%*
ES 27 60 35 6 1.16 0.81

Street uphill Ccp 19 71 46 0 1.20 0.66 S5.55%%
ES 47 517 25 1 0.85 0.75

Street downhill CP 17 65 53 1 1.28 0.69 4,78+
ES 38 63 28 2 0.95 0.75

Swift walking Ccp 17 40 49 25 1.63 0.94 8.90%**
ES 52 38 20 18 1.03 1.06

Running ce 8 17 42 64 224 0.90 6.10%**
ES 14 39 33 42 1.80 1.02

**p<0.01; ***p<(.001
SD = Standard deviation




Rating of disability

t-value
and statistical

Item of movement | Prosthesis 0 1 2 3 Mean value | SD significance

Indoors Ccp 10 13 4 0 0.78 0.70 1.73
ES 15 7 4 0 0.58 0.76

Upstairs CP 6 18 12 1 1.30 0.87 3,124
ES 11 6 8 1 0.96 0.96

Downstairs (8) ¢ 5 7 14 1 1.41 0.84 1.28
ES 6 8 11 1 .27 0.87

Even street cP 10 10 7 0 0.89 0.80 2.28*
ES 15 5 6 0 0.65 0.85

Uneven ground cpP 5 13 9 0 115 0.72 1.80

(sand, snow) ES 8 12 6 0 0.92 0.74

Forest Ccp 3 8 14 0 1.56 0.80 1.65
ES 4 11 9 2 1.35 0.85

Street uphill CP 3 14 10 0 1.26 0.66 F.41**
ES 9 11 6 0 0.89 0.77

Street downhill cP 3 7 15 1 1.54 0.76 2.05
ES 5 9 11 1 1.31 0.84

Swift walking CP 5 3 11 10 2.04 0.98 AT
ES 6 9 3 8 1.50 1.17

Running cPp 1 3 3 19 2.54 0.86 2,79%%
ES 2 6 1 16 224 1.10

*p<0.05; **p<0.01
SD = Standard deviation
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adapt the new walking pattern takes time
(Schuch, 1988). For very heavy amputees the
ES prosthesis may not provide major benefit.
The conventional SACH ankle foot device may
be the choice for amputees who are markedly
overweight (Wirta ef al., 1991).

According to the above findings and
guidelines lower limb amputees have to be
instructed and observed very carefully when ES
prosthetic devices are prescribed. The cost of
the ES prosthesis may be double that of the
conventional prosthesis (Wing and
Hittenberger, 1989). Despite the positive
subjective benefits the cost of the ES prosthesis
still limits its general use.
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Abstract

Four-bar linkage mechanisms produced by many
designers of knee joints for trans-femoral
prostheses can provide knee rotation to permit
walking only. In Afro-Asian countries people
are accustomed to a squatting posture in their
daily activities. A six-bar linkage knee-ankle
mechanism trans-femoral prosthesis is described
which was developed and fitted to an amputee.
The motion patterns of the ankle, knee and thigh
during walking and squatting (obtained wsing a
flickering light emitting diode system) for the
above prosthesis is compared with motion
patterns obtained for normal subjects. The
closeness between both the patterns establishes
the suitability of the new modular trans-femoral
prosthesis for producing near normal patterns of
motion during walking and squatting. The
additional facility of cross-legged sitting
provided in the prosthesis makes it functionally
suitable for Afro-Asian amputees.

Introduction

People in Afro-Asian countries are in the habit
of sitting in a squatting posture for many
activities starting from the use of the toilet to
farming operation and in cross-legged sitting
posture for relaxation and during their daily
prayers. Amputees wearing usual trans-femoral
prostheses are not in a position to perform the
above functions. Most of the models for trans-

All  correspondence to be  addressed to
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femoral prostheses are of single knee axis with
solid ankle except a few which have the
provision for ankle dorsiflexion (Radcliffe and
Lamoreux, 1972; Seliktar and Kenedi, 1976)
and polycentric action at the knee joint
(Radcliffe and Lamoreux, 1972; Cortesi, 1975,
Cappozzo et al., 1980). The required amount of
ankle dorsiflexion with knee flexion during
squatting is not possible with any of the existing
models except for one (Chaudhry er al., 1972)
designed so far. But this model is an exoskeletal
single axis prosthesis which makes it difficult to
provide a proper cosmetic cover. This being a
fixed, single axis knee, requires more effort at
the start of flexion during stance phase than the
polycentric knee prosthesis. This is because of
the smaller effective lever arm of the single axis
prosthesis as compared to the polycentric knee
axis prosthesis.

In normal walking two major muscle groups
of the lower limb control the swing phase of
walking. The prosthetic leg without any swing
phase control arrangement at the knee joint
behaves like a pendulum and without any
control produces an unnatural gait. In earlier
designs this problem was solved by mechanical
means or by providing frictional resistance at
the knee joint (Murphy, 1964). Later different
hydraulic control systems (Lewis, 1965) were
introduced. The disadvantage of a mechanical
frictional resistance system lies in the fact that
this system cannot produce natural gait.
Moreover, these devices get damaged due to
wear. The hydraulic control unit can provide a
better contro] of swing but generally due to the
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the provision of a suitable cosmetic cover in the
future development of the prosthesis.
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Technical note

A CAD analysis programme for
prosthetics and orthotics

E. LEMAIRE

Prosthetics and Orthotics Department, The Rehabilitation Centre, Ottawa, Ontario, Canada.

