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ABSTRACT

Clinical experience in Dundee in the use of polypropylene
ankle-foot orthoses (AFOs) with cerebral palsied (CP) children had
indicated that the use of the AFOs could affect markedly their gait.

A research programme was established to investigate the
influence of polypropylene AFOs on the gait of CP children. This
included the use of a TV-computer gait analysis system. A
2-dimensional analysis was conducted which included the calculation
of the external moments created by the ground-to-foot force vector
in the sagittal plane at the hip, knee and ankle joints. A total of
eight CP children were analysed walking barefoot and with a range of
prescriptions of AFOs and associated footwear adaptations. Gait
analysis was conducted on six normal children to obtain data for
comparative purposes. In parallel to the gait analysis the
influence of AFOs on the muscle activity of the ankle-foot complex

was monitored using a force transducer and electromyography.

Analysis of the data indicated that the kinetic aspects of the
gait of CP children were different from normal children. The use of
AFOs resulted in a modification of the nature of the ground-to-foot
reaction force and the external moments generated in the.sagittal
plane at the joints of the leg. Alteration of -the characteristics
of the associated footwear resulted in similar modifications to the

. gait patterns. An appropriate prescription resulted principally in

" the reduction of ' excessive external knee extension moments in mid

stance and in the ability to generate improved push-off forces in

late stance.

The results of the research programme have confirmed  the
clinical dimpression, and attitude to management, that the
AFO-footwear characteristics selected for a given child are
critical. It is now apparent that further kinetic improvements, not
necessarily observable <c¢linically, may be possible by further

fine-tuning of the characteristics,
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CHAPTER 1

INTRODUCTION |

1.1  INTRODUCTION

This chapter outlines the aetiology of cerebral palsy, the
incidence and the clinical presentation.  The various approaches to

its management are described briefly, including the use of orthoses.

The role of polypropylene ankle-foot orthoses (AFOs) in the
management of cerebral palsied (CP) children, developed and adopted

for clinical practice in Dundee, is described. The influence of the

characteristics of the AFOs on gait, observed c¢linically, is

discussed.

The research programme set up to investigate the influence of

AFOs on gait 'is described. This includes the research objectives

and the measurement techniques adopted.
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PAGE 4
1.2 CEREBRAL PALSY

1.2.1 Aetiology

Cerebral palsy has been described as '"a persistent, but not
unchanging, disorder of movement and posture appearing in the eafly
years of life and due to a non-progressive disorder of the brain as
a result of interference during it's development'", (Little
Club,1959). This upper .motor -neurone lesion results in
abnormalities of muscle ' tone, -which vary in severity and

distribution depending on the nafuge of the brain disorder. 5o

Most of the cases of cerebral palsy aflse as” a result of
occurrences at -two' critical periods’ in _the chlld's early life.
During the first few months of gestation when the féetal brain is
being formed, interruptions in the normal course of cerebral
development may occur as a result of a variety  of.; factors. The
exact reasons ‘for these are unknown and may only be postulated but
relate, for example, to the mother's health at this time. This may
alter the course of cerebral development so that at birth the brain
may contain areas which are either under-developed or missing,
(Fig. 1.1). In other cases the child's cerebral development may
have progressed without any untoward incident during the nine months
gestation and therefore will be normal at birth. Perinatal
difficulties may occur -such as a prolonged labour or forceps
delivery. In these cases trauma may occur either by mechanical
damage to the brain tissues or by hypoxia. If cerebral palsy occurs

as a result of incidents at either of these critical periods the
child will present -with chafacteristic abnormalities ; of the
neuromuscular system. These are significantly different depending
on when the lesion arose and will be described later. .

There are many other causes otherebral damage to which a child
may be subjected in the early years of 1ife.m These include virus

infections, . hyperthermia as a result of a febrile condltlon,



Fig. 1.1

Examples of CI brain scans.

Top - normal child.

Bottom - hemiplegic child

with porencephalic cyst.
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cerebro-vascular accidents (CVA), brain trauma as a result of road
traffic accidents (RTA) and tumours. If the resulting damage occurs
within the first three years of 1life, when the brain is still
developing, the child may be considered to be cerebral palsied.
This 1is perhaps open to debate but certainly many of the features
with which the child presents are similar to the principal forms of
cerebral palsy. If the brain damage occurs when the child is over
the age of three years they are not considered to be cerebral

palsied. However, many of the features are the same.

l.2.2 Incidence

In the western hemisphere the incidence of cerebral palsy has
steadily declined, principally due to improved prenatal care and
perinatal techniques, (Nevill,1978, Pharoah,1981). In the 1950's an
incidence of three per thousand live births was typical. This has
been reduced to nearly one per thousand. Obviously .there is
considerable variation depending on the geographical position, the
local socio-economic level and the degree of health care -available.
In the developing countries the incidence is 1likely to be

considerably higher.

