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Range of adjustable
polypropylene sockets.

Pre-assembled knee module
with semi automatic knee lock

Easily fitted cosmetic covers.

Shin assembly with
demountable joints.

Range of moulded
plastic feet.
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Retrospective study of 14,400 civilian disabled (new)
treated over 25 years at an Artificial Limb Centre

I. C. NARANG and V. S. JAPE

Artificial Limb Centre, Pune, India

Abstract

This paper reports on 14,400 civilian disabled
treated over 25 years at the Artificial Limb
Centre, Pune, India. It examines in some detail
sex and age distribution, cause of disability,
levels of amputation, sources of payment and
other factors relating to the rehabilitation of the
patient.

Introduction

Rehabilitation of the disabled is a vital
problem not only for the Armed Forces but also
for the nation at large; apart from war injuries,
accident and disease also produce large numbers
of disabled.

An awareness of the importance of the
ultimate rehabilitation of the patient is a marked
feature of modern surgical practice and bio-
medical engineering. It is now an accepted
principle that the surgeon’s responsibility
extends beyond the operating table and that of
the engineer beyond the workshop to the point
where the return of the patient to more or less
normal activity becomes a reality.

The Artificial Limb Centre Pune

The Artificial Limb Centre was established in
1944 with the help of experts from Roehampton,
London, primarily to look after disabled
veterans of the Second World War. From 1954
onwards, facilities were gradually extended to
civilians.

It is a unique and pioneer institution in India,
in that it is not just a factory manufacturing
artificial limbs, but an establishment where total
care for the patient is provided from the time

All correspondence to be addressed to Brig. I. C.
Narang, Commandant, Artificial Limb Centre, Post
Box. 86, Pune-411001, India.
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long before an artificial limb is required to his
rehabilitation programme.

The Artificial Limb Centre incorporates a
hospital of 200 indoor beds. The staff consists of

surgeons, medical officers, paramedical
personnel, engineers and technicians; total staff
strength is 350 to 400.

Amputations, review amputations, tendon
and joint surgery to correct deformities, plastic
and reconstructive surgery etc. are carried out by
the surgeons of this centre.

Along with the fabrication of artificial limbs,
practice in their use is commenced in a very well
equipped physiotherapy and rehabilitation
department.

The centre is self-sufficient. The materials
used for manufacture of limbs and appliances are
indigenous and the various components are
manufactured locally in the centre.

The study

During the last 25 years (from 1954 to 1978) a
total of 14,400 civilian amputees and other
orthopaedically handicapped persons were
treated at this centre. This is more than twice the
number of disabled soldiers and ex-Servicemen
treated during the same time span.

Records are maintained for every case and
recently a study was undertaken to analyse the
civilian cases and compare them with other
studies available in the literature.

Male patients comprise 88-37% of the total,
and females 11-63% (Fig. 1 and Table 12). The
reasons for male predominance or unequal
distribution may be:

(1) Men have a more outdoor life and are thus
more exposed to trauma.

(2) Indian society being male dominated, the
bread winners are mostly males, therefore
disabled males get preference for treatment over
disabled females in the family.
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Poliomyelitis 1,346 (34:25%)
Thromboangiitis
obliterans 993  (25-27%)
Malignancy 339 %8-62%)
Diabetes 251 6-40%) Male Female Total
Other* 1,001 (25-46%)
Lower limb R 102 gg 153
Caries spine, leprosy, osteomyelitis, sacroiliac strain, Bil % 3 123
prolapsed disc, scoliosis, lumbago, motorneuro .
disease, paralysis, hemiplegia, paraplegia, hernia, Upper limb R 14 15 29
spastic  paresis, tumour, chondroma, cervical L 15 17 32
spondylosis, spondylosthesis, etc. Bil 4 8 12
Foot deformities R 20 9 29
L 33 9 42
Bil 93 64 157
Other 41 — 41
Total 529 237 766
3332
/ Types of trauma A Male 9203
/ 9649 cases
/ (] Female 446
% 2579
% 2087
193
143/ 124 116 168 » i 162 a2
8 /
J 3 5 / -
36.2% 28.2% 22.9% 1.9% 2.2% 1.8% 4.3% 2.5%
rail vehicle crush electric fall gunshot  explosion others*
injury shock

