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The development of an assessment chair

G. I. BARDSLEY and P. M. TAYLOR*

Limb Fitting Centre, Dundee
*School of Bioengineering, University of Dundee

Abstract

Initial difficulties in producing seats for the
physically disabled have led to an investigation
of the process of seat prescription. An adjustable
assessment chair was developed for the purpose
of identifying patients’ seating requirements.

The main variables of the chair’s configuration
are controlled by a number of hydraulic and
mechanical systems.

Different support surfaces can be attached
to the chair to simulate different seat
characteristics. At present a bead bag vacuum
consolidation system is used to simulate
moulded seats.

Experience to date has shown that the
assessment chair performs a valuable clinical role
in the provision of seating.

Background

The early stages of a seating research
programme at Dundee Limb Fitting Centre
involved the production of prototype chairs for
physically disabled patients. It soon became
apparent that because of their very individual
characteristics and problems, these patients
require a highly personalized form of seating.
Experience has enabled the accurate selection of
the required type of seating system but
difficulties were still encountered in identifying
the exact configuration of seating which would
fulfil the individual’s particular requirements.

An iterative empirical approach to the
problem was found to be applicable. The subject
was supported in one position and their reactions
observed for a period of time. The support was

All correspondence to be addressed to Dr. G. I
Bardsley, Dundee Limb Fitting Centre, 133 Queen
Street, Broughty Ferry, Dundee DD5 1AG, Scotland.
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then modified, depending upon the
observations, to produce a new position. The
process was continued until the requirements of
body configuration, stability, comfort, function,
etc. were all fulfilled or acceptable compromises
achieved.

Initially subjects were positioned manually by
the assessor physically holding them. This
technique, however, is limited to children whose
body weight can be handled. In addition, its
accuracy is limited by the time that positions can
be held, by the inadequacy of control of posture
and by failure to properly simulate the support
available in the final product. Seats produced in
this way often had to be returned or modified
because of assessment inaccuracies.

Consequently, some form of device was
considered desirable to assist the process of
identifying optimum configurations. In the past,
a few adjustable chairs have been designed for
this purpose or as definitive chairs, however they
tend to be limited in the seating variables which
they can control and limited to the production of
one particular type of seating (University of
Tennessee, 1977; Wijkmans and de Soete, 1978)
(Commercial Information).

Objectives

In view of these observations, it was decided to
design and construct a device which was
sufficiently  adjustable to simulate all
configurations of seating systems likely to be
prescribed. The primary application of the
device would be to act as a clinical tool for
determining optimum seating configurations for
individual patients, however it was also
envisaged as acting as a research tool for
developing new seating systems and for
investigating sitting posture.
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Conclusions

Previous to this work, the authors were
uncertain as to whether an assessment chair as
described above would be a help or a hindrance
in the clinical provision of seating. To date,
seventeen moulded seats have been made usirig
the chair. In all cases it has proved to be of great
assistance, permitting quick, accurate postural
adjustments, several of which cannot be
contemplated without this type of control. For
example, the anteroposterior attitude of a chair
with respect to the horizontal has been found to
be critical to within a few degrees for many
cerebral palsy patients, as it has a major
influence upon head control and overall muscle
tone. The chair permits the fine control
necessary to identify the optimum setting of this
variable.

The design of the device has ensured that all
mechanisms are unobtrusive and do not impede
access to the subject. Despite its unusual
appearance, all subjects have accepted the use of
the chair and some children even enjoyed the
experience. In summary, the assessment chair
has proved to be a valuable clinical tool in the
provision of seating for the physically
handicapped. Although extra time is required in
the assessment stages, it would appear that
better seats can be produced and final
modifications which were required in previous
techniques may now be avoided.
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The physical effect of lumbar spinal supports

N. D. GREW' and G. DEANE?

Oxford Orthopaedic Engineering Centre, University of Oxford

Abstract

A study has been performed to investigate the
physical effects of lumbar spinal supports. Two
groups were studied, a group of normal male
subjects and a group of male low back pain
patients. Five different spinal supports were
investigated and their effects upon the skin
temperature, spinal movements and intra-
abdominal pressures of these individuals were
examined. The results show surprisingly similar
patterns for the widely varying designs of
support. The findings also suggest that the longer
term wearing of a spinal support results in a
degree of physical dependence. The results of
this study are aimed at improving the
prescription and use of spinal supports in the
treatment of low back pain.