Abstract

A CAD (computer aided design) analysis
software package (CADVIEW) was designed
for use with prosthetic and orthotic CAD CAM
(computer aided design/computer aided
manufacture) systems. Using the Microsoft
Windows 3.1 environment, CADVIEW
provides a series of anatomical shape viewing
and analysis tools. These tools include
simultaneous display of multiple sockets and
multiple views, two dimensional (2D) and three
dimensional (3D) measurement, shape statistics,
multi-shape alignment, cross-sectional
comparison, colour coded 3D comparison,
resolution enhancement, and image copying
capabilities. This programme should be of
benefit to clinicians and researchers who wish
to assess and/or compare CAD data generated
by MS-DOS based CAD CAM systems.

Introduction

As prosthetic and orthotic CAD CAM
systems become integrated into clinics and
workshops, the assessment and analysis
capabilities available with this digital storage
format can create new opportunities for patient
evaluation. The potential of CAD CAM as an
educational and analytical tool has previously
been documented in a variety of sources
(Bednarczyk et al., 1992; Fernie et al., 1984,
Sidles et al., 1989).

All  correspondence to  be  addressed to
Edward Lemaire, Prosthetics and Orthotics
Department, The Rehabilitation Centre, 505 Smyth
Road, Ottawa, Ontario, Canada K1H 8M2.
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To analyse changes in limb volume, a manual
digitiser/computer  analysis  system  was
developed by Bednarczyk et al. (1992).
Analysis software was written to determine the
effects of clinical interventions on limb oedema.
By digitising an anatomical shape into a
computer and using the resulting three-
dimensional (3D) coordinates to estimate limb
volume at various stages during treatment, a
quantitative measure of volume changes with
time was obtained. Although this system was
sufficient for measuring volumes, it lacked the
graphical and analytical tools necessary to
examine prosthetic and orthotic devices.

Fernie et al. (1984) used a laser scanning
CAD system to examine student prosthetist
fitting methods. Plaster positive models from
sixteen students (96 fittings) were digitised
before and after modification and input into a
graphical display package. The teacher and
student could examine sagittal and coronal
profile views and three transverse cross-section
images. Initially the clinicians had difficulty
interpreting the two-dimensional (2D) output;
however, interpretation improved as these
people became familiar with the system. This
quantitative method was considered beneficial
since more information was available to assess
student fittings over the brief trial period. While
this approach was better than the technique of
Bednarczyk et al. (1992), the necessity of using
a laser scanner and the lack of 3D graphical
display and analysis limited the global
application of this system.

Sidles et al. (1989) outlined a software tool
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that used 3D graphics to compare the results of
two socket designs. Their software package
compared two digitised socket shapes based on
the distances between the surfaces and
graphically displayed a composite view of the
differences (for example a CAD CAM socket
and a manually made socket). The composite
view involved displaying one socket on the
screen with the differences at each point on the
surface represented by a corresponding colour
or shade. This technique was effective for
education (comparing a student’s sockets to an
“ideal fitting™), clinical studies, research, and in
improving fabrication design tools.

Although previous systems have addressed
specific educational and analytical needs, a
comprehensive analysis package would provide
the tools necessary to examine patient shape
characteristics from CAD generated data. This
document describes a computer programme
(CADVIEW) which offers a series of analysis
tools for MS-DOS based, prosthetic and
orthotic CAD CAM systems. This software
provides features that are presently unavailable
in current, MS-DOS based, prosthetic CAD
CAM  programmes including: display of
multiple sockets and muiltiple views, 3D
measurement, shape statistics, multi-shape
alignment, cross-sectional comparison, colour
coded 3D comparison, and resolution
enhancement.

Methods

The CADVIEW software package was
developed to offer a consistent and user friendly
environment for viewing, comparing, and
analysing CAD generated anatomical shapes.
To fulfil these objectives, the Microsoft
Windows 3.1 environment was selected as the
appropriate software platform since it was:

e a common system for MS-DOS based
computers

* a standardised, user friendly, graphical
interface

* compatible with most computer hardware

(i.e., graphic cards, printers, etc)

« able to run multiple programmes concurrently
* able to transfer data and images between
programmes.

While CADVIEW can work with data from
any prosthetic CAD CAM system, current input
options include CANFIT-PLUS and IPOS
Systems II CAD data files. The user may load

either raw digitised data, measurement
generated data, or CAD modified data.
Anatomical landmarks are loaded and displayed
as part of the raw digitised or CAD modified
data file. The following sections will describe
the viewing, analysis, and comparison tools
included with this software.

Image presentation
Multiple document interface

CADVIEW implements a multiple document
interface approach for image presentation. This
environment allows the user to open a series of
socket data files or socket views from within the
main CADVIEW window. The ability to
display and simultaneously view multiple
images is only limited by available memory and
screen space. A multiple document interface is
beneficial for viewing a series of sockets from
the same client, teacher versus student sockets,
or different fitting approaches. Multiple 2D
images can also be displayed, thereby
permitting visual comparison of cross-sections
or profiles at different positions on the 3D
shape.

Three dimensional view

A satisfactory 3D representation of the
socket/orthosis shape is very important for
viewing and comparing CAD data files. By
combining the graphics capabilities of
Microsoft Windows, facet shading techniques,
and a resolution enhancement function, a
lifelike on-screen image can be displayed. In
addition to the shaded view, the 3D image can
be displayed as a wireframe or composite
(shaded imaged with superimposed wireframe).
The wireframe view is the fastest to redraw on
screen and provides useful reference marks
when measurements are being taken from
specific locations on the shape. A shaded view,
while taking longer to redraw, provides the best
representation of surface contour. Anatomical
landmarks recorded during the digitising
process may be displayed on the 3D shape to
provide comparison reference points.