* Stab wounds, burns, animal bites, etc.
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Lower limb 15
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Total 44
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Male Female Total
Amputation 10,648 844 11,492
Deformity 2,077 831 2,908
Total 12,725 1,675 14,400
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Male Female Total
Lower limb 6,580 552 7,132 (62%
Upper limb 3,974 276 4,250 (37%
iscellaneous 94 16 110 (1%
Total 10,648 844 11,492
Right Left  Total
Above-knee (including
through-hip and
through-knee) 1,508 1,509 3,017
Below-knee (including
Syme and Chopart) 1,752 1,812 3,564
Bilateral 511
Total 3260 3,321 7,092
Right Left  Total
Above-elbow 848 602 1,450
Below-elbow 922 667 1,589
Through-elbow,
through-shoulder 151 131 282
Through-wrist, PMH 461 262 723
Bilateral 206
Total 2382 1,662 4250
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Individual 10,258  (711%)
Government agencies 1,867  (13%)
Employer 1,719 (12%)
Voluntary agencies 556 (4%)
Total 14,400 No. of issues Upper limb Lower limb Orthoses
1 3,526 5,334 2,877
2 249 1,119 188
3 51 493 83
4 38 296 27
More than four 1 114 4
Total 3.865 7,356 3,179
Male Female Total
Inpatients 5,939 469 6,408 (44-5%)
Outpatients 6,786 1,206 7,992 (55:5%)
Total 12,725 1,675 14,400
Present Munson and Pellicore et al
study Dolan (1968) (1974)
Period of stay at ALC Male 12,725 2,287 327
6408 cases Female 1,675 1,708 132
Ratio 8:1 1551 2:5:1
1595
1502 1578
Discase Trauma Tumour Congenital
Present study 20:3% 76% 3% 07%
1954-1978
Kegel et al (1976) 9% 35% 8% 1%
o 19641076
Lower extremity
Glattly (1964) S8% 33% 5% 4%
534 1961-1963
Upper and lower
extremity
302 Kay & Newman (1974) 70% 22% 5% 3%
1973-1974
Upper and lower
/ extremity
| /i Kerstein et al (1974) 8% 1% 3% 5%
upto 3-6 6-8 2~3 3-4 morethan 1961-1971
3weeks weeks weeks months months 4 months Lower extremit
4%  235% 24.9% 24.6% 83% 47% Davies etal(l970{ 37% S0% 4% 8%
1965-1967

Upper and lower
extremity



16 I Narang and V. 8. Jape

Present Dept. of Pellicore
study Veterans Affairs  etal
(1978) (1974)
Vehicle 28% 24% 15%
(3-8% female) (36% female)
Industrial 2% 1% 16%
Train & farm 36% 10% 20-5%
Present Munson and
study Dolan (1968)
L R L
Upper limb 2,482 1,147 721 1,008

Lower limb 3,260 3,321 778 705
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Manipulation

Biokinetic chain Direct transfer
of residual
stump motions

The technology
used must not
produce restriction

Positioning

Transmitting of
upper body motions
to mechanisms

Kinetic
structure

Gripping

As above directly
or switching
electrical hand
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Hybrid system

Single cable
control

Moving forearm

Locki
elbowng

Ready to do
something else

Battery.

N\
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Switching

CRITERIA FOR QUALIFYING BODY MOTIONS
TO POWER PROSTHETIC MECHANISMS

F = Maximal pull force

Af = Maximal displacement

Flexion joint
New additional criteria when using the same

motion for multifunction control Elbow
Shoulder

- Bidirectional resolution of smallest
displacement* Rotation joint

- Reproducibility of given required Pronation

i t
displacement*and force __5_€ Supination
Forearm

» turning
- Resolution of smallest pull force

Ball joint
- Velocity range of cable displacement
Wrist
- The role of visual feedback Shoukded
Alignment

* The above as the function of cable loading
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Control harness

Control cable runs
in Bowden housing

End of cable
2 functions

Cabile runs
through pulleys

3 functions

Dots symbolize -

points of application

of force controlling
O different functions

45°

Forearm turning
friction joint

. Elbow joint
Flexing forearm Locking elbow
Activating microswitch
Pronation " oo
Supination

Electric hand

Cabile shortening
device(CSD)

~Manual operation

For body powered
prosthesis only

Viennatone 10R-COT™M

Slider

CsD Compact unit

CSD& microswitch

7

= &

-For hybrid systems
- Semi-automatic operation
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full  weight-bearing. The clinical and
Roentgenological checks continued until at least
10 or 12 weeks, respectively, after the operation.

Results

So far 10 patients, 5 men and 5 women, have
been treated. All patients have expressed their
satisfaction. They have been easily taught to
practise mobility and supervision by a
physiotherapist has not been necessary. The
mobility training has caused no or slight pain.

Owing to discomfort, mostly from dorsum
pedis, the orthosis was in some cases exchanged
or adjusted. In no case pressure sores appeared.

The wound healing has been uncomplicated
and dislocation of the fractures has not occurred.
Clinical results and Roentgen examinations have
not given any reason to suspect pseudarthrosis.
Based on long experience of the results of
fixation using conventional lower leg plaster we
have the firm clinical impression that patients
using an orthosis have a faster course of
rehabilitation.

Discussion

It appears comparatively safe to conclude that
with the above mentioned operative method and
orthoses certain ankle fractures can be allowed
early mobility training of the talocrural joint
without disadvantages in position and healing of
the fracture/s. Presumably this treatment is
advantageous.

It is quite likely that the same or similar
treatment can be applied to other types of ankle
fractures. However, it should probably not be
used in elderly people where osteoporosis may
diminish stability of the osteosynthesis. In these
cases another operative technique can of course
be used.

The orthoses described are relatively
expensive and probably unnecessary stable. The
reasons for the present constructions are firstly a
wish to avoid a setback in the beginning of an
investigation and secondly that the next planned
step in the investigation is to be weight-bearing
in the orthosis.

When further experience has been gained,
treatment can probably be more individualized,
for example by having a simpler orthosis,
applying the orthosis immediately after
operation or abandoning external fixation
completely. The role which open reduction and
osteosynthesis should play in the treatment of
ankle fractures is not yet settled.

