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Editorial 

The basic idea behind the formation of ISPO was the establishment of an umbrella organisation 
which could encompass all those who provide treatment and service to amputees and other physically 
disabled patients. The focus throughout would be on the team approach. It became obvious at an early 
stage that great emphasis would be placed on education. Over the years through a series of seminars 
(Holte 1968, Montreux 1974, Moshi 1984, Toronto 1984, Jonkoping 1985, Glasgow 1987) ISPO 
identified its priorities in education, evolved a philosophy and laid down guidelines. As a 
consequence, when WHO established its own guidelines for tralning of personnel in developing 
countries in 1990, ISPO was in a good position to influence the outcome. 

ISPO has also striven to establish the basis of patient care through consensus conferences, in 
Glasgow, Scotland 1990 on amputation surgery and in Durham, USA 1994 on cerebral palsy. These 
are to be followed by another consensus conference on appropriate prosthetic technology in 
Cambodia, in 1995. 

ISPO has in the past arranged short-term courses on amputation surgery and related prosthetics in 
the industrialised world. Following the Glasgow consensus conference the Executive Board and the 
re-constituted Education Committee decided on an outreach programme for the developing world by 
organising one-week courses on Compound Fractures, Amputation Surgery and Related Prosthetics 
and Rehabilitation. A detailed description of the first programme in Tanzania, 1993, was published in 
Prosthetics and Orthotics International in August of that year. The intention in incorporating the 
handling of compound fractures, which does not normally fall within the field of ISPO's work, was 
that in the developing world such events often lead to amputation because of the soft tissue problems 
encountered after war injuries or other high energy trauma with excessive risk of infection. In offering 
these courses, ISPO felt it imperative to collaborate with other important bodies working in the 
developing world like the World Health Organisation (WHO), and non-governmental organisations 
such as World Orthopaedic Concern (WOC) and in particular the International Committee of the Red 
Cross (ICRC) which has extensive experience in providing services based on local conditions. These 
organisations have willingly participated and financially covered their own lecturers, whereas ISPO 
has picked up the costs of the additional faculty and all the local arrangements. To encourage 
reasonably large attendance, registration fees have been kept down to 100 USD. With the high air fare 
rates for the international faculties in particular this could only be done at a cost to ISPO. The lecturers 
have not received any fees, but their direct costs for transport and accommodation have been 
reimbursed together with a modest subsistence, based on Danish Civil Servants regulations. ISPO 
wishes to acknowledge the contribution from the lecturers, who all took part without compensation for 
loss of income and incurred excessive work-load accrued at their institutions or companies after their 
return to work. ISPO has many good and supportive friends in the industry, and our expenses for these 
courses have been considerably decreased through exhibition fees or direct payments for translation, 
social events and the like; and further, some have directly supported individuals to participate. 

The lecturers are shown in the attached table which also displays the content of the programmes. 
The Society has used lecturers who have a high level of teaching experience and professionalism, have 
an international reputation, and have an experience or understanding of the needs in the developing 
world. Also, we have aimed to involve individuals who know the philosophies of ISPO and its 
collaborating bodies. It has been found useful to involve individuals from the area, appointed by the 
local organisers, in order to create a programme which is in accordance with the practice of the region. 

In Thailand, the co-organisers were the Thai Orthopaedic Association (Chairman, S. Waikakul). 
There were 68 patients from Thailand, Cambodia, Japan, Malaysia, Singapore, and Vietnam. The special 
feature of this programme was the discussion about education in prosthetics and orthotics and about 
prosthetic supply conducted by T. Keokam, Thailand; S. Sawamura, Japan; J. Gehrels, ICRC; Ha Ahn, 
Vietnam. It appears that in Thailand most personnel in prosthetics and orthotics are educated to "Category 
3". The goal is "Category 2", which could be made possible by the Japanese support for a school in the 
region. The provision of CAD CAM prostheses in Vietnam was described by E. Burgess, USA. Further 
the community based rehabilitation programmes advocated by WHO (E. Pupulin) were discussed. 
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Editorial 
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The co-orgaaisers in Sloveaia were Professor Crt Marincek and his staff from the Rehabilitation 
Institute in Ljubljana. There were 73 participants from Slovenia, Albania, Armenia, Azarbaijan, 
Belgium, Bosnia/Herzegovinia, Czech Republic, Croatia, Finland, Georgia, Hungary, Iceland, Israel, 
Italy, Jordan, Kuwait, Lithuania, Malta, Russia, Tajikstan and Yugoslavia. Of particular relevance was 
a session on war injuries delivered by the WOC representative, Don Nagel, USA. A session was 
allocated to WHO, represented by H. Hermanova, WHO Europe, and B. Lagerkvist, WHO Croatia, 
which addressed issues related to standards for rehabilitation of the amputee. As a result the dialogue 
will continue between WHO, the WHO collaborating centres, ISPO and other agencies in order to 
develop European Guidelines for the rehabilitation of all persons with amputations in both the stable 
and emergency situations. 

In Panama the co-organisers were ISPO Panama, represented by A. Saldana and R. de Saez. 
There were 117 participants from Panama, Colombia, Costa Rica, Curacao, Dominican Republic, El 
Salvador, Guatamala, Jamalca, and Trinidad and Tobago. Again, the special feature of the closing day 
was a long discussion on education systems in the Central American region. There is a great variation 
with regard to the prosthetic and orthotic services between the countries, ranging from 11 orthopaedic 
technologist (Category 2) in Panama to serve 2.5 million inhabitants, an equivalent situation in El 
Salvador, but only 15 un-educated workers to serve 30 million inhabitants in Colombia. A working 
group with one representative from each country present was formed with the purpose of analysing the 
situation following the close-down of the World Rehabilitation Fund school in the Dominican 
Republic, and formulating a proposal to each of the governments in the area with regard to the 
establishment of a regional school. 

ISPO has now completed four courses in the developing world with great success. The message 
about the team approach has been well received, but there are obvious communication problems 
between the professionals in most countries and in particular between the surgeons and the other 
members of the team. All courses were well attended by surgeons, rehabilitation physicians, 
physiotherapists, and providers of prosthetic and orthotic services. The content of the teaching 
programmes has been based on approved principles and techniques, flavoured with high technology 
from the industrialised world, and appropriate technology based on sound and approved 
biomechanical principles but using locally available materials. The collaboration with ICRC in respect 
of appropriate technology, with WHO regarding patient care systems, and with WOC on trauma 
surgery has indeed been very successful and stimulating. ISPO may in the future arrange at least one 
course per year in the developing world with a now well tested formula. As the site for the next course 
has not yet been decided, proposals or invitations will be most welcome. 

John Hughes 
Norman A. Jacobs 
J. Steen Jensen 
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Benchmark data for elderly, vascular 
trans-tibial amputees after rehabilitation 

W. A. HUBBARD* and G. K. McELROY** 

* The Queen Elizabeth Centre, Ballarat, Victoria, Australia 
** Ballarat University College, Ballarat, Victoria, Australia 

Abstract 
Benchmark data for lower limb amputees is 
often limited to young subjects who have had 
their amputations as the result of trauma. The 
majority of trans-tibial amputees rehabilitated 
are, however, elderly vascular amputees who 
may have different gait characteristics than their 
younger counterparts. Without biomechanical 
analyses to provide such benchmark data for 
this group it is not possible to compare the 
effects of different rehabilitation programmes, 
gait training regimens, or prosthetic devices. 

Twenty elderly vascular trans-tibial amputees 
rehabilitated at The Queen Elizabeth Centre, 
Ballarat, Australia and at least six months post-
amputation were measured in respect of kinetic 
and kinematic parameters, and relationships 
between gait speed, consistency, and function 
were demonstrated. Further, an unexplained 
vertical ground reaction force pattern was 
demonstrated in faster, more functional 
amputees. 

Introduction 
While different rehabilitation programmes 

and types of prostheses exist for lower limb 
amputees, no benchmark biomechanical 
analyses are available for elderly trans-tibial 
vascular amputees against which the 
performance of patients leaving a rehabilitation 
programme can be measured. 

Such profiles exist for fit people of all age 
groups, and in part for those with pathology 
(Cheung et al., 1983; Olney et al., 1979). 
Without detailed gait profiles for fit, elderly, 

vascular amputees there is no standard against 
which to assess the relative differences between 
the various rehabilitation approaches for this 
group. 

This study, conducted at The Queen 
Elizabeth Centre, Ballarat (QECB), quantifies 
the gait performance of vascular trans-tibial 
amputees who have participated in a gait 
training regimen which is particularly designed 
to facilitate early discharge from in-patient 
treatment. The training regimen relies on the 
whole method of motor re-education, 
minimising the use of support rails, rather than 
the more traditional progressive part methods 
and early reliance on rails. The philosophy of 
early discharge is balanced against the necessity 
of ensuring a gait pattern which is economical 
of effort and promotes optimal functional 
mobility. 

The relatively short in-patient stay at the 
QECB for new amputees, 17 days on average in 
1991/92 (Carter, 1992) compared to much 
longer stays in other settings (Baker and 
Hewison, 1990), permits this group of clients to 
return home quickly after surgery and to expect 
a high level of gait quality. 

It is envisaged that clinicians who advocate 
the use of different therapeutic regimens and 
prostheses will be able to assess the length of 
stay and gait performance of their clients in the 
light of the parameters investigated in this 
study. 

Rehabilitation outcomes can be measured in 
several ways, dependent upon the perceived 
goals of care. Length of time spent in hospital 
provides an estimate of treatment cost, while 
functional measures provide information about 
the ability of individual clients to live 
independently once the rehabilitation process 
has been completed. 

All correspondence to be addressed to 
Wendy A. Hubbard, Chief Physiotherapist, The 
Queen Elizabeth Centre, Ballarat, PO Box 199, 
Ballarat, Victoria, Australia 3350. 
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More detailed and objective measures are 
required, however, when considering the 
efficiency and effectiveness of particular 
treatment techniques offered by individual 
therapies, such as the gait re-education 
programmes offered by physiotherapists to 
trans-tibial amputees. 

While some base-line measures of amputee 
gait through objective gait analysis have been 
reported, there is currently no basis for choosing 
a particular programme, and no ongoing 
evaluation of outcomes except in terms of 
length of hospital stay, which gives no 
indication of the quality of walking or function 
for those discharged. 

Method 
Twenty vascular trans-tibial amputees 

rehabilitated at the QECB at least 6 months 
previously were analysed using a Selspot 
Movement Monitoring System and AMTI force 
plate. All subjects walked without walking aids 
for the test, although three required a cane for 
outdoor ambulation. 

All subjects wore their usual prosthesis, 
patellar-tendon-bearing prostheses made using 
titanium componentry and SACH feet. Prior to 
data collection all subjects were reviewed by a 
qualified prosthetist to ensure appropriate fit 
and alignment of the prosthesis worn. 

Six light emitting diodes (LEDs) were placed 
on the subjects prior to sagittal plane data 
collection. Markers were placed at the tip of the 
acromion, the greater trochanter of the hip, the 
mid-point of the prosthesis at the patellar bar, 
the mid-line at the foot attachment to the shank, 
at the heel and at the point of what would be the 
fifth metatarsal head. The subsequent 
identification of the limb and body segments 
was used in the calculation of joint forces, 
moments and powers in the manner of Winter 
(1979), and the resulting data normalised by 
dividing by body weight. 

Results and discussion 
Parameters selected for further analysis were: 
- preferred walking speed; 
- functional scores; 
- temporal and spatial parameters; 
- kinetics, including: 

- vertical ground reaction force (GRF); 
- joint moments of force and power 

patterns; 
- hip and knee interaction 

Preferred walking speed 
The mean preferred walking speed of 

subjects tested was 0.8 m.s. , with a standard 
deviation (SD) of 0.19 m.s. Skinner end 
Effeney (1985) reported a mean walking speed 
of 0.75 m.s. - 1, SD = 0.15 m.s. - 1, and, as these 
data are the compilation from the literature for 
vascular amputees, it is probably indicative of 
the typical performance of rehabilitated 
amputees. 

Functional scores 
To ensure that subjects were performing at a 

functional level which was similar to those with 
whom comparisons were being made, 
functional scores were ascertained for each 
subject. 

The functional measure, reported by Day 
(1981), was designed specifically for the 
amputee population and takes into account the 
necessity for donning and doffing the prosthesis 
as well as its use in indoor and outdoor activity. 
The scores obtained on the Day scale display a 
reasonable spread over the population group 
(Fig. 1), and preferred walking speed was found 
to correlate highly with this functional ability 
measure (r = 0.63, p = 0.0018). 

Fig. 1. Day scores for Day's subjects and all 
experimental subjects. 
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Temporal and spatial parameters 
The group of vascular amputees described in 

the current study had a mean stride time of 1.3 s 
(SD = 0.14 s) and a mean stride length of 0.97 m. 
A statistically significant association was 
demonstrated between prosthetic stride time and 
speed (r = -0.77, p = 0.0001), and between 
prosthetic stride time and the Day functional 
score (r = -0.65, p = 0.0025). 

These data support the argument presented by 
Dewar and Judge (1980) who contended that 
stride time may be used as a substitute measure 
for walking speed, even for those with 
pathological gait patterns. Cheung et al. (1983) 
verified this association when monitoring the 
performance of a group of amputees as they 
progressed through rehabilitation. 

Symmetry 
Of the elderly vascular amputees studied, 

63% of subjects had a longer prosthetic than 
non-prosthetic step, and 37% had a longer 
duration prosthetic step than non-prosthetic. 
Symmetry calculations were made by division 
of the shorter step into the longer one, no matter 
which was the prosthetic step, providing a non-
directional measure of symmetry. Using this 
method, step length symmetry and preferred 
walking speed were associated positively and 
significantly (r = 0.56, p = 0.014). 

A significant association was also found 
between prosthetic step length and walking 

speed (r = 0.65, p = 0.0026) in the experimental 
group, and between prosthetic step length and 
step length symmetry (r = 0.68, p = 0.0012), 
indicating that those amputees taking longer 
prosthetic steps were tending to a more even 
spatial gait pattern, as well as walking faster. 

Step timing symmetry, however, displayed 
no significant relationship to either step length 
symmetry (r = 0.11, p = 0.64) or walking speed 
(r = -0.33, p = 0.17), Indeed, the tenuous link 
between temporal symmetry and speed is 
negative, so> that the lower the ratio (where 1 is 
the best symmetry score possible), the higher 
the walking speed. 

These data support the contention of Winter 
and Sienko (1988) that pursuit of absolute gait 
symmetry may be unrealistic and unattainable 
for trans-tibial amputees, casting doubt on the 
wisdom of equating perfect symmetry with 
optimal amputee gait performance. 

While it is possible to maintain spatial 
symmetry with the prosthesis, unless step 
timing is compromised, walking speed (and by 
inference, functional ability) will be reduced. 

Kinetics 
Vertical ground reaction forces (GRF) 

Three basic patterns in the vertical GRF were 
identified (Fig. 2). These were the two peak 
pattern (seen in subject 20), typically recorded 
in the normal gait pattern (Andriacchi et al., 
1977), a three peak pattern not typically 

Fig. 2. Three sample patterns of vertical ground reaction force. 
a) two peak pattern b) three peak pattern c) flattened pattern. 
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described (Subject 2), and a flattened pattern 
(Subject 5) where Z 1 , Z 2 , and Z 3 , show little 
difference in magnitude. 

Because the three vertical GRF pattern types 
are nominal data only, an association between 
the types and preferred walking speed was 
investigated using the contingency coefficient 
(Siegel, 1956). Analysis revealed a significant 
relationship (C = 0.61, p = 0.027) between the 
pattern type and the preferred walking speed for 
this group of vascular trans-tibial amputees, 
with those walking at fast speed most likely to 
have a three peak vertical ground reaction force 
pattern, and those walking slowly to have a 
flattened pattern. 

This unexpected relationship may have been 
due to the nature of walking style adopted by 
faster walking amputees to maintain that speed. 
In normal walking the foot does not become a 
rigid lever for the plantarflexors until the toes 
have reached full extension, just prior to push 
off. For the amputee, however, once the SACH 
heel has compressed and decompressed, the 
rigid wooden keel provides leverage if a 
preliminary mid-stance push is needed. 

Alternatively, the faster amputees may have 
compressed the SACH heel to such an extent 
that the wooden keel was struck prior to 
decompression, creating a vertical force which 
subsided once body weight was transferred to 
the front of the foot and decompression begun. 
No other authors have identified such a 
relationship, and more work needs to be done in 
this area to determine the relevance and 
implications of the association identified. 

Seliktar and Mizrahi (1986), analysing the 
force patterns for 23 trans-tibial amputees, 
pointed out that even in normal gait the shoes 
worn have an effect which is complex and 
individual to both the shoe type and the heel 
itself. This variation in shoe type, which was 
not controlled in this study, may help to explain 
the larger inter-subject variability (CV = 0.17) 
observed here and also reported by Winter 
(1984) for normals. Intra-subject variation for 
this parameter was relatively low (mean CV = 
0.08 N.kg -1, SD = 0.03 N.kg - 1), again consistent 
with Winter's findings (1984). 

The moment patterns at the ankle, hip, and 
knee for the subjects measured in this study had 
higher intra-subject mean variations (mean 
CV = 0.16 Nm.kg -1, SD = 0.09 Nm.kg -1, mean 
CV = 0.54 Nm.kg -1, SD = 0.26 Nm.kg -1, and 

mean CV = 0.36 Nm.kg -1, SD = 0.17 Nm.kg-1 

respectively) than that of the vertical GRF. 
Addressing the same phenemenon in normal 
subjects, Winter (1984) surmised that the 
individual joint motor patterns provide a 
measure of the flexibility of the motor system to 
produce the same over-all response patterns. 

Preferred walking speed was found to 
correlate negatively (r = -0.46, p = 0.046) with 
the relative time taken (T1%) to attain peak 
vertical GRF (Fig. 3). This implied that subjects 
who walked at the highest speed loaded their 
prosthetic limbs most quickly (as a proportion 
of their total stance period) as might be 
expected, and this provided the basis for 
selecting the best walking performance for each 
subject over their recorded trials. This "best 
performance" trial for each subject was then 
used for analysis of inter-subject performance, 
and for averaging, although all trials were used 
calculations of intra-subject variation. 

Individual joint moments, and power patterns 
Ankle 

The mean ankle moment throughout the 

Fig. 3. The time taken (T 1) to reach Z1, the peak vertical 
GRF. 
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stance phase for the "best" trial of the available 
19 experimental subjects appears in Figure 4. 

The general pattern of ankle moments for 
trans-tibial amputees was consistent with that 
reported by Winter and Sienko (1988) who 
reported a preliminary dorsiflexor moment 
followed by a gradually increasing plantarflexor 
moment peaking in late stance (Fig. 5). In the 
group of older amputees in the current study, 
however, the initial moment continued as 
dorsiflexor for an average of 20% stance. 
Winter and Sienko (1988) described the 
duration of dorsiflexion as 18% of stride, where 
stance for their group was said to be 60% of the 
total stride. Thus for Winter and Sienko's group 
of 5 amputees the dorsiflexor moment lasted a 
mean of 30% of stance, slightly longer than for 
this experimental group, while for normals it is 
cited as lasting only 3% of stride (Winter and 
Sienko, 1988). 

Winter hypothesised that the rigid ankle 

generates an "internal dorsiflexor moment" 
(Winter and Sienko, 1988) from heel strike to 
foot flat, compounded by a marked delay in the 
rotation of the amputee's shank forward over 
the prosthetic foot. This is consistent with the 
findings of Zernicke et al. (1985) who noted 
that the centre of pressure in the SACH foot 
remained at the posterior section of the foot for 
43% of stance while for normals this is only so 
for 34% of stance. 

The power patterns at the ankle for all 
subjects (Fig. 6) showed a typical pattern of 
energy absorption (A1) until late stance, when 
energy is then generated (A2). 

These data, however, differ from those 
reported by Winter and Sienko (1988) for the 
latter part of the stance phase (Fig. 7). They 
reported initial energy absorption (Al) as the 
prosthetic foot deformed in dorsiflexion from 
heel-strike to mid-stance. This energy is not 
returned, according to Winter, with no 
comparable A2 power burst at terminal stance 
for trans-tibial amputees using SACH feet. 

Data recorded for the 19 vascular amputees 
tested in this study showed an obvious A2 
power burst of around one third of the normal 
magnitude (mean=1.1 W.kg - 1, SD=0.5 W.kg -1). 
While this disparity may have been due to some 
notional difference in resilience of Australian 
SACH feet, or to the altered pattern of the 
amputees' gait trained at the QECB, it is more 
likely due to the difference in the definition of 
the foot segment for calculation of the ankle 
angle. 

Since power is calculated as the product of 
angular velocity and joint moment, the ankle 

Fig. 4. Ankle moment pattern for the duration of stance 
phase (all subjects). 

Fig. 5. Ankle moment patterns for five trans-tibial 
amputees (adapted from Winter and Sienko, 1988). 

Fig. 6. Mean ankle power pattern for all subjects. 
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powers recorded in the present study may be 
considered as a measure of the absorption and 
subsequent return of energy within the 
prosthetic foot. 

Although Winter (1984) identified ankle 
power as the key to variation in a normal 
individual's walking speed, in the experimental 
group peak ankle power did not correlate 
significantly with preferred walking speed 
(r = 0.37, p = 0.12). Rather it was the peak hip 
power, occurring in the second half of the 
stance phase, which was found to be 
significantly related to speed (r = 0.069, 
p = 0.0011), indicating that once the mechanical 
rebound of the SACH foot has been exhausted 

as a source of propulsion, the vascular trans-
tibial amputees in the present group utilised the 
musculature around the hip to optimise their 
functional walking ability. 

Knee 
Knee moments reported in this group (Fig. 8) 

are similar in pattern and magnitude to those 
reported for trans-tibial amputees by Winter and 
Sienko (1988) in Figure 9. 

This pattern is similar to that reported by 
Winter and Sienko (1988) for five trans-tibial 
amputees (Fig. 11). 

The average K3 fell within the normal limits 
for older subjects (Winter et al., 1990), 
indicating that there remained a limiting action 
of the quadriceps on the shank in terminal 
stance. The level of variability in knee power 
was found to be significantly related to the 
preferred walking speed (r = -0.68, p = 0.01), 
indicating that consistency in power patterns at 
that joint is related to a better gait performance. 

Fig. 7. Ankle power patterns for five trans-tibial 
amputees (adapted from Winter and Sienko, 1988). 

Fig. 8. Mean knee moment pattern for all subjects. 

Fig. 9. Knee moment patterns for five trans-tibial 
amputees (adapted from Winter and Sienko, 1988). 

Fig. 10. Mean knee power pattern for all subjects. 
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Hip 
The general pattern of hip moments for trans-

tibial subjects (Fig. 12) in the present study and 
those reported by Winter and Sienko (1988) in 
Figure 13 are similar in magnitude and 
direction. Extensor moments dominated the first 
half of the stance phase, followed by similar 
magnitude flexor moments. 

Winter and Sienko (1988) reported that the 
mean variability of hip moments of force was 
greater in the population of trans-tibial 
amputees tested in that study than for normal 
subjects. In the present study, the degree of 

variability in hip moments for amputees tested 
was found to correlate significantly with the 
preferred walking speed (r = -0.72, p = 0.0052), 
indicating that the higher the speed of walking 
performance recorded, the more consistent the 
hip response. This indicates that the trans-tibial 
amputees with the highest quality gait 
approached hip moment variability levels closer 
to the normal population. 

This relationship between joint moment of 
force and preferred walking speed was not 
found for either the ankle moment variability 
(r = 0.23, p = 0.44), or the knee moment 
variability (r = 0.028, p = 0.93). Thus, in this 
population of trans-tibial amputees, the speed of 
walking is related to greater consistency only at 
the hip. 

As previously stated the peak hip powers 
were found to be significantly associated with 
preferred walking speed. Like knee powers, 
more consistent hip power responses were 
found to be associated with higher preferred 
walking speeds (r = -0.68, p = 0.01), indicating 
that the well practised and experienced walkers 
used a consistent hip/knee power response on 
the prosthetic side to produce functional 
walking speeds. 

Hip and knee interaction 
Winter et al. (1990) described several ways 

of quantifying the interaction which can be 
demonstrated between the hip and knee during 
gait, particularly during the stance phase. For 
this group, covariance between the hip and knee 
moments for the "best" walk was calculated, 
where the linear association between them was 
identified. 

For this calculation, the magnitude and 

Fig. 11. Knee power patterns for five trans-tibial 
amputees (adapted from Winter and Sienko, 1988). 

Fig 12. Mean hip moment pattern for all subjects. 

Fig. 13. Hip moment patterns for five trans-tibial 
amputees (adapted from Winter and Sienko, 1988). 
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direction of the variation of the moments at 
each joint from their mean was tested. If both 
variables fall above or below their means at the 
same time, covariance will be positive, while if 
one variable is typically above its mean while 
the other is below, the covariance will be 
negative (STSC, 1989). 

A negative covariance of moments at the hip 
and knee occurred in 69% of the current 
amputee group, the more negative the 
covariance recorded, the greater the preferred 
walking speed (r = -0.47, p = 0.043). A similar, 
though stronger, association was found between 
the Day functional measure score and the 
covariance of hip and knee moments (r = -0.55, 
p = 0.016), and the time (T,) to reach peak 
vertical GRF (r = 0.67, p = 0.0016). The 
inference which may be drawn from these 
significant relationships is that the interplay 
between hip and knee demonstrated in normal 
elderly subjects (Winter et al., 1990) also exists 
in trans-tibial amputees, and that the more 
complementary the interplay, the faster and 
more functional the amputee. 

Conclusion 
In conclusion, a general gait profile of 

elderly, vascular, trans-tibial amputees may be 
constructed. There was, within this group of 20 
subjects, a marked variation in the traditionally 
consistent gait measures, with complex profiles 
of gait quality built around consistency in a few 
key parameters. While average walking speeds, 
functional measures, and other derived data 
were shown to match those reported in the 
literature, actual performance ranged from 
speeds of 0.4 m.s-1 to 1.1 m.s -1. 

At the lower end of the scale were those 
vascular amputees with a low preferred walking 
speed and a low functional score. These 
subjects were slow to transfer weight to the 
prosthetic limb, strides were short and took 
longer than those of more active counterparts to 
perform. Step lengths were uneven, and knee 
and hip powers varied markedly from step to 
step. Peak hip powers were relatively low, 
probably because there were no consistent 
responses to the hip moments of force. 

In contrast, more able amputees took long, 
quick strides. They quickly moved their weight 
onto the prosthesis and walked with evenly 
spaced, though unevenly timed steps. Hip 
moments of force were uniform for each step, 

providing a dependable base upon which to 
generate consistent hip powers, and knee power 
response was also steady from step to step. 
Relatively large magnitude peak hip powers on 
the prosthetic side produced the required 
walking speeds to carry out a more functional 
lifestyle. 