Introduction

Lumbar spinal supports form a major part of
the treatment of low back pain to the extent that
each year over quarter of a million are prescribed
in England and Wales. Supports available for
prescription fall into the general categories of
spinal brace and fabric corset, although there are
many types and constructions. The basis upon
which a support is prescribed is unclear because
little is known about the performance of such
orthoses in terms of their mechanical and other
effects upon the wearer. Perry (1970) showed
that almost all orthopaedic surgeons prescribed
external supports at least occasionally in their
treatment of low back pain. The most common
diagnosis for which a corset is prescribed was
found by Ahlgren and Hansen (1978) to be
chronic lumbago and the main reason for the

All correspondence to be addressed to Mr. N. D.
Grew, c/o Oxford Orthopaedic Engineering Centre,
Nuffield Orthopaedic Centre, Headington, Oxford
OX37LD.
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patients using this form of treatment was that it
provided “‘support”, with or without the relief of
pain.

The following possible effects of spinal
supports may have an important role in terms of
their therapeutic value:

(a) Limitation of movement.

(b) Alterations of intra-cavity pressures.

(c) Modification of muscle actions.

(d) Warming of skin.

The use of a rigid brace for restriction of
movement and stabilization is widespread
(Perry, 1970) but even the more flexible supports
are obviously intended to modify movements in
some way. The efficacy of spinal braces has been

questioned (Norton & Brown, 1957) in
particular with regard to intervertebral
movements. While gross movements are

prevented, individual vertebral movements are
sometimes increased.

The abdominal cavity, sometimes in
conjunction with the thoracic cavity, is
pressurized voluntarily when the spine is put
under stress (Bartelink 1957; Eie & Wehn 1962;
Davis & Snoup, 1964; Kumar & Davis 1973).
This activity has a direct effect on the spinal
loading by introducing a distending force
anteriorly. This force produces an extension
moment about the lumbar spine which reduces
the tension required in the posterior spinal
muscles. An inflatable corset increases the
resting abdominal cavity pressure by about 10-15
mm Hg, but does not raise the peak pressures
seen during a controlled lift (Morris et al, 1961).
The effect of normal spinal supports was studied
here.

Now at;
! Pressed Steel Fisher Ltd, Cowley, Oxford.
2 Heatherwood Hospital, Ascot, Berks.
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B
Symbol Description

NS No support

SE Semi-elasticated, narrow corset. Padded
lumbar insert semi-conforming to
lordosis. Rigid anterior section.

NF Narrow fabric corset with some posterior
strengthening.

LF Long fabric corset extending from pelvis
to thorax. Some steel posterior
strengthening and some padding.

RB Leather covered steel brace. Pelvic and
thoracic hoops linkedbl‘?' longitudinal
members. Anterior abdominal pad.

PJ Polythene jacket.
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Terminology Instruction

Neutral Stand comfortabl,

Flexion Flex fully forwar

Circumduction Move to your left rotating
forward-left, left, backward-
left, back, backward-right,
right, forward-right, forward

Extension Lean back

L. Lateral Bend Lean left

R. Lateral Bend Lean right

Circumduction Flex forward and then move to
your right rotating forward-
right, right, etc to forward

sition
Neutral tand upright comfortably
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Symbol Activity Time
L Lying supine 3 min
Standing from lying
w Walking on a horizontal surface| 2 min
Ascending and descending stairs
S Sitting in an upright high- 2 min
backed chair
Lifting Skg between high and
low shelves
FL Lifting 15kg with legs straight,
flexing at hips
UL Lifting 15kg with torso upright,
flexing knees and hips
H Hol_(éi}:)g 15kg while standing 30 sec
upright
L?fting 15kg from the side
Then S, W, and L repeated in that order 6 min
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pain. The rigid brace (G) had the most effect and
the mean ranges of movement were similar to
those for the normal group, indicating that the
effect of the support was the dominating feature.
Therefore, while the supports influenced the
spinal movements of the patient group in a
manner similar to the normal group, the effects
were modified by the added influence of pain.

The intra-abdominal pressure results showed
some less predictable differences. Considering
first the mean pressure levels, it became
apparent that the mean level when lying supine
was 9 mm Hg higher in the normal group (Fig. 4).
Since the pressure in this posture is largely a
result of muscle tone in the abdominal wall, this
observation indicated that the patient group had
generally less active muscles in this region. The
patients had all been wearing spinal supports
regularly as part of the treatment for their low
back pain. Morris et al, (1961) showed that a
reduced abdominal muscle activity results when
a corset is worn. It seems likely that, despite
exercises, the long term effect upon the patient
group of wearing corsets had been a loss of tone
in the abdominal muscles. One patient only had
a resting intra-abdominal pressure comparable
with the normal group. He still maintained a
physically demanding job and when questioned
appeared well educated about how to use his
spine in lifting, etc., and was complying with
physiotherapist advice.