The 3D shape may be rotated in the frontal
plane, sagittal plane, and about the image
longitudinal axis, thereby displaying the shape
in any 3D orientation. A cubic reference box is
located in the rotate window to help with shape
positioning. Since the three rotation angles are
entered numerically, the user can ensure that
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Technical note

A body powered prehensor with variable mechanical advantage

D.D. FREY and L. E. CARLSON

Department of Mechanical Engineering, University of Colorado, Boulder, Colorado, USA

Abstract
The purpose of this research was to improve
body powered, voluntary closing (VC)

prosthetic prehension. A prototype prehensor
with variable mechanical advantage was
fabricated and tested. The device operates at
low mechanical advantage during sizing of an
object to reduce cable excursion requirements.
It shifts to high mechanical advantage during
gripping to allow high prehensile forces to be
generated with reduced cable tension. The
prototype provides a mechanical advantage of
2.4, nearly five times that of conventional VC
devices. The prototype also acts as a holding
assist; after grip forces are applied, they can be
maintained with a cable tension of only 3 Ib
(13.34N). Field testing indicated that the device
performs well in many tasks. The mechanism
allows greater range of motion while an object
is grasped than standard voluntary closing
prehensors. However, the device performed
poorly in grasping very compliant objects. To
address this problem, a switch has been
incorporated into the prototype to allow it to be
used in a free-wheel mode.

Introduction

The purpose of a prosthetic prehensor is to
replace some of the functions of the hand.
Primarily, the prehensor should allow the
amputee confidently to grasp and manipulate

All  correspondence to be addressed to
Daniel D. Frey, 1475 Folsom St. #3034, Boulder,
Colorado 80302, USA.
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objects. The ability to maintain grasp is a
function of the prehensor shape, the friction
between the object and the gripping surface, and
the grip force. The purpose of this research has
been to improve prosthetic prehension by
increasing the amount of grip force that an
amputee can generate and maintain.

Upper limb prostheses are most often body
powered. Despite advances in externally
powered prostheses, body powered prostheses
still afford important advantages to the
amputee. These include sensory feedback
through the harness, lighter weight, lower cost,
and quiet, fast operation. One limitation of body
powered prehensors is that the grip force is
limited by the strength of the amputee. With a
conventional body powered hamess and cable
system, an amputee can typically generate 2 in
(5 cm) of cable excursion (Taylor, 1954). To be
able to open adequately and close fully with
only 2 in (5 cm) of input cable excursion, a
conventional body powered prehensor is usually
limited to a mechanical advantage of 0.5; 1 Ib
(4.45 N) of grip force is generated per 2 Ib
(8.9N) of input cable tension. Most trans-radial
amputees can generate 60 1b (266.9N) of cable
tension and, therefore, about 30 1b (133.45N) of
gripping force with a conventional VC
prehensor. Although that is more force than the
hand of an adult male can generate in most
prehension patterns (Taylor, 1954), those who
cannot generate as much cable tension or
excursion (trans-humeral amputees, shoulder
disarticulation amputees, and amputees using
cineplasty) may not achieve adequate grip force
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holding assist function, improved amputee
mobility while maintaining grip, and reduced
cable excursion in free-wheel mode. It has not
been demonstrated, however, that these
advantages justify the additional complexity
and cost of the VMA prehensor design. Clinical
evaluation appears to be necessary to explore if
and how this device can be of benefit to upper
limb amputees. Field evaluation by those who
have difficulty in generating adequate cable
tension or excursion with body powered
prehensors would be of particular value.
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Letter to the Editor

Dear Sir.

Re: “Fatigue testing of energy storing prosthetic feet”, pp 180-188, Volume 17, 1993

We have many years field experience of the quality and performance of Proteor’s SACH
feet, confirmed by testing in France and very recently the MDD (Medical Devices
Directorate) in the UK, which contradict a finding of this paper. We have recently
successfully tested at MDD three feet to 1,000,000 walking cycles, including heel strike,
foot flat and toe off at a load of about 70 kgs. The MDD testing programme which includes
a monitored defect reporting system, has for over 10 years proved to correlate well with
field performance.

This paper has reported a potentially useful piece of work but its purpose has been
confused by inappropriate sample selection and its credibility reduced by the small sample
size. It is statistically unsupportable to select one foot at random from any of the world’s
leading foot manufacturers and publish the results. No manufacturer produces 100% perfect
feet all the time — all are manufactured to specific standards and cost requirements. The
usefulness of including a SACH foot in a comparative test with an energy storing foot must
also be questioned. My opinion is that it would have been better to select, from feet with a
known field record, a range of, say, five SACH feet, five energy return feet and five
“performance” feet, and anonymously test these perhaps three or more times to establish
some basis of reproduceability for the testing machine and the feet. If manufacturers’ names
were used, given a sufficient number of feet were tested, then it would have been far more
useful for prosthetists to see the energy return Lambda foot compared to feet of similar
type and cost, that is, to see oranges compared with oranges.

Yours sincerely,

Steven J. Cousins BASc, MASc, PhD, PEng
Technical Director

Rehability Limited

36 Station Road
Billingshurst

West Sussex RH14 9SE
UK
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Knee orthoses

CAD CAM update

Prosthetic and orthotic education in the developing
world

Management of limb fractures

Assessement of foot disorders

Lower limb prosthetic socket technology
Prosthetic and orthotic education in the industrial
world

Early management of the lower limb amputee
Adolescent scoliosis

Upper limb prosthetics

Low back pain.