It should now be possible to use these data to 
compare with that of rehabilitated amputees in 
other programmes with different philosophies, 
to ensure that they are chosen on merit, rather 
than on fashion. 
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Abstract 
Standing balance measured as sway and 
standing time both on one and two legs, was 
studied by use of a stable force platform 
(Kistler) in 36 patients aged 48-87 years with 
trans-tibial amputation and 27 healthy subjects 
matched for age. The aim of the study was to 
compare postural function in standing in two 
groups with unilateral trans-tibial amputations, 
separating vascular disease from trauma. 
Results revealed that the vascular group had a 
significantly increased sway in the lateral 
direction compared with the healthy group, 
when standing on both feet close together for 30 
seconds, looking straight ahead or blindfolded 
(p values ranging from 0.003 to 0.02). In the 
sagittal direction the trauma amputees had a 
significantly decreased sway when looking 
straight ahead, compared to the vascular and 
healthy groups (p values = 0.03). No significant 
differences in the lateral or sagittal direction 
were seen among the three groups when 
comparing standing on one leg. There was a 
significant difference, however, in the standing 
time in the one-leg standing test of the vascular 
group when compared with the trauma and 
healthy groups (p values ranging from 0.0009 to 
0.02). In contrast to the vascular group, all 
subjects in the trauma and healthy groups from 
48 to 59 years could stand on the healthy leg for 
30 seconds when looking straight ahead, and 
from 60 to 79 years they could stand for 5 
seconds. None in the vascular or trauma group 
older than 80 years could stand on the healthy 
leg for 5 seconds. The standing balance of the 

vascular amputees was found to be inferior to 
that of the trauma amputees. In conclusion, 
vascular and trauma trans-tibial amputees 
should not be considered as an entity in test 
situations or rehabilitation programmes. 

Introduction 
In physiotherapy early rehabilitation of the 

leg amputee comprises exercises in one-leg 
standing. Not until the patient is fitted with a 
prosthesis is training in standing and walking on 
both feet possible (Moncur, 1969). 

In Northern Europe, 85% of the amputations 
are performed because of vascular disease with 
or without diabetes mellitus, the rest are 
because of trauma, tumours or congenital 
deficiency (Murdoch, 1984). Many of the 
vascular amputees have concomitant diseases 
reducing their chances of regaining their 
balance while standing and of becoming a user 
of a prosthesis (Hansson, 1964; Levine, 1984). 
Smoking is a well-known factor affecting the 
course of vascular disease (Liedberg and 
Persson, 1983). The vascular amputee has a 
lower success rate in prosthetic fitting than 
other groups of amputees, and female vascular 
amputees have a higher failure rate than males 
in using the prosthesis (McKenzie, 1953). Due 
to the systemic disease, the vascular amputee is 
generally older than 50 years at the time of 
amputation in contrast to the trauma amputee 
who usually is younger, with men being 
predominant (Hansson, 1964). 

Sway is a measurement of standing balance 
(Begbie, 1969; Brocklehurst et al., 1982; 
Mathias el al., 1986). Many reports have 
described sway as being related to age 
(Brocklehurst et al., 1982; Dornan et al., 1978; 
Ekdahl et al, 1989; Ekdahl and Andersson, 
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1989; Fernie et al., 1978; Overstall et al., 1977; 
Sheldon, 1963) and sex (Ekdahl et al., 1989; 
Ekdahl and Andersson, 1989, Juntunen et al., 
1987; Overstall et al., 1977; Yoshida et al., 
1983) in healthy subjects. Vision influences 
sway (Jarnlo and Thorngren, 1991; Pykko et al., 
1990) and this has by some authors been shown 
to be of particular importance when the 
somatosensory information is reduced as in leg-
amputees (Dornan et al., 1978; Fernie et al., 
1978; Guerts et al., 1992; Holliday et al., 1978) 
though this has not been found by others (Vittas 
et al., 1986). In a recent investigation, male 
trans-tibial amputees with diabetes mellitus 
were found to sway more than healthy subjects, 
with eyes either open or closed when standing 
on both feet (Isakov et al., 1992). Medication is 
likely to influence sway, but has not been 
proven to do so (Brocklehurst et al., 1982; 
Overstall et al., 1977). 

Timed balance tests are related to age in the 
same way as sway (Bohannon et al., 1984). In 
the literature various time limits such as 30 
seconds (Bohannon et al., 1984; Ekdahl et al., 
1989; Ekdahl and Andersson 1989) and 60 
seconds (Brocklehurst et al., 1982; Dornan et 
al., 1978; Fernie et al., 1978) have been used to 
test the ability to stand on both feet with eyes 
open or closed. Standing on one leg while 
looking straight ahead for 30 seconds was 
regarded as normal for healthy subjects up to 
the age of 54 by Ekdahl et al. (1989), while a 
time limit of 5 seconds for this test was 
considered to be adequate by Bohannon et al. 
(1984) for healthy subjects from 60 to 69 years. 

Most studies concerning standing balance in 
leg-amputees have been carried out with regard 
to the level, irrespective of the cause of the 
amputation. Thus, there is a lack of knowledge 
as to whether the standing balance in vascular 
amputees differs from that of other amputees 
and little interest has been shown in the one-leg 
standing of the leg amputee. In this study the 
authors have focused on the standing balance 
during quiet stance in leg amputees, measured 
as sway and standing time both on one and two 
legs. 

The aim of the study was to compare postural 
function in standing in two groups with 
unilateral trans-tibial amputations for either 
vascular disease or trauma and to compare the 
results of the two groups with the results from a 
group of healthy subjects. 

Subjects and methods 
Subjects 

The criteria for inclusion in this study were: 
unilateral trans-tibial amputation for either 
vascular disease or trauma with an age of 48 
years and above at the time of investigation; no 
major sight problems (with glasses if needed); 
ability to talk and write in Swedish and to be 
able to walk indoors with a prosthesis without 
using a walking aid. 

A total of 36 patients fitted with a prosthesis 
at the Orthopaedic Workshop at the Helsingborg 
Hospital, Sweden, fulfilled the inclusion criteria 
and were asked to participate in the study. All 
the men in the vascular group and all the 
women in the vascular and trauma groups 
selected agreed to participate. Two men in the 
trauma group were unwilling to take part in the 
study and one man was excluded due to drug 
abuse. 

Vascular amputee group. Included in the 
study were 18 subjects (6 women, 12 men; 
mean age = 68.8 years, SD = 12.0, range = 48-
87 years). The mean age of the women was 71.8 
years (SD = 15.0, range = 51-87), and of the 
men 64.7 years (SD = 10.6, range = 48-82). 
Mean time since the amputation was for the 
women 5.0 years (SD = 4.7, range = 2-14) and 
for the men 7.0 years (SD = 5.7, range = 0-18). 
Half of the women and one third of the men in 
the vascular group had diabetes mellitus. 
Concomitant diseases among the women were 
hypertension in 3 cases and among the men, 
gastric ulcer in 1 case and varicose ulcer of the 
healthy leg in another. In addition, 1 woman 
and 2 men had a big toe amputation on the 
healthy leg. Concerning pharmacological 
treatment, 5 of the 6 women and 6 of the 12 
men were on antihypertensives and/or 
analgesics; 1 woman and 1 man were on 
antihypertensives, analgesics and sedatives; 1 
man was on antacids and 4 were not on drugs at 
all. Three men considered their hearing to be 
bad, but this was not evident at the clinical 
investigation. Further characteristics of the 
vascular group are shown in Table 1. 

Trauma amputee group. Included in the study 
were 18 subjects (3 women, 15 men; mean age 
= 63.9 years, SD = 10.0, range = 48-82 years). 
The mean age of the women was 57.0 years (SD 
= 7.8, range = 48-62), and of the men 65.3 years 
(SD = 10.0, range = 48-82). Mean time since 
the amputation and the first prosthesis was for 
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the women 11.3 years (SD = 11.0, range = 4-
24) and for the men 36.3 years (SD = 19.4, 
range = 5-62). Concomitant diseases among the 
women were thyroid enlargement in 1 case and 
hypertension in another. Among the men, 2 had 
asthma and 1 had both cardiac insufficiency and 
chronic bronchitis. Two men had had 
myocardial infarction and another had had a 
minor stroke more than one year previously but 
they were all back to normal again without any 
sequelae. Concerning pharmacological 
treatment, 1 woman and 6 men were on 
antihypertensives and/or analgesics; 1 man was 
on antihypertensives, analgesics and sedatives; 
1 woman was on thyroid hormone medication 
and I man was on anti-asthmatic inhalation 
medication; 1 woman and 7 men were not on 
drugs at all. Two men considered their hearing 
to be bad, but this was not evident at the clinical 
investigation. Further characteristics of the 
trauma group are shown in Table 1. 

Healthy reference group. The vascular and 
trauma amputee groups were matched for age 
with a group of 27 healthy persons (8 women, 
19 men; mean age = 69.6 years, SD = 9.8, range 
= 48-86). The mean age of the women was 71.8 
years (SD = 11.2, range = 52-86), and of the 
men 68.7 years (SD = 9.4, range = 48-82). The 
criteria for inclusion in this group were feeling 
healthy, taking no medicine and having 
experienced no problems with standing balance. 
All the subjects selected according to these 
criteria agreed to participate. Further 

characteristics of the healthy group are shown 
in Table 1. 

Methods 
Force platform. A stable force platform 

(Kistler) in the Vifor system was used for the 
data collection (Lanshammar, 1991). The 
standing balance was measured with 50 samples 
per second during 30 seconds, after which a 
summary of the measurement was displayed on 
the screen connected to the force platform. This 
summary contains a graphic illustration of the 
variations as standard deviations of the position 
of the centre of pressure on the platform. 
Parameters shown on the summary picture for 
the test battery: S(x), S(y) = the standard 
deviations of the sway amplitudes (mm) in the 
lateral and sagittal directions, respectively. 
During the test battery standing time (ms) was 
recorded simultaneously on the screen 
(Lanshammar, 1991). 

Standing balance. The standing balance test 
was carried out according to the test battery of 
Ekdahl et al.. (1989), earlier shown to be 
satisfactorily valid and reliable. Every test was 
performed three times for a period of 30 
seconds, in order to obtain the best performance 
from each person and according to increasing 
degree of difficulty. The recording with the 
smallest sway amplitude from the three tests 
was chosen. Standing blindfolded on one leg 
was found to be too difficult in a pilot test and 
for that reason was excluded. During the 

Table 1. Characteristics for the groups studied. 
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following tests all persons had their ordinary 
walking shoes on. 

Test I: Standing with feet close together, 
looking straight ahead and with arms hanging. 

Test II: Standing blindfolded in the same 
position as in Test I. 

Tests III and IV: Standing on one leg. For the 
leg-amputees: first the sound leg (Test III) and 
then the leg with the prosthesis (Test IV). For 
the healthy subjects: first the right (Test III) and 
then the left leg (Test IV). All looking straight 
ahead and with arms hanging. Compensatory 
movements of the arms and the lifted leg were 
accepted in Tests III and IV. 

Questionnaires. Before the tests for postural 
function, the subjects were asked to fill in a 
questionnaire about sight (normal/slight 
impairment), hearing (normal/slight 
impairment/bad), smoking habits (yes/ex-
smokers/non-smokers), concomitant disease 
(yes/no) and medication (yes/no). For the leg-
amputees, additional questions were asked 
about time since the amputation (years), side of 
amputation (right/left), stump pain (yes/no), 
phantom sensation (yes/no), phantom pain 
(yes/no) and if they used any walking aids 
outdoors (yes/no). 

Statistics. When overall significance testing 
was performed, that is, when all three groups 

were compared, the Kruskal-Wallis test was 
used (Siegel and Castellan, 1988). All pairwise 
comparisons were analysed using the Wilcoxon 
Rank Sum test and the within group 
comparisons were analysed with the Wilcoxon 
Signed Rank test (Siegel and Castellan, 1988). 
Analysis of covariance was used to investigate 
whether the year since amputation or phantom 
sensation had any influence on Tests I, II and III 
(Berenson et al., 1983). The Chi-square test was 
used to analyse 2*2 tables (Pocock, 1983). The 
significance level was set to 5%, a two-sided 
test. The statistical software used in the analysis 
was SAS Version 6.08. 

Results 
There were no sex or age differences between 

the vascular, trauma and healthy groups. Thus, 
the results are presented for women and men 
together. A longer period of time since the 
amputation (p = 0.0001) and a lower frequency 
of phantom sensation (p = 0.0001) among the 
trauma amputees were the only characteristics 
showing significant differences between the 
vascular and trauma groups, but these were not 
found to affect the results of the test battery. 
There were no significant differences between 
the three groups concerning the characteristics 
in common. 

Table 2. Sway and standing time. Means, standard deviations and frequency of success at performing the tests for the 
vascular, trauma and healthy groups. 

Abbreviations: S(x), S(y) = standard deviations of the sway amplitudes (mm) in the lateral and the saggittal directions, 
respectively. 

Test I = standing on both feet looking straight ahead; 
Test II = standing on both feet blindfolded; 

Test III = standing on the healthy leg for the amputee groups/the right leg for the healthy group; 
Test IV = standing on the prosthetic leg for the amputee groups/the left leg for the healthy group 
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Standing balance on two legs 
Sway. Means, standard deviations and 

frequency of success in performing the tests 
included in the test battery are presented in 
Table 2. There were significant differences 
between the three groups, concerning the sway 
amplitudes in the lateral (p = 0.02) and the 
sagittal (p = 0.04) directions when looking 
straight ahead, but only in the lateral direction 
when blindfolded (p = 0.02). In both test 
situations, all amputees together and the 
vascular group separately had a significantly 
increased sway in the lateral direction (p values 
ranging from 0.003 to 0.02) compared with the 
healthy group (Table 5). In the sagittal 
direction, the trauma amputees had a 
significantly decreased sway (p = 0.03) when 

looking straight ahead compared with the 
vascular and healthy groups. 

Standing time. There were no dropouts in the 
two-leg standing test looking straight ahead for 
30 seconds (Table 2) and there was no 
significant difference in standing time between 
the three groups. When blindfolded, the five 
dropouts in the vascular group were two women 
(85 and 88 years) and one man (83 years) who 
stood less than 15 seconds, one man (65 years) 
who stood less than 5 seconds and one woman 
(78 years) could not stand at all on both feet 
when blindfolded (Table 3). The only dropout 
in the trauma group was a man (82 years) who 
was unable to stand for a single second on both 
feet blindfolded. There was a significant 
difference between the three groups concerning 
the standing time when blindfolded (p = 0.002). 
All amputees together (p = 0.04) and the 
vascular group separately (p = 0.004) had a 
significantly shorter standing time compared to 
the healthy group (Table 5). The vascular 
amputees had a significantly shorter standing 
time than the trauma amputees (p = 0.02). No 
such difference was seen when comparing the 
trauma amputees with the healthy subjects. 

Standing balance on one leg 
Sway. No significant differences in the lateral 

or sagittal directions were seen between the 
three groups when comparing standing on one 
leg. Due to complete failure to stand on the 
prosthetic leg for 30 seconds in all patients, a 
comparison with the prosthetic leg could not be 
carried out. 

Standing time. The minimum standing time 
on one leg for the subjects between the age of 
40 and 59 was for the healthy subjects 30 
seconds for the right as well as for the left leg, 

Table 3. Standiag time. Frequency with respect to 
standing time in seconds for the vascular, trauma and 

healthy groups during the tests for 30 seconds. 

Table 4. One-leg; standing and age. Distribution of frequency according to age in decades for the standing time in seconds 
looking straight ahead on the healthy leg for the vascular and trauma groups (Test III) and for the right and left leg, 

respectively, for the healthy group (Tests III-IV). 
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30 seconds for standing on the healthy leg for 
the trauma amputees and 20 seconds for the 
vascular amputees (Table 4). Of the subjects 
aged 60 to 69 years, all in the healthy group 
could stand for 5 seconds. In the trauma group 
only one woman failed and in the vascular 
group three men failed to stand on the healthy 
leg. Between the age of 70 and 79 years all the 
healthy subjects could stand for 5 seconds, 
except one woman who failed to stand on the 
left leg. In the trauma group one man failed to 
stand for 5 seconds, and in the vascular group 
only one man succeeded in standing on the 
healthy leg. When reaching the age of 80 to 89 
years, all of the amputees failed to stand for 5 
seconds. In the healthy group two women failed 
to stand on the right leg and one woman and 
one man failed to stand on the left leg. There 
was a significant difference between the three 
groups when standing on one leg (p = 0.002). 
Significantly shorter standing time was found 
when comparing all amputees together (p = 
0.02) and the vascular group separately (p = 
0.0009) with the healthy group as well as for the 
vascular amputees compared with the trauma 
amputees (p = 0.02) (Table 5). No such 
difference was seen when comparing the trauma 
amputees with the healthy subjects. 

One man in the vascular group succeeded in 
standing on the prosthetic leg for 17 seconds 
and one woman in the trauma group succeeded 
in standing for 11 seconds. They were both 48 
years. The one-leg standing on the prosthetic 

leg showed no significant difference between 
the vascular and trauma amputees. 

Comparison of sway amplitudes when 
standing on both feet looking straight ahead 
and blindfolded 

All the amputees, separately or together, and 
also the healthy subjects, increased their sway 
amplitudes in the lateral and the sagittal 
direction when blindfolded, compared to 
looking straight ahead in the two-leg standing 
test (p values ranging from 0.0002 to 0.05). 
None of the three groups had a significantly 
larger increase in the sway when blindfolded. 

Discussion 
The test battery of standing balance proved to 

discriminate between vascular and trauma 
amputees. The vascular amputees in this study 
represent the total population of the vascular 
amputees in the Helsingborg and Landskrona 
Health Care District in Southern Sweden who 
passed the inclusion criteria. The youngest in 
the vascular group was 48 years. In order to 
make a comparison with the trauma amputees in 
the same district, trauma amputees 48 years and 
older were included. The distribution of men 
and women among the amputee groups 
corresponds well to the proportion reported 
earlier in the literature (Hansson, 1964; Levine, 
1984; McKenzie, 1953). 

The results of this study show an increase in 

Table 5. Within group differences (p values) for the variables of mean sway amplitude in the lateral and sagittal direction 
(x, y) and the standing time in Tests I-IV. 
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the sway in tians-tibial amputees and healthy 
subjects when blindfolded compared to looking 
straight ahead in the two-leg standing test. All 
trans-tibial amputees showed an increase in the 
lateral sway in the two-leg standing test when 
looking straight ahead or blindfolded, compared 
to the healthy subjects. Trans-tibial amputees 
have earlier been found to sway more than 
healthy subjects when standing with eyes open 
or closed (Fernie et al., 1978; Isakov et al., 
1992). Variations in foot position affect the 
measurements of standing balance (Kirby et al., 
1987) thus maldng comparisons with the result 
of these studies difficult (Fernie et al., 1978; 
Isakov et al., 1992). Vittas et al.. (1986) found 
trans-tibial amputees for vascular disease and 
trauma, men and women between 16 and 59 
years, to have a reduced sway in both 
directions, and men above 59 years to have a 
limited sway in the sagittal direction, compared 
to healthy subjects when standing for 60 
seconds with their eyes closed. This is partly in 
agreement with the findings of the present study 
and further discussed below. 

When comparing the vascular and the trauma 
amputees separately, when standing on both 
legs, the sway amplitude of the trauma amputees 
in the sagittal direction was decreased compared 
to the healthy subjects, when looking straight 
ahead, while the vascular amputees showed 
increased postural sway in the lateral direction 
in both test situations compared to the healthy 
subjects. An increased sway in the lateral 
direction compared to the sagittal direction in 
elderly persons, was reported by Jarnlo and 
Thorngren (1991) as a possible sign of 
decreasing balance capacity. The men above 59 
years in the study of Vittas et al. (1986) were 
also found to have a limited sway in the sagittal 
direction. They thought the reduced sway to be 
caused by the relatively stiff ankle of the 
prosthesis and the fact that the healthy leg only 
needs slight muscle movements to maintain 
balance. 

No significant differences in the lateral or 
sagittal directions were seen between the three 
groups when comparing the sway amplitudes 
while standing on one leg. But the decreased 
balance capacity of the vascular amputees, 
reflected as increased postural sway in the 
lateral direction when standing on both feet, 
compared to the healthy subjects as mentioned 
previously, is now shown in the significant 

difference in standing time when compared with 
the trauma and healthy groups. This is caused 
by the many dropouts in the vascular group of 
all ages. 

Not being able to stand with feet together, 
eyes open or closed, for 30 seconds was 
considered abnormal for subjects younger than 
79 years by Bohannon et al. (1984). As the 
dropouts in the vascular and trauma groups 
were on the whole older than 79, the authors are 
inclined to say that a standing time of 30 
seconds did not discriminate the amputees from 
the healthy subjects. Ekdahl and Andersson 
(1989) also came to this conclusion when 
comparing subjects with rheumatoid arthritis 
with healthy subjects. 

Standing on one leg for 30 seconds with 
subjects between the age of 48 and 59 years 
caused dropouts exclusively among the vascular 
amputees. The standing capacity of the trauma 
amputees was quite up to the standard of the 
healthy subjects in this age group. No 
comparison can be made with others regarding 
the amputees, as the one-leg standing test has 
not been reported for amputees previously. The 
results obtained from the healthy subjects were 
in accordance with the findings of Ekdahl et al. 
(1989). 

As the healthy subjects in this study were 
standing with their shoes on and were allowed 
to move their arms when standing on one leg, 
the time limit of 5 seconds could be considered 
adequate for the healthy subjects from 70 to 79 
years as well as for this test. Still, the trauma 
amputees kept pace with the healthy subjects 
while the vascular amputees had some failures. 
In theory, the authors think it could have been 
possible for the trauma amputees to have had a 
better standing balance on the healthy leg than 
the healthy controls, but this study did not show 
that. 

Considering the loss of the calf muscles, 
standing on the prosthetic leg cannot be 
recommended as a test of standing balance in 
amputees. However, the authors found it 
interesting to investigate as it has not been 
reported on previously. 

One man in the vascular group and one man 
in the trauma group were on sedatives. Both 
failed in the one-leg standing test. The trauma 
amputee was the only dropout of a total of three 
in the trauma group between 70 and 79 years, 
while the vascular amputee did not affect the 
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result of the vascular group in this age range. 
The authors are inclined to say that in 
agreement with the findings of Brocklehurst el 
al. (1982) and Overstall et al. (1977) 
medication has not been proven to influence 
standing balance. 

At the age of 80 and above, all the amputees 
failed to stand on the healthy leg for 5 seconds 
with even the healthy subjects starting to show 
dropouts. This is worth noting as the age group 
of 80 years and older at amputation for vascular 
disease in the south of Sweden has been found 
to be the only age group showing an increase 
(Eneroth and Persson, 1992). 

In the literature there is some disagreement as 
to whether women (Overstall et al., 1977; 
Yoshida et al., 1983) or men (Ekdahl et al., 
1989; Ekdahl and Andersson 1989; Juntunen et 
al., 1987) show greater postural sway. There 
are, however, methodological differences that 
could affect the results of these measurements. 
It would be interesting to see in an extended 
study, whether the poor success of prosthetic 
fitting in female vascular amputees in the 
present study could be explained by a lower 
balance performance, compared to male 
vascular amputees. 

As the vascular amputees showed a decreased 
balance capacity measured as standing time 
compared with the healthy subjects and the 
trauma amputees in the one-leg standing test, it 
may be argued that this difference could be 
explained by the vascular disease. Further 
studies will concentrate on the effect of specific 
training in the one leg standing of the vascular 
amputee in connection with the amputation. In 
addition, the possibilities of the vascular 
amputee becoming a user of a prosthesis will be 
investigated. 

To conclude, the standing balance of the 
vascular trans-tibial amputees was found to be 
inferior to that of the trauma trans-tibial 
amputees. Consequently, vascular and trauma 
trans-tibial amputees should not be considered 
as an entity in test situations or rehabilitation 
programmes. 
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Four-bar linkage prosthetic knee mechanisms: 
kinematics, alignment and prescription criteria 
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Introduction 
Four-bar linkage knee mechanisms for the 

trans-femoral amputee are widely available, but 
although they may offer functional advantages 
to certain amputees, they are fitted in a limited 
number of cases. It may be assumed that one 
reason for this is that persons responsible for 
prescription and fitting may not be familiar with 
the kinematic characteristics and possible 
advantages of such mechanisms and are 
reluctant to use a device which they do not 
understand completely. 

This paper will describe the kinematics of 
several types of four-bar mechanisms, and 
discuss the differences and prescription criteria 
for three different classes of four-bar linkage 
mechanisms currently available for fitting to 
amputees. Before beginning the discussion of 
four-bar prosthetic knees, it will be helpful to 
review some fundamental concepts. 

The load line 
The line along which the equivalent single 

load force acts on a weight-bearing prosthesis 
seldom, if ever, acts along a line directed from 
the hip joint to the ankle. Neither does it, in 
general, act from a single point at the level of 
the socket brim to the centre of pressure on the 
sole of the foot. The location and direction of 
the load line can be measured by a force plate 
during walking and it is constantly changing its 
location and direction with respect to the 
geometric long axis of the prosthesis (or 
anatomical long axis for the non-amputated 
side). 

The direction of the load line as seen from 
the medial or lateral side for a trans-femoral 
amputee is directly related to the stability of the 
prosthetic knee. When the load line passes 
anterior to the knee joint axis the prosthetic 
knee is forced into full extension against the 
extension stop. In order for the knee to flex 
while bearing weight at push-off the load line 
must shift to a position where it passes posterior 
to the knee centre. The amputee can actually 
control the direction of the load line as seen in 
the mediolateral view by active use of the 
flexion-extension musculature about the hip 
joint of the stump. This leads to the concept of 
"voluntary control of knee stability" which is of 
particular interest in the design and use of 
certain four-bar or other polycentric knee 
mechanisms. The same concepts are also 
important to any trans-femoral amputee using a 
non-locked single axis knee. A trans-femoral 
amputee with a weak hip who is unable to exert 
the necessary muscle effort would obviously 
have greater difficulty in maintaining knee 
stability without dramatic changes in alignment 
stability or installing a brake type mechanism. 

A lesson in basic engineering mechanics may 
help to explain how the muscle moments 
exerted by the amputee influence the direction 
of the load line. Consider the schematic 
diagrams of Figure 1. An outline of a trans-
femoral prosthesis is shown in Figure 1(a) at 
heel contact, the most critical period of the 
stance phase for knee security. The upper 
reference point is arbitrarily selected at the hip 
joint which allows the analysis to proceed 
without considering the manner of socket 
fitting. In diagram (a) a prosthesis is shown at 
the instant that weight bearing begins. In this 
case the amputee is not exerting an extension 
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moment about the hip and the load on the 
prosthesis would be a direct thrust from hip 
joint to heel contact point. In diagram (a) the 
"load l ine" passes behind the knee centre and 
the knee would buckle under load. What is the 
mechanism by which the knee is made secure so 
that it will not buckle? 

Consider Figure 1(b). In this case the 
amputee is exerting an extension moment about 
the hip. This lends to drive the heel into the 
ground and the ground pushes back on the heel. 
Since Newton 's law states "action = reaction", 
the result is a second component of force acting 
forward on the heel and the load line inclines in 
front of the knee centre giving a stable knee. 