The spinal supports raised mean intra-
abdominal pressures by similar amounts in the
patient group when compared to the normal
group. However, because of the lower pressures
recorded when no support was worn, the effect
of the supports was to raise the mean pressures
only to those of the normal group without
supports.

It was observed in this study, as elsewhere
(Fairbank et al, 1980), that patients suffering
from low back pain develop much higher reflex
intra-abdominal pressures than pain-free
controls. This is believed to be a response to back
pain which attempts to protect the spine still
further from load by increasing the load bearing
role of the anterior compartments.

When wearing a spinal support the patient
group tended to develop still higher pressures (7
mm Hg higher on average) compared with the
normal group which tended to produce lower
pressures (4 mm Hg on average). This indicated
that the patient group was using the greater

support an orthosis provides to the abdominal
wall in order to increase the effect of the intra-
abdominal pressure reflex and reduce further the
mechanical stresses on the spine.

Conclusions

1. This study confirms that spinal supports
influence the movement, intra-abdominal
pressure and skin temperature of the wearer.
Considering the wide variety of supports tested,
the differences between the effects of each
support are few. However, some characteristic
patterns of effect, particularly in the spinal
movement restriction, were found.

In order to reduce spinal movements by an
appreciable amount, a rigid form of bracing is
required, although a well fitting brace (RB) is
better than a plastic shell (PJ) in this respect.
Fabric and elasticated corsets provide little
restriction of movement although the location of
strengthening can enable specific painful
movements to be influenced above others. The
shorter corsets performed better than the longer
in respect of movement restraint.

Where low back pain is temperature sensitive,
the presence of thicker or padded material over
the lumbar skin can be used to raise its
temperature by almost 2°C. However, the
material must be held in contact with the skin.
Several subjects commented that the plastic
jacket had a tendency to provide a cooling
“funnel” which reduced its effectiveness in this
respect.

No clear patterns emerge from the intra-
abdominal pressure results, except that the
longer supports provide significant increases in
pressure when the wearer is seated, and the
elasticated support increases the pressure
significantly when the wearer is walking.

2. The patient group responded in a
predictably different manner to the normal
group in respect of spinal movement, but not of
intra-abdominal pressure. The results suggest
that over the period of treatment a patient
becomes accustomed to his orthosis and
subconsciously adopts it as part of his spinal
support mechanism. Thus, under activities
where the spine is lightly stressed, the presence
of the support reduces the need for activity of the
muscles of the abdominal wall. Under more
stressful activity the orthosis strengthens the wall
and enables the wearer to enhance the pressures
developed during the intra-abdominal pressure
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reflex. This indicates a need to plan the use of a
spinal support in the context of other treatments,
such as exercise regimes, especially when the
patient ceases to wear his corset.

3. The study highlights the need to establish
more clearly the mechanisms by which a spinal
support acts upon the wearer and how the
physical effects it induces are effective in
providing symptom relief and a healing
environment.
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First oedema

then atrophy
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load bearing sensation in the frame socket due
to its elastically supporting apertures, was
unanimously reported to be most comfortable
and free of any problems. The static and dynamic
stability of the patients was in no case estimated
as being inferior to that of patients provided with
conventional devices. The new frame socket
technique has also been applied to patients who
had complained about their previous closed
socket prostheses; these patients are now free of
complaints.

Discussion

The technique of amputation stump
accommodation described in this paper is a
practicable alternative in the early care of
amputees which offers the possibility of
compensating for variations in stump
circumference and volume. This is particularly
necessary in the care of patients after tumour-
indicated amputation as considerable variations
in body weight and hence in stump volume are to
be expected during the prolonged period of
chemotherapy which in most cases follows the

operation. Moreover, the elastic enclosure of the
soft stump parts yields space for muscle
contractions, avoids unnecessary perspiration
and provides for ventilation of the amputation
stump which adds to the patient’s comfort. The
large range of possible variations in the stump
enclosure given by this technique enables early
independence from the orthopaedic technician
coupled with an optimum prosthetic fitting and
adaptation. The correct donning and use of the
prosthesis is simplified for the patient making a
fast functional rehabilitation possible.
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Variation of mechanical energy levels for normal and prosthetic
gait
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Department of Automatic Control and Systems Analysis, Institute of Technology, Uppsala University, Sweden
and National Board of Occupational Safety and Health, Sweden

Abstract

Mechanical energy levels were investigated for
normals and for below-knee amputees during
level walking. The weight of the prostheses was
varied by attaching 0-5 kg extra weight to the
prostheses.