It is the impression of workers in the field that although the
‘absolute number of cerebral palsied children being born is reducing,
the magnitude of the* total management problem remaining 1is not
reducing and may indeed be increasing. This is due to a number of
factors, The spectrum of the cerebral palsied population is
changing. The improvements in health care appear principally to be
influencing the milder formg of cerebral palsy. It is in the . total
numbers of thes% milder forms that the principal reductions have
taken place. Less progress has taken place in reducing the
incidence of the more severe forms. Thus, while the overall numbers
may have decreased, the proportion of the severe forms ‘has

increased. Indeed some centres have indicated that the incidence of
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the severe forms has acfually increased. This is pfobhbly due to
higher survival rates consequent to improved health care rather than
an increase in the number of severely affected cerebral palsied
children being born. At present these are clinical impressions only

~ the statistical ‘evidence is not yet publishéd.

In Dundee with a population of about 250,000 Ehere are
approximately three new cases o0f cerebral palsy each year., If
Dundee is considered typical of the United Kingdom population there

are therefore sixty new cases per year in Scotland and six hundred
in the United Kingdom. The present caseload of cerebral palsied

children in Dundee is about one hundred and fifty.

1.2.3 Presentation

The brain is -an extremely‘éomplex organ, different regions of
it being re5pon51b1e for the control of different body functions.
Cerebral abnormalities may result from a wide range of causes, each
capable of _affecting different regions of the brain. Cerebral
" palsied chlldren, therefore, may differ considerably in the extent
and distribution of their brain abnormalities. Consequently there
is also considerable var%gtion in the child's clinical presentation

- the nature and extent of the child's disabiity.

In mos% instances the child will have a disordered
neuromuscular system with consequent problems of posture,
equilibrium and movement. In addition there may be problems
relating to vision, hearing and speech. There may also be more
subtle problems relating to conceptual understanding or learning.
From a management .point of view all of these problems must be
considered together'when determining the child's programme. The

neuromuscular problems cannot ‘be considered in isolation.

It is, however, useful for discussion purposes to classify the



Figs 1.4

Left hemiplegic CP child.

Fig. 1.3

Diplegic CP child.
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children according to the functional problems of the neuromuscular
system. There are different ways of achieving this. In- Dundee,

Ingram's classifications have been adopted, (Ingram,19%4).

The three principal categories of interest are hemiplegia,

diplegia and quadriplegia (also named bilateral hemiplegia or

spastic tetraplegia).

Hemiplegia

In hemiplegia a unilateral spastic paresis occurs affecting the
arm more than the leg, (Fig. 1.2). Initially there is poverty of
movément in the arm and leg with reduced muscle tone and tendon
reflexes. After about three months tone increases, with tendon
reflexes becoming brisker than on the unaffected side. The hand may
become clenched with the thumb held across the palm. Dwarfing of

the affected limbs is common.

Diplegia

In diplegia there is paresis of all four limbs, more marked in
the 1legs than in the arms, (Fig. 1.3). Diplegia is subdivided into
hypotonic, dystonic and spastic stages. The child commonly
progresses through all these stages but may occasionally remain for
a prolonged period, or permanently, in the hypotonic or dystonic
phase. Characteristically in;the hypotonic phase the infant shows
some:poverty;of movement, delayéd motor deve10pmeﬁ£, hypotonicity,
reduced tendon reflexes and exaggeration of primitive reflexes. In
the dystonic phase the muscle tone at rest is not significantly high
but there is -an increase'in'exténsor tone when the child is handled.
Primitive reflexes tend to be retained well beyond the normal age
when - they - would otherwise have disappeared. - In the spastic or

hypertonic phase there is an increase in muscle tone at all times,



Fig. 1.4

Quadriplegic CP child.
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even when the child is at rest. Because of the hypertonicity of the
flexors and their strength relative to the extensors, there is a
high risk of the development. of flexion contractures. In
established cases the pelvis and lower limbs may be small in

comparison to the rest of the body.

Quadriplegia

In quadriplegia there is spastic paresis, often asymmetrical,
of all four 1limbs "but with more marked involvement of arms than
legs, (Fig. 1.4). Severe brain damage may be apparent from birth.
The infant shows poverty of movement with gradually increasing
hypertonicity in all four limbs resulting in a marked functional

disability.

Other categories of cerebral palsyﬂéiiéfiéf These include the
ataxic. cerebral palsies. which may be subdivided into cerebellar
ataxia, characterised by- hypotonia, incoordination of voluntary
movements, intention tremor and impairment of balance; ataxic
diplegia in which spasticity of diplegic distribution is
superimposed on ataxia, and the dysequilibrium syndrome
characterised by pronounced difficulty in maintaining an upright
body posture and in being aware of the position of the body in
space,

The final category of interest is dyskinetic cerebral palsy

which is characterised by involuntary movements and disorderly

changes of tone affecting the head, neck, trunk and all four limbs.

In practice many children -exhibit--characteristics of-more than
one type of cerebral palsy although usually one type predominates.
The problems occurring in cerebral palsy are therefore diverse and

varying in severity from child to child. Nevertheless when



Fig., 1.5

Hypertonicity of the plantarflexors preventing the child

from attaining heel contact and standing balance.




PAGE ©

considering their 1locomotion problems there are certain common
features which may be considered typical. The most important of
these is abnormal muscle tone. The children are frequently weak
with high muscle tone occurring as a result of reflex activity
rather than voluntary activity. They therefore find it difficult to
adjust in a controlled fashion to the changing demands of their
environment. Consequently they may experience difficulty, for

example, in attaining standing balance or walking in a controlled
fashion, (Fig. 1.5).