The investigation will continue and
comparisons between the possible effects of
different methods of treatment will be made
with clinical, Roentgenological and clinical-
physiological methods.
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Evaluation pertinent to the gait of children with myelomeningocele

N. C. CARROLL, D. JONES, W. MASCHUICH*, M. MILNER and C. WHITE

Ontario Crippled Children’s Centre and Hospital for Sick Children, Toronto

Abstract

Many children with spina bifida who require
long term and costly clinical management and
rehabilitation are seen at the Ontario Crippled
Children’s Centre (OCCC). The aims of
orthopaedic management can best be achieved
through an “‘effective” assessment of each child,
which guides the provision of conservative and
operative treatment throughout infancy and
childhood.

Surgery and orthotic aids are the major ways
available to correct or prevent the formation of
orthopaedic deformities. At present the only
way of assessing an orthosis is to wait and see if it
improves function or prevents a deformity.

This paper addresses pilot work undertaken to
elucidate the factors which contribute to
deformity progression in the lower limbs. The
intent was to measure these factors in as cost
effective and non-invasive a manner as possible
and utilize the information gained in orthotic
assessment and development for these children.

The initial goal of the study was to quantify the
effect of a prescribed orthosis upon the gait of
each child. Some 15 children with a lumbar or
sacral level myelomeningocele have been
examined in a total of 59 trials. The data
collection process involved a three stage
protocol implemented by the orthopaedist,
physical  therapist and engineer. A
comprehensive clinical examination, a visual gait
assessment from video-tape and an instrumented
gait assessment were performed in the OCCC
gait laboratory. Assessment criteria were
proposed and extracted from the data collected.

All correspondence to be addressed to D. Jones,
now at National Centre for Training and Education in
Prosthetics and Orthotics, University of Stathclyde, 73
Rottenrow East, Glasgow G4 ONG, Scotland.
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These criteria were posed after examining the
frequency distribution of certain features of gait
in the study group. A case study illustrating the
application of the assessment is provided.

In examining the performance and influence
of an orthosis upon a child’s gait situations were
identified in which no clear statement of “best”
or “better” could be made. The value of the
assessment was to point out the trade-offs and
relative merits of selected orthotic options. By
combining the objectivity of data acquired with
gait analysis instrumentation with the subjective,
but tangible, skills of the experienced observer,
significant improvement in performance of the
assessment is likely.

Introduction

The Ontario Crippled Children’s Centre
(OCCQC) is a provincial rehabilitation centre for
children up to the age of eighteen years. A
multidisciplinary team exists at OCCC and the
Hospital for Sick Children (HSC) to provide for
the clinical management and rehabilitation of
the spina bifida affected child. The most severe
and frequent form of this disorder is represented
by the child with a myelomeningocele which
causes extensive problems. The most disabling
problem is the effect upon the spinal cord which
almost always results in some degree of paralysis
to the lower limbs, the bladder and the bowel.
The higher the spinal cord is affected the greater
will be the total management problem, due to
the high probability of associated malformations
and secondary complications developing. A
comprehensive description of approaches to
orthopaedic management has been published
(Menelaus, 1980).

*Now at Montreal Children’s Hospital, Quebec.
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Ambulatory status

A study at OCCC and HSC reported and
conducted by DeSouza and Carroll (1976)
examined available data to indicate the
important factors in predicting the eventual
ambulatory status of a child with a
myelomeningocele. They found that, for their
series, the ambulatory status seemed to depend
upon (in order of priority):

(1) The neurological level oflesion.

(2) The motor power present at the

neurosegmental level.

(3) The extent and degree of orthopaedic
deformities present in the spine and lower
limbs.

(4) Age, height and sex of the patient.

(5) Motivation.

(6) Spasticity.

(7) Design and effectiveness of orthoses.

(8) Surgical procedures.

From these determinants it is clear that once a
spina bifida child survives the first few months, it
is possible to have realistic goals for the child’s
ambulation abilities; these being largely
governed by the ‘uncontrollables’ of lesion level
and motor power. For any child, it is clear that
ambulation goals may be strongly governed by
the extent and degree of the orthopaedic
deformities present.

Orthopaedic management

The aims of orthopaedic management are:

a) To correct deformity, to maintain its
correction, to prevent recurrence and to
avoid production of other deformities.

b) To obtain the best possible locomotor
function.

c) To prevent or minimize the effects of
sensory and motor deficiency.

The achievement of these interdependent
aims depends upon a correct and adequate
assessment at ‘‘suitable’ intervals, together with
conservative and operative treatment as
indicated. Surgical and orthotic treatments are
complementary in correcting deformities and
aiming to prevent others from developing.

Factors in the causation of deformity

The factors responsible for deformity in spina
bifida are:

(1) Co-existent congenital malformation.

(2) Unbalanced muscle activity.

(3) Gravitation (external force) effects.

(4) Abnormal bone growth or fractures.

The commonest cause of deformity appears to
be unbalanced muscle activity. Deformity is
progressive and proceeds more rapidly in infancy
and early childhood.

The sequence of affected structures is likely to
be; -

i. Muscles and tendons
ii. Ligaments and soft tissues

iii. Bone.

Bony deformity develops only months after the
initiation of the “deforming force”, therefore,
the effectiveness of a treatment plan (whether
orthotic or surgical) only becomes apparent after
an unfortunate delay. Surgical treatment will not
be successful in maintaining the correction of a
lower limb deformity (if the deforming force still
exists) without complementary orthotic fitting.