The measurements and analyses were made
with the ENOCH system consisting of a
minicomputer (HP 21 MX), an optoelectronic
device for displacement data measurement
(Selspot) and a force plate (Kistler) for
measurement of ground reaction forces.

Results by Winter et al (1976) on the energy
changes during normal walking obtained from
displacement data on one leg only were verified
using data from both legs and the trunk.

For the amputees it was concluded that the
energy changes increased for the prosthetic
shank when the weight increased. For the other
body segments and for the body total no
significant differences were found.

Introduction

The energy expenditure during walking is an
important parameter for the evaluation of
human gait. Ralston and Lukin (1969) found a
fairly constant ratio between the metabolic
expenditure and the positive work for subjects
during normal walking and walking with extra
trunk and foot loading. Therefore the
mechanical energy changes can be used to get an
indication of the energy requirements during
walking. They defined the positive work from

All correspondence to be addressed to Hakan
Lanshammar, D. Eng, Department of Automatic
Control and Systems Analysis, Institute of
Technology, Uppsala University, Box 256, S-751 21,
Uppsala, Sweden.
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the changes in total mechanical (kinetic plus
potential) energy of the body.

In recent years the mechanical energy levels
during walking have been studied by Winter et al
(1976) and Cappozzo et al (1976) among others.
In both these investigations displacement data
for one leg were used to describe the motion of
the whole body.

For the construction of lower extremity
prostheses the weight is an important design
parameter. The optimum weight of the
prostheses have been a subject of debate.

Inman (1967) claimed that a prosthesis should
not be made too light because with a lighter
prosthesis the amputee develops less kinetic
energy at the end of swing phase to be fed back
into the body to maintain his forward velocity.

Quigley et al (1977) reported on the oxygen
consumption during walking with ultra-
lightweight and standard BK prostheses. The
trend was toward a higher oxygen consumption
per metre and kilogram body weight with the
heavier type of prosthesis.

The investigation presented in this paper was
undertaken to test the effect of a small increase
in the weight of BK prostheses on the mechanical
energy levels during walking. Gait data from
both legs and the HAT (head, arms, trunk) for
normals were also analyzed to test the results of
Winter et al (1976) and Cappozzo et al (1976).

Patients and methods

A minicomputer based system—called
ENOCH—was used for the measurements and
analyses. In this system, described by Gustafsson
and Lanshammar (1977), an optoelectronic
device, Selspot, is used for kinematic data
collection and ground reaction data are obtained




where m; is the segment mass, j, is the rotational
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However, close to heel strike the coordinates
have high frequency components which can
result in substantial errors in calculated
derivatives. This can be the reason for the large
errors reported in Cappozzo et al (1976)
concerning a comparison between the muscular
work and the total body energy variations during
the heel strike phase.

The rotational component of the energy is
much smaller than the translational and
therefore the error in this term is not so
important. In the term for the potential energy
finally, the error in the vertical coordinates of the
centres of mass are at most a few centimetres,
which again gives much smaller error
contribution as compared to the 10 per cent
expected error in the segment masses. Note
especially that for the HAT, an error in the
location of the mass centre will not effect the
changes of its potential energy values very much.
The only effect of such an error is that the level
around which the changes take place will be
increased or decreased.

To summarize, the expected error in the
calculated energy levels is approximately 10 per
cent except during the heel strike phase where
the error can be larger.

When energy changes are calculated by
subtraction of energy levels the situation is
changed, especially for the potential energy of
the trunk. Since the vertical displacement of the
centre of mass for the HAT is only about 0-05 m,
a coordinate error of 0-01 m due to skin
movements for example, can result in a 20 per
cent error in the potential energy change. For the
kinetic energy of the HAT and for both kinetic
and potential energy of the other body segments
the relative energy changes are much larger and
the results for energy levels are essentially
applicable also for the energy changes.

Results

In Figures 14 statistics for the resulting
energy changes are presented. The values for the
shank and thigh represent the difference
between the maximum energy level during swing
phase and the minimal energy level found for the
following stance phase.

For the HAT and the total energies, the values
are the difference between the maximum energy
value during the first measured swing phase and

the minimum value that is obtained close to the
next heel strike, plus the same difference for the
following step.