Imbalance may occur between the resting tone of the flexors and
extensors. As a result there is the ever-present danger of the
development of contractures which will add further complications to
the child's ability to perform. During growth spurts the muscle
growth may lag behind the bone growth giving the appearance of the
development of contractures.. The child may temporarily lose some of
the functional abilities already mastered and appear to regress,

until the muscle growth catches up.

Finally it must be remembered that cerebral palsied children
will never have had the opportunity to experience the sensation of
normal locomotion. This is in contrast to adults who acquire upper
motor neurone disorders in later life, such as CVA's. The CP child
therefore has to learn to walk with all the difficulties of a normal
infant with the additional complications of an impaired

neuromuscular system.,
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1.3 MANAGEMENT METHODS

As mentioned previously, the cerebral palsied child usually
presents with a wide range of problems. Some of these problems may
relate to discrete aspects of the child's development. When
formulating a management programme, however, the total child must be
considered. The inter-relationships of the problems must be

understood and compromises made where necessary.

The complexities of the situation require that many different
professional skills must be brought together to form the management
team. All aspects of the child's disability must be assessed so
that the exact nature of the problems may be determined. Management
objectives must be defined and a programme created to attempt to
achieve these. It is usual that a paediatrician co-ordinates the
management team and is responsible for determining the order of
priorities and compromises that are necessary to create the

management programne.

Over the past few decades significant changes have taken place
in the relative priorities given to different management objectives.
In previous years paramount- importance was given to the child
eventually attaining the ability to walk independently. This was
perhaps at the expense of other aspects of the child's total
problem. In recent years greater understanding has been obtained on
the importance of communication skills and activities of daily
living. Consequently ithe emphasis on the management of those
aspects has-increased to the point where they are considered to be
of greater- importance-in the long term than walking ability. This
implies that the pr0porfion of time available during the. child's
treatment periods for‘activities relating to the solution of their
locomotion problems may become limited.

:
The reduction in time available for the management of locomotor

problems means that either the goals must be set at a lower level or
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that techniques must be improved to achieve similar goals to those
attainable before. This is further compounded if it is considered
desirable to attempt to achieve higher standards than before in the

solution of locomotor problems. - .

There are four main approaches to the management of the child's
locomotor problems -~ physiotherapy, orthotics, chemotherapy and
orthopaedic surgery. Ideally any management programme  should
include elements of all of these where appropriate. An integrated
approach usually reduces the demands on any one element. The
resulting 1level of success is usually far higher than that achieved
by employing any one approach singly. This fact, however, has not
deterred some professionals from single-mindedly pursuing their own
speciality to the point. of discounting the benefits of other

approaches.

It is relevant to outline the principal objectives of the four
main approaches. Although: these can be listed separately many of

the objectives are common and would, indeed, be achieved only by

co-ordinated action between the disciplines involved.

1.3.1 Physiotherapy

Many different schools of thought have arisen over the past few
decades relating to the physical treatment of cerebral palsy,
(Barrett and Linn,1981, Cassidy-Conway and Zawaki,1983, Conrad and
Bleck,1980, Levitt,1982, . McKinlay,1978, Seeger et al.,198l, Seeger
and Caudrey,1983). Each is largely based on its own interpretation
of the salient neurological phenomena, resulting in differences of
concepts and methods of treatment. Examples of these methods are
Bobath, Vojta, Temple Fay, Doman Delecato and Peto. These differ
significantly in .the details of types . and dintensity of the
physiotherapy methods involved. There are also differences in what

are believed to be the effects on the.child, and the neurological
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reasons for these. There are, however, some common concepts which

apply to most of the above methods.

The one unifying belief is that regular treatment from an early
age is the best way of ensuring that the cerebral palsied child will
achieve his maximum potential. Most methods attempt to reduce
muscle tone to normal 1levels by inhibiting abnormal disabling
reflexes and thus at the same time allowing voluntary movement.
Normal postural reactions, which are pre-requisites for balance and
normal movement, are therefore facilitated. Some methods utilise
the repetition of various reflex patterns claiming that the
initially automatic responses will eventually Dbecome active
movements. Most of the methods have the underlying belief that in
the early years of the infant's life the brain is in a plastic state
and is thus amenable to alteration. It is claimed that tﬁe
treatment method adopted, when successful, has in some way modified

the original brain lesion, perhaps by stimulating a re-arrangement

of brain interconnections. This is a highly contentious issue and

one with which most neurologists would disagree.

Sophisticated handling methods and programmes of treatment have
been developed in accordance with the various interpretations of the
problems and the desired objectives. None of these methods has yet
been subjected to independent clinical trials and evidence of their
efficacy is mostly empirical. There are many obstacles to a
structured evaluation -such as the wide range and variety of motor
handicap presenting, the diversity of the other associated problems
such as sensory disorders and intelligence, the difficulties of
matching, the variation in motivation of child, parents and
therapists, and the ethical problems of leaving a control group

without treatment.

Despite the above difficulties these various schools of thought

have attracted much interest in the physiotherapy profession. This

has resulted in many cases in the generation of a wide following



PAGE 13

whose members display confidence in the method ranging from careful
consideration to blind faith.