This phenomenon can also be explained by 
considering the: combination of joint force and 
extension moment acting at the hip joint. 
Consider Figures 1(b) and (c). One may replace 
the hip extension moment M in (b) by a pair of 
equal and opposite forces of magnitude F 
separated a distance D which has the same 
extension moment as M, i.e., M = (D) x (F). 
This pair of forces F1 arid F 2 are now placed on 
diagram (c) in a position such that F 2 is in-line 
with the actual force F. The moment M has 

been replaced hypothetically by the forces F, 
and F 2 offset by the distance D and the forces F 
and F 2 cancel each other. The equivalent 
inclined load line from the heel would pass 
ahead of the hip joint by the distance D. F1 and 
the heel force F act along the same load line. 

This variable location of the load line during 
the dynamic events of the stance phase of a 
walking cycle make the definition of a "load 
line", which can be drawn or visualized on a 
lower limb prosthesis, dependent on knowing 
the complete set of forces and moments acting 
on the prosthesis at each phase of the walking 
cycle. In the standing at rest position, it also 
requires more data than is available to the 
prosthetist and many assumptions would have 
to be made. It is therefore best to leave the 
concept of an exact load line to laboratories 
with the instruments to measure it and use a 
"vertical reference l ine" to describe the 
geometry of a lower limb prosthesis relative to 
this line. 

Bench alignment vertical reference lines 
A vertical line, or plumb line, is the reference 

line used by prosthetists for the "bench 

Fig. 1. A single force F, acting along the load line L is equivalent to force F and moment M acting about the hip of 
trans-femoral amputee. 
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alignment" of the prosthesis. This line is used to 
assemble the components of the prosthesis such 
that the prosthesis will provide stability in 
weight bearing during the first walking trials 
when fitted to the amputee. It is anticipated that 
small changes in the bench alignment settings 
will be made during the first walking trials, a 
procedure known as "dynamic alignment". With 
careful bench alignment, the changes during 
dynamic alignment should be small, and 
necessary only to fine tune the prosthesis for the 
needs of an individual amputee. 

The German bench alignment system 
In Germany, and some other European 

countries, a bench alignment system is often 
used which shows the prosthesis in a reference 
position corresponding to the highest position of 
the hip joint as the amputee rolls over the ball of 
the foot in the stance phase. This results in a 
vertical reference line which extends downward 
from the hip joint (sometimes assumed to pass 
through the centre of stump cross-sectional area 
at the brim level) to approximately the mid-
length point of the foot. The bench alignment 
procedure involves specifying offsets to locate 
the knee joint centre and ankle joint centre 
posterior to this vertical reference line. This 
system was developed over 50 years ago and 
was considered necessary to account for the 
large number of knee and foot mechanisms used 
in Germany. Each knee-foot combination has a 
specific pair of offsets. 

The reference position, with the foot assumed 
to be bearing weight on the ball of the foot, also 
requires the incorporation of a specific air space 
under the heel (the "safety factor") for each 
style of foot. The illustrations used show an 
exaggerated heel height similar to a cowboy 
boot. This is not the heel height for the shoe but 
the sum of the heel height plus the safety factor. 
The safety factor improves the stability of the 
knee at heel contact during walking since it is 
equivalent to plantar flexion of the foot during 
bench alignment. 

The U C Berkeley bench alignment system 
A t the Biomechanics Laboratory, University 

of California at Berkeley, comparative studies 
in 1964 of the European bench alignment 
system with the then commonly used TKA line 
(Trochanter-Knee-Ankle vertical reference line 
as seen from the lateral side) concluded that the 

actual optimal alignment obtained was very 
similar, particularly for single-axis knee 
mechanisms. The major source of difference 
was the difficulty in locating the trochanter or 
upper reference point relative to the upper 
socket brim. Note that to locate the trochanter 
relative to the socket brim the amputee must be 
present and fitted into the socket. Rotation 
contracture of the femur relative to the pelvis or 
the presence of excessive soft tissues can cause 
significant error in location of the trochanter 
point on the socket. 

A new system was adopted which did not 
depend upon the location of the trochanter but 
arbitrarily used the Bisector of the Medial Brim 
(BMB point) as the upper reference point on the 
medial socket brim. This point can be located 
accurately and easily on a typical quadrilateral 
shaped trans-femoral socket and does not 
require that the amputee be present. If the 
socket deviates from a quadrilateral shape, the 
centre-of-area at the brim level can be projected 
to the medial wall of the socket as a reasonable 
approximation. 

As viewed posteriorly the upper reference 
point on the socket is the point of contact of the 
tuberosity of the ischium. This point can be 
estimated by palpation of the point of contact of 
the ischium relative to the socket brim. 
Fortunately this point need not be located as 
accurately as the BMB point and a good 
approximation is usually adequate for bench 
alignment. This point is used to estimate the 
outset of the foot relative to the socket. The 
outset of the foot can vary from a negative 
value for very active walkers with a long stump 
to a positive 5 cm (2 in) or more for very short 
stumps. A positive outset is required whenever 
the amputee is not capable of using the stump 
for lateral stability and must bring the load line 
as seen posteriorly to a position which passes 
close to the hip joint. 

In the Berkeley system the alignment of the 
prosthesis is referred to lines drawn on the 
medial and posterior sides of the prosthesis. The 
vertical reference line is the centre line of the 
shank pylon tube and the medial side of the 
prosthesis is much more convenient for viewing 
an extension of the shank tube centre line from 
above or checking the alignment by use of a 
plumb bob in a vertical fabrication jig. The 
vertical reference line, in both posterior and 
medial views of the prosthesis, becomes the 
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reference for offsets or angles for alignment of 
foot, knee, and socket during bench alignment. 
At Berkeley the use of endo-skeletal systems 
with aluminium tubing as the shank structure 
and the SACH (Solid Ankle Cushion Heel) foot 
without ankle joint was the preferred system 
dating back to the 1950s. It was convenient to 
use the centre of the shank pylon as the vertical 
reference line and refer the heel lever arm and 
forefoot lever arm for the foot, knee centre 
anterior-posterior location, the socket flexion 
and adduction, and the anterior-posterior 
location of the socket at the brim level to this 
line. The recent popularity of a variety of endo-
skeletal systems and energy return feet without 
ankle joints clearly makes the use of the shank 
pylon centre line the system of choice for the 
vertical reference line. 

Comparison of the German and Berkeley 
reference positions 

As a demonstration that good bench 
alignment can be achieved using either the UC 
Berkeley system or the German system, the two 
systems are compared in Figure 2. This 
illustration is similar to one developed during 
the 1964 studies by the Danish prosthetist, Erik 

Lyquist, while he was a visiting research 
prosthetist at the UC Biomechanics Laboratory. 
Note that the same basic diagram is used in both 
cases. The only difference is the reference 
position. The Berkeley system is much easier to 
check in the vertical alignment jig or by use of a 
plumb bob with the completed prosthesis. 

Bench alignment as viewed in the anterior-
posterior direction 

Many modern lower limb prosthesis systems 
incorporate built-in alignment devices which 
allow changes in the angle of the foot relative to 
the shank tube, angular changes between knee 
mechanism and shank tube at the proximal end 
of the tube and angular (and sometimes 
translational) adjustments between knee 
mechanism and the distal end of the socket. 

Given such a plethora of adjustments, the 
prosthetist is often tempted to use them all. All 
can be useful in certain circumstances, but it 
must be recognised that in some cases too many 
adjustments can cause conflicting results and 
often do more harm than good. Figure 3 shows 
medial and posterior views of typical bench 
alignment settings using the UC Berkeley system 
for a single axis knee mechanism (without a 

Fig. 2. Bench alignment - medial view comparison of German and UC Berkeley systems. 
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brake or hydraulic stance control) and a SACH 
foot (with soft heel cushion) for amputees with 
short, medium, and long stumps. Only minor 
changes from these guidelines should be required 
if the amputee is fitted comfortably and has good 
control of the prosthesis through his or her 
stump-socket fitting. 

Increasing knee-stability during dynamic 
alignment 

The proper way to increase the "alignment 
stability" of the knee is to increase the posterior 
offset of the knee centre relative to the vertical 
reference line. In modular endo-skeletal systems 
this dimension is set by the manufacturer and 
built into the hardware. This makes it necessary 
to check the posterior offset for the knee 
mechanism being fitted. The vertical reference 
line dropped from the bisector of the medial 
brim (the BMB point) should pass a minimum 
of 6 mm (¼ in) ahead of a single-axis knee 
centre as viewed from the medial side. 
Remembering that the knee bolt is typically 
rotated externally about a vertical axis by 
approximately 5 degrees, the knee centre as 

viewed from the lateral side would be more than 
6 mm (¼ in) posterior, perhaps as much as 12 
mm (½ in). 

During dynamic alignment the prosthetist can 
increase knee stability by increasing the 
posterior offset of the knee axis using the 
following two-step procedure: 
1. Extend the socket a small amount in 

approximately one degree increments using 
the adjustable coupling between socket and 
knee. 

This will shift the upper reference point at 
the brim of the socket forward approximately 
6 mm ¼ in) per degree of socket extension. 
After the adjustment the amputee must bring 
the upper reference point back to the 
standing position by a posterior rotation 
about the point of support on the foot which 
will result in a decrease in the air space 
(safety factor) previously set during bench 
alignment. 

2. Plantar flex the foot a small amount using 
the adjustable coupling at the ankle. 
The plantar flexion adjustment will restore 

the air space to the desired amount. The final 

Fig. 3. Typical bench alignment for varying stump length UC Berkeley system. 
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result will be a posterior shift of the knee axis 
with minimal disturbance of the desired socket-
foot relationship. 

The amount of forward shift (S) of the BMB 
point per degree of socket extension (E) for a 
given BMB-knee dimension (D) can be 
computed easily using the following formula: 

S = (D)(E)/57.3 
For example to find S, given D = 380 mm 
(15 in), E = 1 degree 
S = (380)(1)/57.3 = 6.6 m m (0.26 in) (per 
degree of extension) 
where 57.3 is the factor for conversion of 
degrees to radians 

Therefore, it is apparent that small changes in 
the socket angle can have a major effect on the 
posterior offset. The compensating angular 
change at the ankle would be somewhat smaller. 
Assuming a length (L = 760 mm (30 in)) from 
BMB to ankle, the angular change (A) at the 
ankle would be computed from the formula: 

A = 57.3(S)/(L) 
A = 57.3(6.6)/(760) = 0.50 degrees plantar 
flexion 

To decrease the built-in offset, the socket is 
flexed a small amount and the ankle is dorsi-
flexed. 

Effect of foot adjustments on knee stability 
It should be emphasized that a bit more 

plantar flexion will probably be welcomed by 
the amputee since it will give more stability at 
heel contact. To achieve the optimal settings 
there are several foot function adjustments that 
will have to be checked with the amputee: 

1. If the amputee complains that heel pressure 
is not felt while standing, have the amputee 
move the foot rearward and stand on the ball 
of the foot. Explain to the amputee that this 
is necessary if dynamic knee stability at heel 
contact while walking is to be achieved 
efficiently. This may require patience, 
practice and retraining, but the result will be 
worth the time and effort. When an air space 
is incorporated into the bench alignment, the 
amputee should not contact the heel on the 
floor when standing at rest. Clearly this 
system is not recommended for bilateral 

trans-femoral amputees. 
2. If the amputee complains of the leg being too 

long, first check the leg length by examining 
the height of the iliac crests and spinal 
curvature with equal weight distribution on 
both feet. If the prosthesis is too long, the 
shank tube may need shortening, the foot 
may have too much air space under the heel, 
or the ankle has been plantar flexed more 
than required for stability at heel contact. 

3. If the amputee complains of lack of support 
on the ball of the foot during roll-over try 
increasing the amount of plantar flexion. 
This is particularly important with energy 
return feet which must store energy by 
deflection of the keel (forefoot) under load. 

In walking, the foot should approach the floor 
in a slightly plantar flexed attitude, the centre of 
pressure should move quickly and smoothly 
forward from the heel to the ball of the foot, and 
the amputee should not have the sensation of 
either "walking over a hill" or "lack of support 
during roll-over". 

The knee will be secure as soon as pressure is 
established on the ball of the foot. Most knee 
instability problems are due to 1) a dorsiflexed 
foot, 2) a stiff plantar flexion bumper, or 3) a 
firm heel cushion action. Any of these factors 
will prolong the time of weight bearing on the 
heel. 

If a SACH foot is used the heel cushion must 
be softer than for a trans-tibial amputee. Use a 
soft grade and ensure the foot is fitted in the 
shoe to allow at least 9 mm (3/8 in) of heel 
compression. An energy return foot should be 
plantar flexed to account for the forefoot 
deflection at push-off. The anterior-posterior 
location of the foot relative to the shank centre 
line would also be important as related to the 
knee centre offset. But again, the foot position 
is usually determined by the mechanical design 
of the foot and the ankle connector. 

In bench alignment the proper location of the 
upper reference point on the socket, along with 
the knee offset, should provide the necessary 
knee stability. Adjustments to knee stability 
should be done first at the foot and ankle. 

A prosthetic foot of any type must provide 
three functions: 
1. Shock absorption at heel contact 
2. Smooth transition to a stable weight bearing 

mode on the ball of the foot 
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3. Smooth transition from stance to swing 
phase 

An energy return foot may be important to 
athletic individuals but is not a necessary 
feature for many amputees. 

The knee-stability diagram 
One way to compare stability characteristics 

of either single-axis or four-bar linkage knee 
mechanisms is to visualize the contribution of 
the residual hip musculature on the amputated 
side to the stability of the knee during the stance 
phase of walking. 

Figure 4 shows schematic diagrams of the 
equivalent forces and moments acting on the 
foot and about the hip joint of a typical trans-
femoral amputee fitted with a single-axis knee 
mechanism. Two diagrams are shown 
corresponding to two phases of the walking 
cycle: (a) heel contact and (c) push off. These 
two diagrams are then superimposed as shown 
in (b). Note that these diagrams would apply to 
any method of socket fitting, assuming that the 
socket is comfortable and allows the amputee to 
exert muscle moments about the hip joint as 

seen from the side. 
Note that the line of the floor reaction force 

does not pass through the centre of the hip joint 
at either heel contact or push off. At heel 
contact, the line of action of the force on the 
heel must pass ahead of the prosthetic knee 
centre in order for the knee to be stable during 
the heel contact - shock absorption phase. The 
amputee actually controls the orientation of the 
force line by actively exerting a small extension 
moment about the hip. 

The same principles apply to the force system 
at push off. At push off the amputee should be 
able to initiate knee flexion for the transition 
into the swing phase without lifting the 
prosthesis from contact with the floor. This is 
accomplished by a flexion moment from the hip 
musculature which has the effect of shifting the 
force line originating at the ball of the foot to an 
orientation which passes behind the knee joint 
centre and would cause the knee to flex. 

If the diagrams of Figures 4(a) and 4(c) are 
superimposed and it is assumed that the 
amputee is capable of exerting the required 
muscular moments about the hip joint, the 
stability diagram shown in Figure 4(b) is 

Fig. 4. Stability diagram — single axis prosthetic knee mechanism. 
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obtained. The cross-hatched area represents an 
area where the knee centre in full extension can 
be located and still maintain the two desired 
characteristics: 1) stability at heel contact and 2) 
ability to initiate knee flexion voluntarily just 
prior to push off. The actual required muscular 
effort on the part of the amputee will vary 
depending on the alignment of the knee joint 
within this V-shaped region. 

The diagrams of Figure 4 have been drawn 
for a typical trans-femoral prosthesis with knee 
stability determined solely by alignment of the 
knee centre. No friction brake mechanism is 
assumed to be incorporated into the knee 
mechanism. Many active trans-femoral 
amputees have the ability to exert muscle 
moments about the hip joint much larger than 
the moments required in Figure 4. It should also 
be obvious that flexion and extension moments 
about the hip are absolutely essential. An 
amputee with a weak hip could not control a 
single-axis knee without a knee brake or lock. 

The instant centre 
The "instant centre", or more properly the 

"instantaneous centre of zero relative velocity", 
is a point where, for a very small change in the 
angle of knee flexion, the thigh section rotates 
about a point on an extension of the shank 
which appears to be temporarily fixed. For 
small angles of relative rotation one could 
imagine a temporary hinge connecting the 
shank and thigh sections at the instant centre. 
For larger angles of rotation the instant centre 
will change its location and a new temporary 
hinge must be imagined. 

For a four-bar linkage knee, the instant centre 
(in any position of knee flexion) can always be 
located at the intersection of the centre lines of 
the anterior and posterior links which connect 
the socket section to the shank section of the 
prosthesis. As the knee flexion angle is 
increased the instant centre takes a series of 
positions which typically trace a path on an 
extension of the shank which progresses 
forward and downward toward the cosmetic or 
anatomical knee centre. 

An elevated and posterior location of the 
instant centre will increase knee stability (see 
the Appendix). With a single axis knee, the 
location of the knee joint is also dictated by 
placing it at an approximate anatomical location 
with good cosmetic appearance while seated 

with the knee at 90 degrees of flexion. A 
properly designed four-bar linkage knee also 
allows the possibility of locating the instant 
centre in full extension in a position within the 
desired stable region of the stability diagram, 
yet which maintains acceptable cosmetic 
appearance at 90 degrees of flexion. Small 
differences in link lengths and pivot locations 
can result in major changes in the kinematic 
behaviour of four-bar linkages, as will be 
discussed in the following paragraphs. 

The knee stability diagram is useful in 
comparing the characteristics of three different 
classes of four-bar linkage prosthetic knee 
mechanisms: 1) the four-bar mechanism with 
elevated instant centre, 2) the hyper-stabilized 
four-bar, and 3) the voluntary control four-bar. 
Each of these three classes of four-bar knee 
mechanisms has a place in the fitting of 
different groups of trans-femoral amputees. 

The f o u r - b a r l inkage wi th elevated ins tan t 
cen t re 

The four-bar prosthetic knee with elevated 
instant centre has been available for many years 
and has the general appearance shown in Figure 
5. It typically has a long anterior link and a 
short posterior link. A four-bar linkage knee of 
this class offers considerable stability at heel 
contact and is of primary benefit to geriatric 
amputees or other amputees with limited ability 
to control stability through active and voluntary 
control using residual hip function on the 
amputated side. Devices of this type can be 
designed to give a variety of functional 
characteristics depending upon the arrangement 
and length of the link lengths, pivot locations, 
and extension stop adjustment. 

The links of the hypothetical device shown in 
Figure 5 have been designed to give extreme 
stability at heel contact by having the instant 
centre for full extension of the knee located 
considerably posterior to the load line at heel 
contact as shown in Figure 2(a). The knee is 
forced into extension and is essentially 
kinematically locked in extension, No hip 
extension moment exerted by the amputee is 
required. 

At push off the hip flexion moment exerted 
by the amputee, with help from the offset load 
on the ischial seat, is easily capable of shifting 
the load line behind the instant centre as 
required to initiate knee flexion. The elevated 
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position of the instant centre has been shown to 
contribute to the ease by which the hip moment 
can maintain a stable weight bearing knee. Thus 
the elevated posterior location of the instant 
centre allows the possibility of initiating knee 
flexion with minimal effort by the amputee. At 
first glance this class of mechanism appears to 
have several advantages for the trans-femoral 
amputee. 

However there are some limitations. All 
classes of four-bar linkage knees can be 
designed to provide a reasonable cosmetic 
appearance at 90 degrees of flexion. Note 
however, that to allow good cosmesis in sitting, 
an elevated instant centre must move downward 
very rapidly with knee flexion, This sudden 
shift of the instant centre does not allow the 
amputee to maintain control of the weight 
bearing knee if the knee flexes a few degrees as 
a result of some unforeseen event. However, a 
knee mechanism with an elevated and posterior 
instant centre in full extension will essentially 
be locked in extension at heel contact. At the 
end of the stance phase, the amputee typically 
initiates knee flexion by initiating swing-
through from the hip after lifting the prosthesis 
from contact with the walking surface. This 

class of knee mechanism has a definite place in 
providing knee stability similar to a locked knee 
for geriatric amputees or other amputees with 
limited physical capability. 

It should be noted that the position of the 
instant centre in full extension is very sensitive 
to small changes in the full extension angle. 
This feature can be used as a means of 
adjustment of the knee stability in full extension 
by small changes in the position of the knee 
extension stop. With proper adjustment the 
initial instant centre location can be moved to 
the desired offset from the vertical reference 
line and serve as simple means of adjusting 
knee stability at both heel contact and push off. 

The hyper-stabilized four-bar knee 
mechanism 

The physical arrangement of the hyper-
stabilized four-bar knee mechanism will often 
be similar to the four-bar with elevated instant 
centre. In this case the kinematic behaviour can 
be dramatically different with only small 
changes in dimensions. Figure 6 shows the 
kinematics of a typical device of this class. Note 
again that the initial location of the instant 
centre, hence the stability at heel contact, can be 

Fig. 5. Stability diagram - four-bar knee with elevated instant centre. 



168 C. W. Radcliffe 

fixed easily by the designer at the intersection 
of the centre lines of the anterior and posterior 
links with the knee in full extension. The 
determination of actual link lengths and initial 
pivot locations which will allow for good 
cosmesis during knee flexion and at 90 degrees 
of flexion is a greater challenge. 

The term "hyper-stabilized" refers to the very 
positive alignment stability built into devices of 
this type. As shown in Figure 6(a), the instant 
centre in full extension is located well behind 
the load line, which, with no hip extension 
moment required, lies close to the hip-heel line 
at heel contact. At push off, even with the 
maximum possible hip flexion moment exerted 
by the amputee, the instant centre is still behind 
the load line and it is not possible for the 
amputee to initiate knee flexion while the 
prosthesis is weight bearing. Again, this class of 
four-bar knee mechanism is of primary interest 
for geriatric or otherwise less active amputees 
who require the equivalent of a knee lock in the 
stance phase of walking. 

It should be noted that an over-stabilized 
prosthetic knee with excessive alignment 
stability can lead to problems for the active 

amputee. There would be many situations 
where activities of daily living will be difficult 
if not impossible due to the inability to flex the 
knee in a controlled manner while weight 
bearing. These activities would include stair and 
ramp descent foot over foot, sitting from a 
standing position in cramped quarters such as a 
theatre seat, entering and exiting automobiles, 
etc. 

The voluntary control four-bar mechanism 
Figure 7 shows a four-bar linkage for which 

the instant centre lies within the stability zone at 
both heel contact and push off. In this case the 
initial elevation of the instant centre is not as 
high as for the linkage of Figure 5 and the 
downward path of the instant centre stays 
somewhat elevated and within the zone for the 
first few degrees of knee flexion. Figures 8 and 
9 show the path of the instant centre for devices 
of this class. Each point on the path is labelled 
with the corresponding angle of flexion of the 
socket relative to the shank of the prosthesis. 

The voluntary control four-bar knee is 
designed to give the amputee the ability not 
only to control knee stability at both heel 

Fig. 6. Stability diagram - hyper-stabilized four-bar knee mechanism. 
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Fig. 7. Stability diagram - Hosmer voluntary control four-bar knee mechanism. 

Fig. 8. Path of instant centre UCBL four-bar polycentric 
knee. 

Fig. 9. Path of instant centre - VC4 Hosmer voluntary 
control four-bar knee. 
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contact and push off, but to have complete 
control of knee stability over a limited range of 
knee flexion. The actual ability to control the 
motion and stability of a flexed knee depends 
upon the physical capabilities of the amputee. It 
is desirable for the amputee to be able to react 
to an event which might disturb the stability of 
the weight bearing knee, particularly at heel 
contact, to arrest the tendency toward 
uncontrolled flexion and voluntarily move the 
knee to a stable position in full extension. As 
the amputee gains experience in the use of a 
voluntary control four-bar prosthetic knee, these 
reactions become almost involuntary since this 
is the way a non-amputee senses and reacts to 
control knee stability. 

Voluntary control of the stance phase 
stability is most important over the first 10 
degrees of flexion from a position of full 
extension. Figure 8 illustrates the path of the 
instant centre for the University of California 
four-bar polycentric knee. This design has been 
extensively tested and the kinematics have been 
shown to offer many advantages to active 
patients with a desire to be aggressive walkers. 
The voluntary control is perceived by the 
patient as a "gliding motion" of the knee block 
forward and backward over the shank with 
controlled flexion and extension of the knee. 
This has been shown to offer benefits in 
controlling stability while the patient walks on 
rough ground, sloping surfaces, or stair descent. 
Other advantages include the ability to bear 
weight on a slightly flexed knee while taking 
short steps around a counter, dancing, playing 
golf, etc. Voluntary control may not be optimal 
for geriatric patients, although devices of this 
type have been fitted successfully to both active 
older patients and active patients with very 
short stumps. 

The path of the instant centre for a voluntary-
control four-bar knee mechanism does not begin 
at the extremely elevated and/or posterior 
position in full extension, as has been shown for 
the other two classes of four-bar mechanisms. 
The full extension location of the instant centre 
is approximately 100 mm (4 in) above and 6 
mm (¼ in) posterior to the vertical reference 
line. This location allows the path of the instant 
centre to move smoothly forward and 
downward with increasing angles of knee 
flexion yet stay in an elevated position within 
the stability zone for as much as 10 degrees of 

flexion. The angles noted at points circled along 
the path of the instant centre indicate the 
corresponding angle of knee flexion. 

The arrangement shown in Figure 9 is a new 
design of a four-bar prosthetic knee, with 
voluntary control characteristics very similar to 
the original University of California model, 
which has been developed by Hosmer-Dorrance 
in cooperation with the author. The new model 
is designed to provide equal or better 
kinematics in a package which is well suited to 
installation in current modular prostheses. The 
original pneumatic swing phase control cylinder 
and two-way valve have been retained with 
minor modifications to allow installation as part 
of the shank structure. 

There are several functional advantages for 
the mechanisms of Figures 8 and 9 which may 
not be immediately apparent: 
1. Ease of slope and stair descent. The 

experienced and active user can descend 
stairs using the "jack-knife" method without 
having to place the heel on the outer edge of 
the stair tread. The technique involves 
placing the foot in the normal position then 
flexing the knee under load and allowing the 
opposite foot to drop down to the next step. 
This can actually be done by locating the 
heel of the prosthetic foot rearward against 
the riser of the step, even with poor 
visability. 

2. Approximately 130 degrees of knee flexion. 
This feature becomes very important in 
entering and exiting automobiles. The 
amputee can sit on the seat then reach down 
and lift the flexed prosthesis into place rather 
than place the extended prosthesis into place 
before sliding into the seat. The extra 
degrees of knee flexion can also be helpful in 
many kneeling activities. 

3. Increased toe clearance during swing phase. 
Rotation about an elevated instant centre 
creates a posterior translation component for 
the motion of the shank-foot which as the 
knee flexes effectively raises the toe of the 
foot more than 25 mm (1 in) higher than 
would be seen with a single axis knee. It is 
virtually impossible to stub the toe of the 
prosthetic foot in level walking. 

Alignment of the voluntary control four-bar 
knee 

The voluntary control four-bar should be 
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aligned in full extension with the soft tabs on 
the extension stop compressed to give contact 
on the firm portion. 