All energy values have been normalized by
dividing with the current stride length and the
subject’s body weight. The middle line of the
three horizontal lines on top of each bar
represents mean value and the two others give
the standard deviation for all measurements on
the subject. For comparison the corresponding
results for two male normals are also given in the
figures together with results taken from Winter
et al (1976). In the latter case the subject was a 20
year old female (subject 1 in Winter et al, 1976).
From the Figures 14 it is clear that there is a
good correspondence in the energy changes for
all segments between the normal data presented
here and the results obtained by Winter et al
(1976). The results presented in Cappozzo et al
(1976) can be compared only for the HAT and
total body energy changes, because shank and
thigh energy values are not presented separately.
For the HAT the energy changes for one normal
subject (U.D. in Cappozzo et al, 1976)
corresponded to 0-1 J/m/kg, while it was
approximately 0-2 J/m/kg for the data presented
in Figure 3. The total body energy changes in
Cappozzo et al (1976) for the subject U.D. was
0-4 J/m/kg which concords well with the results
in Figure 4.

The energy changes reported in Winter et al
(1976) and in Cappozzo et al (1976) were
obtained using some simplifying assumptions.
Data was collected for one leg only while the
trajectory of the other leg was assumed to be the
same displaced in time by half a stride period.
Further the trajectory of the centre of mass of the
trunk was assumed to be the same as the average
of the trajectories of the greater trochanter
marker for the left and right leg. Rotation of the
trunk was not included in the analysis.

Especially the first of these simplifications
could be expected to give considerable errors in
the total body energy variations. This is because
the shank energy is rapidly decreasing prior to
heel strike while it is rapidly increasing shortly
thereafter for the other leg. Therefore the
minimum value of the total body energy, which
occurs shortly before heel strike, can be heavily
affected if the assumed time displacement in the
data for the two legs are erroneous.

In the present investigation none of the
mentioned simplifications were made.




100 H. Larsharmmar

Shank

Energy changes. Shank.
{Joule /metre and kg body weight.)
0.5 kg extra weight on the prosthesis.

d

2
13 EL DR 13 EL oR normals Winter et ol
Normal leg Leg with BK prosthesis
BK Amputees Normals

Energy changes. Thigh.
(Joule/metre and kg body weight)
0.5 kg extra weight on the prosthesis.

o1
37
o Lo
x EL oR x EL or normols Wintars of
Normal leg Leg with BK prosthesis
BK Amputees Normals
Energy changes. HAT.
(Joule /metre and kg body weight.}
0.5 kg extra weight on the prosthesis.
o
o,zf
| 1
ol 2 F
X EL DR normals Winnr?m al

BK Amputees Normals



0.2

7
%
.
/
%
%
o
/
é
| Y
%
_

Encrgy levels for normal and prasthenic gei

Energy changes. Total.
(Joule /metre and kg body weight.}
0.5 kg extra weight on the prosthesis.

.

%

2 From
normals Winter et al

Normails

1



102 H. Lanshammar
REFERENCES

CApPP0zz0, A., FIGURA, F., MARCHETTI, M. (1976).
The interplay of muscular and external forces in
human ambulation. J. Biomechanics, 9(1), 35-43.

CHANDLER, R. F., CLAUSER, C. E., McCONVILLE, J.
T., ReynoLps, H. M., Young, J. W. (1975).
Investigation of inertial properties of the human
body. DOT HS-801 430.

Contini, R. (1970). Body segment parameters

g’:atholo ical). Technical Report No 1584.03.

hool of Engineering and Science, University of
New York.

ConTing, R. (1972). Body segment parameters, Part
II. Art. Limbs, 16(1), 1-19.

DriLus, R., ContiNi, R. (1966). Body segment
Earameters. Technical Report 1166.03. School of
ngineering and Science, University of New York.

GUSTAFSSON, L., LANSHAMMAR, H. (1977). ENOCH—
An integrated system for measurement and analysis
of human gait. UPTEC 7723R. Institute of
Technology. Uppsala University, Uppsala,
Sweden.

INMaN, V. T. (1967). Conservation of energy in
ambulation. Arch. Phys. Med. Rehab. 48(9), 484—
488.

QUIGLEY, M. J., IroNs, G. P., DonaLDsON, N. R.
(1977). The Rancho ultralight below-knee
Erosthesis. Rehabilitation Engineering Center at

ancho Los Amigos Hospital, Downey, California.

RaLsTON, H. J., LUKIN, L. (1969). Energy levels of
human body segments during level walking.
Ergonomics, 12(1), 39-46.

WINTER, D. A., QUANBURY, A. O., REIMER, G. D.
(1976). Analysis of instantaneous energy of normal
gait. J. Biomechanics, 9(4), 253-257.