Orthotics

Having corrected any pre-existing problems
by surgery, orthoses are used to prevent
deformities from recurring. With an orthosis we
can state some realistic goals for its use.
(Henderson and Lamoreux, 1969). All an
orthosis may achieve is to:

(a) Relieve limb areas which are load

sensitive.

(b) Control motion at a joint with respect to
range and direction.

(c) Maintain the shape of body tissues in spite
of the activity of deformity producing
forces.

In addition to these functional goals an
orthosis has some acceptance constraints which
concern overbracing, cosmesis, cost and effect
upon the child’s endurance.

With the AFO (ankle-foot orthoses) systems
applied to the children in this study several stages
are used in their manufacture.

(a) A plaster cast of the limb is made with
some correction of foot and ankle position
if both possible and necessary.

(b) Rectification and finishing of cast.

(c) Vacuum forming of a thermosetting
plastic to the shape of the cast.

(d) Trimming and fitting the AFO to the child
and ensuring compatability with shoe type
and shoe sole contour.
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Aims of the study

The aim was to investigate the nature of an
assessment protocol which could enhance the
identification of an undesirable orthotic fitting
for the ambulatory child. The initial efforts are
described here.

The initial goal was to quantify the effect of an
orthosis on each child in the study group. This
orthosis had been prescribed and fitted by the
regular clinic team. After describing the effect of
the orthosis provided for each child, criteria
were developed to judge the relative value of the
observed differences and provide a basis for
orthotic improvement.

Subjects

Fifteen children have been examined so far in
a total of 59 trials. All the children seen were
selected from within the caseload of the Spina
Bifida Orthotic Clinic of OCCC and had a low
lumbar or sacral level myelomeningocele (9
female, 6 male). All these children were
independently ~ mobile  with bilateral
polypropylene AFO’s. The youngest child was 2
years and the eldest 11 years of age (mean 6
years).

Data collection process

The data collection process involved three
stages implemented by the team of orthopaedist,
physical therapist and engineer:

(1) A comprehensive clinical examination.

(2) A subjective gait assessment from video

tape.

(3) An instrumented gait assessment in the

laboratory.

The clinical examination

The clinical examination was designed to
detect what could be considered as the individual
child’s locomotor function deficits; including
those apparent from an observation of;

(a) Clinical history pertinent to surgery and

orthotic aids.

(b) Muscle tone and power in the lower limbs.

(c) Passive ranges of joint motion in the lower

limbs.

(d) Spinal alignment and rigidity in frontal

and lateral views (sitting and standing).

(e) Standing posture.

In performing this examination the approach
was taken that only those features illustrative of

a deficit would be noted. This allowed some
reduction in the volume of data recorded whilst
(hopefully) retaining information of value to the
study. As in any “hands on” examination,
subjective judgement errors are possible. In this
study, group discussion of problems which arose
was designed to minimize bias.

Subjective gait assessment

The intent in this section was to utilize the
pattern recognition powers of the trained
observer. The process allowed the gait of a child
(anterior posterior (AP) and lateral (L) video
views) to be observed and dissected in a guided
fashion. A subjective analysis form, evolved
from one used at the Children’s Hospital Gait
Laboratory in Boston, USA, was utilized
(Simon, 1980). The form was scored
independently by the orthopaedist or therapist
and the engineer. Scoring consisted of indicating
on the form the presence of a gait abnormality
and the phase of gait in which it occurred.

It should be emphasized here that the aim was
not to try and make the gait of these children
necessarily normal (which was very likely
unrealistic). However, by comparing the
assessment forms completed for different
orthotic situations, it was hoped to detect the
changes in a child’s gait which are symptomatic
of these introduced orthotic changes. The gait
changes observed could then be used to guide the
extraction of objective data from the more
formal instrumented gait assessment.

Instrumented gait assessment

The gait laboratory at the OCCC has the space
and equipment to collect all pertinent data
during gait assessment. A PDP 11/34 computer
and peripheral equipment provided for the
interactive acquisition, manipulation and display
of multiple signals.

A 9261A Kistler force platform provides
ground reaction force data and was used in
conjunction with two orthogonally positioned
video cameras. The two camera views were
blended on a single monitor and recorded on a
time-lapse video tape recorder. This recording
could be replayed at varying speed, or field by
field. Grey scale copies were made of each field
using a Tektronix 4632 hard copy unit. The set of
hard copy papers were then digitized using a
Tektronix interactive plotter (4662) interfaced to
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a Tektronix 4051 computer. When digitization is
complete the kinematic data may be transmitted
to the PDP-11 computer via an RS232 interface
for combination with the force platform data. A
light beam system was used to calculate average
walking velocity along the laboratory. A
document describing the gait laboratory
instrumentation and configuration is available
from the authors.

Methodology

With each subject the clinical examination
would be conducted by the therapist and
orthopaedist immediately prior to the gait
evaluation. As many trials as possible were
conducted with the ground reaction forces, 3D
video recording and average walking velocity
recorded for each trial.