Using the methods of the following 
paragraph will automatically locate the instant 
centre properly. This will give the average 
active patient excellent control of knee stability 
at heel contact. Figure 9 indicates that such a 
location will allow the instant centre to remain 
within the stable region over more than 5 
degrees of flexion. The 90 degree rotation 
centre corresponding to the single-axis or 
anatomical centre is located at the same level 
and slightly behind the upper pivot on the 
anterior link. 

Figure 10 shows the preferred method of 
bench alignment of the socket relative to the 
knee unit. A vertical reference line is shown 
drawn upward through the centre line of the 
shank pylon tubing ending at a point at the 
bisector of the medial brim (the B M B point) of 
a quadrilateral socket. The socket is shown 
flexed approximately 5 degrees. The universal 
socket adapter has been located on the four-bar 
mechanism to anticipate the necessary forward 

location of the distal portion of the socket. 
Regardless of the amount of flexion built into 
the socket, the BMB point must lie on or close 
to the vertical reference line extending upward 
through the shank centre line. A forward shift of 
the socket without a secondary plantar flexion 
adjustment at the ankle will not give a more 
stable knee. Some improvement in standing 
stability may be noted but at the expense of a 
decrease in stability at heel contact while 
walking. If the knee is unstable at heel contact 
the most likely cause is unsatisfactory foot 
function! The prosthetist must always 
remember that a forward shift of the socket is 
perceived by the amputee as a rearward shift of 
the foot! 

The adduction of a socket for a long stump 
will automatically result in a narrow walking 
base as shown in Figure 3. The shorter stump 
will require a wider walking base. In general the 
axes of the mechanism should be parallel to the 
floor and perpendicular to the shank tube. The 
shank tube should be perpendicular to the floor 
in midstance as viewed anteroposteriorly. The 
heel stiffness and lever arm have the most 

Fig. 10. Bench alignment of the Hosmer voluntary control four-bar knee. 
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obvious influence on knee stability at heel 
contact. The knee may feel unstable to the 
amputee during the period when all weight is 
supported on the point of the heel. The function 
of the foot should be to minimize this period 
and move the support point to the ball of the 
foot smoothly and rapidly. The heel cushion or 
plantar flexion stiffness should be as soft as 
possible without creating foot slap and/or 
difficulty in rolling over the ball of the foot. 

Use of the SACH foot with a voluntary 
control knee 

The SACH foot has been described by some 
as not being optimal for trans-femoral 
amputees. This would apply if the foot was 
fitted with too hard a heel cushion or without air 
space under the heel. Either error will extend 
the period of heel contact. It has been the 
author 's experience that a properly selected and 
fitted SACH foot will provide excellent 
function when used with a voluntary control 
four-bar knee. 

The heel cushion stiffness must be carefully 
selected. In general, a trans-femoral amputee 
must be fitted with a softer grade of heel 
cushion than a trans-tibial amputee of similar 
weight and activity level. Many SACH feet, or 
other similar solid-ankle feet, have been used 
successfully with trans-femoral amputees. 

Some comments on walking training 
The walking training of the amputee in the 

use of a voluntary control four-bar knee must 
begin with a careful explanation to the amputee 
of the concept of the instant centre and the 
principles of voluntary control. The stability of 
a voluntary control knee is not automatic and 
the amputee must be instructed carefully in how 
to participate in the control of knee stability by 
use of hip musculature. An active amputee with 
a properly aligned single-axis knee will, most 
probably, already be using the hip musculature 
and the initial sensation of the amputee will be 
that the voluntary control simply makes the 
control of knee stability a lot easier. 

For those amputees who have relied on 
excessive alignment stability with a single axis 
or over-stabilized four-bar knee there will be a 
period of readjustment. The amputee cannot 
relax the hip at heel contact and rely on the 
alignment stability to provide knee security. 
The amputee must be instructed to extend the 

hip and press the stump backward in the socket 
just enough to maintain the knee in full 
extension against the stop at heel contact. If the 
stump is not pressed backward the knee will be 
unstable. The amount of hip moment required is 
small and the amputee will quickly learn to 
adopt this very natural method of knee stability 
control. 

It is assumed that the initial training will be 
done during the dynamic alignment of the 
prosthesis. If the amputee experiences a feeling 
of lack of knee stability the foot function and 
alignment should be checked, then, if necessary, 
the socket should be extended in about one 
degree increments and the foot plantar flexed 
until the knee feels stable. Once the amputee 
feels secure the training in the use of hip 
musculature can continue. 

Every effort should be made to move the 
amputee outside the parallel bars as soon as 
possible. One effective technique for walking 
training is as follows: 
1. Have the trainer providing instruction walk 

alongside the amputee with the amputee 's 
arm over the shoulder of the trainer to 
provide support in case the knee buckles. 

2. The trainer should use both hands to control 
the flexion and extension of the socket as the 
amputee walks. Place one hand on the 
anterior surface of the socket and the second 
hand posteriorly. The trainer provides the 
stability control for the initial walking trials 
by gently extending and flexing the socket at 
the appropriate time. 

3. As the amputee walks the trainer continues 
to demonstrate and describe the control 
action to the amputee. As the amputee 
becomes more familiar with the necessary 
hip moments the trainer can gradually reduce 
moments provided manually and the 
amputee will continue to walk unaided. 

Appendix: The knee stability equation 
Figure 11 shows the derivation of an 

equation, (Eq. 4), which gives the magnitude of 
the hip extension moment Mh which would be 
required to provide knee stability as a function 
of the axial load P , the magnitude of an existing 
brake moment M k , and the x-coordinate 
(forward offset) and y-coordinate (elevation) of 
the instant: centre at heel contact. Note that a 
friction brake will typically provide a moment 
Mk which exceeds the value of P times x hence 
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the required hip moment M h becomes zero. 
A four-bar linkage typically does not 

incorporate a brake mechanism hence the 
simplified Equation 5 can be used to estimate 
the hip extension moment required as the 
position of the instant centre changes. 

Both the x and y coordinates of the instant 
centre are important in the design of a voluntary 
control four-bar knee linkage. The required hip 
moment for voluntary control can be reduced in 
two ways: 

1. Reduce the x-coordinate, i.e. locate the initial 
position of the instant centre closer to the 
heel-hip line. The x-coordinate of the instant 
centre should not increase rapidly as a 
function of knee flexion. 

2. Increase the y-coordinate. To gain optimal 
benefit from the elevation of the instant 
centre the y-coordinate must not decrease too 
rapidly as a function of the knee flexion 
angle. 

Fig. 11. Derivation of the knee stability equation Mh = (L/y)(Px-M k) 
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A study of 200 cases of congenital limb deficiencies 

S. K. JAIN 

Artificial Limb Centre, Pune, India 

Abstract 
An analysis of 200 patients with congenital 
limb deficiency who attended the Artificial 
Limb Centre, Pune from January 1984 to April 
1990 is presented. This group is representative 
of the congenital limb deficient population of 
the country. The commonest deficiencies were 
transverse phalangeal total/partial deficiency 
and transverse forearm partial deficiency 
(below elbow) in upper limbs, whereas 
transverse metatarsal total/partial deficiency and 
transverse leg partial deficiency (below knee) 
were commonest in lower limbs. Transverse 
forearm partial deficiency was more common in 
female, while transverse leg partial deficiency 
was more common in male children, 16 patients 
did not require any treatment, 6 needed only 
surgical correction. Some 30 patients needed 
surgery before prosthetic fitting, while 148 
patients required only prostheses. Some 68% of 
patients achieved satisfactory to excellent 
results; 18% showed poor rehabilitation. No 
definitive cause for the deformities could be 
isolated; however, many parents believed that 
possible exposure to the eclipse during 
pregnancy was the cause of the deficiency. The 
eldest child was most affected. 

Introduction 
The Artificial Limb Centre in Pune, one of 

the biggest in the country and with its own kind 
of rehabilitation centre, attracts limb deficient 
patients from all parts of the country. Therefore 
the limb deficient children attending this Centre 
can easily be accepted as a representative 
sample of the total congenital limb deficient 

population of India. 

Material and methods 
This study includes 200 consecutive patients 

with congenital limb deficiency, who came for 
treatment to the Artificial Limb Centre, Pune 
from January 1984 to April 1990. 

Every patient was examined in detail and 
deficiencies recorded. Special care was taken to 
elicit history of maternal illness, consumption 
of drugs, exposure to radiation as well as 
hyperemesis, foetal trauma, vaccination, 
smoking and alcoholic habits of expectant 
mothers during pregnancy. Other factors such 
as the socio-economic status of the parents, 
family history, position of child in the family 
tree and history of any other sibling or close 
relative similarly affected, which could possibly 
throw light on the cause of the limb deficiency 
were also examined. 

Patients requiring any surgical intervention 
before the prosthetic fitting were identified. 
Surgery was carried out wherever necessary and 
a prosthesis provided. The state of rehabilitation 
was assessed as excellent, good, satisfactory, or 
poor, based upon functional achievement with 
the help of a prosthesis. The group of patients 
which did not require any treatment surgical or 
prosthetic was also identified. 

Observations and discussion 
Incidence 

The 200 congenital limb deficient patients 
who visited this Centre were from a total 
number of 5375 amputees making the incidence 
37 per thousand amputees. In western literature 
the incidence is 30 per thousand (Vitali et al., 
1988). 

All correspondence to be addressed to 
Colonel S K Jain, Artificial L imb Centre, Pune 411 
040, India. 
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Sex incidence 
There were 130 (65%) male and 70 (35%) 

female patients (ratio 13:7), while the 
comparative sex incidence in various other 
studies (Lamber, 1971; Agarwal et al., 1986) 
show this ratio to be 13:12. 

Age at the time of reporting for treatment 
It was seen that the number of males 

outnumbered females in all age groups except 
the 10-15 years age group, where the number of 
girls was more than the boys; maybe they and 
their parents became more conscious of the 
disability at this age. 

Birth serial of the patients 
The position of the child in the family lineage 

was recorded. It was seen that 82 (41%) of 
patients were the eldest in the family. 
Contribution of first 3 children was 84%. 

Aetiological factors 
An attempt was made to discover the exact 

cause which might have produced the disability. 
In only 62 patients was some sort of history 
noted which could probably be correlated with 
the limb deficiency, as shown in Table 1. 

Most limb defects developed between the 
third and eight post-ovulatory week (Kenedy, 
1967; Swanson, 1981) and only a few parents 
were aware of the pregnancy till late in the third 
month of gestation; fewer still could remember 
an intake of any drug or an illness suffered. 

The noticeable finding was a history of 
previous abortions in 8 cases. This may indicate 
some kind of placental insufficiency which may 
have caused the previous abortions as well as 
the deficiency in the new born. Only 19 mothers 
could remember having taken drugs namely 
antiemetics, antibiotics, antispasmodics and 
antidepressants during the pregnancy. None of 
these drugs is specifically known to have been a 
cause of limb deficiencies (The 

pharmacological basis of therapeutics, 1985). 
However 168 mothers gave a history of taking 
haematenics and multivitamins during 
pregnancy. 

An interesting finding was a history of 
exposure of expectant mother to the eclipse 
during pregnancy in 19 cases. Though no 
documentary evidence exists to correlate it with 
the deficiency in the literature, still many 
parents believe this to be the cause of limb 
deficiency in the new born. 

Despite the various factors mentioned, no 
definite cause could be isolated except in one 
case where the new born and the mother both 
had deficient/weak thumbs in both hands. The 
cause was perhaps genetic. However in this case 
no one else in the family was affected. 

Previous treatment 
Only 18 patients had received some 

treatment; 15 had undergone some surgical 
treatment and only 8 patients had received 
prostheses. This indicates ignorance or the lack 
of facilities to deal with limb deficient children, 

Deficiencies 
It is not practically possible to classify or 

group all the deficiencies encountered. However 
the simple classification of deficiencies 
followed earlier by the author (Jain et al., 1989) 
has not been used in this article. It has been 
changed to conform to the International 
Standard Organisation (ISO) Classification 
(Day, 1991) as shown in Figures 1 and 2 for 
upper limbs and lower limbs respectively. This 
classification is descriptive and can be used 
under most circumstances. 

The deficiencies are classified into two basic 
categories. 

1. Transverse Deficiency: This resembles an 
amputated limb where the limb has developed 
normally up to a particular level and beyond 
which no bony element is present. Transverse 
deficiencies are: 
(a) Transverse upper limb deficiencies: 

(i) phalangeal total/partial deficiency; 
(ii) metacarpal total/partial deficiency; 
(iii) carpal total/partial deficiency; 
(iv) forearm total/partial deficiency; 
(v) upper arm total/partial deficiency; 
(vi) shoulder total/partial deficiency. 

Table 1. Associated causative factors 
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(b) Transverse lower limb deficiencies: 
(i) phalangeal total/partial deficiency; 
(ii) metatarsal total/partial deficiency; 
(iii) tarsal total/partial deficiency; 
(iv) leg total/partial deficiency; 
(v) thigh total/partial deficiency; 
(vi) pelvis total/partial deficiency. 

2. Longitudinal Deficiency: All other cases 
where an element or elements within the long 
axis of the limb is/are reduced or absent, are 
grouped in longitudinal deficiency, 
(a) Longitudinal upper limb deficiencies: 

(i) radius total carpus partial ray 1 total 
deficiency; 

(ii) radius total/partial deficiency; 
(iii) ulna total carpus partial rays 2, 3, 4, 5 

total deficiency; 

(iv) ulna total/partial deficiency; 
(v) radius ulna total/partial deficiency; 
(vi) humerus total deficiency; 
(vii) humerus total radius ulna total/partial 

deficiency. 

(b) Longitudinal lower limb deficiencies: 
(i) tibia total tarsus partial ray 1 total 

deficiency; 
(ii) tibia total/partial deficiency; 
(iii) fibula total tarsus partial rays 2, 3, 4, 5 

total deficiency; 
(iv) fibula total/partial deficiency; 
(v) tibia fibula total/partial deficiency; 
(vi) femur total/partial deficiency; 
(vii) femur total tibia fibula total/partial 

deficiency. 

Fig. 1. Congenital upper limb deficiencies. 
(a) Phalangeal total deficiency 
(b) Carpal partial deficiency 
(c) Fore arm partial deficiency 
(d) Upper arm partial deficiency 
(e) Radius total carpus partial ray 1 total 

deficiency 
(f) Ulna total carpus partial rays 2, 3, 4, 5 

total deficiency 
(g) Radius total deficiency 
(h) Ulna total deficiency 

Fig. 2. Congenital lower limb deficiencies. 
(a) Metatarsal total deficiency 
(b) Tarsal total deficiency 
(c) Leg partial deficiency 
(d) Thigh partial deficiency 
(e) Tibia total tarsus partial ray 1 total 

deficiency 
(f) Fibula total tarsus partial rays 2, 3, 4, 5 

total deficiency 
(g) Femur total tibia fibula partial deficiency 
(h) Femur total deficiency 
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Deficiency in upper limbs 
Table 2 shows deficiencies observed in the 

upper limbs. It was interesting to note that the 
most common deficiency was transverse 
forearm partial deficiency (below elbow), found 
in 57 patients (2 bilateral cases). Some 34 

(60%) were females and 23 (40%) were males. 
The left side was a little more affected than the 
right side. Transverse phalangeal deficiency 
was seen in 23 patients (14 single-sided and 9 
bilateral), where 15 (65%) were males and 8 
(35%) were females. 

Table 2: Upper limb deficiencies 

Table 3: Lower limb deficiencies 
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Deficiency in lower limb 
Table 3 shows the deficiencies in the lower 

limbs. The commonest deficiency was 
transverse metatarsal deficiency in 22 patients 
(6 bilateral). Another common deformity was 
transverse leg partial deficiency (below knee). It 
was found in 21 patients (no bilateral case) of 
which 13 (62%) were males and 8 (39%) were 
females. 

Distribution of deficiencies 
More than one limb was involved in 57 

patients. Two limbs were involved in 45 
patients (22.5%) three in 6 (3%) and all four in 
6 patients (3%). In the study by Kay (1974) the 
percentage of two, three and four limbs was 15, 
5 and 10 respectively. Details of the distribution 
of the deficiency are shown in Table 4. 
Involvement of the upper limb was more 
common than involvement of the lower limb in 
single limb deficiency, while bilateral 
deficiency was more common in lower limbs. 

Associated defects 
Some 21 patients were found to have various 

associated defects as shown in Table 5. 
Constriction ring was the commonest defect 
noticed, which could be the cause of the limb 
deficiency. Three children with talipes 
equinovarus deformity had deficiency in the 
upper limbs. 

Management 
Of the 200 patients in this study 16 patients 

did not require any treatment, 6 patients needed 
only surgical correction of deformity while 30 
patients required surgical treatment such as 
amputation and the release of a constriction ring 
before a prosthesis was fitted. Surgery was 
performed only in the lower limbs. Some 148 
patients required no other treatment except 
prosthetic fitting. 

Prostheses were provided in 178 cases. The 
commonest upper limb prosthesis was trans
radial (57 cases) while in lower limbs it was 
trans-tibial (21 cases). Extension prostheses for 
shortening of the lower limb was given to 25 
patients. 

Rehabilitation status 
The rehabilitation status was assessed not 

only in respect of function achieved but also in 
appearance which had a definitive role in 
improving self-confidence. The results are 
shown in Table 6. 

Satisfactory to excellent results were 
achieved in 68% of cases, while in 18% of cases 
rehabilitation was poor, mainly representing 
patients with upper limb deficiency, since 
rehabilitation is difficult in upper limb 
deficiency as a rule. These results are similar to 
the study earned out by Jain et al. (1989). 

Table 4: Distribution of deficiencies 

Table 5. Associated defects 
Table 6. State of rehabilitation 
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Abstract 
The purpose of this pilot investigation was to 
develop a method to test the influence of 
specific prosthetic features in preventing trans-
tibial amputees from walking like able-bodied 
subjects. An able-bodied subject was fitted with 
a patellar-tendon-bearing orthosis incorporating 
several features of an amputee 's prosthesis. 
Kinetic, kinematic and metabolic data were 
collected as features were systematically 
removed from the orthosis. While wearing the 
orthosis the gait of the able-bodied subject 
closely simulated trans-tibial amputee gait 
kinematically, kinetically and metabolically. 
Although it was obvious that the various 
prosthetic features influenced the kinetics and 
kinematics of gait, they were difficult to 
quantify with only a single subject. However, 
the two features which appeared to have the 
largest influence in preventing trans-tibial 
amputees from walking like able-bodied 
subjects were patellar tendon loading and a 
solid ankle. 

Introduction 
It has been well documented that trans-tibial 

amputees (TTAs) do not walk like able-bodied 
individuals (Breakey, 1976; Doane and Holt, 
1983; Culham et al., 1984; Lewallen et al., 
1986; Winter and Sienko, 1988; Smith, 1990). 
Engsberg et al. (1993) stated that TTAs will 
now walk like able-bodied (AB) subjects until a 
prosthesis is developed that functions like an 

intact leg and foot. If the design of such a 
device is to be undertaken it is critical to 
understand the relative contribution of each 
component of the prosthesis towards permitting 
or preventing TTAs from walking like ABs. 
A patellar-tendon-bearing prosthesis with a 
Symes foot terminal device includes the 
following major components: a) a solid ankle 
allowing no dorsiflexion-plantarflexion or 
eversion-inversion, b) substantial loading on the 
patellar ligament and other soft tissue regions of 
the stump, c) passive flexion-extension at the 
metatarsal-phalangeal joints, d) slight knee 
flexion imposed by the socket and thus 
preventing full knee extension, and e) a 
cushioned heel to assist the foot in attaining a 
foot-flat position. The contribution of each of 
these components towards permitting or 
preventing TTAs from walking like ABs is 
presently unknown. For example, the lack of 
dorsiflexion-plantarflexion in the solid ankle of 
the foot must prevent normal walking. It would 
seem that the extent of this prevention should be 
quantifiable. 

Two difficulties arise when considering the 
use of an amputee as a subject. The first is that 
adding and removing components of a 
prosthesis is impossible since the amputee 
requires the prosthesis to function. The second 
is that if components were removed, they could 
not be replaced with able-bodied functions, 
thus, it would be impossible to directly 
determine the influence of the component in 
preventing the TTA from walking like an AB. 
However, if an orthosis could be created for an 
AB that functions like a prosthesis, features of 
the prosthesis could be systematically varied to 
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help understand the numerical contribution of 
each component. The purpose of this 
investigation was to develop a method to test 
the influence of specific prosthetic features in 
preventing TTAs from walking like ABs. 

Methods 
An able-bodied individual fitted with an 

ankle-foot orthosis (AFO) that incorporated the 
main features found in an amputee's prosthesis 
was used as a subject. The features were 
systematically removed one at a time and 
replaced with actual able-bodied functions 
throughout the protocol. As a result each 
consecutive orthosis became increasingly more 
like an AB limb and less and less like an 
amputee 's prosthesis. By using this protocol, 
the relative differences of the observed 
variables between the AFOs could be used to 
determine the influences of specific prosthetic 
features on gait. 

Subject 
The AB subject who volunteered for this 

study was a 24 year old, 165 cm tall male of 
59.15 kg mass. It should be noted that 
throughout the document the legs of the AB 
subject are referred to as prosthetic and non-
prosthetic. While this is not the exact subject's 
condition, it clearly describes the limitations 

that were imposed upon him. 

Preliminary investigations 
The first prototype AFO, constructed by a 

registered orthotist, had a Kingsley Symes (size 
7) foot attached to its bottom, thus incorporating 
the cushioned heel and forefoot features of the 
prosthetic foot. With the foot attached, a lift of 
approximately 7 cm had to be fabricated in the 
shoe of the non-prosthetic leg to compensate for 
the height difference. Although preliminary 
tests showed that this lift height did not 
significantly affect the subject 's kinetics, the 
kinematics of his gait were altered. Thus, it was 
necessary to reduce the lift height associated 
with the non-prosthetic leg. To decrease the lift 
height, the most obvious solution was to remove 
the Symes foot from the bottom of the A F O and 
incorporate the characteristics of the foot 
directly into the AFO. 

Load-deformation tests were performed with 
an Instron materials testing machine on the 
Symes heel and forefoot to determine to what 
extent the parts of the foot were influenced by 
the forces associated with walking for the AB 
subject. 

To test the deformation of the Symes heel, 
the Symes foot was placed in the testing 
machine at a number of different angles 
representing relevant angles found between the 

Fig. 1. Symes heel deformation curves at various foot angles. Shaded region indicates deformations for foot angles 
corresponding to forces produced by the AB subject. 
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sole of the foot and the floor while walking (0°-
30°). At each of the different angles the heel 
was compressed from 0-1000 N (0-1.7 B W ) and 
the deformation was recorded (Fig. 1). The 
vertical forces produced by the AB subject 
during walking that corresponded to these foot 
angles lie in the shaded region of the graph. The 
maximum deformation was about 15 m m which 
correlated to a change in foot angle of 
approximately 3°. Since the main purpose of the 
cushioned heel is to hasten the foot to a full 
ground contact position and since the change in 
foot angle was minimal, it was decided to 
eliminate the cushioned heel from the pilot 
study. This permitted a significant reduction in 
the lift height required for the shoe on the non-
prosthetic leg. 

The deformation of the Symes forefoot was 
tested at various distances from the heel by 
applying a normal load along a thin section 
(approximately 6 mm) of the plantar surface of 
the forefoot (Fig. 2). The forefoot was loaded 
until the limitations of the measurement 
methods were reached (i.e. until the 
deformation of the forefoot caused loads to no 
longer be applied perpendicular to the plantar 
surface of the foot resulting in slippage). The 
solid lines represent actual data collected while 
the dashed lines are linear extrapolations. By 

correlating the magnitude of the vertical ground 
reaction force produced by the subject while 
walking to the appropriate point of application, 
the approximate deformation of the forefoot 
was determined (shaded region of Figure 2). 
Since the deformation of the forefoot was 
substantial (maximum of approximately 40 
mm) it was decided that passive forefoot 
flexion-extension was an important feature of 
the Symes foot and should remain a part of the 
investigation. 

As a result of the preliminary deformation 
tests the orthotist fabricated a new AFO for the 
protocol without an actual prosthetic foot. The 
new A F O had the following features: a) a solid 
ankle, b) patellar tendon loading, c) passive 
flexion-extension of the forefoot, and d) slight 
knee flexion, however, it did not include a 
cushioned heel. The forefoot deformation was 
incorporated directly into the base of the A F O 
by thinning the plastic and placing the toe-break 
at a location similar to that of the Symes foot. 

A final preliminary measure was to ensure 
the subject was non-weight bearing at the heel 
(i.e. the load was being supported by the 
patellar tendon and other tissues). A Tekscan 
pressure insole was placed underneath the sole 
of the subject's foot and several standing and 
walking trials were collected. In all trials the 

Fig. 2. Symes forefoot deformation curves at various distances from the heel. Shaded region indicates deformations for 
distances from the heel corresponding to forces produced by the AB subject. 
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pressure at the heel was below the threshold of 
the Tekscan insole (40 kPa) thus ensuring that 
the weight of the subject was being supported 
by the patellar tendon and other weight bearing 
regions. 

Protocol 
The study began with the collection of 

kinematic and kinetic data on the AB subject 
while walking normally without any AFO. The 
subject was then fitted with the first ankle-foot 
orthosis (AFO1) incorporating: a) a solid ankle, 
b) patellar-tendon-bearing, c) passive flexion-
extension of the forefoot at the metatarsal-
phalangeal joints, and d) slight knee flexion 
(approximately 10°). Kinetic and kinematic data 
were collected immediately after the subject 
was fitted with AFO1 (i.e. AFO1-I). The subject 
then underwent a two week period where he 
wore AFO1 for 2-3 hours a day and walked in 
AFO1 a minimum of 30 minutes/day. During 
this period a gait training programme with a 
registered physiotherapist who regularly trained 
trans-tibial amputees was undertaken. At the 
end of the two week wearing period, the subject 
again had kinematic and kinetic data collected 
(i.e. AFO1-F). Oxygen uptake data while 
walking normally and walking with AFO1 were 
also collected. The initial and final data 
collection sessions (i.e. AFO1-I and AFO1-F) 
were designed to evaluate any adaptation that 
occurred over the wearing period. 

AFO1 was then modified by removing knee 
flexion resulting in 0° flexion in the orthosis. 
This second ankle-foot orthosis ( A F 0 2 ) now 
had the features of: a) a solid ankle, b) patellar-
tendon-bearing, and c) passive flexion-
extension of the forefoot. Again kinematic and 
kinetic data were collected upon the initial 
fitting of A F 0 2 (i.e. AF02-I ) . Having 
completed the physiotherapy treatment the 
subject underwent a one week wearing period 
of 2-3 hours a day ensuring that he walked in 
A F 0 2 a minimum of 30 minutes per day. Final 
fit kinetic and kinematic data were collected 
after the one week wearing period (i.e. A F 0 2 -
F). 

Next A F 0 2 was modified by removing the 
passive flexion-extension of the forefoot 
allowing the subject to actively flex and extend 
his forefoot. The remaining features of the third 
ankle-foot orthosis ( A F 0 3 ) were a) a solid 
ankle, and b) patellar-tendon-bearing. As with 

the protocol for A F 0 2 , initial fit data were 
collected at the first fitting and final fit data 
were collected after a one week wearing period 
for A F 0 3 . 