FPraosthetics and Ortfeics Internarional, 1982, 4, 103104

Ny
,,’ KNEE (o~
POTEN-
TIOMETER
VOLTAGE CONTROLLED
OSCILLATOR |
PSe
L~ vco i—-vowu:
AMPLIFIER N
[ON:2°<®8 <70 |
TTTTTCloFFie<2t |
REFERENCE, 1 OSTO°
VOLTAGE VOLTAGE
COMPARATOR

Aldl commespondencs to he addrcssed to Mr. 1. AL

Cailbeert, artment of Biumedical Engmeeting,
Duke University, Durham, North Carolina, 27706,
USA,

103



104 £oA. Githerr, (5. M. Marwel!, B T. George Sr, and 1. H. McFlthaney




Prosthetics and Orthotics International, 1982, 6, 105-107

Wound healing complications following major amputations of the
lower limb

J. STEEN JENSEN, T. MANDRUP-POULSEN and M. KRASNIK

Departments of Orthopaedic Surgery T-2 and T-3, Gentofte Hospital, Copenhagen.

Abstract

A series of 320 amputations was analyzed with
regard to wound healing complications and re-
amputation rates.

Among 111 AK amputations complications in
wound healing were encountered in 14 per cent
(15/111) of the cases, leading to re-amputation in
2 per cent (2/111).

TK amputations were followed by wound
healing problems in 30 per cent (20/66) of the
cases with re-amputation in 20 per cent (13/66) at
AK level, as compared to 40 per cent (57/143)
with wound healing complications and 20 per
cent (28/143) re-amputations in BK-amputees.

As failure of BK amputation leads to re-
amputation at AK level it is recommended that
the TK level be selected in doubtful cases.

Introduction

Most amputation series reviewed in the
literature consider above-knee and below-knee
amputations. The re-amputation rate following
below-knee amputations has been reported as
1246 per cent (Baur et al. 1978; Chilvers et al.
1971; Christensen, 1976; Hierton & James, 1973;
Lindholm, 1964; Robinson, 1976; Sarmiento et
al. 1970; Warren & Kihn, 1968).

In this clinic major amputations of the lower
limb are performed at the most distal level
according to pre-operative measurements of the
skin perfusion blood pressure (Holstein &
Lassen 1973; Holstein et al. 1979 a, b, Holstein,
1980). The present study describes the results
with respect to the re-amputation rates.

All correspondence to be addressed to J. Steen
Jensen, Dr. Med., Hestkgb Vaenge 63, DK-3460
Birkergd, Denmark.

105

Patients and methods

A thorough description of the series has been
given in a previous report (Mandrup-Poulsen
and Jensen, 1982). Amputations of 320 limbs
were performed because of gangrene on 310
patients with a mean age of 70 years (range 40—
94). In 208 limbs (65 per cent) chronic
arteriosclerosis was the cause of amputation,
whereas acute arterial thrombosis accounted for
32 cases (10 per cent) and vascular disease
combined with diabetes mellitus for the
remaining 80 cases (25 per cent).

The level of amputation was grossly
determined by measurement of the skin
perfusion blood pressure. The pressure was
recorded at ankle level and 10 cm above and
below the knee joint. The sufficient blood
pressure was considered to be at least 30-40 mm
Hg, although a few amputations were performed
at pressure levels of 20-30 mm Hg in order to
gain length of the limb in patients with an
ischaemic contralateral limb.

In the retrospective study the patient files were
examined, recording the primary level of
amputation, the number of wound healing
complications and the final level of amputation.

Results

Above-knee (AK) amputations were
primarily performed in 111 patients with a mean
age of 74 years (42-94), through-knee (TK) in 66
patients with a mean age of 72 years (52-94) and
below-knee (BK) in 143 patients with a mean age
of 67 years (40-89). A multivariate contingency
table analysis demonstrated the level of
amputation to be related to the age (P <0-03)
and to the cause (P < 0-007). This means that the
number of BK amputations decreases and AK
amputations increases with age and that more
BK amputations were performed in cases with
diabetes mellitus, as shown in Figure 1.
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The goal of prosthetic treatment must be to
return the geriatric patient home with preserved
gait function. This means that the most distal
level of amputation should be selected. It is,
however, unacceptable always to choose the BK
level, if the re-amputation rate is 46 per cent, as
reported by Sarmiento et al, (1970). The level of
amputation was determined by the skin
perfusion blood pressure in the present series
(Holstein et al, 1979 a, b; Holstein, 1980),
although a few amputations were performed in
spite of unacceptably low pressures in bilaterally
threatened limbs and a number of amputations
performed as life saving procedures without
further investigations. The re-amputation rate
following TK or BK amputations was fairly
consistent with recent reports (Christensen 1976,
Hopkins & Harris 1965, Howard et al. 1969,
Newcombe & Marcuson 1972, Warren & Kihn
1968), but somewhat lower than others (Chilvers
et al, 1971, Hierton & James 1973, Lindholm
1964). It is, however, most interesting to
experience that failure after BK amputations in
the majority of cases leads to re-amputation at
AK level. The TK level is thus lost, which is
decisive considering the high success rate of
prosthetic fitting following TK amputations
(Chilvers et al, 1971; Hopkins & Harris, 1965;
Howard et al, 1969; Newcombe & Marcuson
1972).