Skin surface reflective-markers were used to
define points of anatomical interest. Stick
markers were placed at the sacrum and lateral
knee joint line. Spot markers were located at the
anterior superior illiac spines (ASIS), the greater
trochanters, tibial tubercle, proximal to the
lateral malleoli and heel and toe. Joint centre
positions at the hip, knee and ankle were
predicted by relating these known marker
positions to physical measurements and prior
standing X-rays if these were available.
“Normal” data for the prediction of joint centres
from surface measurements cannot be
realistically used; particularly at the hip. These
joint centre predictions were used for the “stick”
man representations of Figure 5. The video
system was calibrated and ready prior to the
child’s arrival. The video records were taken and
retained both for visual analysis and for
correlation with the force platform data.

Total test time was of the order of 20-30
minutes. Force platform data were generated
within seconds of a trial in order to verify success
or failure. The video records were monitored
and reviewed very briefly for each test.

With each child at least two situations, (with or
without the prescribed orthosis) were considered
and multiple trials conducted for each situation
to ensure that comparative data were available.

Discussion of methodology

Speed of testing soon proved to be very
important for the successful completion of the
study. Many of the children had very short

attention spans. It took considerable ingenuity
to keep a child amused whilst data were collected
and therefore long delays between walking
sessions were unacceptable, except if the child
appeared to be becoming too tired to continue.
Evidence of tiring was detected by monitoring
walking velocity and noting verbal complaint.
On the basis of experience the use of a fast
method of data collection and display would
seem essential. For example, it was endeavoured
to conduct repeat walking trials within 30
seconds of the previous one.

The child was not told of the existence of the
force platform and was instructed to walk toward
a toy placed across the walkway and located on a
path which would cross the force platform.
Initial experiences showed the importance of not
indicating the presence of the force platform
because this would often lead to a deliberate
walking “‘performance” by these children.
Demonstrations of frustration by the research
staff, because the child missed contact with the
force platform, were undesirable.

Results
Introduction
Having compiled fairly complete data

concerning the gait of these children several
steps were envisaged; .

(a) Compare the gaits of each of these
children in the braced and unbraced
situations.

(b) Using the observed differences pose some
tentative assessment criteria which could
best discriminate between braced and
unbraced situations.

(c) Apply these assessment criteria to each
child to quantify the differences between
the braced and unbraced situations and
comment on the benefits to the child of
these differences.

(d) Make specific orthotic modifications
guided by these assessments when
possible and repeat the evaluation.

Braced and unbraced gait
The subjective assessment forms were used to
illustrate some generalized features of the study
group with respect to the effect of the AFO’s
upon gait. All of the children were capable of
unbraced gait for the short period of testing.
The frequency of observation of the chosen
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FREQUENCY OF OBSERVATION OF GAIT FEATURES
IN THE UNBRACED SITUATION
(AS PERCENT OF POSSIBLE NUMBER OF AFFECTED LIMBS)

INITIAL [ WEIGHT | Wib __vl_l—m—n‘] EARLY | LATE
MOTION CONTACT | ACCEPT. | STANCE | RELEASE | SWING| SWING
T Anter/Poster lean 45 45 45 45 43 45
: Right/Left lean 27 27 32 27 32 27
: Rotation o ) ] 0 [} [
: Lordosis 68 68 63 68 68 68
L (R
V Trendelenb () () 0 0 0 0
s
Flexion 45 A4S 40 23 54 54
H  Abduction 0 0 a 9 3 9
: 32 27 14 0 0 40
Inter. Rot. 27 21 14 0 0 18
Exter. Rot. 9 9 9 40 a 14
Flexton 64 17 77 17 86 86
X Hyp [ [ [ 0 0 [
: Tibial Progression [ [ 32 ) 0 0
- Valgus ] 36 32 ] 0 ]
Varus 0 ) ] o ] 0
Dorsi Flexton 18 1 14 9 5 5
Plantar Flexion AL i8 [] L) 45 27
: Eversion 3 3% 3% 3% & AL
: lnversion (] [ 0 0 14 5
= Inter. Rot: 27 2 ’_ll 23 18 18
Exter. Rot. 2 32 32 A5 36 6

FREQUENCY OF OBSERVATION OF GAIT FEATURES
IN THE BRACED SITUATION
(AS PERCENT OF POSSIBLE NUMBER OF AFFECTED LIMBS)