The final modification was accomplished by 
removing the patellar-tendon-bearing feature 
from A F 0 3 and allowing the subject to bear 
weight on his foot. Hence, the fourth ankle-foot 
orthosis ( A F 0 4 ) retained only a solid ankle 
preventing any dorsiflexion-plantarflexion or 
eversion-inversion of the ankle joint. Again 
initial fit data for A F 0 4 were collected and final 
fit data were collected one week later after 
wearing. 

One week after final data collection with 
A F 0 4 , normal kinetic and kinematic data 
(without an AFO) were again collected. The 
data from this second normal session were 
averaged with data from the first normal session 
to provide a composite of normal data. 

By using this protocol, the relative 
differences between the AFOs could be used to 
determine the influences of specific prosthetic 
features on gait. For example, the difference 
between the normal data and the data for A F 0 4 
would be attributed solely to the solid ankle and 
the difference between the data collected for 
A F 0 4 and A F 0 3 would be due to patellar 
tendon loading. Table 1 summarises the 
different features incorporated in each AFO. 

Kinetics 
The methods used to collect and evaluate 

kinetic data were similar to those previously 
reported by Engsberg et al. (1993): Briefly, 
vertical, anteroposterior, and mediolateral force 
data were collected using two adjacent force 

Table 1. The various prosthetic features incorporated in 
each ankle-foot orthosis 
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platforms sampling at 1000 Hz. Data from six 
trials were collected for each condition in which 
three trials were collected with the prosthetic 
(left) leg landing first and three trials were 
collected with the non-prosthetic (right) leg 
landing first. The freely chosen walking speed 
determined from preliminary data collection 
sessions (1.6 m/s ± 10%) was enforced for each 
trial. 

Force data were normalised by dividing by 
body weight and the total time spent of both 
plates was normalised to a value of 1. Average 
force-time curves of the six trials for each 
condition were determined. From the force-time 
curves, discrete variables were obtained for use 
in comparison. The discrete variables used in 
this investigation included first local vertical 
(ZMax1), second local vertical (ZMax2), 
anterior and posterior maxima (RMax and 
PMax, respectively). 

Kinematics 
Kinematic data were collected 

simultaneously with the kinetic data using a 
four camera video system sampling at 200 Hz. 
Three reflective spheres of 1 cm diameter were 
placed on the foot, shank, thigh and trunk to 
permit 3-dimensional analysis. 

The coordinate systems used to determine 
angular orientations of the body segments were 

the same as those used by Engsberg et al. 
(1992). Consistent placement of the markers 
allowed relative comparisons between 
conditions, however, absolute angles had little 
or no meaning as joint centres were not 
determined for this pilot study. 

Three trials were analysed for each condition 
and average angular position-time curves of the 
trials were determined. From the angular 
position-time curves, discrete variables were 
obtained for use in comparison. The discrete 
variables included sagittal plane touchdown 
angles of the trunk and thigh for both the 
prosthetic and non-prosthetic limbs (Engsberg 
et al., 1992). 

Metabolic 
The methods used to collect metabolic data 

were similar to those used by Herbert et al. (in 
press). Briefly a Quinton Instruments Model 24-
72 Treadmill System (Quinton Instruments, 
2121 Terry Avenue, Seattle, Washington 
98121) and Horizon Metabolic Measurement 
Cart System (SensorMedics Corporation, 1630 
South State College Boulevard, Anaheim, 
California 92806) were used to measure oxygen 
uptake in millilitres/minute ( V O 2 ) . Heart rate in 
beats/minute (HR) was continuously monitored 
using a Polar Sport Tester PE 3000 (Polar 
U.S.A. Incorporated, 470 West Avenue, 

Fig. 3. Average vertical force-time curve for the subject walking normally and for the prosthetic and non-prosthetic legs 
while wearing AFO1. 
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Stanford, Connecticut 109602) secured around 
the chest. 

The subject was fitted with a noseclip and a 
headgear apparatus securing the mouthpiece to 
the expired gas hose. The subject then walked 
on the treadmill for 2 minutes at each of four 
speeds (freely chosen walking speed (1.6 m/s), 
20% above freely chosen walking speed, 20% 
below freely chosen walking speed and a fixed 
speed of 1.2 m/s) in a randomly assigned order. 
Heart rate was recorded every 30 seconds 
throughout the test while oxygen consumption 
(ml/(kg·min)) was taken at 2 minute intervals. 
Oxygen consumption relative to distance (ml 
kg·m)) (SVO 2 ) was then calculated. 

Results 
The data presented will be from the final 

fittings of each AFO only (i.e. AFO1-F to 
AF04-F) . A comparison of data collected from 
the initial fitting to data collected from the final 
fitting is beyond the scope of this paper. 

Figures 3 and 4 show final fit average force-
time curves for the subject. Figure 3 shows the 
vertical force-time curves for the AB subject 
walking normally and for the non-prosthetic and 

prosthetic leg of the subject while wearing 
A F O l (AFO1-F). Similarly, Figure 4 shows the 
anteroposterior (retarding-propulsive) force-
time curves. 

Figures 5, 6, 7 and 8 are results of discrete 
vertical and anteroposterior variables for both 
the prosthetic and non-prosthetic legs. Each 
figure compares the value of the discrete 
variable while walking normally to the value 
while walking with each AFO. Included in the 
comparisons and indicated by an asterisk are 
data collected by Engsberg et al. (1993) on AB 
and TTA children. For this study, A F O l 
corresponds to the TTA case and normal 
correlates to the AB case. Figures 9 and 10 
display final fit results of sagittal plane 
touchdown angles of the trunk and thigh, 
respectively, for both the prosthetic and non-
prosthetic limbs (AFO1-F to AF04-F) . 

Figure 11 compares S V O 2 during normal 
walking to S V O 2 during walking while wearing 
AFO1 for various walking speeds. For each 
walking speed, the oxygen uptake while 
wearing AFO1 was higher than while walking 
normally. When all speeds were combined, 
there was an average increase of 16% SVO 2 

while walking with AFO1. 

Fig. 4. Average anteroposterior force-time curve for the subject walking normally and for the prosthetic and non-
prosthetic legs while wearing AFO1. 
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Discussion 
The purpose of this investigation was to 

develop a method to test the influence of 
specific prosthetic features in preventing TTAs 
from walking like ABs. 

Since the investigation was designed only to 
develop a method and only a single subject was 
involved, no statistical treatment was performed 
on the data to determine significant differences 
between variables. A limitation of the study was 
that although the methods used to collect 
kinematic data allowed comparisons amongst 
conditions within this study (i.e. surface marker 

locations were consistent for all AFOs), the data 
from this investigation could not be 
quantitatively compared with data from 
previous investigations in the literature. Another 
limitation was that data were collected only 
while walking on level ground. Running and/or 
walking on uneven ground should be included 
in future investigations as the influence of the 
various prosthetic features could possibly 
change. 

The three key elements of this investigation 
were to determine if: 1) AFOs could be 
fabricated that would incorporate the features of 

Fig. 5. Prosthetic and non-prosthetic comparisons of the first local maximum (ZMax1) of the vertical force-time curve for 
walking with the different AFOs and walking normally, ind ica tes data included in the comparison for TTA and AB 

children from Engsberg et al. (1993). 

Fig. 6. Prosthetic and non-prosthetic comparisons of the second local maximum (ZMax2) of the vertical force-time curve 
for walking with the different AFOs and walking normally. *Indicates data included in the comparison for TTA and 

AB children from Engsberg et al. (1993). 
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a Symes foot prosthesis; 2) an AB subject 
wearing the AFOs would behave similar to a 
TTA and, 3) detectable differences in gait 
existed between AFOs with different features. 

Regarding the first key element, it was 
possible to fabricate a single AFO with the 
following prosthetic features: a) a solid ankle, 
b) patellar tendon weight bearing, c) passive 
flexion-extension at the metatarsal phalangeal 
joints and d) slight knee flexion. It was also 
possible to systematically modify the A F O to 
examine the various features. This was an 
important factor since the cost associated with 
fabricating many AFOs for a large group of 

subjects would be quite high. 
Information regarding the second key 

element is obtained by comparing data from the 
literature collected on TTA and AB subjects to 
data collected in this study. The average vertical 
and anteroposterior curves. (Figs. 3 and 4) were 
similar to those published by Engsberg et al. 
(1993). In both studies the average vertical 
ground reaction force maxima for the prosthetic 
leg were lower than normal while the maximum 
forces for the non-prosthetic leg were higher 
than normal. Similarly, in both studies, the 
maximum anteroposterior forces for the 
prosthetic leg were lower than normal while the 

Fig. 7. Prosthetic and non-prosthetic comparisons of the maximum anterior force (RMax) for walking with the different 
AFOs and walking normally. *Indicates data included in the comparison for TTA and AB children from 

Engsberg et al. (1993). 

Fig. 8. Prosthetic and non-prosthetic comparisons of the maximum posterior force (PMax) for walking with the different 
AFOs and walking normally. *Indicates data included in the comparison for TTA and AB children from 

Engsberg et al. (1993). 



1 8 8 D. J. Stefanyshyn, J. R. Engsberg, K. G. Tedford and J. A. Harder 

forces for the non-prosthetic leg were slightly 
higher or equal to normal. 

Sagittal plane knee angle data collected by 
Culham et al. (1984) on 10 TTA adults and by 
Engsberg et al. (1992) on 3 TTA children found 
touchdown knee angles to be larger in the non-
prosthetic limb than the prosthetic limb. 
Engsberg et al. (1992) also found that AB 
children had smaller knee angles at touchdown 
in the sagittal plane than TTA children. The 
subject in this study had a knee touchdown 
angle at 10° when walking normally, 14° for the 
prosthetic limb and 15° for the non-prosthetic 
limb. As previously mentioned, the quantities 
cannot be compared directly to those of other 
studies, however, the trends appear to be similar 
to those found in actual TTAs. 

Engsberg et al. (1992) found the trunk 
segment for TTA children had a greater amount 
of forward flexion on touchdown than that of 
AB children. This was the case for both non-
prosthetic and prosthetic support. While 
wearing AFO1 in this study, the subject 's trunk 
also had more forward flexion during non-
prosthetic support but less forward flexion 
during prosthetic support (Fig. 9). Engsberg et 
al. (1992) also found that the thighs of the TTA 

children were oriented more horizontally than 
that of the AB children at touchdown. A similar 
trend was apparent in this study (Fig. 10) where 
the subject's thigh was oriented more 
horizontally at touchdown for both legs when 
walking with AFO1 than when walking 
normally. 

When TTA adults walk at the same speed as 
AB adults, their energy expenditure is 
approximately 9% greater (Gonzalez et al., 
1974; Ganguli et al., 1974). The metabolic data 
shown in Figure 11 corresponded to this data as 
well as data collected by Herbert et al. (in press) 
on TTA and AB children. Herbert et al. found 
SVO 2 to be significantly higher at all speeds of 
walking for TTA children. When averaging all 
speeds together, the subject consumed 16% 
more oxygen when walking with AFO1 than 
when walking normally. 

It appears from the kinetic, kinematic and 
metabolic data in the literature that the gait of 
the AB subject while wearing AFO1 closely 
resembled TTA gait. Similarities existed in 
oxygen consumption, vertical and antero
posterior ground reaction forces, and sagittal 
knee and thigh angles. Only slight differences 
were found in the sagittal trunk angles, 

Fig. 9. Prosthetic and non-prosthetic comparisons of the 
sagittal touchdown angle of the trunk for walking with 

the different AFOs and walking normally. 

Fig. 10. Prosthetic and non-prosthetic comparisons of the 
sagittal touchdown angle of the thigh for walking with 

the different AFOs and walking normally. 
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however, these differences were not substantial 
and overall it appeared that TTA gait was 
successfully simulated with an AB subject 
wearing an orthosis with various prosthetic 
features. 

Regarding the third key element of this 
investigation, actual influences of the prosthetic 
features were difficult to quantify with 
measurements on only a single subject. 
However, some trends were apparent. The 
largest influence of the various prosthetic 
features on the kinematics of gait appeared to be 
in the non-prosthetic limbs. The sagittal 
touchdown angles for the prosthetic trunk and 
thigh did not appear to change dramatically 
(less than 5° in all cases). However, the sagittal 
touchdown angles for the non-prosthetic trunk 
and thigh seemed to be influenced to a much 
larger degree although no obvious pattern 
developed. 

In comparing discrete kinetic variables (Figs. 
5, 6, 7, and 8) it was assumed that the prosthetic 
and non-prosthetic limbs should have values 
equal or at least very similar to normal if a TTA 
is to walk like an AB. Thus, the hypothesis was 
that any prosthetic feature which caused the 
variable to move toward normal was a positive 
feature and any feature which caused the 
variable to move away from normal was a 
negative feature. 

The first and second local vertical maxima, 

the anterior maximum and to a certain extent 
the posterior maximum followed a similar trend 
for the prosthetic limb. The removal of slight 
knee flexion (AF02) created a negative effect, 
the removal of passive forefoot flexion-
extension ( A F 0 3 ) appeared to have little or no 
effect, the removal or patellar-tendon-bearing 
(AF04) had a positive effect and since the 
values for A F 0 4 were less than normal in all 
cases, the removal of the solid ankle would 
have a positive effect. In each of these 
comparisons the values associated with the 
AFO1 and normal situations corresponded 
reasonably well with respective values for TTA 
and AB children (Engsberg et al, 1993). 

A key qualitative result when considering the 
influence of the various prosthetic features was 
the subjective rating of importance of the 
prosthetic features in preventing the subject 
from walking normally. He rated the relative 
importance of the features in preventing TTAs 
from walking like ABs as follows (from most 
(1) to least (4) important): 1) patellar-tendon-
bearing, 2) solid ankle, 3) passive flexion-
extension of the forefoot, 4) slight knee flexion. 
The subject felt the ability to bear weight on the 
foot was the single most important feature in 
allowing him to walk more like an AB. Another 
feature which had a large influence was the 
solid ankle and the subject felt this feature was 
of great importance when walking on uneven 

Fig. 11. Oxygen consumption, relative to speed, results for subject walking normally and while wearing AFO1. CWS is 
the chosen walking speed, 20% below is 20% below CWS, 20% above is 20% above CWS, fixed speed is 1.2 m/s, and 

all represents a summation of all speeds. 
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ground. The removal of both knee flexion and 
passive flexion-extension of the forefoot had 
small influences on gait according to the 
subject. 

From the kinetic data and the supporting 
subjective rating it appeared that the patellar-
tendon-bearing and the solid ankle had the 
largest negative influence. The flexion-
extension of the forefoot did not appear to have 
influenced gait during walking. Also, it 
appeared the slight knee flexion was a positive 
feature incorporated in the prosthesis to 
compensate somewhat for the solid ankle and 
patellar-tendon-bearing. These results are 
important since current research is directed 
solely at developing better feet to improve 
function of the TTA. This data indicates that the 
loading of the stump may be at least as 
important. Research directed at alternative 
loading scenarios may be necessary if TTAs are 
to walk more like ABs. 

In future studies it will be important to 
include a large number of subjects to see if 
similar trends appear and to be able to quantify 
the influences of the various prosthetic features. 
It will also be important to include other 
activities in the protocol to determine the 
influence of the prosthetic features during 
activities other than level walking (i.e. walking 
on uneven ground and running.) 
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r ehab i l i t a t ive ca re in Aus t r a l i a . T h e I S P O C o n g r e s s is 
a d o p t i n g a mu l t i - cu l t u r a l a p p r o a c h to e n s u r e that t he 
n e e d s of pa r t i cu l a r g r o u p s a re m e t in the b e s t p o s s i b l e 
w a y . T h e o p p o r t u n i t y wi l l b e a v a i l a b l e to s t u d y the w i d e 
a n d d i v e r s e n e t w o r k of s e r v i c e s w h i c h a r e a v a i l a b l e to 
p e o p l e in t h e a r e a . 

Fo r m a n y , a t t e n d a n c e at o u r C o n g r e s s wil l be t he first 
o p p o r t u n i t y of v i s i t ing o u r c o u n t r y " d o w n - u n d e r " a n d I 
s t rong ly r e c o m m e n d tha t y o u t a k e a d v a n t a g e of th is 
o c c a s i o n to e x t e n d y o u r s tay t o vis i t o the r pa r t s of 
Aus t r a l i a . T h e c h o i c e is e n d l e s s f rom the beaut i fu l 
b e a c h e s and s p e c t a c u l a r co ra l of t he B a r r i e r R e e f to the 
s u n b u r n t c e n t r e o f C e n t r a l A u s t r a l i a a n d A y e r s R o c k ; t he 
u n i q u e f auna a n d f lora t h r o u g h o u t the c o n t i n e n t t o t he 
s p e c t a c u l a r r a in fores t s of the t r op i c s ; the na t iona l p a r k s 
and m o u n t a i n s in t h e s o u t h e r n pa r t s o f Aus t r a l i a . 

P l e a s e c o m e and j o i n u s o n this h i s to r i c o c c a s i o n of 
t h e S i lve r J u b i l e e of I S P O . 

V a l m a A n g l i s s 

Scientific Programme 
T h e sc ient i f ic p r o g r a m m e h a s b e e n d e s i g n e d t o p l a c e 

spec ia l e m p h a s i s on a d i s c u s s i o n t o p l a c e spec ia l 
e m p h a s i s on a d i s c u s s i o n a n d i n v e s t i g a t i o n of cu r r en t 
p r o b l e m s a n d the r e l evan t r e s e a r c h ac ros s t he en t i r e field 
of I S P O , a s w e a p p r o a c h t h e 21s t c e n t u r y E a c h d a y has 
been a l l oca t ed a spec ia l t h e m e r e l evan t to t he i s sues of 
o u r p ro fe s s ion a n d wi th in tha t t h e m e , t op ic s wi l l be 
a d d r e s s e d s e g m e n t e d in to d i f fe ren t c a t ego r i e s . 

E x p e r t V i e w p o i n t 

T h e s e p r e s e n t a t i o n s p r o v i d e an o p p o r t u n i t y for expe r t s 
to p resen t an o v e r v i e w of a s ta te -of - the-ar t topic d r a w i n g 
on p e r s o n a l e x p e r i e n c e , i dea s a n d r e s e a r c h in 
s u m m a r i s i n g s ign i f ican t c h a n g e s o v e r the pas t t h r e e to 
five yea r s T h e p r e s e n t e r ' s p a p e r wi l l b e f o l l o w e d by a 
r e s p o n s e , e i the r e n d o r s i n g the v i e w s of the p r e s e n t e r or 
c h a l l e n g i n g the s t a t e m e n t s b y p r o v i d i n g a l t e rna te 
v i e w p o i n t s In te rac t ion a n d d i s c u s s i o n f rom the f loor wil l 
b e e n c o u r a g e d t h r o u g h o u t t he la t te r pa r t o f t h e s e s s i o n . 

T h e p r o v i s i o n a l p r o g r a m m e of E x p e r t V i e w p o i n t 
s e s s ions i n c l u d e s : 

• C h a n g i n g a t t i t ude to a m p u t a t i o n s u r g e r y 
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• K n e e o r t h o s e s 
• C A D C A M u p d a t e 
• P r o s t h e t i c and o r tho t i c e d u c a t i o n in t h e d e v e l o p i n g 

w o r l d 
• M a n a g e m e n t of l i m b f rac tu res 
• A s s e s s e m e n t of foot d i s o r d e r s 
• L o w e r l i m b p ros the t i c s o c k e t t e c h n o l o g y 
• P r o s t h e t i c a n d o r t h o t i c e d u c a t i o n in t h e indus t r i a l 

w o r l d 
• E a r l y m a n a g e m e n t o f the l o w e r l i m b a m p u t e e 
• A d o l e s c e n t sco l ios i s 
• U p p e r l i m b p r o s t h e t i c s 
• L o w b a c k p a i n . 

Symposia 
S y m p o s i a are m u l t i d i s c i p l i n a r y s e s s ions o r p a n e l 

s e s s ions on r e a s o n a b l y spec i a l i s ed t o p i c s , e q u i v a l e n t to 
free p a p e r s e s s ions e x c e p t tha t t hey h a v e b e e n p r e -
p l a n n e d . T h e se l ec t ed s p e a k e r s wi l l p r e s e n t d i f fe ren t 
a s p e c t s o f a t o p i c o r d i f ferent a p p r o a c h e s to t he t op i c . 
T h e s e s e s s i o n s wi l l f e a tu r e c u r r e n t t r e n d s a n d r e c e n t 
d e v e l o p m e n t s , p r e s e n t e d b y p r o m i n e n t s p e a k e r s c h o s e n 
a c c o r d i n g to the i r i n t e rna t i ona l r e p u t a t i o n 

T h e p r o v i s i o n a l p r o g r a m m e of S y m p o s i a t op ic s 
i nc ludes : 

• I n t e rd i s c ip l i na ry p ro s the t i c c a r e in a c o m m u n i t y 
b a s e d r ehab i l i t a t i on se t t ing 

• In te l l igen t p r o s t h e t i c k n e e s / e l e c t r o - m e c h a n i c a l 
p r o s t h e s e s 

• F o o t w e a r and m a n a g e m e n t of foot de fo rmi t i e s 
• L a t e effects of p o s t - p o l i o m y e l i t i s 
• T h e e lde r ly a m p u t e e 
• I sch ia l c o n t a i n m e n t s o c k e t s 
• P r o s t h e t i c a n d o r t h o t i c s e r v i c e s in t h e W e s t e r n 

Pac i f i c and S o u t h E a s t A s i a 
• M o b i l i t y for t he adu l t p a r a p l e g i c 
• M a n a g e m e n t of t he d i abe t i c foot u l ce r 
• C A D C A M in c l in i ca l p r a c t i c e 
• T h e t e c h n i c a l a p p r o a c h for p ro s the t i c p r o v i s i o n in 

d e v e l o p i n g c o u n t r i e s 
• F E S and h y b r i d o r t h o t i c s y s t e m s 
• P a i n in t h e a m p u t e e 
• E n e r g y s to r ing feet 
• C o n s u m e r focus 
• M a n a g e m e n t o f spas t i c i ty t o i m p r o v e func t ion in t he 

adul t 
• C u l t u r a l a t t i t udes t o l i m b l o s s e s and p r o s t h e s e s 
• A s s i s t i v e t e c h n o l o g y for s e v e r e d i sab i l i t i es 
• P r o s t h e t i c a n d o r t h o t i c e d u c a t i o n in d e v e l o p i n g 

c o u n t r i e s 
• M a n a g e m e n t o f spas t i c i ty to i m p r o v e func t ion in 

ch i ld ren 
• A m p u t e e a th le t e s 
• C l in ica l gai t ana lys i s 
• S u r v e y s of u p p e r l i m b a m p u t e e s . 

Instructional Courses 
T h e ob j ec t i ve of the i n s t ruc t iona l c o u r s e s is to p r o v i d e 

prac t ica l e d u c a t i o n in a spec i f ic t o p i c by c o v e r i n g 
i n f o r m a t i o n o n m e t h o d s t ha t i n s t ruc to r s h a v e f o u n d t o be 
c l in ica l ly e f fec t ive . T h e c o u r s e s are d e s i g n e d to c o v e r the 
t echn ica l a spec t s of a c c e p t e d p rac t i ce in a w o r k s h o p 
e n v i r o n m e n t . 

T h e top ic s w e r e c h o s e n m o s t l y w i t h a c l in ica l 

e m p h a s i s a n d g i v e a w i d e r c o v e r a g e of n o n - p r o s t h e t i c 
areas. T h e a i m is to c o v e r in a n ine ty m i n u t e p e r i o d all 
the face t s of e a c h t op i c . A n o t h e r a i m is to a t t rac t a n d 
b r i n g t o g e t h e r all a p p r o p r i a t e d i s c ip l i ne s for the top ic in 
the o n e i n t eg ra t ed sess ion . 

T h e ove ra l l a p p r o a c h is t o e n c o u r a g e full w e e k 
a t t e n d a n c e b y of fer ing s eve ra l pa ra l l e l se r i e s , e a c h 
c o n s i s t i n g of r e l a t e d t o p i c s d e a l t w i t h s e q u e n t i a l l y . O n 
e a c h day t h e r e is a l s o a r a n g e of t op ic s to a l l o w a c h o i c e 
for e ach d i s c i p l i n e . T h e w e e k l y p r o g r a m m e wi l l a l l o w 
e a c h d i s c i p l i n e a t o p i c t h r o u g h o u t t he w e e k for a var ie ty 
of d i sab i l i t i e s . 

Ins t ruc t iona l c o u r s e s wi l l b e s c h e d u l e d da i ly for 9 0 
m i n u t e s d u r a t i o n . A s the c o s t o f a t t e n d a n c e is n o t 
i n c l u d e d in t h e r eg i s t r a t i on fee p l e a s e s tudy the top ic s 
offered a n d i n d i c a t e the c h o i c e of c o u r s e s y o u w i s h to 
a t t e n d b y filling in t h e a p p r o p r i a t e b o x on the app l i ca t i on 
fo rm. T h e cos t o f a t t e n d a n c e is $ A U D 5 0 p e r s e s s i o n 
w h i c h m u s t be r e m i t t e d in a d d i t i o n to t he r eg i s t r a t i on fee . 