Symposia

Symposia are multidisciplinary sessions or panel
sessions on reasonably specialised topics, equivalent to
free paper sessions except that they have been pre-
planned. The selected speakers will present different
aspects of a topic or different approaches to the topic.
These sessions will feature current trends and recent
developments, presented by prominent speakers chosen
according to their international reputation.

The provisional programme of Symposia topics
includes:
Interdisciplinary prosthetic care in a community
based rehabilitation setting
Intefligent prosthetic knees/electro-mechanical
prostheses
Footwear and management of foot deformities
Late effects of post-poliomyelitis
The elderly amputee
Ischial containment sockets
Prosthetic and orthotic services in the Western
Pacific and South East Asia
Mobility for the adult paraplegic
Management of the diabetic foot ulcer
CAD CAM in clinical practice
The technical approach for prosthetic provision in
developing countries
FES and hybrid orthotic systems
Pain in the amputee
Energy storing feet
Consumer focus
Management of spasticity to improve function in the
adult
Cultural attitudes to limb losses and prostheses
Assistive technology for severe disabilities
Prosthetic and orthotic education in developing
countries
Management of spasticity to improve function in
children
Amputee athletes
Clinical gait analysis
Surveys of upper limb amputees.

Instructional Courses

The objective of the instructional courses is to provide
practical education in a specific topic by covering
information on methods that instructors have found to be
clinically effective. The courses are designed to cover the
technical aspects of accepted practice in a workshop
environment.

The topics were chosen mostly with a clinical

emphasis and give a wider coverage of non-prosthetic
areas. The aim is to cover in a ninety minute period all
the facets of each topic Another aim is to attract and
bring together all appropriate disciplines for the topic in
the one integrated session.

The overall approach is to encourage full week
attendance by offering several parallel series, each
consisting of related topics dealt with sequentially. On
each day there is also a range of topics to allow a choice
for each discipline. The weekly programme will allow
each discipline a topic throughout the week for a variety
of disabilities.

Instructional courses will be scheduled daily for 90
minutes duration. As the cost of attendance is not
included in the registration fee please study the topics
offered and indicate the choice of courses you wish to
attend by filling in the appropriate box on the application
form. The cost of attendance is $AUD 50 per session
which must be remitted in addition to the registration fee.

The provisional programme of instructional courses
includes:

Sunday, April 2, 10.30-12.00

* Amputation in vascular disease (S1/90)

* Spinal cord injury — a team approach to patient

management (S2/90)

* Fracture cast bracing (53/90)

¢ Management of the limb deficient child (S4/90)

* Management of cerebrovascular accident patients

(85/90)

Monday, April 3, 08.00-09.30
* Syme and partial foot amputation: surgery,
prosthetics, orthotics and rehabilitation (M 1/90)
* Management of degenerative disease of the spine
(M2/90)
* Amputations in trauma and cancer (M3/90)
* Upper limb orthotics (M4/90)
* Anaplastology/optimising cosmesis (M5/90)
Tuesday, April 4, 08.00-09.30
* Trans-tibial amputation: Part 1 - surgery (T1/90)
* Scoliosis and kyphosis: surgical, conservative and
orthotic management (T2/90).
* Functional independence for amputees (T3/90)
* Assessment and management of the insensitive foot
(T4/90)
* Management of burn patients (T5/90)

Wednesday, April 5, 08.00-09.30
« Trans-tibial amputation: Part 2 — prosthetics and
rehabilitation (W1/90)
» Seating: design and assessment of the patient
(W2/90)
* Management of foot disorders (W3/90)
= Upper-limb amputation: Part | - surgery (W4/90)
* Management of the unstable knee (W5/90)
Thursday, April 6, 08.00-09.30
* Knee disarticulation and trans-femoral amputation:
Part | — surgery (TH1/90)
¢ Wheelchair design and prescription (TH2/90)
* Footwear and orthotics (TH3/90)
* Upper limb amputation: Part 2 — prosthetics and
rehabilitation (TH4/90)
« Orthotics for arthritis (TH5/90)
Friday, April 7, 0800-09.30
« Knee disarticulations and trans-femoral amputation:
Part 2 — prosthetics and rehabilitation (F1/90)
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* Prosthetics and orthotics for sports applications
(F2/90)

« Computer information systems for prosthetics
(F3/90)

* Principles and practice of myoelectric technology
(F4/90)

¢ The ICRC system of component manufacture
(F5/90)

Free Papers

Authors of accepted papers will present the results of
their research, clinical and technological experience, to
benefit those who are interested and engaged in the same
field of activity. This will provide the opportunity for
discussion and intzrchange of information.

An invitation for application for scientific
presentations has already been circulated in a separate
brochure. Authors worldwide are invited to submit
abstracts to be included in the Free Paper Sessions or the
Poster or Video presentations and deadline for receipt of
abstracts for any of the session categories is September
1, 1994. Please contact the Congress Secretariat if you
require further information.

Poster Sessions

Poster presentations will be exhibited daily during the
lunch break.

Video Sessions
Several sessions will be held during the Congress for
video presentations.

Manufacturers’ Sponsored
Workshops

Three workshops will be held from Monday through
to Friday concurrently with the instructional courses.

The format of the Workshops will allow
Manufacturers to instruct a wide range of health
practitioners about their

¢ Products

* Prescription principles

¢ Applications

¢ Special techniques/alignments.