K|

p—s -3 AP A AR
p———1 - AR s
T Anter/Poster lean 4 a1 a1 a1 a1 4
: Right/Left lean 3% 45 45 45 45 36
: Ll 5 5 5 0 L] 5
r
E Lordosi 64 64 64 64 64 [
: 0 0 0 (] ) 0
s
Flexion 14 14 1 14 14 18
N Abduction ] 0 0 0 9 S
: Adduction 14 23 23 0 0 5
later. Rot. 14 18 23 0 0 9
Exter. Rot. 9 9 9 23 4l 14
Flexion AS A5 A5 45 45 50
K Hype [ 0 9 0 0 0
: Tibtal o 5 9 [ 9 0
" Valgus '] 23 18 L] L] 0
Varus o 0 o 0 0 0
Dorsi Fiexion 0 0 [ 0 0 9
Plastar Flexion 5 0 o 0 0 0
: o 0 0 0 0 ]
: Inversion 0 [ [ 0 9 0
- Ioter. Rot. 31 27 27 27 36 3N
Exter. Rot. 18 18 18 Al 45 18
PERCENT DIFFEKENCES IN THE FREQUENCY OF
OBSERVATION .... BRACED vs UN
INITIAL | WEIGHT [ aTE |
HOTION CONTACT | ACCEPT. | STANCE | RELEASE | SWING | SWING
T Anter/Poster lean ~4 -4 -4 -4 -4 -4
: Right/Left lean ¥ 18 13 18 13 9
: Rotation 3 5 5 L] '] S
: Lordost -4 -4 1 -4 -4 -4
b Trendelenburg 0 0 [ [ ] 9
H
Flexion i | o 1 =26 -9 =40 =36
W Abduction [} 0 ] =9 -22 L.
; Adduct Lon -18 -4 -9 0 0 -35
Inter. Rot. -13 L ) = 0 ] =2
Exter. Rot. o 0 L =17 10 0
Flexion =13 =32 =32 =32 41 =36
x ] (] 9 [ 0 0
]
£ Tibial P 0 s =23 0 0 0
' Valgus 0 =13 =14 0 0 0
Varus 0 0 0 ] 0 0
Dorsi Flexion -18 -14 -14 -9 -5 =5
Plantar Flexion =36 =18 ] =9 =45 ez 14
: Eversion =36 =36 =36 =36 =41 =41
: Inversion [ (] 1] 0 =5 =
* Inter. Rot. ‘ 0 ) 4 18 1
L Exter. Rot. =14 =14 =14 -4 9 ~18

~ve values indicate improvement
+ve values indicate deterioration




a2

N C. Carroll, D. Jones, W. Maschuich, M. Milner and C. White

Biss




Myefomeningocele gail evalust

BRI

Jil_lp /\ZJZﬂ




34 N. C. Carroll, D. Jones, W. Maschuich, M. Milner and C. White

AFO’s. The value of the assessment in this case
was to demonstrate the value and limitations of
the prescribed AFO’s.

In examining the values of the assessment
criteria and comparing braced and unbraced
situations it became clear that orthotic fittings
often involve compromise. In this case study the
addition of the AFO significantly improved the
child’s mobility and stability on the date of
examination. However, the force actions at the
knee and hip are still acting in a manner in which
progressive deformities are likely. The
recognition of these facts leads to the proposal of
some orthotic modifications. It is wished to
reduce the undesirable forces without sacrificing
stability, mobility and endurance to any great
degree. In practical situations it is also necessary
to consider the additional constraints of cost and
patient or parent acceptability. The strategy
applied by the orthotist in this case was to change
the shoe sole contour to bring the ground
reaction forces medially during stance phase and
thereby reduce the valgus stress at the knee. The
stability and more obvious gait improvements
need not be sacrificed in an attempt to reduce the
likelihood of deformity development.

In further developing this assessment to
consider higher levels of spinal lesion it is clear
that the emphasis placed on assessment of
endurance and stability will increase. The work
of Stallard and Rose et al. (1978) is interesting in
this regard and is being studied with a view to
incorporating their methodologies, when
appropriate, into the assessment.

Conclusion

In conclusion it should be emphasized that in
many cases operational constraints make the
implementation of an orthotic specification
difficult or impossible using routine fabrication
methods. For this reason the assessment system
described cannot be instantly transplanted into
the routine clinical process. It is expected
however, that it can provide clear guidelines for
orthotic research and development as well as
making us better aware of how to present gait
information to the clinical decision-maker. The
best course of action for an individual child can
then be chosen with cognizance of what can be
realistic in terms of his or her ambulation.
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Persson and Sundén (1971) found an incidence
of 20 per hundred thousand in the county of
Lund in Sweden in a comparable group of
amputees with amean age of 77 years and a lower
age limit of 40 years. The population in the
county of Lund is of mixed urban/rural
composition, as it is in the county of Aalborg,
Denmark, where the urban-rural ratio is 1-1:1.
In the latter population Christensen (1976)
found an amputation rate of 13-1 per hundred
thousand inhabitants over the age of 50. In the
present series an overall incidence of 30 per
hundred thousand inhabitants over 40 years of
age was found. The incidence was found to
increase exponentially with increasing age. The
difference in geographic background and
populational composition might be an
explanation for the different amputation rates
found in the methodologically comparable
studies. In the suburban county of Copenagen
presented in this paper there is almost no rural
population, and there is a prevalence of the
eldest age groups with a higher economic status
than in most parts of Denmark.

The difference in mean age between male and
female amputees, the male amputees being 5
years younger than female and the ratio of men
to women of 2:1 most likely refllects a higher
prevalence and an earlier debut of
arteriosclerotic vascular complications in males.
The . decrease in the percentage of chronic
arteriosclerotic vascular discase as cause of
amputation in females around the 7th decade is
not readily explainable.

Since the elderly amputee requires a long
hospitalization time after amputation and since
frequent control is necessary during prosthetic
fitting, incidence studies provide an important
and realistic basis for the planning of the hospital
care of patients with gangrene of the lower limb.
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Heggars, 1969). If the patient exhibits any sign of
infection, fever, cellulitis or the drainage of pus,
then, and only then, are antibiotics indicated.
Progress in wound healing can be ascertained
if the wound shows a clear, pink, granulating base
and has contracting margins. However, if the
wound appears to be enlarging; has a persistent
necrotic base or continuing drainage, then,
consideration should be given to revising the
stump. We generally persevere with
conservative management of the wound for at
least six weeks before considering revision. If
revision is indicated, we have used fluorescene
angiography to determine whether a local
revision will be successful or whether it will be
necessary to amputate at a higher level (Horne
and Tanzer, in press). If the area of necrosis has
a fluorescent margin indicating marginal
hyperemia, then local revision is likely to be
successful. However if there is no marginal
hyperemia it is necessary to go to a higher level.