There is little doubt that many of the handling techniques are
beneficial and have arisen as a result of an awareness by the
therapist of their favourable effects on the child's neuromuscular
system. It is possible to observe and feel which techniques reduce
unwanted tone and permit the child to move voluntarily. Whether the
child benefits in the 1long term from these simply as a result of
being permitted to learn from the experience or as a result of a
favourable modification of his plastic brain is open to considerable

debate.

Some physiotherapy departments use an eclectic approach,
choosing elements from many of the methods. This is an attempt to
create individual programmeé of treatment to match the child's
~individual picture of disability. While this is a less rigid

approach than the adherence to a single method, the criticisms

mentioned above still apply.

The broad aims of any programme of management should be to
ensure optimum motor development and function, and to prevent the
development of deformities and contractures which would hinder and
distort that function. It could be argued that these aims are
attainable without the intensive physiotherapy programmes which
concentrate so heavily on attaining permanent modification of the

neurological disorder.

In Dundee the physiotherapy approach adopted by the Handicapped
Children's Service in the management of cerebral. palsy is
essentially a functional one. The physiotherapy, however, is part
of an integrated- multi-disciplinary approach rather than being a
separate, isolated entity. A rahge of management objectives are
determined and appropriate action taken to achieve these, including

the use of orthoses, and if necessary, drugs and surgery. While



PAGE 14

there are definite periods when the physiotherapist solely is
involved with the child, that activity is part of an overall
programme. It is not considered as a physiotherapy method, per se,

for the treatment of cerebral palsy.

The management of cerebral palsied children in Dundee will be

described more fully later.

1.3.2 Orthotics

Orthoses of different kinds have been used in the management of
cerebral palsied children for many years, (Anderson and
Meadows,1979, Anderson,1983, Drennan and Gage,1983, Meadows et

al.,1980, Rosenthal et al.,1975, Thompson,1983, Westin and
Dye,1983). They have been used variously for the treatment of

orthopaedic problems such as muscle imbalance, joint contractures,

etc., and to aid functions such as standing and walking.,

The use of conventionally constructed orthoses- remains
widespread despite the introduction in the last decade of modern
thermoplastic orthoses. The principal conventional orthoses used
for the lower limbs are the traditional "long leg calipers" (KAFOs)

" to control

and "below knee irons" (AFOs) with the use of "T-straps
valgus and varus deformities. Associated with the use of these
orthoses, or separately, are orthopaedic~ footwear--and insoles of

various designs.

These orthoses are prescribed principally by - orthopaedic
surgeons, possibly in conjunction with physiotherapists. They are
used to maintain the joints of the lower limbs in fixed positions,

or to restrict movements to within desired limits.

The "below-knee irons" are used to counteract the spasticity in

the plantarflexor muscles, thus maintaining a plantigrade attitude
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of the ankle joint. This permits the child to bear weight through
his heels rather than standing on tip-toe. In addition valgus or
varus attitudes of the feet may be controlled by the use of medial
or lateral T-straps. The joint movements can either be blocked
completely or permitted limited movement depending on the details of

the design of the orthosis. The use of back stops, for instance,

permits dorsiflexion of the foot while preventing plantarflexion.

The "long-leg caliper" is used to prevent flexion of the knee
joint. This is in addition to controlling the ankle-foot complex in
the same way as the "below-knee iron". If the knee only is to be
controlled, for dinstance during walking training sessions, fabric
gaiters may be used which wrap round the 1leg to maintain knee
extension. Alternatively back shells are sometimes prescribed

consisting of aluminium gutters with felt lining which are bandaged

in place, or plaster of Paris.

In continental Europe AFOs are often constructed from block
leather which totally enclose the lower leg and foot. These are
made of a two-part shell construction with the anterior part
removable for donning. Orthopaedic footwear is used to provide the

walking surface. This footwear obviously must be rather 1large to

accommodate the bulky orthosis,

Plaster of Paris is used in some centres in the fabrication of
"tone-inhibiting casts", (Duncan and Mott,1983, Sussman and
Cusick,1979). The lower leg and foot are included with the ankle
set in an attitude, usually dorsiflexion, which induces a relaxation
of the plantarflexors. A walking sole is attached to the bottom of
the cast. The purpose of these casts is both short term and long
term. They may be worn continuously for several weeks. During this
time they maintain the foot in a functional position to permit heel
loading and standing balance to ‘be attained. The tone-iﬂhibiting
effect reduces the unwanted reflex activity, both in the

plantarflexors and throughout the body generally, and permits
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voluntary movement. This allows the physiotherapist greater scope
for activities with the child such as learning to stand and walk.
When the casts are removed it is'claimed that there is a carry-over
effect and the inhibition of tone is maintained for a period of
weeks or months thereafter. This may indeed be true but it is
likely that the explanation for this observed effect is complex,
This will be discussed later.

In some centres plaster of Paris foot cradles are used with
similar objectives to the below-knee tone—inhibiting casts described
above. They obviously cannot control the equinus position of the
ankle directly but can to a certain extent prevent the foot
collapsing into valgus. The toes are maintained in a slightly
dorsiflexed attitude by the shaping of the front section of the
cradle. This tends to induce muscle relaxation in the foot and
ankle. This effect may also be noted in the muscle groups

throughout the body.