An additional fee of $AUD 25 is applicable for each
workshop attended. Please select your choice by
completing the appropriate box on the application form
and remit payment in addition to the registration fee.

The programme of Manufacturers Workshops
includes:

Monday, April 3, 08.00-09.30

FLEXFOOT INC.: Optimising clinical results with the
flexfoot (MW 1).

BLATCHFORD: The criteria with functionality of
high activity (MW?2).

M + IND, SEATTLE MEDICAL SYSTEMS
GROUP: Maximising efficiency in a cost conscious
environment. Effective use of CAD/CAM and
appropriate limb systems (MW3).

Tuesday, April 4, 08.00-09.30

BOSTON BRACE INTERNATIONAL INC.:
Treatment of ACL deficient knee using a Boston knee
brace (MW4).

OTTO BOCK: Time saving tips in orthotic
manufacture (MW5).

USMC: The new USMC series of energy storing
lower extremity prosthetic components (MW®6).
Wednesday, April 5, 08.00-09.30

FILLAUER INC.: New application for carbon
composites — PolyCar-C for thermobonding to plastic
and metal MW?7).

OTTO BOCK: A biomechanical approach to
prosthetic knee selection (MW8).

COMFORT & FIT AUSTRALIA: Pedonthic
management of the diabetic foot (MW9).

Thursday, April 6, 08.00-09.30

BLATCHFORD: The benefits of a Microprocessor
controlled lower limb system (MW 10).

OTTO BOCK: Myoelectric prosthesis:  basic
troubleshooting (MW 11).

USMC: Technical update of USMC lower extremity
modular prosthetic systems (MW12).
Friday, April 7, 08.00-09.30

FILLAUER INC.: Silicone suction socket (38) update
— upper and lower extremities (MW 13).

BLATCHFORD: The prescription criteria of knee
componentry (MW14).

HOSMER: Lower extremity endoskeletal systems
(MW15).

Knud Jansen Lecture

Knud Jansen, M.D. was the founder of the
International Society for Prosthetics and Orthotics
(ISPO), and was its President from 1970-1977. He was
an esteemed Orthopaedic surgeon in Denmark, having
been Chairman of the Danish Orthopaedic Association
and the Danish Society of Orthopaedic Surgery.

He was also Secretary General of the Scandinavian
Orthopaedic Association and for many years served as
editor of one of the most prestigious international
journals, Acta Orthopaedica Scandinavica. Knud Jansen
was a staunch supporter of the concept of the clinic team
and his influence has carried that important concept to
prosthetics and orthotics care worldwide. Jansen was a
champion of technical orthopaedics and rehabilitation.
His vision created ISPO and his influence still guides the
organisation.

The lecture in Knud Jansen’s name was established by
ISPO as a memorial to its founder. The lecture is
presented by a distinguished member of the society at
each Triennial World Congress.

The Knud Jansen lecture for 1995 will be delivered by
Sepp Heim and will be presented immediately after the
Opening Ceremony in the John Batman Theatre on
Sunday, April 2.

Awards
The Brian Blatchford Prize

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

The prize of £2,500 will be awarded to an individual
who has an outstanding record of innovative
achievement in the field of prosthetics and/or orthotics.
The achievement should be related to prosthetic and/or
orthotic hardware, or scientifically based new techniques
which result in better prostheses or orthoses. The
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Accompanying Persons
Programme

The Organising Committee welcomes delegates’
partners to join us in Melbourne in 1995. A special
programme has been designed to allow you the time to
explore our city and surrounds independently but also
includes the choice of some special tours which are no
readily available to the public. :

Inclusive Tours — Monday
{Accompanying persons)

Please select one of the three tours listed below and
indicate your choice on the registration form. Although
the cost of the tour is included in the accompanying
person registration fee, a booking will not be held if the
form is not completed.

* KOORI WALKABOUT: The Kooris — the mighty
Kulin - indigenous people of the Western Plains in
South Eastern Australia. We visit their Traditional
hunting grounds in the You Yang ranges where
countless thousands of Koori women have met for
40,000 years. As we sit together overlooking the
plains where the women gathered food, Janine, our
guide, will help you explore their culture — as it was,
and as it is today. This is a rare opportunity for you to
discover this timeless and nearly extinct people.
Numbers are limited, so book early.

Includes: Coach, guide, admission fees and morning
tea

Duration: 10.00-14.00 hours

¢« SHOP TILL YOU DROP: We all love to shop.
Discover the many secrets of Melbourne shopping as
we visit some unique wholesale outlets. Melbourne is
definitely the home of fashion and style. You won’t be
able to resist the bargains. All outlets visited
manufacture  quality  Australian-made products
Morning tea is included by Gemtec — one of
Australia’s leading opal merchants

Timing: 10.00-13.00 hours

Includes: Coach, guide and morning tea.

« THE AUSTRALIAN BALLET CENTRE: A look
behind the scenes of this world renowned ballet school
and centre. The interior has many unique facilities, in
particular, the eight superb rehearsal studios and the
Production Department where the costume and
millinery are designed, created and manufactured for
all the Australian Ballet’s performances. View dance
archive exhibitions and rehearsal activities in the
dance studios.

Includes: Transfer, guide, admission fee and moming
tea

Duration: 10.00-12.30 hours.