In our opinion the limb should be carefully
evaluated prior to selection of the level of
amputation, including measurement of the skin
perfusion blood pressure. In cases with
borderline skin perfusion blood pressure or
doubtful clinical condition of the skin or
muscles, we advocate selection of the TK
amputation level, as this level of amputation is
followed by as successful a prosthetic fitting as
after BK amputations.
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Shoe inserts for small deformed feet

R. G. S. PLATTS, S. KNIGHT and I. JAKINS

Orthotic Research and Development Unit, Institute of Orthopaedics, University of London

Abstract

Modern materials and a better understanding
of the biomechanical requirements enable
adaptations to shoes to be made quickly and
easily in cases where the deformed foot is small
enough to fit satisfactorily into standard shop-
bought or standard deep footwear. A flexible
self-generating polyurethane foam is used inside
the shoe. It expands to the internal shape of the
shoe and the external shape of the foot. It can be
used either against the patient’s own foot or
against a positive cast of the foot. The technique
has been used for 75 patients and has proved
successful. The insert so made is durable and
economical.

Introduction

With the present shortage of surgical shoe
makers and the high cost of bespoke footwear,
(now at least £150 a pair in UK), it is necessary to
maximise the use of standard footwear and
provide adaptations whenever possible. Patients
are pleased to wear standard shoes which
provide the opportunity for better looking
footwear with greater variety, even when they
have to pay for them—and their repair and
replacement. It is clearly more economical for a
National Health Service.

Adaptations to standard footwear to
accommodate misshapen feet have been made
for centuries. The traditional methods still used
for making these adaptations are often centuries
old. Shoe stiffening is often achieved with steel
plates built into the sole and “build-ups” are
made in layered cork.

Modern materials, such as polyurethane
foams and high molecular weight polyethylene
can be used instead, with advantage, for making
these shoe inserts.

All correspondence to be addressed to Dr. R. G. S.
Platts, irector of Orthotics, Institute of
Orthopaedics, Brockley Hill, Stanmore, Middlesex,
HA74LP,U.K.
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Method

Choice of using the foot or a cast of it

The technique for filling spaces between the
small foot and the shoe which is described below
can be performed using the foot itself (suitably
covered) or a cast of it. The occasions when it is
more satisfactory to use a cast are:

(a) When the attitude of the foot (or part of it
e.g. forefoot) requires passive correction
and this cannot be achieved when the foot
is in the shoe whether weight bearing or
not.

(b) When accentuation of build-up or
relieved areas is required.

(c) When the foot tends to slide forward in the
shoe during foaming and must be held
back into the heel.

(d) When a thin layer of foam is required over
the dorsum of the foot. (It is better to add
a material like Pelite—which is stiff
enough to stand on its own—to the cast.)

(e) When the patient has difficulty, e.g. witha
flail foot, in inserting the foot into the shoe
quickly.

The principle advantage of using the foot
directly is, of course, that of speed. The
production can proceed on a ‘while-u-wait’ basis.
However, for this to be possible the patient has
to attend with the correct shoes and an insert
base to fit those shoes has to be ready. In most
cases the patient will first present without shoes,
especially if they are being transferred from
surgical or other non-standard footwear. Thus in
these cases it is easier to take a cast of the foot at
the first visit and the insert (and subsequent
ones) can be made up to the cast, with the patient
attending on the second occasion for fitting and