There are manyqproblemsféssociated with most of the  methods
described above. These relate both.to the efficacy of the orthoses
themselves and to the levels of understanding and abilities of the
various professionals :involved in their prescription, supply and

use,

Significant problems can occur even when conventional orthoses
are .used with patients having lower motor neurone disorders such as
poliomyelitis. In these cases the paralysis is flaccid with no high
muscle tone caused by reflex activity. . The demands: on the orthosis

are, therefore, significantly less than if muscle spasm is present.

The design;of many conventional orthoses has developed "as a
result of a process of trial and error“rathef'than as a result of
biomechanical‘knoﬁledge of the force patterns required to be applied
to the limb., Consequently many orthoses are either over- or

under-designed. The orthoses tend, therefore, to be either bulky or



Fig. 1.6

Child with conventional HKAFOs.
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ineffectual, and sometimes both. There is frequently a lack of
intimate fit, and hence efficient 1load transfer, between the
orthosis and limb. This is particularly so when considering control
of the ankle-foot complex. The structure of the "below-knee iron"
does not in ‘fact contact the foot directly. The side struts are
attached to the footwear and it is the footwear that has to control
the foot position. Few shoes fit sufficiently intimately to achieve
this. The foot frequently is able to rotate within the footwear and
this fact may ‘not always be obvious from the outside. These
problems are further exacerbated by the: fact that the structural

integrity of the orthoses and footwear frequently deteriorates.

The additional neuromuscular complexities of cerebral palsy put
further demands on the orthoses. If high muscle tone is present the
loads generated.between the orthosis and 1limb are likely to be high.
This increases the probability of poor control of the position of
the limb segments within the orthosis. Apart from the functional
problems "which result, discomfort may also be experienced. This in
turn may stimulate additional reflex activity increasing the muscle

tone still further and thus exacerbating the problem.

The orthoses may also be heavy and cumbersome  putting
additional stress on the neuromuscular system. It is by no means
impossible that from the child's functional point of view more may
be lost than gained by the. use of poorly-functioning orthoses. This
fact may have contributed, to the antipathy towards their use by many
physiotherapists. This attitude, although unfortunate, is certainly
understandable. Indeed the word "bracing" often used to .describe
the use of orthoses conjures up a picture of limb segments being
constrained by the use of force — highly undesirable in the case of

cerebral palsy, (Fig. 1.9).

The advent of thermoplastic orthoses has opened up the

possibilities of avoiding the problems described above and

increasing the potential benefits of the use of orthoses. All of
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Fig. 1.7

Polypropylene AFOs



PAGE 18

the orthoses mentioned previously now have modern thermo-plastic
equivalents. Arguably the most significant of these as far as

cerebral palsy is concerned is the polypropylene AFO.

The polypropylene AFO is produced from a plaster model of the
child's lower leg and foot, (Fig 1.7). It is designed to be worn in
close contact with the limb. It is, therefore, potentially capable

of much better control of the position of the ankle-foot complex

than a conventional orthosis.

Paradoxically, the polypropylene AFO is also capable of
creating greater problems than the use of a conventional AFO.
Because of the intimate contact of the polypropylene AFO greater
skill is required of the orthotist to achieve a satisfactory fit.
The angle at which the orthosis is set is also very critical to
achieve optimum functional results and avoid creating other
problems. A conventional orthosis is a less efficacious device than
its thermo-plastic equivalent. Consequently when it is functioning
badly its deterimental effect on the patient is also 1less. A
less-skilled orthotist can therefore '"get away with" supplying a
conventional orthosis but runs into trouble when attempting to use a

polypropylene AFO.

A comment frequently encountered when discussing the use of
polypropylene AFOs with therapists from other centres is "we've
tried them but they don't work". This is most unfortunate as the
experience in Dundee has indicated that the polypropylene AFO, used
with understanding and with appropriately trained personnel, can be

an extremely useful aid to the management of cerebral palsy.

The use of polypropylene AFOs in the management of cerebral

palsied children in Dundee will be discussed later.
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1.3.3 Chemotherapy

Drugs of various types have been used in attempts to overcome
some of the locomotor problems of cerebral palsy, (Carpenter and
Seitz,1980, Carpenter,1983, Joynt and Leonard,1980, Young et
al.,1978). They are prescribed principally in cases where high
muscle tone 1is present and 1is causing significant functional
problems, Typical examples of these are hypertonicity of the
plantarflexors preventing the attainment of heel contact, or of the
adductor muscles resulting in '"scissoring" when the legs tend to
cross in front of each other. The purpose of the drug is to reduce
the abnormally high muscle tone to acceptable levels and, hopefully,

thereby improve function.

In the past Diazepam (Valium), a muscle relaxant drug, was
used. In recent years Baclofen (Lioresal) has become more common.
The effects of the drug are unpredictable and vary from child to
child. The outcome depends on many factors such as the severity of

the diagnosis and the amount of the drug administered.

Generally speaking the results of the use of drugs in cerebral
palsy have been disappointing, for two main reasons. Sometimes the
drug has very 1little effect on muscle hypertonicity even with
relatively high doses. In other cases, in addition to the reduction
of hypertonicity, undesirable side effects may be experienced. Some
of these sidé—effects‘may be sufficiently detrimental to the general

well-being of the child that the drug usage has to be abandoned.