Orientation Tour — Sunday

This tour will orientate you with your host city —
Melbourne. The inhabitants of Melbourne love her
elegant layout, her Victorian grandeur and architecture,
her wide tree-lined swreets. Let us introduce you to the
hustle and bustle of this thriving metropolis. At the
termination of the tour we visit Gemtec, one of
Australia’s lead ng Opal Merchants, who will give you a
brief introduction and educational film on where opals
are mined, cut and polished into the finished product

Cost: $30.00 per person
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Includes: Guides, 5 star coach equipped with toilet
Timing: 09.30-11 30 hours
Minimum: 25 passengers

Meet the Partners — Morning Coffee

An informal morning coffee at the Congress Centre to
meet up with the accompanying persons and your
Melbourne hosts — a great opportunity to chat to our
local tour experts on shopping, touring or just general
information on what Melbourne has to offer before
departing on a tour.

Monday. April 3, 09.00-10.00

Sightseeing Tours

The Programme Committee has purposely left
Wednesday afternoon free of any scientific sessions to
allow time for delegates to join their partners to
participate in a choice of either a technical or sightseeing
tour.

The sightseeing tours are subject to minimum
numbers.

Please indicate your choice of tour on the registration
form and remit payment with your registration fee.

The tours desk will also book individual tours to many
of Melbourne’s unique attractions including the
Victorian Arts Centre complex housing our performing
arts theatres and Sovereign Hill where the early gold
digging era is reproduced.

* Penguins on Parade
Travel to Phillip Island in Westernport Bay to view
these special species of the animal world
Perhaps the most amazing and delightful tour of all,
the Penguin Parade is unique among animal displays.
Completely uninfluenced by man, the penguin
extravaganza takes place at dusk as these charming
‘fairy’ penguins waddle through the twilight up the
beach, over the sand dunes to their burrows. We also
come face-to-snout with some koalas and kangaroos.
Cost: $64.00 per person
Includes: 5 star coach equipped with toilet.
Admission fees: Summerland Beach
Fauna Reserve
Timing: 13.00-22.00 hours
Optional add-on: Hot lobster dinner: $55.00 per
person.

* Victorian Wineries

The elixir of life is certainly produced and bottled - so
Victorians believe — in the foothills of the Yarra Valley.
This picturesque valley is home to some delightful wine
producing vintners. Domaine Chandon, built by the
world French champagne house Moet Chandon, will be
delighted to show us the intrigues of champagne
production with a little sampling -~ of course. St.
Hubert’s, de Bortoli and Yarra Ridge are smaller
producers who each have very distinct wines. We will
wend our way through the valley sampling wine with
some of these producers. Cheers!!

Cost: $99.00 per person

Includes: 5 star coach equipped with toilet

Wine tastings: Domaine Chandon; de
Bortoli; St Huberts; or Yarra Ridge.
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Lunch at The Grand Hotel in Yarra Glen.
I glass of house wine with lunch
Timing: 12.15-18 00 hours.

* Australian Animals

If you want to see Australian animals in their natural
bush environment, then our visit to Healesville Sanctuary
will enthral you. This wonderful sanctuary recreates each
animal’s natural habitat. You’ll smell the eucalypt forest
and hear the many sounds of the Australian bush as you
peak at koalas, kangaroos, platypus, emu, echidna — just
to name a few. To complete this experience enjoy a
traditional “Aussic BBQ”.

Cost: $99.00 per person.

Includes: 5 star coach equipped with toilet

Admission fee
BBQ dinner with beer, red and white wine
Timing: 12.30-20.30 hours.

Technical Tours
Please indicate your choice on the registration form
TOUR 1: (Code TTOI)
Centre Of Integrated Equipment Services

This centre incorporates many areas. We will be
confining our visit to three of them, the Independent
Living Centre, the Microcomputer Applications Centre
and the Equipment Library. Experienced staff are
available for asssessment and advice with regard to the
specialised equipment on display. Arrangements can be
made to hire equipment for trials prior to expensive
purchases being made

Tour Time: 13.30-15.30

Cost: $30.00

TOUR 2- (Code TT02)
The Alfred Group Of Hospitals

The Alfred Group of Hospitals is a large tertiary
referral centre providing a wide range of services. This
tour will include the Road Trauma Unit, a specifically
equipped and staffed centre to care for road trauma
patients. This centre is supported by the facilities of the
Alfred Hospital, which has a complete range of specialist
services and investigational facilities. The centre can be
rapidly accessed by both ambulance helicopter and
surface transport. The Hyberbaric Unit will also be open
for delegates to visit. Hyberbaric medicine involves the
use of barometric pressure greater than that at sea level
for the treatment of discases.

The tour will then visit the Caulfield campus to view
the Amputee Unit; a purpose adapted and fully equipped
unit which houses all staff with clinical. theraputic,
technical and manufacturing facilities and the Monash
Rehabilitation Technology Research Unit consisting of
an inter-disciplinary team with medical, theraputic, and
engineering  expertise, which work toward the
enhancement of quality of life of the musculo-skeletal
disabled patient.

Tour Time: Alfred Hospital (Acute): 13 30-15.00

Caulfield Campus (Rehabilitation): 15.00-17.00

Cost: $30.00

TOUR 3: (Code TT03)
Austin Hospital

The Austin hospital is a teaching hospital with both
acute and rehabilitation campuses Delegates will be

concentrating on the rehabilitation area of this hospital.
Client Groups catered for by this hospital include,
Amputees, Spinal Cord Injuries, Orthopaedics,
Neurology, and Acquired Brain Injuries. Tours of the
following areas will be available; Spinal Cord Injuries
Unit, Prosthetic and Orthotic Department, Physiotherapy
Department,  Occupational =~ Therapy  Department,
Amputee Unit, and the Gait Clinic.

Staff will avail themselves for brief introductions to all
areas or for more detailed visits, depending on the
interest from delegates.