supply.
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Comments

Onset of bracing
Case A[;?Ck Brunnstrom’ Dm:ft = Present
number [Sex |Age| stroke classification | bracing | stage
(months)
UE | LE UE|LE
1 M |71 [Jun.’78 [Oct.’78 | 3 |Pre3 35 3:513:5
2 M |54 [Jun.’78 [Oct.’78 [ 2 |Pre3 35 3 '3
3 F |57 |Mar.’79 [Apr."79| 2 |Pre3 29 343
4 M | 64 |Mar.’78 | Jul.’79 | 3 3 26 3 (35
5 M | 65 | Apr.’79 | Sep.’79 | 2 2 24 3]3
6 F |55 | Jul.”78 | Jun."79 | 3 |Pre3 12 4 |35
7 F [67 | Jul.’76 | Oct.’79 | 3 3 23 33
8 M |53 |Feb.’72 [ Jun.’79 | 3 3 27 3ls
9 M | 62 (Jun.’80 |Aug.’80( 2 |Pre3 13 818
10 M (27 [Mar.’80 | Sep.’80 | 3 3 12 4 |35
11 M | 53 [Dec.’79 |Nov.’80| 3 3 10 34 3
12 F [ 62 [Oct.’80 [Dec.’80( 2 |Pre3 9 3135
13 F [ 70 [Feb.’79 | Apr.'79( 2 |[Pre3 29 3|3
14 F | 62 |Dec.’80 | Apr.’81 1 |Pre3 5 2. k3
15 M | 58 [Feb.’81 | Apr.’81 | 1 2 5 3.3
16 M | 42 [Nov.’80 | Apr.’81| 1 2 5 3|3
17 F |45 |Dec.’80 | Feb.’81| 2 |(Pre3 7 3|3
18 F |61 |Feb.’81 [Apr.’81| 2 |Pre3 5 3135
19 M | 40 | Feb. 81 |[May. 81| 2 3 4 3|35
20 M | 51 |Mar.’81 | Aug. 81| 1 2 1 2] 3
21 M | 67 | Feb.’81 | Apr.’81| 1 2 S 21 3
22 M | 51 |Mar.’81| Jul.’81 | 3 3 2 3] 3
23 M | 48 | Oct.’78 | Jun.’80 | 3 3 15 4135
24 F | 65 |Aug.’77 | Feb.’80| 2 [Pre3 19 21 3
25 M | 58 | Dec.’80| Jan.’81 | 3 3 8 41 4
Average | 56 UE = Upper Extremity 14-6

LE = Lower Extremity

(1) A recurrence of stroke in Feb.
1981

%43 Marked preference for KAFO.
5) Engaged as a member of the
municipal assembly at present.
Application of KAFO with
locked knee joints at the onset.
(6) Removal of KAFO at present
after application for about 1

ear.

(8) K’Iaintenance of ability to
ambulate for a long distance
about, 6 km daily, without
breakage of KAFO.

(9) Maintenance of ability to
ambulate for a distance about 2—-
3 km daily in home.

(11) Exchange for KAFO due to
instability of the knee joint in
AFO. Preference for KAFO.

(12) Acquirement of stability of the
knee joint in KAFO.

(14) Acquirement of the ability to
ambulate under observation,
psychological disturbance and
distinct synergy movement.

(15) Acquirement of the ability to
ambulate fairly quickly in spite
of muscle weakness at hip and
knee joints.

(16) Acquirement of the ability to
ambulate in spite of flaccid and
weakened muscles at hip and
knee joints.

(19) In addition to a stable and not so
slow ambulation, exchange for
AFO in the near future, due to
obtaining stable knee joint in

(20) Continuous performance of gait
training in KAFO at present.

(21) Exchange for KAFO due to
incomplete correction of severe
foot deformity in AFO, fair
improvement of foot deformity
in EAF )

(22) Removal of KAFO after
application for 15 months
maintenance of the ability of
independent ambulation at
home at present.

(24) Maintenance of the ability to
ambulate under observation in
spite of marked muscle
weakness and low graded
functional stage.

(25) Exchange for AFO \fter
application of KAFO for 6
month’s stable ambulation.
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Cases —functional stage between 3-3-5 based on
Brunnstrom's classification

KAFO AFO

(Group A) (Group B)
Sex Male | Female Male [ Female
Numbers 6 | 9 33 | 17
Average age in years 56 59
Total number 25 50
Average time after
stroke 20months 40months

Stance phase

Gait patterns

Swing phase

—_—

signs)

Stamping | Locking |Snapping| Back |Forward |Lateral Lateral | Lateral |Knee Stiffleg | Hip Circumd-
gait gait gait knee |inclination |inclination| bending | bending | flexionas | gait hiking |ucted gait
gait of pelvis |of pelvis | towards | towards | in normal gait
non - affected | gait
affected | side
side (weight
bearing




Enee-ankle-foot-orthosis far hemiplegics

GroupA P InKAFO (25 cases)

GroupB [] InAFO

(50 cases)

GroupC (5 Ngg;alcmlrol ~30male cases,

40 -60, average age 51

™ i
M
40 4
a
204
104
Walking a distance of | Walking and returning| Walking and retui'ning
10m ina straight line | a distance of 10m in | adistance of 5m in
an L-shaped line an S-shaped line
(atotal of 20m) (atotal of 10m)
AFO KAFO 1mV Normal
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