The side-effects may relate to the locomotor function itself or
to other aspects of the child's status. If the child has very
little or no voluntary muscle activity he may require to rely on
spasticity for his locomotor performance. If this spasticity is
removed by the drug he may be left without any ability to stand or
walk and would simply sag to the floor if unsupported. In some

cases the child may experience drowsiness which may reduce his
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motivation to move or interfere with school activities. Behavioural

changes may also result and other problems such as bedwetting may

oCccur,

Clinical experience has indicated that the children who gain
functional improvement without significant, undesirable side-effects

constitute only a relatively small minority. In most cases the

functional improvements are minimal with the frequent occurrence of

undesirable side-effects.

Because of this experience drugs are rarely used as the primary
method of management. They may, however, play a useful role in
conjunction with other management methods. Minor doses of a drug
may produce . slight  reductions of hypertonicity sufficient, for
example, to permit a more easy fitting of an AFO, to allow the use

of a standing frame or facilitate physiotherapy techniques.

1.3.4 Orthopaedic Surgery

L.
i o

When cerebral palsied children are born they very - rarely have
major orthopaedic problems. The principal exception to this is, of
course, abnormalities of muscle tone which are functionally

significant. (Generally speaking the structure of bones and joints

can be considered normal. There may, however, be joint laxity
consequent to muscle hypotonicity. . Orthopaedic problems tend to

develop as the child grows older.,

Nearly all the‘orthépaedic problems‘which occur are as a result
of muscle hypertonicity or imbalance between antagonists, (Tardieu
et al.,1982 a,b). These can in thembelves constitute significant
functional problems which require intervention. They may also lead
to the development of muscle ¢ontractures - permanent shortening of
the muscle belly. The muscle becomes less contractile and hence its

usefulness as a functional unit diminishes. The tightness of the
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muscle may limit the range of motion of a joint. If this situation
persists the joint capsule may also become contracted. In extreme
cases the articular surfaces of the joint may grow in a distorted
fashion and lose their- abiity to slide smoothly over each other. If
the long bones are subjected to perpetual imbalance of muscle
tension they may tend to grow in a deformed fashion. An example of
this is internal ‘torsion of the femur, caused by tight internal

rotator and adductor muscles.

Orthopaedic intervention has two principal objectives: - the
improvement. of function and-the prevention of deterioration. There
are many ways 1in which these may be achieved, (Banks,1983,
Fixsen,1979, Hoffer et al.,1971, Makley and Kim,1983). The simplest
of these is tendon lengthening which is carried out to compensate
for the shortening of a contracted muscle belly. In severe cases a
tenotomy may be performed which involves complete "severing of the
tendon to eliminate the effect of a severely spastic or contracted
muscle. Tendon transfers may be performed in an attempt to
redistribute muscle -function around a-joint. Osteotomies may-also
be performed, generally on - older . chldren,- to counteract a ' bone
deformity. Joint arthrodesis -may also be considered in extreme
cases involving the removal of the articular surfaces and the fusion

of the adjacent bones. S - ..

Many different operations have -been developed over the years in
attempts to improve the surgical techniques employed  and the quality
of the functional results. There are, however, certain operations
which 'may be considered as standard practice even although details
of their techniques may differ ' between -centres. These may be
grouped for discussion purposes by their influence on the major

joints of the leg. i
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Ankle-Foot

Probably the most common orthopaedic procedure in cerebral
palsy is 1lengthening of the Tendo-Achilles (T.A.). This is
performed in cases where contracture of the triceps surae
(gastrocnemius and soleus) is preventing dorsiflexion of the ankle.
Many different surgical techniques have been developed to lengthen
the tendon. They all have the same objective of creating a longer
tendon to compensate for a shortened muscle belly, thus restoring
the range of passive dorsiflexion. This operation is called a
"correction". Perhaps a more accurate description would be
"compensation". The original deformity still remains, namely the
shortened muscle belly. The contractile properties of the muscle
itself remain diminished. Other surgical techniques have been
developed involving the muscle belly itself in an attempt to reduce
the primary problem. The T.A. lengthening, however, remains the

most common approach.

Other operative procedures involving the ankle-~foot complex are
tendon transfers and arthrodeses. Tendon transfers are performed in
attempts to redistribute the muscle power around a joint and provide
more balanced function. Typical--of these are transfers of the
insertions on the foot of some of the pre-tibial muscles. These
transfers alter the muscle's properties as invertors or evertors of
the foot while retaining their action as dorsiflexors. In severe
cases arthrodeses of a number of joints of the ankle-foot complex
may be necessary if soft tissue surgery has failed to provide an
adequate functional result. In these:cases fixed, but functionally
useful attitudes of the joints are considered to be preferable to

the motion imposed by severely spastic and imbalanced muscles,

H
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Knee

The most common problem encountered at the knee 1is (flexion
contracture. This is normally a consequence of contractures of the
hamstrings which have arisen because of spasticity in these muscles.

Weakness of the antagonistic quadriceps frequently exacerbates the

problem.

In some cases lengthening of the hamstrings may be considered
adequate to restore the range of knee extension to normal. In more
severe cases it may be necessary to move the insertions of the
hamstrings from tibia and fibula to the femoral condyles. This

removes the effect of the hamstrings as knee flexors but retains

their effect as hip extensors.