Conclusions

The incidence of wound healing problems in
dysvascular amputees is likely to increase as
vascular surgery becomes more sophisticated.
The management of patients with delayed
healing is time-consuming and painstaking.

However, with careful attention to detail, it is
possible to obtain delayed primary healing in
many of these patients.
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An investigation of kinematic and kinetic variables for the
description of prosthetic gait using the ENOCH system
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Abstract

Gait patterns, joint angles, floor reaction forces
and joint moments during walking were
investigated for normal subjects and above-knee
and below-knee amputees.

The investigation showed that the hip-knee
angle diagram as well as different symmetry
diagrams (e.g. left knee angle versus right knee
angle) provide an easily interpreted means of
evaluating abnormalities in the gait pattern. It
was further concluded that a combined gait
pattern-force vector diagram is valuable for the
evaluation of the joint moments.

Floor reaction forces and muscular moments
at the joints were also included in the analysis.
The joint moments at the knee were quite
different for both above-knee and below-knee
amputees as compared to the normal subjects.
Some interesting trends were also found
concerning the knee stability of the amputees.

A system called ENOCH was used for the
measurement and analysis. This system consists
of a minicomputer connected on-line to
equipment for measurement of displacement
(Selspot) and floor reaction forces (Kistler). A
graphic computer terminal (Tektronix) was used
for the result presentation.

Introduction

It is generally agreed that there is a need for
quantitative analysis of human gait for the
evaluation of abnormalities in the locomotor
apparatus. Many different types of equipment
have been developed over the years. Among
these are: :
Goniometer systems which give joint angles that
can be used to characterize the gait pattern. Here
the data are given in direct electrical form.

All correspondence to be addressed to Dr. K. Oberg,
Munksjoskolan, Box 1030, S-55111, Jonkdéping,
Sweden.
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Cinematography which gives a kinematic
description of the gait. In this case quantitative
evaluation is very time consuming and
expensive.

Force plates which give the floor reaction forces.
TV-based systems which give the position of
selected landmarks on the body. With the
cameras connected on-line to a computer it is
possible to make quantitative analyses in direct
connection to a measurement. However, current
systems have limited resolution and sampling
rates.

Systems  based on  position  sensitive
photodetectors. This kind of equipment makes it
possible to obtain cartesian coordinates for
selected landmarks with a precision and
sampling rate that is superior to the TV-based
systems. A drawback is that light sources must be
carried by the subject.

Reports on practical usage of all types of
equipment mentioned above are extensively
found in the literature, except for the last type
which can hardly be found at all. It is this kind of
equipment that was used for the present
investigation.

In conjunction with such measurements,
analyses of the data based on mathematical
models of the human body (McGhee, 1981;
Oberg, 1974) are used in research laboratories
but can hardly be found in clinical use.

Method and material

A minicomputer based system—called
ENOCH—was used for the measurements and
analyses (Gustafsson and Lanshammar, 1977).
In this system (Fig. 1), an optoelectronic device,
Selspot, with position sensitive photodetectors is
used for kinematic data collection. Ground
reaction data are obtained from a Kistler force
plate. Output of result diagrams are made on a
graphical computer terminal with a hardcopy
unit or in tabular form on a line printer.



44 K. trherg and H. Loansharmmor




«4

Favestigarion of variahles for proxtetic gait 43
AN ENOCH 1=
,,,,,,,,,,, ¢ . 1o
”
2.
N1l
PN ) M a0l Tl
T T I L U T B A L Y 1)
PROGEAN CNOCH 1B/ 12-1979 MeTHING WR L
sTRIec 3 racu 1.40 12,2
1)

~3.00




46 K. Oberg and H. Latshanmar

PROGRAN (WMOCH 7/ 31877 Melwl 2 W Wl PROGRAN ENOCH 7, 3-1877 FMeTHIMG MR 2 WL W= 3%
(ST T sretoc o FREWVERS e STRIDE .00 FRENVENS .00
'
e oe !
. 150
“3.00 $ '
..
“10.08
5.0 R R Frea.a
. 1.20 e e’
» (MOCH  16/12-1978 MeTWING MR & Pu W= 15
FLid L ST FREXVENS  §.44
1 PROCRAN [NOCH 18-12-1979 melwing W& & Py LR ]
“e 2.1 sTRIC 1.3 FREXVENS 144
'
e
"
10.00
1
1.0
..
G
-10.08
R -3.0 RO LD
) 128 100 e * e
10
1000 %