Tour Times: Spinal Cord Injuries Unit, Prosthetic &

Orthotic Department Gait Clinic: 13.30-15 15

Physiotherapy, Occupational Therapy, Amputee

Clinic: 15.15-17.00

Cost: $30.00
TOUR 4 (Code TTO4)

Demonstration of Amputee Athletes

In the recent past it had been considered appropriate to
discourage physical activity among amputees. Now
modern prosthetic technology allows many a level of
function almost equal to their pre-amputation potential
The demonstration will show how individuals with
amputations can realise their full physical abilities.

A group of amputee athletes (including many who
have represented Australia) will perform a range of
sporting activities.

Standard componentry will be demonstrated in
addition to more advanced componentry and equipment
specifically designed and manufactured to accommodate
particular sporting needs

Athletes will be available to discuss features of their
sporting prosthesis and how that prosthesis differs from
the prosthesis they wear on a daily basis

Cost: $30 00.

General Information
Venue

The World Congress Centre, Melbourne is a new,
modern Convention Centre conveniently located in the
heart of the city, within walking distance of city hotels
and is well serviced by public transport. It is
incorporateq in a modern complex which also includes
the hotel, Centra Melbourne on the Yarra, the World
Trade Centre and a Casino. This complex contains
facilities for banking, postal and secretarial services,
photocopying and facsimile transmission. A number of
restaurants, lunch and coffee bars are situated in the area.
Hairdressers, pharmacy, medical centre and newsagents
are also available.

World Congress Centre

Corner of Flinders and Spencer Streets

MELBOURNE VIC 3000

Phone (61) (03) 629 4100

Fax: (61) (03) 614 6565

Registration and Information Desk

The registration desk will be located at the World
Congress Centre. We advise you to collect your
documents as soon as possible after your arrival. The
registration desk will be open during the following
hours:

Saturday, April t - 12.00-17 00
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AM/FM radio, ditect IDD/STD, iron and ironing board,
remote colour TV, hairdryer, heated outdoor swimming
pool, gymnasium, currency exchange

Corner Flinders & Spencer Streets,

MELBOURNE VIC 3000,

Phone: (61) (03) 629 5111

Fax: (61) (03) 629 5624

Hotel Enterprise

Single $AUD 69.00 Double 3AUD 79 00

Comfortable, affordable accommodation in the city.
Country hotel atmosphere in older style property. 300
metres to World Congress Centre and trams at the door.
Each room has private facilities air-conditioning, tea and
coffee making facilities and TV.

44-54 Spencer Stieet,

MELBOURNE VIC 3000,

Phone (61) (03) 629 6991

Fax: (61) (03) 614 7963

Le Meridien at Rialto

SAUD 195.00

In the heart of Me¢lbourne’s commercial district, with the
World Congress Centre within 5 minutes walking
distance. Each room features, IDD/STD phones, mini
bar, toaster, hairdryer, tea and coffee making facilities,
24 hour room service.

495 Collins Street,

MELBOURNE VIC 3000,

Phone: (61) (03) 6209111

Fax: (61) (03) 614 1219

Novotel Melbourne on Colins

$AUD 144.00

Most centrally located hotel in the city. Each room
features electronic cardiocking, individually controlled
air conditioning, remote control TV with complimentary
in-house movies. There are STD/IDD phones, mini-bar,
tea and coffee making facilities, daily newspapers,
hairdryer and 24 hour room service.

270 Collins Streer,

MELBOURNE VIC 3000,

Phone: (61) (03) 650 5800

Fax: (61) (03) 650 7100

Riverside Apartments

1 bedroom $AUD 140.00

2 bedrooms $AUD 176.00

Serviced apartment accommodation situated on the top
four floors of a new 18 storey building featuring
panoramic views of the Yarra River, Port Phillip Bay and
the city skyline. Choice of one or two bedrooms.
Lounge/dining room, bathrooms with full size bath,
hairdryer, washing machine and clothes dryer. Fully
equipped gourmet kitchen includes microwave and
dishwasher ISD/STD indial exchange phone system,
iron/board, liquor and pantry service and individually
controlled air conditioning.

474 Flinders Street,

MELBOURNE VIC 3000,

Phone: (61) (03) 283 7633

Fax: (61) (03) 629 7582

Savoy Park Plaza

SAUD 150.00

The hotel features two restaurants, and bar, gymnasium
and close proximity to the Congress Centre. Rooms
feature IDD/STD telephones, mini bar, tea and coffee
making facilities.

630 Little Collins Street,

MELBOURNE VIC 3000,

Phone: (61) (03) 622 8888

Fax: (61) (03) 622 8877

Sheraton Towers Southgate

$AUD 23500

Melbourne’s newest hotel. Rooms feature individually
controlled air-conditioning and heating, remote control
TV, in-house movies, AM/FM radio, IDD/STD phone
access, mini-bar, tea and coffee making facilities,
hairdryer, butler service and full buffet breakfast. Non-
smoking rooms are available and there is a health club
for guests’ use. A 10 minute walk to the World Congress
Centre.,

One Brown Sireet,

SOUTH MELBOURNE VIC 3205

Phone: (61) (03) 696 3100

Fax: (61) (03) 690 5880

The Sebel of Melbourne

$AUD 250.00

The Sebel is an all suite hotel located a 5 minute walk to
the World Congress Centre. Each room has IDD/STD
phone, insuite ironing facilities, invidually controlled air-
conditioning and windows that open.