I1f the knee extensors are weak it may be that the child is not
able to use the increased extension range of the knee directly.
This may, however, be possible with the assistance of an AFO. If
all the hamstrings have been removed from the tibia and fibula there
is the danger of a subsequent hyperextension deformity developing.

To safe-guard this one of the tendons (frequently the

semimembranosis) is left intact on the medial side.

Hip

There are three principal problems encountered at the hip joint
relating to abnormalities of ‘internal rotation, adduction and
flexion. A child may have one or any combination of these. The
causes are principally over-activity of specific muscles. In mild
cases passive correction may be possible with the child at rest. In
more severe cases contractures may have developed resulting in

permanent disability.

Excessive internal rotation is a common problem in cerebral
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palsy. While some of this occurs at the hip joint itself, femoral
neck anteversion and internal femoral torsion may also be present.
This results in the foot being grossly internally rotated. In some
instances the range of passive rotation may be limited to between 45
degrees of internal rotation and 90 degrees or more of internal
rotation, no external rotation being possible. The child may
experience severe difficulty when walking because of the toe of the
"swinging foot catching behind the heel of the other. In these cases
lengthening of the offending muscle alone may not be adequate and a

femoral derotation osteotomy may be required.

Hyperactivity of the adductors may result in a '"scissor gait"
with the 1legs alternately crossing behind each other. This is
extremely disabling. In these cases adductor tenotomies may be
performed removing the adducting effect of some of the muscles. A
neurectomy of the anterior branch of the obturator nerve may also be
considered which reduces the stimulation of the remaining muscles

which have adduction effects.

Flexion contractures are common, possibly caused in part by the
fact that the children spend a large proportion of the day in a
seated posture. -This lack- of extension-can-cause problems when the
child attempts to stand upright, or during the later part of stance
phase when walking. To compensate for the lack of hip extension,
lumbar lordosis 1is often increased. Division and sliding of the
insertions of the flexors may reduce the flexion contracture.
However, the degree of functional improvement depends to a certain
extent on the ability of the extensors to -utilise 'the increased

range of motion.

. There is considerable debate within the orthopaedic profession
concerning the optimum programme of surgery in cerebral palsy. JSome
consider that the number of operations should be kept to a minimum

and performed one at a time as the need becomes apparent. Others
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consider that it is preferable to perform multiple operations on the
one occasion. The arguments for these alternative approaches
concern the inter-relationships of the surgical procedures and their -
effects on function, and the frequency and length of periods of

hospitalisation.

The arguments for and against orthopaedic surgery in cerebral
palsy are complex. These relate to the desired objectives of the
surgery itself, the quality of the function that results in the
short term -and 1long term, and the relative merits of a surgical
approach compared with the other methods of management. The
problems of objective evaluation of the outcome of the other
management procedures with cerebral palsy apply equally to

orthopaedic surgery.

Many of the orthopaedic procedures involve the modification of
spastic muscles which had either produced a deformity or impeded
function. If the operative procedure does not permanently remove
the effect of the muscle there is the potential danger of further
deterioration of that muscle, such as additional contracture, and
the re-occurrence of the original problem. Indeed it can be argued
‘that the operative procedure itself, while producing an immediate
and desirable short term improvement may actually accelerate the
process of further deterioration. This is particularly so, for
example, with the T.A. 1lengthening. Clinical evidence suggests
that the triceps surae become more spastic. after ._surgery. The
lengthened tendon may permit adequate dorsiflexion to gain heel
contact with the ground but this is 1likely to be a temporary
situation until the muscle contracts further. Obviously further
surgery is implied. It can be argued, however, that the short term
éain of heel contact is justified, particularly as the operative
procedure is relatively simple. The additional . lengthenings
necessary in later years may be seen as an intended programme rather

than as a response to failures.
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Perhaps the most significant argument against T.A.
lengthenings is the fact that despite the improvements in function
as a consequence of an increased range of dorsiflexion, the
plantarflexors themselves may not function well as active motor

units. This can cause problems in the attainment of push-off in

late stance.

Perhaps the clearest argument for an orthopaedic approach is in
the case of the child with spasticity of the adductors causing a
"scissor gait'. If this problem is severe the child is virtually
precluded from any significant progress in walking ability.
Adductor tenotomies are likely to result in a .major functional
improvement. This releases the child to develop his walking
ability. Despite the period of post-operative recovery necessary,
this approach is likely to be more satisfactory in the long run than

prolonged periods of -physiotherapy or attempts to use cumbersome

orthoses.

Orthopaedic surgery, however, 1like the other management
methods, is likely to be more beneficial to the child if considered

as part of an integrated programme rather than as a total solution

in itself.
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1.4 THE USE OF POLYPROPYLENE ANKLE-FOOT ORTHOSES
IN THE MANAGEMENT OF CEREBRAL PALSIED CHILDREN IN DUNDEE

1.4.1 Clinical Service

Polypropylene AFOs have been used in the management of CP
children in Dundee for about ten years, (Anderson and Meadows,1979,
Anderson, 1983, Meadows et al.,1980). The pattern of referral and
the structure of the orthotic service have altered significantly
within that period. These have been due to changes within the
Departments of Orthopaedics and Paediatrics, the establishment of
the Handicapped Children's Service which co-ordinates the therapy
involvement, and the development of the <c¢linical and technical
services at Dundee Limb Fitting Centre. The 1latter developments
have resulted 1in the establishment of Tayside Rehabilitation

Engineering Services.