T h e p r o v i s i o n a l p r o g r a m m e of i n s t ruc t i ona l c o u r s e s 
i nc ludes : 
Sunday, April 2, 10.30-12.00 

• A m p u t a t i o n in v a s c u l a r d i s e a s e ( S l / 9 0 ) 
• S p i n a l c o r d in jury — a t e a m a p p r o a c h t o pa t i en t 

m a n a g e m e n t ( S 2 / 9 0 ) 
• F r a c t u r e ca s t b r a c i n g ( S 3 / 9 0 ) 
• M a n a g e m e n t of t he l i m b de f i c i en t ch i ld ( S 4 / 9 0 ) 
• M a n a g e m e n t o f c e r e b r o v a s c u l a r a c c i d e n t p a t i e n t s 

( S 5 / 9 0 ) 

Monday, April 3, 08.00-09.30 
• S y m e and par t ia l foot a m p u t a t i o n : s u r g e r y , 

p ros the t i c s , o r t h o t i c s a n d r ehab i l i t a t i on ( M 1/90) 
• M a n a g e m e n t of d e g e n e r a t i v e d i s e a s e of t he s p i n e 

( M 2 / 9 0 ) 
• A m p u t a t i o n s in t r a u m a a n d c a n c e r ( M 3 / 9 0 ) 
• U p p e r l i m b o r tho t i c s ( M 4 / 9 0 ) 

• A n a p l a s t o l o g y / o p t i m i s i n g c o s m e s i s ( M 5 / 9 0 ) 

Tuesday, April 4, 08.00-09.30 
• T rans - t i b i a l a m p u t a t i o n : P a r t 1 - s u r g e r y ( T l / 9 0 ) 
• S c o l i o s i s a n d k y p h o s i s : su rg i ca l , c o n s e r v a t i v e a n d 

o r tho t i c m a n a g e m e n t ( T 2 / 9 0 ) . 
• F u n c t i o n a l i n d e p e n d e n c e for a m p u t e e s ( T 3 / 9 0 ) 
• A s s e s s m e n t a n d m a n a g e m e n t of t he i n s e n s i t i v e foot 

( T 4 / 9 0 ) 

• M a n a g e m e n t o f b u m p a t i e n t s ( T 5 / 9 0 ) 

Wednesday, April 5, 08.00-09.30 
• T r a n s - t i b i a l a m p u t a t i o n : P a r t 2 - p r o s t h e t i c s a n d 

r ehab i l i t a t i on ( W l / 9 0 ) 
• S e a t i n g : d e s i g n and a s s e s s m e n t o f t he pa t i en t 

( W 2 / 9 0 ) 
• M a n a g e m e n t o f foot d i s o r d e r s ( W 3 / 9 0 ) 
• U p p e r - l i m b a m p u t a t i o n : Pa r t 1 - s u r g e r y ( W 4 / 9 0 ) 

• M a n a g e m e n t of the u n s t a b l e k n e e ( W 5 / 9 0 ) 

Thursday, April 6, 08.00-09.30 
• K n e e d i sa r t i cu la t ion and t r ans - f emora l a m p u t a t i o n : 

Pa r t 1 - s u r g e r y ( T H l / 9 0 ) 
• W h e e l c h a i r d e s i g n a n d p r e s c r i p t i o n ( T H 2 / 9 0 ) 
• F o o t w e a r a n d o π h o t i c s ( T H 3 / 9 0 ) 
• U p p e r l i m b a m p u t a t i o n : Pa r t 2 - p r o s t h e t i c s a n d 

rehabilitation ( T H 4 / 9 0 ) 
• O r t h o t i c s for a r th r i t i s ( T H 5 / 9 0 ) 

Friday, April 7, 0800-09.30 
• K n e e d i s a r t i cu l a t i ons a n d t r a n s - f e m o r a l a m p u t a t i o n : 

Par t 2 - p r o s t h e t i c s and r ehab i l i t a t i on ( F l / 9 0 ) 
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U S M C : T h e n e w U S M C ser ies of e n e r g y s to r ing 

l o w e r e x t r e m i t y p ro s the t i c c o m p o n e n t s ( M W 6 ) . 

Wednesday, April 5, 08.00-09.30 
F I L L A U E R I N C . : N e w a p p l i c a t i o n for c a r b o n 

c o m p o s i t e s - P o l y C a r - C for t h e r m o b o n d i n g to p las t ic 
and m e t a l ( M W 7 ) . 

O T T O B O C K : A b i o m e c h a n i c a l a p p r o a c h to 
p ros the t i c k n e e se l ec t ion ( M W 8 ) . 

C O M F O R T & F I T A U S T R A L I A : Pedonfh ic 

m a n a g e m e n t of t h e d iabe t i c foot ( M W 9 ) . 

Thursday, April 6, 08.00-09.30 
B L A T C H F O R D : T h e bene f i t s of a M i c r o p r o c e s s o r 

c o n t r o l l e d l o w e r l i m b s y s t e m ( M W 1 0 ) . 
O T T O B O C K : M y o e l e c t r i c p r o s t h e s i s : b a s i c 

t r o u b l e s h o o t i n g ( M W 1 1 ) . 
U S M C : T e c h n i c a l u p d a t e of U S M C l o w e r e x t r e m i t y 

m o d u l a r p ro s the t i c s y s t e m s ( M W 1 2 ) . 

Friday, April 7, 08.00-09.30 
F I L L A U E R I N C . : S i l i c o n e s u c t i o n s o c k e t ( 38 ) u p d a t e 

- u p p e r and l o w e r e x t r e m i t i e s ( M W 1 3 ) . 
B L A T C H F O R D : T h e p r e s c r i p t i o n c r i te r ia of k n e e 

c o m p o n e n t r y ( M W 1 4 ) . 
H O S M E R : L o w e r e x t r e m i t y e n d o s k e l e t a l s y s t e m s 

( M W 1 5 ) . 

Knud Jansen Lecture 
K n u d J a n s e n , M . D . w a s t he f o u n d e r o f t he 

In t e rna t iona l Soc ie ty for P r o s t h e t i c s and O r t h o t i c s 
( I S P O ) , a n d w a s its P r e s i d e n t f rom 1 9 7 0 - 1 9 7 7 . H e w a s 
an e s t e e m e d O r t h o p a e d i c s u r g e o n in D e n m a r k , h a v i n g 
b e e n C h a i r m a n of t he D a n i s h O r t h o p a e d i c A s s o c i a t i o n 
a n d the D a n i s h S o c i e t y of O r t h o p a e d i c S u r g e r y 

H e w a s also S e c r e t a r y G e n e r a l of t he S c a n d i n a v i a n 
O r t h o p a e d i c A s s o c i a t i o n a n d for m a n y y e a r s s e rved as 
ed i tor of o n e of the m o s t p r e s t i g i o u s i n t e rna t i ona l 
j o u r n a l s , A c t a O r t h o p a e d i c a S c a n d i n a v i c a . K n u d J a n s e n 
w a s a s t a u n c h s u p p o r t e r of t he c o n c e p t of t h e c l in ic t e a m 
and h i s i n f l u e n c e h a s ca r r i ed tha t i m p o r t a n t c o n c e p t t o 
p ros the t i c s a n d o r tho t i c s c a r e w o r l d w i d e . J a n s e n w a s a 
c h a m p i o n of t echn ica l o r t h o p a e d i c s a n d r ehab i l i t a t i on . 
H i s v i s ion c r e a t e d I S P O a n d h i s i n f l uence still g u i d e s the 
o rgan i sa t i on . 

T h e l e c tu r e in K n u d J a n s e n ' s n a m e w a s e s t a b l i s h e d by 
I S P O as a m e m o r i a l t o i ts f ounde r . T h e l e c tu r e is 
p r e s e n t e d b y a d i s t i n g u i s h e d m e m b e r of t he soc i e ty at 
e a c h T r i e n n i a l W o r l d C o n g r e s s . 

T h e K n u d J a n s e n l ec tu re for 1 9 9 5 wi l l b e d e l i v e r e d by 
S e p p H e i m and wi l l b e p r e s e n t e d i m m e d i a t e l y after the 
O p e n i n g C e r e m o n y in t he J o h n B a t m a n T h e a t r e on 
S u n d a y , A p r i l 2 . 

Awards 
T h e B r i a n B l a t c h f o r d P r i z e 

T h e B r i a n B la t ch fo rd P r i ze h a s b e e n e s t a b l i s h e d by the 
B la t ch fo rd f a m i l y to h o n o u r t he m e m o r y of Br ian 
B la t ch fo rd , It is a w a r d e d e v e r y th ree y e a r s at t he W o r l d 
C o n g r e s s of the In t e rna t iona l S o c i e t y for P r o s t h e t i c s and 
O r t h o t i c s 

T h e p r i z e of £ 2 , 5 0 0 wi l l be a w a r d e d to a n i nd iv idua l 
w h o h a s an o u t s t a n d i n g r e c o r d of i n n o v a t i v e 
a c h i e v e m e n t in t he field o f p r o s t h e t i c s a n d / o r o r tho t i c s . 
T h e a c h i e v e m e n t s h o u l d be r e l a t ed t o p r o s t h e t i c a n d / o r 
o r tho t i c h a r d w a r e , o r sc ien t i f ica l ly b a s e d n e w t e c h n i q u e s 
w h i c h resu l t in be t te r p r o s t h e s e s or o r t h o s e s . T h e 

• P r o s t h e t i c s a n d o r tho t i c s for spor t s a p p l i c a t i o n s 
( F 2 / 9 0 ) 

• C o m p u t e r i n f o r m a t i o n s y s t e m s for p r o s t h e t i c s 
( F 3 / 9 0 ) 

• P r i n c i p l e s and p r a c t i c e of m y o e l e c t r i c t e c h n o l o g y 
( F 4 / 9 0 ) 

• T h e I C R C s y s t e m of c o m p o n e n t m a n u f a c t u r e 
( F 5 / 9 0 ) 

Free Papers 
A u t h o r s o f a c c e p t e d p a p e r s wi l l p r e s e n t t he r e su l t s of 

their r e s e a r c h , c l in ica l and t e c h n o l o g i c a l e x p e r i e n c e , t o 
benef i t t h o s e w h o a r e in t e re s t ed and e n g a g e d in t he s a m e 
field of ac t iv i ty . T h i s wi l l p r o v i d e t he o p p o r t u n i t y for 
d i s cus s ion and i n t e r c h a n g e of i n fo rma t ion -

A n inv i t a t i on for app l i ca t i on for sc ient i f ic 
p r e s e n t a t i o n s h a s a l r eady b e e n c i r cu la ted in a sepa ra t e 
b r o c h u r e . A u t h o r s w o r l d w i d e are i nv i t ed to s u b m i t 
abs t r ac t s to be i n c l u d e d in t he F r e e P a p e r S e s s i o n s or t he 
P o s t e r o r V i d e o p r e s e n t a t i o n s and d e a d l i n e for r e c e i p t of 
abs t r ac t s for any of t he se s s ion c a t e g o r i e s is S e p t e m b e r 
1. 1994 . P l e a s e c o n t a c t t h e C o n g r e s s S e c r e t a r i a t if y o u 
r e q u i r e fur ther i n f o r m a t i o n . 

Poster Sessions 
Pos t e r p r e s e n t a t : o n s wi l l be exh ib i t ed da i ly d u r i n g the 

l u n c h b r e a k . 

Video Sessions 
Seve ra l s e s s ions wi l l be h e l d d u r i n g the C o n g r e s s for 

v i d e o presenta t ions , 

Manufacturers' Sponsored 
Workshops 

T h r e e w o r k s h o p s wi l l be h e l d f rom M o n d a y t h r o u g h 
to F r i d a y c o n c u r r e n t l y w i t h t h e ins t ruc t iona l c o u r s e s . 

T h e f o r m a t of t he W o r k s h o p s wi l l a l l o w 
M a n u f a c t u r e r s t o in s t ruc t a w i d e r a n g e of h e a l t h 
p r ac t i t i one r s a b o u t the i r 

• P r o d u c t s 
• P r e s c r i p t i o n p r i n c i p l e s 
• A p p l i c a t i o n s 
• S p e c i a l t e c h n i q u e s / a l i g n m e n t s . 
A n a d d i t i o n a l fee o f S A U D 2 5 is a p p l i c a b l e for e ach 

w o r k s h o p a t t ended . P l e a s e se lec t y o u r c h o i c e by 
c o m p l e t i n g t h e a p p r o p r i a t e b o x o n the a p p l i c a t i o n f o r m 
a n d r e m i t p a y m e n t in a d d i t i o n t o t he registration fee . 

T h e p r o g r a m m e of M a n u f a c t u r e r s W o r k s h o p s 
i nc ludes : 

Monday, April 3, 08.00-09.30 
F L E X F O O T I N C . : O p t i m i s i n g c l in ica l r e su l t s wi th t he 

f lexfoot ( M W 1 ) . 
B L A T C H F O R D : T h e c r i te r ia w i t h func t iona l i ty of 

h i g h ac t iv i ty ( M W 2 ) . 
M + I N D , S E A T T L E M E D I C A L S Y S T E M S 

G R O U P : M a x i m i s i n g e f f i c iency in a cos t c o n s c i o u s 
e n v i r o n m e n t . Ef fec t ive u s e of C A D / C A M a n d 
a p p r o p r i a t e l i m b s y s t e m s ( M W 3 ) . 
Tuesday, April 4, f)8.00-09.30 

B O S T O N B R A C E I N T E R N A T I O N A L I N C . : 
T r e a t m e n t of A C L def ic ien t k n e e u s i n g a B o s t o n k n e e 
b r a c e ( M W 4 ) . 

O T T O B O C K : T i m e s a v i n g t ips in o r tho t i c 
m a n u f a c t u r e ( M W 5 ) . 
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P re s iden t , in s e e k i n g to ident i fy t he r e c i p i e n t o f t h e 
a w a r d , w i l l also c o n s i d e r n o m i n a t i o n s o r a p p l i c a t i o n s 
f rom N a t i o n a l M e m b e r S o c i e t i e s o r i n d i v i d u a l s . S u c h 
n o m i n a t i o n s o r a p p l i c a t i o n s s h o u l d c o n t a i n a ju s t i f i ca t ion 
t oge the r w i t h a c u r r i c u l u m v i t ae of the c a n d i d a t e and 
s h o u l d r each the P r e s i d e n t of I S P O b y N o v e m b e r 1, 
1994 , at t h e f o l l o w i n g a d d r e s s : 

M . L . St i l l s 
O r t h o p a e d i c S u r g e r y D e p a r t m e n t 
U T S o u t h w e s t e r n M e d i c a l C e n t e r 
5 3 2 3 H a r r y H i n e s B o u l e v a r d 
D a l l a s , T e x a s 7 5 2 3 5 - 8 8 8 3 , U S A . 

T h e p r i z e w i n n e r shal l m a k e a p r e s e n t a t i o n b a s e d on 
h i s w o r k at t h e W o r l d T r i e n n i a l A s s e m b l y on T h u r s d a y 
Apr i l 6 a n d the p a p e r sha l l be d u l y p u b l i s h e d in 
P ros the t i c s a n d O r t h o t i c s In t e rna t iona l . 

T h e P r e s i d e n t and E x e c u t i v e B o a r d of t he 
I n t e r n a t i o n a l S o c i e t y for P r o s t h e t i c s and O r t h o t i c s and 
the B l a t c h f o r d f ami ly r e s e r v e t he right to w i t h h o l d t h e 
p r i z e s h o u l d n o su i t ab le c a n d i d a t e be ident i f ied . 

T h e F o r c h h e i m e r P r i z e 

T h e F o r c h h e i m e r P r i z e h a s b e e n e s t a b l i s h e d b y the 
F o r c h h e i m e r f ami ly to h o n o u r t h e m e m o r y of S y l v i a a n d 
Al f red F o r c h h e i m e r . It i s a w a r d e d e v e r y t h r e e y e a r s at 
t he W o r l d C o n g r e s s and wi l l b e p r e s e n t e d at t he W o r l d 
T r i e n n i a l A s s e m b l y . 

T h e p r i ze wi l l b e a w a r d e d for the m o s t o u t s t a n d i n g 
p a p e r on O b j e c t i v e C l i n i c a l A s s e s s m e n t , C l in ica l 
E v a l u a t i o n o r C l in i ca l M e a s u r e m e n t p u b l i s h e d in 
P r o s t h e t i c s and O r t h o t i c s In t e rna t iona l d u r i n g t h e th ree 
y e a r s p r io r to the C o n g r e s s . 

T h e P r e s i d e n t and E x e c u t i v e B o a r d of the 
I n t e r n a t i o n a l S o c i e t y for P r o s t h e t i c s a n d O r t h o t i c s and 
the F o r c h h e i m e r fami ly r e s e r v e t he r igh t to w i t h h o l d t he 
p r i ze s h o u l d n o su i tab le p a p e r be p u b l i s h e d 

Exhibition 
T h e c o m m e r c i a l a n d sc ien t i f ic e x h i b i t i o n s wi l l b e he ld 

in t he Y o u - Y a n g s E x h i b i t i o n H a l l at t he w o r l d C o n g r e s s 
C e n t r e . 

A s this is the first time the C o n g r e s s wi l l b e he ld in t he 
S o u t h e r n H e m i s p h e r e t h e e v e n t wi l l d r a w d e l e g a t e s f rom 
the A s i a n / P a c i f i c r eg ion a n d p r o v i d e e x h i b i t o r s w i t h a 
v a l u a b l e p l a t f o r m for sa les o p p o r t u n i t i e s a n d for o p e n i n g 
u p n e w m a r k e t s . A d d i t i o n a l l y , the C o n g r e s s e x p e c t s to 
a t t rac t a w o r l d w i d e a u d i e n c e of p ros the t i s t s , o r tho t i s t s , 
t he rap i s t s , p h y s i c i a n s , s u r g e o n s , e n g i n e e r s , n u r s e s , 
r ehab i l i t a t ion spec ia l i s t s , and o t h e r s . 

T h e E x h i b i t i o n wi l l be off ic ia l ly o p e n e d on S u n d a y 
Apr i l 2 , i m m e d i a t e l y f o l l o w i n g the C o n g r e s s o p e n i n g 
and K n u d J a n s e n L e c t u r e and d e l e g a t e s wi l l be g iven 
a m p l e t i m e to v i e w the e x h i b i t s t h r o u g h o u t t he C o n g r e s s 
w e e k . 

C o m p a n i e s are i nv i t ed to c o n t a c t t he C o n g r e s s 
Sec re t a r i a t for fur ther i n f o r m a t i o n on pa r t i c ipa t ion . 

Registration Information 
P l e a s e c o m p l e t e t he r eg i s t r a t ion f o r m a n d r e tu rn w i t h 

p a y m e n t to t he C o n g r e s s Sec re t a r i a t E a c h d e l e g a t e m u s t 
c o m p l e t e a s e p a r a t e fo rm. C l e a r p h o t o c o p i e s or 
f ac s imi l e s are a c c e p t a b l e , h o w e v e r , in t he c a s e of the 
lat ter y o u are r e q u e s t e d to ma i l the o r ig ina l c o p y n o t i n g 

that a f a c s i m i l e h a s p r e v i o u s l y b e e n f o r w a r d e d . 

C o n g r e s s S e c r e t a r i a t 

All r eg i s t r a t i on f o r m s a n d e n q u i r i e s s h o u l d b e m a d e 
to: 

I S P O C o n g r e s s 
I C M S 
8 4 Q u e e n b r i d g e S t ree t 
S o u t h M e l b o u r n e 
V i c t o r i a 3 2 0 5 
Aus t r a l i a 
T e l e p h o n e + 6 1 3 6 8 2 0 2 4 4 
F a x + 6 1 3 6 8 2 0 2 8 8 

E n t i t l e m e n t s 

D e l e g a t e s are en t i t l ed to : 
• A t t e n d the O p e n i n g C e r e m o n y and all Sc ien t i f i c 

S e s s i o n s ; 
• A t t e n d the W e l c o m e R e c e p t i o n : 
• A t t e n d the F a r e w e l l L u n c h ; 
• L u n c h e s dal ly ( exc lud ing W e d n e s d a y ) ; 
• M o r n i n g / a f t e r n o o n t ea s ; 
• C o n g r e s s s a t che l ; 

• R e c e i v e a c o p y of the P r o c e e d i n g s . 

A c c o m p a n y i n g p e r s o n s a r e en t i t l ed to : 
• A t t e n d t h e o p e n i n g c e r e m o n y : 
• A t t e n d the W e l c o m e R e c e p t i o n ; 
• M e e t t he Pa r tne r s Cof fee ; 
• H a l f d a y tour ; 
• A t t e n d t h e F a r e w e l l L u n c h . 
P l e a s e n o t e fees d o no t i n c l u d e a d m i s s i o n to t he 

Ins t ruc t iona l C o u r s e s or M a n u f a c t u r e r s ' W o r k s h o p s , the 
C o n g r e s s D i n n e r , T e c h n i c a l t o u r s , O r i e n t a t i o n a n d 
op t iona l s i g h t s e e i n g t o u r s o r a c c o m m o d a t i o n c o s t s . 
P l e a s e r e m i t a d d i t i o n a l p a y m e n t for t he se w i t h y o u r 
r eg i s t r a t ion fee . 

P a y m e n t o f f ees 

P a y m e n t of fees m u s t a c c o m p a n y all r eg i s t r a t i on 
f o r m s . F e e s c a n b e p a i d e i the r by : 

• C r e d i t c a r d (Vi sa , M a s t e r c a r d , B a n k c a r d on ly ) 
• B a n k draf t in A u s t r a l i a n do l l a r s ; 
• A u s t r a l i a n r eg i s t r an t s o n l y - p e r s o n a l c h e q u e 
I f y o u h a v e a n y d i f f i cu l ty w i t h r e m i t t a n c e of 

p a y m e n t b y a n y o f t h e a b o v e c a u s e d b y y o u r 
c o u n t r y ' s f o r e i g n e x c h a n g e r e g u l a t i o n s , p l e a s e 
c o n t a c t the S e c r e t a r i a t f o r a d v i c e b e f o r e f o r w a r d i n g 
a n y o t h e r f o r m o f p a y m e n t . 

Y o u r r eg i s t r a t i on wi l l b e a c k o w l e d g e d in w r i t i n g 
c o n f i r m i n g y o u r r e q u i r e m e n t s a c c o r d i n g t o y o u r 
R e g i s t r a t i o n F o r m . A t t e n d a n c e at the C o n g r e s s wil l be 
c o n f i r m e d o n l y on r e c e i p t o f p a y m e n t . 

R e g i s t r a t i o n fees 

P a y m e n t r e c e i v e d p r io r to D e c e m b e r 3 1 , 1 9 9 4 
D e l e g a t e s : 
M e m b e r s S A U D 6 5 0 . O 0 
N o n - m e m b e r s S A U D 7 7 5 0 0 
A c c o m p a n y i n g P e r s o n s : $ A U D 2 0 0 0 0 
S t u d e n t s : S A U D 2 0 0 . 0 0 
D a y R e g i s t r a n t s : S A U D 2 0 0 . 0 0 
A N A D D I T I O N A L F E E O F S A U D 1 0 0 0 0 W I L L 

A P P L Y T O A L L D E L E G A T E A N D S T U D E N T 
R E G I S T R A T I O N F E E S R E C E I V E D A F T E R 
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D E C E M B E R 3 1 , 1994 . 
In o r d e r t o qual i fy for m e m b e r s h i p fee , p l e a s e a d v i s e 

I S P O m e m b e r s h i p n u m b e r on the r eg i s t r a t ion f o r m 

C a n c e l l a t i o n s a n d R e f u n d s 

C a n c e l l a t i o n s m u s t b e no t i f ied in w r i t i n g to the 
C o n g r e s s Sec re ta r i a t . C a n c e l l a t i o n s r e c e i v e d p r io r to 
F e b r u a r y 15, 1995 wil l r e c e i v e a 7 5 % refund of 
r eg i s t r a t ion fees pa id . Af te r th is da t e n o r e funds wi l l be 
a p p l i c a b l e . R e f u n d s of a c c o m m o d a t i o n d e p o s i t s are 
sub jec t to i n d i v i d u a l ho te l po l i c i e s on app l i ca t i on . 

A t t e n d a n c e V e r i f i c a t i o n 

Cer t i f i ca tes of a t t e n d a n c e at t he C o n g r e s s wi l l b e 
a v a i l a b l e on r eques t . 

L e t t e r s o f I n v i t a t i o n 

T h e O r g a n i s i n g C o m m i t t e e wil l be p l e a s e d t o s end 
le t te rs of i nv i t a t i on to p r o s p e c t i v e d e l e g a t e s m a k i n g such 
a r e q u e s t . It i s u n d e r s t o o d tha t such a n inv i t a t ion is 
i n t e n d e d to h e l p po t en t i a l a t t e n d e e s to r a l se t r ave l funds 
or t o o b t a i n a v isa . It i s n o t a c o m m i t m e n t on t h e p a r t o f 
I S P O to p r o v i d e a n y f inanc ia l suppor t . 

L i a b i l i t y 

In t he e v e n t of indus t r i a l d i s r u p t i o n , t he C o n g r e s s 
o r g a n i s e r s a c c e p t n o r e spons ib i l i t y for loss of m o n i e s 
i n c u r r e d by d e l e g a t e s . 
K e y w o r d P r o g r a m m e S e c t i o n 
P l e a s e i n d i c a t e u p t o s ix k e y w o r d s of t op ic s o r y o u r 
pa r t i cu l a r field of in te res t o n t he r eg i s t r a t i on f o r m as 
c o d e d b e l o w : 

A 0 1 C e r e b r a l pa l sy 
B 0 1 C e r e b r a l v a s c u l a r a c c i d e n t ( C V A ) 
C 0 1 D i a b e t e s 
D 0 1 E d u c a t i o n and t r a in ing 
E 0 l F o o t d i s o r d e r s 
FOI F r a c t u r e b r a c i n g 
G 0 l I n d e p e n d e n t l iv ing 
HOI L e p r o s y 
101 M e a s u r e m e n t t e c h n o l o g y 
J01 M u s c u l a r ske l e t a l d i s ab l ed 
K 0 1 O r t h o p a e d i c f o o t w e a r 
LOI Or tho t ics - l c iwer l i m b 
MO 1 O r t h o t i c s - u p p e r l i m b 
N 0 1 P a r a p l e g i a a n d q u a d r a p l e g i a 
0 0 1 P e r f o r m a n c e a p p r a i s a l of p r o g r a m m e s 
P01 P o l i o m y e l i t i s 
Q 0 1 P u b l i c health a n d e p i d e m i o l o g y 
R 0 1 R e c r e a t i o n , l e i su re , m u s i c , spor t 
SOI S c o l i o s i s 
U 0 1 S o c k e t s - p r o s t h e t i c 
V 0 1 S y m e s a n d pa r t i a l foot a m p u t e e 
W 0 1 T e c h n o l o g y 
X 0 1 T r a n s - f e m o r a l ( a b o v e - k n e e ) a m p u t e e 
Y 0 1 Trans - t ib ia ! ( b e l o w - k n e e ) a m p u t e e 
Z 0 1 U p p e r l imb a m p u t e e 

Social Programme 
W e l c o m e I n vi tal i on 

Y o u r first o p p o r t u n i t y t o off icial ly e x p e r i e n c e t he fun 
and f r i end ly spir i t o f y o u r A u s t r a l i a n h o s t s , w h i l s t 

c a t ch ing u p w i t h o ld a c q u a i n t a n c e s a n d m e e t i n g s o m e 
n e w o n e s . T h e r e c e p t i o n w i l l b e h e l d in t he A t r i u m of the 
W o r l d C o n g r e s s C e n t r e a n d w e h o p e to t an t a l i s e t he tas te 
b u d s w i t h o u r u n i q u e A u s t r a l i a n fa re and e n t e r t a i n y o u 
w i t h t h e fo lk lo re of o u r m o r e r e c e n t b e g i n n i n g s . T h e r e 
c o u l d e v e n b e t he o p p o r t u n i t y for s o m e toe t a p p i n g w i t h 
o u r b u s h f r iends . 

D a t e : S u n d a y , A p r i l 2 , 1 8 . 0 0 - 2 1 . 0 0 . 
D r e s s : C a s u a l 
F e e : I n c l u d e d in d e l e g a t e a n d a c c o m p a n y i n g p e r s o n 
r eg i s t r a t i on fee. 

M e l b o u r n e D i n e - o u t 

E p i c u r e a n d e l i g h t s a b o u n d in M e l b o u r n e , t h e c u l i n a r y 
cap i ta l of Aus t r a l i a . T h e va r i e ty o f M e l b o u r n e ' s 
r e s t a u r a n t s i s a g o u r m e t ' s d e l i g h t a s t h e r e are o v e r 3 ,000 
of t h e m r e p r e s e n t i n g 7 0 na t i ona l c u i s i n e s . W e 
r e c o m m e n d tha t y o u s a m p l e a n a p p e t i s i n g c r o s s - s e c t i o n 
of t h e s e r e s t a u r a n t s d u r i n g y o u r s tay a n d w e h a v e 
d e d i c a t e d t h i s n i g h t for y o u t o s ta r t y o u r g a s t r o n o m i q u e 
e x p e r i e n c e . O u r r e s t au ran t a d v i s o r y s e r v i c e wi l l b e on 
s i te on S u n d a y , A p r i l 2 t o ass i s t w i t h r e c o m m e n d a t i o n s 
a n d b o o k i n g s a c c o r d i n g to y o u r b u d g e t . 