321 Flinders Lane,

MELBOURNE VIC 3000

Phone: (61) (03) 629 4088

Fax: (61) (03) 629 4066

The Victoria Hotel

Single $AUD 52.00

Double SAUD 64.00

In the heart of Melbourne’s best shopping, theatres and
restaurants, this “Old World” hotel caters to the budget-
conscious. Rooms feature colour TV, direct dial
telephones, refrigerator, tea and coffee making facilities.
215 Little Collins Street

MELBOURNE VIC 3000

Phone: (61) (03) 653 0441

Fax: (61) (03) 650 9678

‘Welcome Hotel

SAUD 100.00

The Welcome Hotel features air conditioning, colour TV,
in-house movies, radio, mini bar, tea and coffee making
facilities, toaster and direct dial ISD/STD telephone. The
hotel is located in the centre of Melbourne and is close to
public transport.

265-281 Little Bourke Street,

MELBOURNE VIC 3000

Phone: (61) (03) 639 0555

Fax: (61) (03) 639 1179







E——
[ 1

Ll |

OFFICE NN LT |




Prosthetics and Orthotics International, 1994, 18, 137-138

Calendar of Events

National Centre for Training and Education in Prosthetics and Orthotics
Short Term Courses 1994-95

Courses for Physicians, Surgeons and Therapists

NC512  Orthotic Management of the Foot; 24-25 October, 1994
NC502  Upper Limb Prosthetics and Orthotics; 7-11 November, 1994
NC504  Lower Limb Orthotics; 12—16 December, 1994

NC505  Lower Limb Prosthetics; 23-27 January, 1995

NC510  Wheelchairs and Seating; 7-9 February, 1995

NC511  Clinical Gait Analysis; 3—5 May, 1995

NC506  Fracture Bracing; 9-12 May, 1995

Courses for Prosthetists

NC222  Ischial Containment Trans-Femoral Socket; 10—14 October, 1994
NC227  Trans-Tibial Prosthetics; 5-9 December, 1994

NC226  Advanced Trans-Femoral Prosthetics; 30 January-3 February, 1995
NC212  Hip Disarticulation Prosthetics; 27 February—3 March, 1995
NC221 Trans-Tibial Suction Socket; 6—10 March, 1995

Courses for Orthotists

NC223  Casting and Plaster Techniques; 20-21 October, 1994
NC224  Reciprocating Gait Orthotics; 34 November, 1994

Courses for Orthotists and Therapists

NC225  Direct Application Upper Limb Orthotics} 16-18 January, 1995
NC217  Ankle-Foot Orthoses for the Management of the Cerebral Palsied Child; 26-28 April, 1995

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

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.

13-16 September, 1994
Biomechanics of Man *94, Prague, Czechoslovakia.
Information: Jitka Jirova, ITAM AS CR, Pod vodarenskou vezi 4, 18208 Prague 8, Czechoslovakia.

16-17 September, 1994

Independent Living for the Elderly, Collobarative Meeting of ISPO Netherlands and ISPO UK,
Noordwijkerhout, The Netherlands.

Information: Dr. B. McHugh, NCTEPO, University of Strathclyde, Curran Building, 31 St. James’
Rd., Glasgow G4 OLS, Scotland.
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21-23 September, 1994
Biological Engineering Society AGM and Annual Scientific Meeting, Keele, England.
Information: Mrs. B. Freeman, BES, RCS, 35 Lincoln’s Inn Fields, London, England.

21-24 September, 1994

2nd International Symposium on Computer Methods in Biomechanics and Biomedical Engineering,
Swansea, Wales.

Information: J. Middleton, Biomechanics and Biomedical Engineering Centre, Engineering Building,
University College of Swansea, Swansea SA2 8PP, Wales, UK.

26-28 September, 1994

5th International Symposium on Biomedical Engineering, Spain.

Information: Congress Secretariat, Laboratorio de Fisica Aplicada e Ingenieria de Conocimiento,
Facultad de Fiscia, Universidad de Santiago de Compostela, 15706 Santiago de Compostela, Spain.

28 September-1 October, 1994

International Meeting on Knee Prostheses, Naples, Italy.

Information: Prof. V. Monteleone, Il Divisione Ortopedia e Traumatologia, Ospedale Cardarelli, Via
A. Cardarelli 9, 80131 Napoli, Italy.

9-13 October, 1994

6th Biennial Conference of the International Society for Augumentive and Alternative
Communications, Maastricht, The Netherlands.

Information: Van Namenand Westerlaken, PO Box 1558, 6501 BN Nijmegen, The Netherlands.

14-16 October, 1994
Biomedical Engineering Society Annual Fall Meeting, Tempe, Arizona, USA.
Information: BMES, PO Box 2399, Culver City, CA 90231, USA.

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

23-25 November, 1994

British Orthopaedic Association Practical Course on Casting Techniques for Surgeons and Physicians
in Training, Glasgow, Scotland.

Information: Mrs. E. Arnold, BOA, 35—43 Lincoln’s Inn Fields, London WC2A 3PN, England.

7-10 December:, 1994

8th International Conference on Biomedical Engineering, Singapore.

Information: The Secretary, 8th ICBME 1994, Dept. of Orthopaedic Surgery, National University
Hospital, Lower Kent Ridge Rd., Singapore 0511.

1995

17-18 February, 1995

ISPO (UK) Annual Scientific Meeting, Hull, England.

Information: Mr. D. Simpson, ISPO Hull ‘95, NCTEPO, University of Strathclyde, 131 St. James’
Rd., Glasgow G4 OLS, Scotland.
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