AN

ML MCASUREWENT MR 2, 2. 31907
STANCE PHASE DURATION .98 §

[AAL

PU  ACASUREREWT WR 4. 10712-1879
STANCE PMASE BURATION .88 §




Investigation of variables for prosthetic gait 47

Conclusions
This investigation has demonstrated that
simultaneous measurements of the

displacements of body markers and floor
reaction forces combined with on-line computer
analysis is a powerful tool for the assessment of
gait dynamics. By the utilization of positive
sensitive photodetector based equipment, the
displacements of the body markers can be
determined with high precision and at relatively
high sampling rates. Further by using computer
graphics, the presentation of results can be made
easy to interpret as, for instance, in the
combined gait pattern-force vector diagram.
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Compression testing of foamed plastics and rubbers for use as
orthotic shoe insoles
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Abstract

Thirty-one materials have been tested in
compression in order to generate the stress
(force per unit of cross-sectional area) versus
strain (deformation) behaviour, for the purpose
of assessing the suitability of various foamed
plastics and rubbers as shoe insole materials. It
was found that the materials could be classified
into three distinct categories (very stiff,
moderately deformable and very deformable)
according to the shape of the characteristic stress
versus strain curve. The moderately deformable
group has been selected as the most promising
for clinical application.

Introduction

The conservative management of many
common foot disorders involves the prescription
of appropriate footwear, often requiring
modification to the interior of the shoes.
Rheumatoid arthritis may be considered a model
with the well known problems of hallux valgus,
hammer toes, flattening of the longitudinal arch,
pronation of the hind foot, metatarsalgia,
thinned skin and thinned subcutaneous tissues
(Broadley, 1974). Possible orthotic solutions
include metatarsal mounds, metatarsal bars,
scaphoid pads, soft insoles and custom moulded
foot  orthoses  incorporating  pressure-
distributing features (Hollingsworth, 1978;
Adams, 1972; Hollander, 1974).

Leather, rubber and cork have been the
traditional materials used in the fabrication of
these various foot orthotic devices. In many

All correspondence to be addressed to Dr. E. Newell,
Physical Medicine and Rehabilitation, Victoria
Hospital Corporation, Westminster Campus, 777
‘I?Sazseline Road East, London, Ontario, Canada, N6A

centres newer materials, specifically foamed
plastics and rubbers, are beginning to replace the
traditional materials, but there is very little
clinical or scientific information readily available
about them. Choice of material tends to be based
on personal experience, cost and/or availability.
Plastazote is the most common thermoplastic
material described in the medical literature.
Other materials that are commonly used in
North America, although not described as
extensively, are: Aliplast, high density
neoprene, and Spenco. Less commonly used
materials are: Lynco, Celltite, Evazote and
Poron, for which there is no data available in the
literature. “Dr. Scholl’s Cushion Insoles” and
“Odor-Eater Insoles” are widely available to the
public through drug stores and department
stores, and again no data is available.

Our clinical experience suggests that one
should consider the characteristics listed below
when attempting to choose an insole material:

1. biocompatibility

2. easeof use

3. ease of fabrication

4. availability

5. durability

6. simulation of the mechanical properties of

soft tissue

7. subjective comfort

8. cost

9. pressure distributing properties

We felt it would be possible to correlate
measurable physical properties with the
desirable clinical characteristics. To date, 31
materials have been identified by our group for
this application, on the basis of information
derived from the literature, shoe and foot clinics,
technical material from companies producing
the materials, and miscellaneous other sources.
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(about 0-5 kg/cm?). This rapid deformation of a
material to its limit is commonly referred to as
“bottoming-out”. Since these materials will not
transfer a significant portion of the stress to
adjacent regions of the foot, they have been
judged to possess poor characteristics for use as
an orthotic shoe insole material.

The second category of materials which was
described as “moderately deformable”
demonstrates a reasonable degree of
deformation with increased load, almost to the
maximum anticipated stress. During loading,
these materials will transfer the high pressure or
stress associated with bony prominences to the
adjacent tissue, thereby reducing the pressure on
the bony prominences. Although the materials
still exhibit a steep slope in the final portion of
the compression stress versus strain curve, they
have been judged to exhibit the most promising
characteristics as an orthotic shoe insole
material. At present, there is not a distinct
preference between the materials with a gradual
transition from the initial to the final portions of
the curve, and the materials that exhibit a
plateau in the transition region.

The “very stiff”’ materials in Category 1
deform very little, which prevents the
redistribution of the stress on the bony
prominences to the adjacent tissue.
Consequently, materials in this category used by

themselves are probably less useful as an orthotic
shoe insole material.

An assessment of the suitability of a particular
material for use as an orthotic shoe insert based
exclusively on the compression stress versus
strain curve associated with a material is not
justified, since there are many other factors
which must be considered. Further tests are in
progress to investigate other properties of
foamed rubbers and plastics to assess the
applicability of these materials for clinical use.
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The orthopaedic catalogue of schein orthop;

You may choose |
German, French an|
hesitate to order the d
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Schein Orthopadie Service K

P.O. Box 11 06 09







Over 60 years personc
to the amputee

B Main Contractor to the British Heéalth Serviq
for Upper Extremity Prostheses.

W Manufacturing and Fabrication facilities fo
bespoke Upper Extremity Prostheses
against supply of patient cast
and measurements.

B Component supply for Prosthetics and
Orthotics to overseas governments and
trade establishments.

~ B Consultancy Service for establishment
4 of new Prosthetic facilities.

M International Contract Technical Service
overseas for patient care.

B Private clinic in London for overseas
patients.

Technical Training for overseas studen
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