D a t e : M o n d a y . Apr i l 3 
F e e : P a y d i r ec t t o r e s t a u r a n t of y o u r c h o i c e 
B o o k i n g s : O n s i te at t he W o r l d C o n g r e s s C e n t r e . 

C o n g r e s s D i n n e r 

O u r C o n g r e s s C e n t r e t r a n s f o r m s to a b a c k d r o p for t he 
C o n g r e s s D i n n e r , w h e r e t he t h e m e of A u s t r a l i a ' s m u l t i 
cu l tu ra l b a c k g r o u n d wi l l be re f lec ted . D i n n e r wi l l 
c o m b i n e the b e s t o f A u s t r a l i a ' s f resh p r o d u c e presented 
in t he m a n y tas tes o f o u r e t h n i c p o p u l a t i o n . Tfie 
e n t e r t a i n m e n t for t he n i g h t wi l l a l s o ref lec t t h e s a m e 
t h e m e as a p o t - p o u r r i of ta len t wi l l e n t i c e y o u t o j o i n 
t h e m in a n i g h t o f g r e a t fun a n d e n j o y m e n t . 

D a t e : T u e s d a y , A p r i l 4 , 1 9 . 3 0 - 2 3 . 0 0 
F e e : $ A U D 8 5 . 0 0 
B o o k i n g s : R e g i s t r a t i o n F o r m 
D r e s s : L o u n g e Sui t . 

P e r f o r m a n c e b y the A u s t r a l i a n O p e r a 

A l i m i t e d n u m b e r of sea t s h a v e b e e n b o o k e d for t he 
A u s t r a l i a n O p e r a ' s p e r f o r m a n c e of G i l b e r t & S u l l i v a n ' s 
P a t i e n c e . S ta in ing A n t h o n y W a r l o w , we l l k n o w n to 
A u s t r a l i a n a u d i e n c e s for h i s s u p e r b lead ro le in t he loca l 
p r o d u c t i o n of P h a n t o m of t h e O p e r a and a l s o i n c l u d e d in 
t he cas t a c k n o w l e d g e d G i l b e r t & Su l l i van spec ia l i s t s 
D e n n i s Ol sen a n d H e a t h e r B e g g . T h e p e r f o r m a n c e wi l l 
be s t aged at t h e V i c t o r i a n A r t s C e n t r e , a r e n o w n e d 
c o m p l e x w e l l w o r t h t h e vis i t . D e a d l i n e for b o o k i n g s is 
J a n u a r y 15 , 1 9 9 5 . 

D a t e : T h u r s d a y , Apr i l 6, 1995 
F e e : $ 6 5 . 0 0 
B o o k i n g s : R e g i s t r a t i o n F o r m , 

F a r e w e l l L u n c h 

Jo in u s to t h r o w a " P r a w n o n the B a r b i e " at o u r 
f a rewe l l b a r b e q u e . T h e o p p o r t u n i t y to finally fa rewel l 
y o u r i n t e rna t i ona l c o l l e a g u e s . 

D a t e : F r i d a y , Apr i l 7 , 1 2 . 0 0 - 1 4 . 3 0 
Fee : I n c l u d e d in d e l e g a t e and a c c o m p a n y i n g p e r s o n 
r eg i s t r a t i on fee 
D r e s s : C a s u a l . 
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Accompanying Persons 
Programme 

T h e O r g a n i s i n g C o m m i t t e e w e l c o m e s d e l e g a t e s ' 
p a r t n e r s to j o i n us in M e l b o u r n e in 1 9 9 5 . A spec ia l 
p r o g r a m m e h a s b e e n d e s i g n e d t o allow y o u the time to 
e x p l o r e o u r c i ty a n d s u r r o u n d s i n d e p e n d e n t l y b u t a lso 
i n c l u d e s t he c h o i c e of s o m e spec ia l t ou r s w h i c h a r e no t 
r ead i ly a v a i l a b l e to t he p u b l i c . 

I n c l u s i v e T o u r s - M o n d a y 
(Accompanying persons) 

P l e a s e se lec t o n e of t he t h r e e tou r s l i s ted b e l o w and 
ind i ca t e y o u r c h o i c e o n the r eg i s t r a t i on fo rm. A l t h o u g h 
the cos t of the t o u r is i n c l u d e d in t h e a c c o m p a n y i n g 
p e r s o n r eg i s t r a t i on fee , a b o o k i n g wi l l n o t b e h e l d if t he 
form is no t c o m p l e t e d . 

• K O O R I W A L K A B O U T : T h e K o o r i s - t he m i g h t y 
K u l i n - i n d i g e n o u s p e o p l e o f the W e s t e r n P l a ln s in 
S o u t h E a s t e r n A u s t r a l i a . W e vis i t the i r T r a d i t i o n a l 
h u n t i n g g r o u n d s in the Y o u Y a n g r a n g e s w h e r e 
c o u n t l e s s t h o u s a n d s of K o o r i w o m e n h a v e m e t for 
4 0 , 0 0 0 y e a r s . A s w e sit t o g e t h e r o v e r l o o k i n g the 
p l a ins w h e r e the w o m e n g a t h e r e d food, J a n i n e , o u r 
g u i d e , wi l l h e l p y o u e x p l o r e thei r c u l t u r e - a s it w a s , 
and as it is t o d a y . T h i s is a r a re o p p o r t u n i t y for y o u to 
d i s c o v e r th i s t i m e l e s s a n d nea r ly ex t inc t p e o p l e . 
N u m b e r s are l imi t ed , s o b o o k ear ly . 
I n c l u d e s : C o a c h , g u i d e , a d m i s s i o n fees a n d m o r n i n g 
tea 
D u r a t i o n : 1 0 . 0 0 - 1 4 . 0 0 h o u r s 
• S H O P T I L L Y O U D R O P : W e all l o v e to s h o p . 
D i s c o v e r t he m a n y sec re t s of M e l b o u r n e s h o p p i n g as 
w e vis i t s o m e u n i q u e w h o l e s a l e ou t l e t s . M e l b o u r n e is 
def in i te ly t he h o m e of f a sh ion a n d s ty le . Y o u w o n ' t be 
ab le to res i s t t he b a r g a l n s . Al l ou t l e t s v is i ted 
m a n u f a c t u r e qua l i t y A u s t r a l i a n - m a d e p r o d u c t s . 
M o r n i n g tea is i n c l u d e d b y G e m t e c - o n e of 
A u s t r a l i a ' s l e ad ing opa l m e r c h a n t s . 
T i m i n g : 1 0 . 0 0 - 1 3 . 0 0 h o u r s 
I n c l u d e s : C o a c h , g u i d e a n d m o r n i n g tea. 
• T H E A U S T R A L I A N B A L L E T C E N T R E : A look 
b e h i n d the s c e n e s of this w o r l d r e n o w n e d ba l l e t s c h o o l 
a n d cen t r e . T h e in te r ior has m a n y u n i q u e faci l i t ies , in 
pa r t i cu la r , t he e igh t s u p e r b r e h e a r s a l s t u d i o s a n d the 
P r o d u c t i o n D e p a r t m e n t w h e r e t he c o s t u m e a n d 
mi l l i ne r , ' are d e s i g n e d , c r ea t ed and m a n u f a c t u r e d for 
all t he A u s t r a l i a n B a l l e t ' s p e r f o r m a n c e s . V i e w d a n c e 
archive e x h i b i t i o n s and r e h e a r s a l ac t iv i t i e s in the 
d a n c e s t ud io s . 
I n c l u d e s : Trans fe r , g u i d e , a d m i s s i o n fee a n d m o r n i n g 
tea 
D u r a t i o n : 1 0 . 0 0 - 1 2 . 3 0 h o u r s . 

O r i e n t a t i o n T o u r - S u n d a y 

T h i s tour wi l l o r i en t a t e y o u wi th y o u r hos t ci ty -
M e l b o u r n e . T h e i n h a b i t a n t s of M e l b o u r n e l o v e he r 
e l egan t l ayou t , h e r V i c t o r i a n g r a n d e u r a n d a r c h i t e c t u r e , 
her w i d e t r ee - l ined s t ree t s . Le t us i n t r o d u c e y o u to the 
h u s t l e a n d b u s t l e of th is t h r i v i n g m e t r o p o l i s . A t the 
t e r m i n a t i o n of the tour w e visi t G e m t e c , o n e of 
A u s t r a l i a ' s l e a d i n g O p a l M e r c h a n t s , w h o wi l l g i v e y o u a 
b r ie f i n t r o d u c t i o n a n d e d u c a t i o n a l film o n w h e r e o p a l s 
are m i n e d , cu t a n d p o l i s h e d in to t he f in i shed p r o d u c t . 

C o s t : $ 3 0 . 0 0 p e r p e r s o n 

I n c l u d e s : G u i d e s , 5 star c o a c h e q u i p p e d w i t h to i le t 
T i m i n g : 0 9 . 3 0 - 1 1 . 3 0 h o u r s 
M i n i m u m : 25 p a s s e n g e r s 

M e e t the P a r t n e r s - M o r n i n g C o f f e e 

A n in fo rma l m o r n i n g coffee at the C o n g r e s s C e n t r e t o 
m e e t u p w i t h the a c c o m p a n y i n g p e r s o n s a n d y o u r 
M e l b o u r n e hos t s - a g rea t o p p o r t u n i t y to c h a t t o o u r 
local t o u r e x p e r t s on s h o p p i n g , t o u r i n g o r j u s t g e n e r a l 
i n f o r m a t i o n on w h a t M e l b o u r n e h a s to offer be fo re 
d e p a r t i n g on a tour . 

M o n d a y , A p r i l 3 , 0 9 0 0 - 1 0 0 0 . 

Sightseeing Tours 
T h e P r o g r a m m e C o m m i t t e e h a s p u r p o s e l y left 

W e d n e s d a y a f t e rnoon t ree of any scient i f ic s e s s ions to 
a l l o w t i m e for d e l e g a t e s t o j o i n thei r p a r t n e r s to 
pa r t i c ipa t e in a c h o i c e of e i the r a t echn ica l o r s i g h t s e e i n g 
tour . 

T h e s i g h t s e e i n g t o u r s are sub jec t to m i n i m u m 
n u m b e r s . 

P l e a s e i n d i c a t e y o u r c h o i c e of tour on the r eg i s t r a t i on 
f o r m a n d r e m i t p a y m e n t wi th y o u r r eg i s t r a t i on fee . 

T h e tours d e s k wi l l a l s o b o o k i n d i v i d u a l t o u r s to m a n y 
of M e l b o u r n e ' s u n i q u e a t t r ac t ions i n c l u d i n g the 
V i c t o r i a n A r t s C e n t r e c o m p l e x h o u s i n g o u r p e r f o r m i n g 
arts t hea t r e s and S o v e r e i g n Hi l l w h e r e t he ea r ly go ld 
d i g g i n g e ra is r e p r o d u c e d . 

• P e n g u i n s o n P a r a d e 
T r a v e l to P h i l l i p I s l a n d in W e s t e m p o r t B a y to v i e w 

t h e s e spec ia l s p e c i e s o f the a n i m a l w o r l d . 
P e r h a p s the m o s t a m a z i n g a n d de l igh t fu l t o u r of al l , 

t he P e n g u i n P a r a d e is u n i q u e a m o n g a n i m a l d i sp l ays . 
C o m p l e t e l y u n i n f l u e n c e d b y m a n , t he p e n g u i n 
e x t r a v a g a n z a t akes p l ace at d u s k a s t he se c h a r m i n g 
' f a i ry ' p e n g u i n s w a d d l e t h r o u g h the tw i l igh t u p t he 
b e a c h , o v e r t h e s and d u n e s to the i r b u r r o w s . W e a l s o 
c o m e f ace - to - snou t w i t h s o m e k o a l a s a n d k a n g a r o o s . 

C o s t : $ 6 4 . 0 0 p e r p e r s o n 
I n c l u d e s : 5 s ta r c o a c h e q u i p p e d w i t h toilet . 

A d m i s s i o n fees: S u m m e r l a n d B e a c h 
F a u n a R e s e r v e 

T i m i n g : 1 3 . 0 0 - 2 2 . 0 0 h o u r s 
O p t i o n a l a d d - o n : H o t lobs te r d inne r : $55 0 0 pe r 
p e r s o n . 

• V i c t o r i a n W i n e r i e s 

T h e e l ix i r o f l ife is ce r t a in ly p r o d u c e d a n d bo t t l ed - so 
V i c t o r i a n s believe - in the foo th i l l s of the Y a r t a V a l l e y . 
Th i s p i c t u r e s q u e va l ley is h o m e to s o m e del ight fu l w i n e 
p r o d u c i n g v i n t n e r s . D o m a i n e C h a n d o n , bu i l t b y the 
wor ld F r e n c h c h a m p a g n e h o u s e M o e t C h a n d o n , wi l l be 
de l i gh t ed t o s h o w u s t h e i n t r i g u e s of c h a m p a g n e 
p r o d u c t i o n w i t h a l i t t le s a m p l i n g - o f c o u r s e . St. 
H u b e r t ' s , d e Bor to l i and Y a r r a R i d g e are s m a l l e r 
p r o d u c e r s w h o e a c h h a v e ve ry d i s t inc t w i n e s . W e will 
w e n d o u r w a y t h r o u g h the v a l l e y s a m p l i n g w i n e w i t h 
s o m e of these p r o d u c e r s C h e e r s ! ! 

C o s t : $ 9 9 . 0 0 p e r p e r s o n 
I n c l u d e s : 5 s ta r c o a c h e q u i p p e d w i t h to i le t 

W i n e t a s t ings : D o m a i n e C h a n d o n ; de 
B o r t o l i ; St . H u b e r t s ; o r Y a r t a R i d g e . 
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c o n c e n t r a t i n g on the r ehab i l i t a t ion area of this hosp i t a l . 
C l ien t G r o u p s ca t e r ed for by th is hosp i ta l i nc lude . 
A m p u t e e s . Sp ina l C o r d Injur ies . O r t h o p a e d i c s . 
N e u r o l o g y , a n d A c q u i r e d Bra in In jur ies . T o u r s of the 
fo l lowing a r ea s will be a v a i l a b l e : Sp ina l C o r d Injuries 
Uni t , P ros the t i c and O r t h o t i c D e p a r t m e n t . P h y s i o t h e r a p y 
D e p a r t m e n t , O c c u p a t i o n a l T h e r a p y D e p a r t m e n t , 
A m p u t e e Un i t , and the G a i t C l in i c . 

S t a l f wi l l aval l t h e m s e l v e s for br ief i n t r o d u c t i o n s to all 
a reas o r for m o r e de t a i l ed v i s i t s , d e p e n d i n g o n the 
in teres t f rom d e l e g a t e s . 

T o u r T i m e s : Sp ina l C o r d In jur ies U n i t , P r o s t h e t i c & 
O r t h o t i c D e p a r t m e n t G a i t C l i n i c : 1 3 . 3 0 - 1 5 . 1 5 
P h y s i o t h e r a p y , O c c u p a t i o n a l T h e r a p y , A m p u t e e 
C l in i c : 1 5 . 1 5 - 1 7 . 0 0 
C o s t : $ 3 0 . 0 0 

TOUR 4 (Code TT04) 
D e m o n s t r a t i o n o f A m p u t e e A t h l e t e s 

In t he r e c e n t p a s t it h a d b e e n c o n s i d e r e d a p p r o p r i a t e to 
d i s c o u r a g e p h y s i c a l ac t iv i ty a m o n g a m p u t e e s . N o w 
m o d e r n p ro s the t i c t e c h n o l o g y a l l o w s m a n y a leve l of 
func t ion almost e q u a l t o the i r p r e - a m p u t a t i o n p o t e n t i a l . 
T h e d e m o n s t r a t i o n wi l l s h o w h o w i n d i v i d u a l s wi th 
a m p u t a t i o n s c a n r ea l i s e the i r full p h y s i c a l ab i l i t i es . 

A g r o u p of a m p u t e e a th le t e s ( i n c l u d i n g m a n y w h o 
h a v e r e p r e s e n t e d A u s t r a l i a ) wi l l p e r f o r m a r a n g e of 
spo r t i ng ac t iv i t i e s . 

S t a n d a r d c o m p o n e n t r y w i l l be d e m o n s t r a t e d in 
add i t ion t o m o r e a d v a n c e d c o m p o n e n t r y and e q u i p m e n t 
specif ica l ly d e s i g n e d a n d m a n u f a c t u r e d to a c c o m m o d a t e 
pa r t i cu la r s p o r t i n g n e e d s . 

A t h l e t e s wi l l b e a v a i l a b l e to d i s c u s s fea tu res o f thei r 
spo r t i ng p r o s t h e s i s a n d h o w that p r o s t h e s i s differs f rom 
the p r o s t h e s i s t h e y w e a r on a da l ly b a s i s . 

C o s t : $ 3 0 . 0 0 . 

General Information 
V e n u e 

T h e W o r l d C o n g r e s s C e n t r e , M e l b o u r n e is a n e w , 
m o d e m C o n v e n t i o n C e n t r e c o n v e n i e n t l y l oca t ed in t he 
hea r t o f t h e c i ty , w i th in w a l k i n g d i s t a n c e of c i ty h o t e l s 
a n d is we l l s e r v i c e d by p u b l i c t r a n s p o r t . It is 
i n c o r p o r a t e d in a m o d e m c o m p l e x w h i c h a l so i n c l u d e s 
the ho t e l , C e n t r a M e l b o u r n e o n the Y a r r a , t he W o r l d 
T r a d e C e n t r e a n d a C a s i n o . T h i s c o m p l e x c o n t a i n s 
faci l i t ies for b a n k i n g , pos ta l and sec re ta r i a l s e rv i ce s , 
p h o t o c o p y i n g a n d f ac s imi l e t r a n s m i s s i o n . A n u m b e r of 
r e s t a u r a n t s , l u n c h a n d cof fee ba r s are s i t ua t ed in t he area. 
H a l r d r e s s e r s , p h a r m a c y , m e d i c a l c en t r e and n e w s a g e n t s 
are a l s o a v a i l a b l e 

W o r l d C o n g r e s s C e n t r e 
C o m e r of F l i n d e r s and S p e n c e r S t r ee t s 
M E L B O U R N E V I C 3 0 0 0 
P h o n e ( 6 1 ) ( 0 3 ) 6 2 9 4 1 0 0 
F a x : ( 6 1 ) ( 0 3 ) 6 1 4 6 5 6 5 

R e g i s t r a t i o n a n d I n f o r m a t i o n D e s k 

T h e reg is t ra t ion d e s k wil l b e loca ted at the W o r l d 
C o n g r e s s C e n t r e . W e a d v i s e y o u to co l l ec t y o u r 
d o c u m e n t s as s o o n as p o s s i b l e after y o u r a r r iva l . T h e 
reg i s t r a t ion d e s k wi l l b e o p e n d u r i n g the fo l l owing 
h o u r s : 

S a t u r d a y , A p r i l 1 - 1 2 . 0 0 - 1 7 . 0 0 

L u n c h at T h e G r a n d H o t e l in Y a r t a G len . 
1 g l a s s of h o u s e w i n e w i t h l unch . 

T i m i n g : 1 2 . 1 5 - 1 8 . 0 0 h o u r s . 

• A u s t r a l i a n A n i m a l s 

If y o u w a n t t o s e e A u s t r a l i a n a n i m a l s in t h e i r n a t u r a l 
b u s h e n v i r o n m e n t , t hen o u r vis i t t o H e a l e s v i l l e S a n c t u a r y 
wi l l entheal y o u T h i s w o n d e r f u l s a n c t u a r y r ec r ea t e s e a c h 
a n i m a l ' s na tu ra l hab i ta t . Y o u ' l l sme l l t he e u c a l y p t fores t 
and hea r the m a n y s o u n d s of the Aus t r a l i an b u s h as y o u 
p e a k at k o a l a s , k a n g a r o o s , p l a t y p u s , e m u , e c h i d n a - j u s t 
to n a m e a f ew. T o c o m p l e t e th is e x p e r i e n c e en joy a 
t r ad i t iona l " A u s s i e B B Q " . 

C o s t : $ 9 9 . 0 0 p e r p e r s o n . 
I n c l u d e s : 5 s tar c o a c h e q u i p p e d wi th to i le t 

A d m i s s i o n fee 
B B Q d i n n e r w i t h beer , red a n d w h i t e w i n e 

T i m i n g : 12 .30 -20 .30 h o u r s 

Technical Tours 
Please indicate your choice on the registration form 
TOUR 1: (Code TT01) 
C e n t r e O f I n t e g r a t e d E q u i p m e n t S e r v i c e s 

T h i s c e n t r e i n c o r p o r a t e s m a n y areas. W e wi l l b e 
con f in ing o u r v i s i t to t h r e e of t h e m , t he I n d e p e n d e n t 
L i v i n g C e n t r e , t h e M i c r o c o m p u t e r A p p l i c a t i o n s C e n t r e 
and the E q u i p m e n t L i b r a r y . E x p e r i e n c e d s ta l f are 
a v a i l a b l e for a s s e s s m e n t and a d v i c e w i t h r e g a r d to the 
spec i a l i s ed e q u i p m e n t on d i sp l ay . A r r a n g e m e n t s c a n b e 
m a d e to h i r e e q u i p m e n t for t r ia ls p r io r t o e x p e n s i v e 
p u r c h a s e s b e i n g m a d e . 

T o u r T i m e : 1.3.30-15.30 
Cos t : $ 3 0 . 0 0 

TOUR 2: (Code TT02) 
T h e A l f r e d G r o u p O f H o s p i t a l s 

T h e Al f r ed G r o u p of H o s p i t a l s is a l a r g e t e r t i a ry 
refer ra l c en t r e p r o v i d i n g a w i d e r a n g e of s e r v i c e s . T h i s 
t o u r wi l l i n c l u d e the R o a d T r a u m a Uni t , a speci f ica l ly 
e q u i p p e d a n d staffed c e n t r e to c a r e for r o a d t r a u m a 
pa t i en t s . T h i s c e n t r e is s u p p o r t e d b y t h e faci l i t ies of t h e 
A l f r ed H o s p i t a l , w h i c h h a s a c o m p l e t e r a n g e of spec ia l i s t 
s e r v i c e s and i nves t i ga t i ona l faci l i t ies . T h e cen t r e c a n be 
r ap id ly a c c e s s e d by b o t h a m b u l a n c e he l i cop t e r a n d 
sur face t r anspo r t . T h e H y b e r b a r i c U n i t wi l l a l so b e o p e n 
for d e l e g a t e s t o visi t . H y b e r b a r i c m e d i c i n e i n v o l v e s t he 
u s e of b a r o m e t r i c p r e s s u r e g r e a t e r t h a n t ha t a t s ea level 
for t h e t r e a t m e n t o f d i s e a s e s . 

T h e tour wi l l t h e n vis i t t he Cau l f i e ld c a m p u s t o v i e w 
the A m p u t e e U n i t ; a p u r p o s e a d a p t e d a n d ful ly e q u i p p e d 
un i t w h i c h h o u s e s all staff w i t h c l in i ca l , t h e r a p u t i c , 
t echn ica l a n d m a n u f a c t u r i n g faci l i t ies and the M o n a s h 
R e h a b i l i t a t i o n T e c h n o l o g y R e s e a r c h U n i t c o n s i s t i n g of 
an i n t e r -d i sc ip l ina ry t e a m wi th m e d i c a l , t h e r a p u t i c , and 
e n g i n e e r i n g exper t i se , w h i c h w o r k t o w a r d the 
e n h a n c e m e n t o f qua l i t y of life of t he m u s c u l o s k e l e t a l 
d i s a b l e d pa t i en t . 

T o u r T i m e : Mf red H o s p i t a l ( A c u t e ) : 1 3 . 3 0 - 1 5 . 0 0 
Cau l f i e ld C a n i p u s ( R e h a b i l i t a t i o n ) : 15 0 0 - 1 7 0 0 
Cos t : $ 3 0 . 0 0 

TOUR 3: ( C o d e T T 0 3 ) 
A u s t i n H o s p i t a l 

T h e A u s t i n h o s p i t a l i s a t e a c h i n g h o s p i t a l w i t h b o t h 
a c u t e and r ehab i l i t a t i on c a m p u s e s D e l e g a t e s wi l l be 
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S u n d a y , A p r i l 2 t o T h u r s d a y A p r i l 6 - 0 7 . 3 0 - 1 7 . 0 0 
F r i d a y , A p r i l 7 - 0 7 . 3 0 - 1 2 . 3 0 

P a s s p o r t a n d V i s a 

T r a v e l l e r s r e q u i r e a p a s s p o r t and v i sa for en t ry in to 
A u s t r a l i a a n d a p p l i c a t i o n s m a y t ake s o m e t ime to 
p r o c e s s . T h e a i r l ine o r t r ave l a g e n t wi l l a d v i s e y o u 
r e g a r d i n g the p r o c e d u r e s for l o d g e m e n t o f t he v i sa 
a p p l i c a t i o n . I t is e s sen t i a l to p u r c h a s e a r e tu rn t icket . 

Q u a r a n t i n e 

A u s t r a l i a i s free f r o m m a n y p l a n t a n d a n i m a l d i s e a s e s 
p r e v a l e n t in o the r c o u n t r i e s . V e r y str ict q u a r a n t i n e rules 
a p p l y to t he i m p o r t a t i o n of a n i m a l s and p l a n t s w h i c h 
c a n n o t b e b r o u g h t in to t he c o u n t r y w i t h o u t p r io r 
a p p l i c a t i o n . A n i m a l a n d p l a n t p r o d u c t s are a l s o 
r e s t r i c t ed . 

T r a v e l 
F o r i n t e rna t i ona l p a s s e n g e r s , w e s u g g e s t tha t y o u 

a l l o w at l eas t a d a y in w h i c h t o ad jus t t o t h e t i m e 
d i f fe rence a n d r e l ax after t he flight. T r a v e l l e r s a c r o s s the 
Pac i f ic are r e m i n d e d tha t t h e y wi l l lose a d a y b y c r o s s i n g 
the I n t e r n a t i o n a l D a t e L i n e . T h i s wi l l b e r e v e r s e d on the 
re tu rn j o u r n e y . 

A r r i v i n g i n M e l b o u r n e 

It is r e c o m m e n d e d that i n t e rna t i ona l d e l e g a t e s se lec t 
f l ights w h i c h o p e r a t e d i r ec t to M e l b o u r n e t o avo id 
p o s s i b l e t r ans fe r s f rom in t e rna t i ona l to d o m e s t i c 
t e r m i n a l s in o t h e r A u s t r a l i a n a i rpor t s . 

F o r e i g n e x c h a n g e faci l i t ies are a v a i l a b l e at the 
in t e rna t iona l t e r m i n a l . T r a n s f e r s to t he c i ty f r o m t h e 
d o m e s t i c a n d i n t e rna t i ona l t e r m i n a l s are eas i ly a c c e s s e d . 
A taxi wi l l cos t a p p r o x i m a t e l y $ A U D 2 5 . 0 0 . 
A l t e r n a t i v e l y , a i rpor t b u s e s wi l l t a k e y o u to t he C e n t r a l 
B u s i n e s s Di s t r i c t and , d u r i n g w e e k d a y s o n l y , to m o s t 
m a j o r c i ty ho te l s for a r o u n d $ A U D 9 0 0 p e r p e r s o n . 

T i m e D i f f e r e n c e 

A u s t r a l i a n E a s t e r n T i m e is G M T + 10 h o u r s 

C l i m a t e 

Apr i l is m i d - a u t u m n in M e l b o u r n e and y o u c a n e x p e c t 
the w e a t h e r to b e p l e a s a n t l y mi ld . T h e a v e r a g e m a x i m u m 
t e m p e r a t u r e is around 2 2 d e g r e e s C ( 7 2 d e g r e e s F) , 
H o w e v e r , e v e n i n g t e m p e r a t u r e s cou ld b e a s l o w as 12 
d e g r e e s C ( 5 4 d e g r e e s F ) . 

Offic ia l A i r l i n e 

Q u a n t a s A i r w a y s L t d h a s b e e n a p p o i n t e d t he official 
i n t e rna t i ona l car r ie r . U n d e r th is a r r a n g e m e n t , Q u a n t a s 
off ices in all pa r t s of the w o r l d wi l l b e p l e a s e d to d i s cus s 
w i t h y o u a n d y o u r t rave l n e e d s a n d i t ine ra r i e s , and wi l l 
exp l a in a i r fare s t ruc tu res for the mos t e c o n o m i c a l t ravel 
to Aus t r a l i a . 

W h e n m a k i n g e n q u i r i e s p l e a s e q u o t e r e f e r e n c e 
n u m b e r J B 5 8 V U . 

Associated Meetings 
P r e - C o n g r e s s T o u r : N e w Z e a l a n d 

T h e 7 d a y t o u r i n c o r p o r a t e s a o n e - d a y sc ient i f ic 
m e e t i n g in W e l l i n g t o n and v is i t s to artificial l i m b c e n t r e s 
t h r o u g h o u t N e w Z e a l a n d 

T h e t o u r wi l l c o m m e n c e in A u c k l a n d a n d wi l l visi t 
b o t h t he N o r t h a n d S o u t h I s l a n d s before d e p a r t i n g to 
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M e l b o u r n e f rom C h r i s t c h u r c h . 
P l e a s e i n d i c a t e y o u r e x p r e s s i o n of in te res t on the 

r eg i s t r a t ion f o r m and fur ther de ta i l ed i n f o r m a t i o n wi l l be 
fo rwarded . 

Accommodation 
M e l b o u r n e is w e l l - s u p p l i e d w i t h h o t e l s of all s t a n d a r d s 

and s t y l e s . A w i d e se l ec t ion of exce l l en t ho te l s a n d 
a p a r t m e n t s h a s b e e n r e s e r v e d for t he C o n g r e s s w i t h a 
r a n g e of r o o m r a t e s . 

A spec ia l C o n g r e s s r a t e h a s b e e n s e c u r e d a n d c a n b e 
ob t a ined o n l y by b o o k i n g y o u r a c c o m m o d a t i o n v i a t he 
R e g i s t r a t i o n F o r m pr io r to 15th F e b r u a r y , 1995 . A n y 
b o o k i n g s r e c e i v e d alter th is d a t e c a n n o t be g u a r a n t e e d at 
the C o n g r e s s ra te . A c c o m m o d a t i o n wi l l be a l l o c a t e d in 
o r d e r o f r ece ip t of b o o k i n g s and p a y m e n t . E a r l y 
r eg i s t r a t ion is a d v i s e d . 

T h e Sec re t a r i a t wi l l d o e v e r y t h i n g p o s s i b l e to p l a c e 
y o u a c c o r d i n g t o y o u r p r e f e r e n c e w i t h i n o u r r o o m 
a l l o t m e n t s and y o u wi l l be not i f ied of y o u r h o t e l ' s n a m e 
in a le t ter of c o n f i r m a t i o n . 

P r e - r e g i s t r a t i o n 

M a n y in t e rna t i ona l flights a r r i ve in M e l b o u r n e in t he 
very ear ly m o r n i n g and as c h e c k - i n t ime at m o s t ho te l s is 
2 .00 p m , it is p o s s i b l e tha t y o u r r o o m wi l l n o t be r eady 
for o c c u p a n c y o n y o u r a r r iva l . H o t e l s t ry to 
a c c o m m o d a t e thei r g u e s t s ' n e e d s . H o w e v e r , if y o u feel it 
n e c e s s a r y , y o u c a n e n s u r e i m m e d i a t e ava i l ab i l i t y b y 
p a y i n g an e x t r a d a y ' s tariff and b o o k i n g the r o o m for the 
n igh t be fore y o u are d u e to a r r ive . If y o u t a k e th i s 
p r e c a u t i o n , p l e a s e a d v i s e t he S e c r e t a r i a t in a c o v e r i n g 
n o t e s o tha t t he ho t e l m a n a g e m e n t u n d e r s t a n d s t he r o o m 
is " p r e - r e g i s t e r e d " . 

L a t e A r r i v a l s 

P l e a s e i n d i c a t e o n y o u r R e g i s t r a t i o n F o r m if y o u wi l l 
a r r i ve at y o u r ho t e l after 6 . 00 p m ; fa l lure t o d o s o m a y 
m e a n that y o u r r o o m wi l l b e r e l e a s e d . 

D e p o s i t 

T h e d e p o s i t for y o u r c h o s e n h o t e l a s l i s ted o n the 
R e g i s t r a t i o n F o r m m u s t a c c o m p a n y y o u r r e s e r v a t i o n . 
P l e a s e i n c l u d e this p a y m e n t w i t h y o u r r eg i s t r a t i on fees . 
T h e d e p o s i t wi l l be forfei ted if t he r o o m is n o t o c c u p i e d 
on the a d v i s e d d a t e o f a r r iva l . 

B a t m a n ' s Hi l l H o t e l 
SAUD 110.00 
A c c o m m o d a t i o n c o m p r i s e s s ty l i sh ly a p p o i n t e d r o o m s 
offer ing a w i d e r a n g e of fac i l i t ies e n s u r i n g y o u r e v e r y 
comfor t . A five m i n u t e wa lk to the W o r l d C o n g r e s s 
C e n t r e . 
6 6 - 7 0 S p e n c e r S t ree t , 
M E L B O U R N E V I C 3 0 0 0 
P h o n e : (61) (03 ) 6 1 4 6 3 4 4 
F a x : (61) (03 ) 6 1 4 1189 

C e n t r a M e l b o u r n e o n the Y a r r a 
( C o n g r e s s H o t e l ) 
SAUD 160.OO 
Si tua ted on the Y a r r a R i v e r c lo se to Cen t ra l B u s i n e s s 
Di s t r i c t and S o u t h g a t e . A t t a c h e d to t he W o r l d C o n g r e s s 
C e n t r e a n d e q u i p p e d w i t h full b u s i n e s s fac i l i t ies . 
A c c o m m o d a t i o n r o o m faci l i t ies i n c l u d e a i r - c o n d i t i o n i n g , 
m in i -ba r , re f r igera tor , tea a n d c o f f e e - m a k i n g faci l i t ies , 
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A M / F M r a d i o , d i rec t I D D l S T D , i ron and i r o n i n g b o a r d , 
r e m o t e c o l o u r T V , h a i r d r y e r , h e a t e d o u t d o o r s w i m m i n g 
p o o l , g y m n a s i u m , c u r r e n c y e x c h a n g e . 
C o m e r F l i n d e r s & S p e n c e r S t r ee t s , 
M E L B O U R N E V I C 3 0 0 0 , 
P h o n e : ( 61 ) (03) 6 2 9 5 1 1 1 
F a x : ( 61 ) (03) 6 2 9 5 6 2 4 

H o t e l E n t e r p r i s e 
Single $A UD 69.00 Double $A UD 79.00 
C o m f o r t a b l e , a f fo rdab le a c c o m m o d a t i o n in t he ci ty . 
C o u n t r y ho te l a t m o s p h e r e in o lde r s ty le p r o p e r t y . 3 0 0 
m e t r e s t o W o r l d C o n g r e s s C e n t r e a n d t r a m s at t he doo r . 
E a c h r o o m h a s p r i v a t e fac i l i t ies alr-conditioning, t ea and 
coffee m a k i n g faci l i t ies a n d T V . 
4 4 - 5 4 S p e n c e r St ree t , 
M E L B O U R N E V I C 3 0 0 0 , 
P h o n e ( 6 1 ) ( 0 3 ) 6 2 9 6 9 9 1 
F a x : ( 61 ) (03 ) 6 1 4 7 9 6 3 

L e M é r i d i e n at W a l t o 
$AUD 195.00 
In the h e a r t of M e l b o u r n e ' s c o m m e r c i a l d is t r ic t , w i t h the 
W o r l d C o n g r e s s C e n t r e w i th in 5 m i n u t e s w a l k i n g 
d i s t a n c e . E a c h r o o m fea tu res , I D D / S T D p h o n e s , m i n i 
bar , toas te r , ha i rd rye r , tea a n d coffee m a k i n g faci l i t ies , 
2 4 h o u r r o o m sei v ice , 
4 9 5 C o l l i n s S t ree t , 
M E L B O U R N E V I C 3 0 0 0 , 
P h o n e : (61) (03 ) 6 2 0 9 1 1 1 
F a x : ( 61 ) (03 ) 6 1 4 1219 

N o v o t e l M e l b o u r n e o n C o l i n s 
SAUD 144.00 
M o s t cen t r a l l y l o c a t e d ho t e l in t he c i ty . E a c h r o o m 
fea tu re s e l e c t ron i c c a r d l o c k i n g , i nd iv idua l l y c o n t r o l l e d 
air c o n d i t i o n i n g , r e m o t e con t ro l T V w i t h c o m p l i m e n t a r y 
i n - h o u s e m o v i e s . T h e r e are S T D / I D D p h o n e s , m in i -ba r , 
tea a n d cof fee m a k i n g faci l i t ies , da i ly n e w s p a p e r s , 
h a i r d r y e r a n d 2 4 h o u r r o o m se rv i ce . 
2 7 0 Co l l i n s S t ree t . 
M E L B O U R N E V I C 3 0 0 0 , 
P h o n e : (61) (03 ) 6 5 0 5 8 0 0 
F a x : (61) (03 ) 6 5 0 7 1 0 0 

R i v e r s i d e A p a r t m e n t s 
1 bedroom SAUD 140.00 
2 bedrooms SAUD 176.00 
S e r v i c e d a p a r t m e n t a c c o m m o d a t i o n s i tua ted on the top 
four f loors of a n e w 18 s to rey b u i l d i n g fea tu r ing 
p a n o r a m i c v i e w s of t he Y a r t a R ive r , P o r t Ph i l l i p B a y a n d 
t h e c i ty s k y l i n e . C h o i c e of o n e o r t w o b e d r o o m s . 
L o u n g e / d i n i n g r o o m , b a t h r o o m s w i t h full s i ze ba th , 
ha i rd rye r , w a s h i n g m a c h i n e and c lo thes dryer . Fu l ly 
e q u i p p e d g o u r m e t k i t c h e n i n c l u d e s m i c r o w a v e and 
d i s h w a s h e r . I S D / S T D ind ia l e x c h a n g e p h o n e sy s t em, 
i r o n / b o a r d , l i quor and p a n t r y s e r v i c e a n d i nd iv idua l l y 
con t ro l l ed air c o n d i t i o n i n g 
4 7 4 F l i n d e r s St ree t , 
M E L B O U R N E V I C 3 0 0 0 , 
P h o n e : ( 61 ) (03) 2 8 3 7 6 3 3 
F a x : ( 6 1 ) (03 ) 6 2 9 7 5 8 2 

S a v o y P a r k P l a z a 
SAUD 150.00 
T h e ho te l f ea tu re s t w o r e s t a u r a n t s , and ba r , g y m n a s i u m 
and c lo se p r o x i m i t y to t h e C o n g r e s s C e n t r e . R o o m s 
fea ture I D D / S T D t e l e p h o n e s , m i n i ba r , tea a n d coffee 
m a k i n g fac i l i t ies . 
6 3 0 Li t t l e C o l l i n s S t ree t , 
M E L B O U R N E V I C 3 0 0 0 , 
P h o n e : ( 61 ) (03 ) 6 2 2 8 8 8 8 
F a x : ( 61 ) (03 ) 6 2 2 8 8 7 7 

S h e r a t o n T o w e r s S o u t h g a t e 
SAUD 235.00 
M e l b o u r n e ' s n e w e s t h o t e l . R o o m s fea tu re i n d i v i d u a l l y 
c o n t r o l l e d alr-conditioning and h e a t i n g , r e m o t e con t ro l 
T V , i n - h o u s e m o v i e s , A M / F M r a d i o , I D D / S T D p h o n e 
acces s , m i n i - b a r , tea and cof fee m a k i n g fac i l i t ies , 
ha i rd rye r , bu t l e r s e r v i c e and full buffe t b reak fas t . N o n 
s m o k i n g r o o m s are a v a i l a b l e a n d the re is a health c l u b 
for g u e s t s ' u s e A 10 m i n u t e w a l k to the W o r l d C o n g r e s s 
C e n t r e . 

O n e B r o w n St ree t , 
S O U T H M E L B O U R N E V I C 3 2 0 5 
P h o n e : ( 61 ) (03 ) 6 9 6 3 1 0 0 
Fax : ( 61 ) (03 ) 6 9 0 5 8 8 0 

T h e S e b e l of M e l b o u r n e 
SAUD 250.00 
T h e Sebe l is an all su i te ho te l l oca ted a 5 m i n u t e w a l k to 
t he W o r l d C o n g r e s s C e n t r e . E a c h r o o m h a s I D D / S T D 
p h o n e , i n su i t e i r o n i n g faci l i t ies , i n v i d u a l l y c o n t r o l l e d alr-
c o n d i t i o n i n g and w i n d o w s that o p e n . 
321 F l i nde r s L a n e , 
M E L B O U R N E V I C 3 0 0 0 
P h o n e : ( 61 ) (03 ) 6 2 9 4 0 8 8 
F a x : ( 61 ) (03) 6 2 9 4 0 6 6 

T h e V i c t o r i a H o t e l 
Single SAUD 52 00 
Double SAUD 64.00 
In the h e a r t o f M e l b o u r n e ' s bes t s h o p p i n g , t h e a t r e s a n d 
r e s t a u r a n t s , this " O l d W o r l d " ho te l ca te r s to t he b u d g e t -
c o n s c i o u s . R o o m s fea tu re c o l o u r T V , d i r ec t d ia l 
t e l e p h o n e s , re f r igera tor , t ea a n d cof fee m a k i n g fac i l i t ies . 
2 1 5 L i t t l e C o l l i n s S t ree t 
M E L B O U R N E V I C 3 0 0 0 
P h o n e : ( 61 ) (03 ) 6 5 3 0 4 4 1 
F a x : ( 61 ) (03 ) 6 5 0 9 6 7 8 

W e l c o m e H o t e l 
SAUD 100.00 
T h e W e l c o m e H o t e l f ea tu re s a i r c o n d i t i o n i n g , c o l o u r T V , 
i n - h o u s e m o v i e s , r a d i o , min i ba r , t ea a n d cof fee m a k i n g 
faci l i t ies , toas te r and d i rec t dial I S D / S T D t e l e p h o n e . T h e 
ho te l is l oca t ed in t he c e n t r e of M e l b o u r n e a n d is c l o s e to 
pub l i c t ranspor t , 
2 6 5 - 2 8 1 L i t t l e B o u r k e St ree t , 
M E L B O U R N E V I C 3 0 0 0 
P h o n e : ( 6 1 ) ( 0 3 ) 6 3 9 0 5 5 5 
F a x : ( 6 1 ) ( 0 3 ) 6 3 9 1179 
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Sunday Monday Tuesday Wednesday Thursday Friday 

INSTRUCTIONAL C O U R S E FEE S U B TOTAL A U D : 

MANUFACTURERS WORKSHOPS COST: SAUD25.00 PER COURSE PER DAY 

PLEASE INDICATE THE CODE OF THE MANUFACTURERS WORKSHOPS YOU WISH TO ATTEND EACH DAY. 
Monday Tuesday Wednesday Thursday Friday 

M A N U F A C T U R E R S W O R K S H O P FEE S U B TOTAL AUD: 

TECHNICAL TOURS COST: JAUD30.00 PER PERSON 

Please indicate ( • ) which tour you wish to attend on Wednesday Aon; 5. 

π o i πo2 
. 1 

π03 π o 4 

TECHNICAL TOURS FEE SUB TOTAL AUD: 
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I/We will require (tick which required) 

Single • Double • Twin Share • 

Suite • Apartment • 
•(Note suites and apartments apply to certain hotels only) 
Please indicate y) selected hotel In the appropphate box. 

Date in I /95 Date out I 

Estimated time o( arrival (it known) c 
Deposit required 

per room AUD HOTEL 

• Batman's Hill Hotel $110 00 
• centra Melbourne on the Yarra $160 00 
• Hotel Enterprise single $69.00 

Double/Twin $ 7 - 0 0 
• Hotel Swanston $120.00 
• Le Méridien at Rialto $195 00 
• Novotel Melbourne on Collins $144 00 
• Riverside Apartments: One Bedroom $140 00 

Two Bedroom $176 00 
• Savoy Park Pliiza $150,00 
• Sheraton Towers/Southgate $235.00 
• The Sebel ol Melbourne $2 50 00 
• The Victoria Hotel: Single $52.00 

Double $64 00 
• Welcome Hotel $100.00 

I sharing please give lull name ol person sharing room: 

No accommodation booking will be accepted unless 
accompanied by the mandatory deposit per room. 

ACCOMMODATION DEPOSIT SUB TOTAL AUD 

Registration Fees 

Instructional Courses 

Manufacturers Workshops 

Technical Tours 

Accommodation Deposit 

Social Functions/Tours 
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Please indicate number ol tickets required. 
Tickets will not be issued unless requested, even when events are 
included in the registration lee 

No.ol 
tickets Sunday 02 April 

Orientation Tour 
Welcome Recaption 

Monday 03 April 
Meet the Partners • 
Morning Tea 

Select one of the following 
three tours: 

Koori Walkabout 
Shop till you Drop 
The Australian Ballet 

Tuesday 04 April 
Congress Dinner 

Wednesday 05 April 
Sightseeing Tours: 
• Penguins on Parade 
• Victorian Wineries 
• Australian Animals 

Thursday 06 April 
Gilbert & Sullivaπs 'Patience'. 

Friday 07 April 
Farewell Lunch 

Cost 
per person 

$30 00 

Total cost 
AUD 

. Inclusive in delegate & 
accompanying person fee 

Inclusive in 
accompanying person 

fee only 

Inclusive in 
accompanying person 

fee only 

$85 00 

$64 00 
$99 00 
$9900 

$65 00 

Inclusive in delegale A 
accompanying person fee 

Pre-Conlerence Tour - i wish lo receive additional 
New Zealand information of Ihβ pre-cortterβnce tour. 

SOCIAL FUNCTIONS & TOURS SUB TOTAL AUDİ 

All payments must be made in AUSTRALIAN DOLLARS only 
Payment in any other currency will NOT be accepted. 
Overseas delegates please note that personal cheques will not be accepted and will 
be returned to sender. 
II you have any difficulty with remittance of payment caused by your country's foreign 
exchange regulations, please contact the Secretariat for advice before forwarding 
any other than the acceptable form of payment 
Please make cheques/bank drafts payable to: 
βth ISPO WORLD CONGRESS or please charge my credit card: 

11 I Visacard I I Please indicate which card: Mastercard I 

Bankcard [ I (Australian delegates only) 

GRAND TOTAL AUD 

Card Number: 

Signature of cardholder: 

Name of 
cardholder. Expiry Date: 

OFFICE USE O N U • • • ^ ^ H 
CnequeiDrall No nrauer 

Bank Rranrh 
-, * 
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Calendar of Events 

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

Courses for Physicians, Surgeons and Therapists 

NC505 
NC510 
NC511 
NC506 

Lower Limb Prosthetics; 23-27 January 1995 
Wheelchairs and Seating; 7-9 February, 1995 
Clinical Gait Analysis; 3-5 May, 1995 
Fracture Bracing; 9-12 May, 1995 

Courses for Prosthetists 

NC226 
NC212 
NC221 

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

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 0LS, Scotland. Tel: 0141-552 4400 ext. 3298. 

15-18 February, 1995 
First Regional Meeting of IEEE Engineering in Medicine and Biology Society, New Delhi, India. 
Information: Prof. Sujoy K. Guha, Centre for Biomedical Engineering, Indian Institute of Technology, 
N e w D e M 110016, India. 

16-18 February, 1995 
11th International Seating Symposium, Pittsburgh, USA. 
Information: Elaine Trefler, University of Pittsburgh Medical Centre, Dept. of Conference 
Management, Nese-Barkan Building, Suite 511, Pittsburgh, PA 15213, USA. 

16-21 February, 1995 
American Academy of Orthopaedic Surgeons Annual Meeting, Orlando, USA. 
Information: AAOS, 222 S. Prospect Ave., Park Ridge, IL 60068, USA. 

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 0LS, Scotland. 

2-5 March, 1995 
International Congress and Instructional Course on Advances in Biomechanics and Surgical 
Techniques of the Elbow, German Society of Orthopedics and Traumatology and the European 
Society of Biomechanics, Cologne, Germany. 
Information: Dr. C. Jantea, Orthopaedic Dept., Heinrich Heine University, PO Box 260 214, D-400 
95, Düsseldorf, Germany. 
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18-19 March., 1995 
11th Annual Conference of the Association of Prosthetists and Orthotists, Telford, England. 
Information: Mr. W. Dykes, A P O Conference Co-ordinator, NCTEPO, University of Strathclyde, 
Curran Building, 131 St. James ' Rd., Glasgow G4 0LS, Scotland. 

21-25 March, 1995 
American Academy of Orthotists and Prosthetists Annual Meeting, New Orleans, USA. 
Information: Annette Suriani, 1650 King St. Suite 500, Alexandria, VA 22314, USA. 

27-31 March, 1995 
12th World Congress of the International Federation of Physical Medicine and Rehabilitation, Sydney, 
Australia. 
Information: lFPMR Congress Secretariat, DC Conferences, PO Box 629, Willoughby N S W 2068, 
Australia. 

30-31 March, 1995 
New Horizons in Cerebral Palsy: A Multidisciplinary Approach. 
Information: New Horizons in Cerebral Palsy, PO Box 235, Balwyn North, Victoria 3104, Australia. 
Phone (613) 859 6899, Fax (613) 859 2211. 

2-7 April, 1995 
8th World Congress of the International Society for Prosthetics arid Orthotics, Melbourne, Australia. 
Information: Congress Secretariat, 8th World Congress of the International Society for Prosthetics and 
Orthotics, PO Box 29, Parkville 3052, Victoria, Australia. 

7-9 April, 1995 
32nd Annual Rocky Mountain Bioengineering Symposium, Colorado, USA. 
Information: Dr. M. F. Nichols, Nicholos Technologies Inc., 3208 LeMone Industrial Blvd., 
Columbia, M O 65201, USA. 

9-11 April, 1995 
68th Annual Meeting of the Japanese Orthopaedic Association, Yokohama City, Japan. 
Information: Dr T. Kurokawa, President, Dept. of Orthopaedic Surgery, Faculty of Medicine, The 
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, 113, Japan. 

26-28 April, 1995 
1st Arab and Jordanian Conference on Physical Medicine and Rehabilitation, Amman, Jordan. 
Information: Dr. Khalil Abadi, 1st Arab and Jordanian Conference, Jordan Medical Association, PO 
Box 915, Amman, Jordan. 

30 April-2 May, 1995 
9th Instructional Course of the International Society for the Study of the Lumbar Spine, Riyadh, Saudi 
Arabia. 
Information: International Society for the Study of the Lumbar Spine, Sunnybrook Medical Centre, 
2075 Bayview Ave., Room a309, Toronto M 4 N 3M5, Canada. 

12-16 May, 1995 
1st Mediterranean Congress on Physical Medicine and Rehabilitation, Israel. 
Information: Ortra Ltd., PO Box 50432, Tel Aviv 61500, Israel. 
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28 May-1 June, 1995 
5th European Congress on Research in Rehabilitation, Helsinkl, Finland. 
Information: Prof. Simon Millar, Division of Clinical Neuroscience, The Medical School, The 
University, Newcastle upon Tyne, NE2 4HH, England. 

Summer, 1995 
Medicon '95: 7th Mediterranean Meeting on Medical and Biological Engineering, Israel. 
Information: Prof. S. Siderman, c/o Prof. W. Welkowitz, Dept. of Electrical Engineering, PO Box 909, 
Piscataway, NJ 08854, USA. 

9-14 June, 1995 
RESNA International Conference, Vancouver, Canada. 
Information: RESNA, Tel 703-524-6686, USA. 

18-22 June, 1995 
22nd Annual Meeting of the International Society for the Study of the Lumbar Spine, Helsinki, 
Finland. 
Information: Dr. B. Rydevik, International Society for the Study of the Lumbar Spine, Sunnybrook 
Medical Centre, 2075 Bayview Ave., Room a 309, Toronto M4N 3M5, Canada. 

2-3 July, 1995 
5th International Conference of the European Orthopaedic Research Society, Munich, Germany. 
Information: Dr. H. P. Scharf, Orthopädische Klinilc/RKU, Oberer Eselsberg 45, D-89081 ULM, 
Germany. 

16-19 July, 1995 
7th International Conference on Mobility and Transport for Elderly and Disabled People, Reading, 
England. 
Information: 7th Int. Conf. Secretariat, Disability Unit, Dept. of Transport, Room S10/21, 2 Marsham 
Street, London SW1P 3EB, England. 

5-8 September, 1995 
2nd Leeds European Rehabilitation Conference: Neurological Rehabilitation, Leeds, England. 
Information: Dr. A. Cutts, Rheumatology and Rehabilitation Research Unit, The University of Leeds, 
36 Clarendon Road, Leeds, LS2 9NZ, England. 

8-10 September, 1995 
4th Scientific Meeting of the Scandinavian Medical Society of Paraplegia, Oslo, Norway. 
Information: Congress Secretariat, 4th Scientific Meeting of SMSOP, c/o Sunnaas Hospital, N-1450 
Nesoddtangen, Norway. 

11-19 September, 1995 
10th Asia Pacific Regional Conference of Rehabilitation International, Jakarta, Bali. 
Information: Secretary, 10th ASPARERI, H Hang, Jebat 11-2 Blok FIV, Kebayoran Baru, Jakarta 
12120, Indonesia. 

19-23 September, 1995 
American Orthotic amd Prosthetic Annual National Assembly, San Antonio, USA. 
Information: Annette Suriani, 1650 King St. Suite 500, Alexandria, VA 22314, USA. 
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