In the early years the referrals were made by the Children's
Orthopaedic OService. The children were usually the older ones,
often of school age. They were referred for orthoses in response to
a variety of orthopaedic problems. These were often related to gait
problems caused by spasticity and frequently the classic one of
toe-walking., A significant proportion of the referrals was for the
fitting of orthoses following surgical procedures such as T.A.
lengthenings. [Footwear adaptations such as heel wedges, flares,

insoles and toe caps were common.,

The children were referred to the orthotic clinics held at
Dundee Limb Fitting Centre and the assessment, prescription and

supply processes were included within the routine orthotic service.

The development of community screening cliniecs within the
Tayside Area has greatly improved the early detection of cases of
cerebral palsy. Once the children have been noted to have problems

they are referred- to Armitstead Child Development Centre for a
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two-week period of assessment. During this time they are assessed
by a wide range of professionals including physiotherapists, an
orthotist and a rehabilitation engineer. Subsequent to this period

of multi-disciplinary assessment an integrated management programme

is determined.

The most significant consequence of the screening programme as
far as the orthotic involvement is concerned is the much earlier age
at which the initial contact with the child is made. This 1in turn
has altered the spectrum of problems with which the child presents

and the objectives of the management programme.

In previous years the referrals to the orthotic service were
primarily by orthopaedic surgeons with requests for orthoses in
response to the orthopaedic problem wﬁich had developed. Now the
referrals are effectively from the paediatrician when the child is
sufficiently young that orthopaedic problens have not yet developed.
This has resulted in a change of emphasis- in the orthotic
management. Whereas in previous years the orthoses were used
primarily to solve orthopaedic problems they are now used to prevent
the development of orthopaedic problems. Even more significantly a
greater awareness now exists of the breadth and complexities of the

child's functional requirements and the role that orthoses may play

in the attainment of function.

The clinic team concerned with the physical management of the
child consists of physiotherapists from the Handicapped Children's
Service, an orthotist and a rehabilitation engineer from Tayside
Rehabilitation Engineering Services and an orthopaedic surgeon from
the Department of Orthopaedics. All of those involved in the team’

have developed a special interest in cerebral palsy.

The multi-disciplinary team approach which has been developed
permits the integration of the physiotherapy, orthotic, chemotherapy

and orthopaedic approaches to the management of the child's physical



Fig. 1.8

AF¥Os maintain the foot in a functional position.
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problems. Although the child's management programme is formulated
by the complete team there are times when the emphasis may be on any

one aspect. Thus the orthotist’ alone may be involved or the

physiotherapist.

During the past ten years over one thousand AFOs have been
produced for about 150 children. Most of these were produced in the
last five years reflecting the increase in awareness of the role

that AFOs can play in the management programme.

1.4.2 Management Objectives

Polypropylene AFOs may be wused to attain a wide range of
management objectives. The ‘details of these depend on the

particular problems with which the child presents. It is possible,

however, to divide the management objectives into two main

categories — functional and orthopaedic.

Functional Objectives

AFOs are used to prevent the foot adopting an equinus position
because of plantarflexor spasm. By maintaining the foot in a
‘functional position, approximately plantigrade, the child " is

permitted to develop his functional abilities, (Fig. 1.8).

The most fundamental ability is the attainment of independent
standing balance. This is important from the poiﬂE of view of the
child's daily activities and also because it permits the

§

physiotherapist to adopt a "hands off" approach to therapy.

Walking in a controlled fashion is obyiously one of the most

desired objectives. It may be necessary with the more severe

children to use various walking aids such as sticks or wheeled
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walking frames (rolators) in addition to AFOs, (Fig. 1.9).

Very important, but perhaps not so obvious, is 'the ability to
rise from the ground to standing. This is often a very difficult
task for a-child to perform but one which is <functionally very

important, (Fig. 1.10). If a child is unable to do this it means

that whenever he falls over, which may be frequently, he has to
crawl to a piece of furniture or a wall to use it to assist him to

stand up. This is further complicated if he is outside.

The characteristics of the AFO may require to be slightly
different for optimum performance of these different functions and

compromise may be necessary. The overall objective of improving the

child's functional abilities is to allow him to explore his
environment as an infant, thus stimulating his development. It is

to be hoped that he would attain-his developmental milestone without

falling too far behind whén“éompareduwiih a normal child. If his

independent function develops to a sufficiently high level, and

assuming he is of adequate intelliéénce,yhe may then be able to cope

with a normal school environment.

Of great importance is the child's ability to function at a

sufficient level to participate in the breadth of activities enjoyed

by his normal peers and family., .

"y A S .

Orthopaedic Objectives

AFOs can be used to respond to a number of orthopaedic problens
or to prevent their occurrence. These problems may relate to the
ankle-foot complex itself or elsewhere. Hypertonicity in the
plantarflexors may result in the ankle adopting a plantarflexed
attitude. In this situation the plantarflexors are in a shortened

state. If this is allowed to persist for significant periods of

time the muscles may become contracted permanently. The range of



Fig. 1.10

Rising to standing.
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dorsiflexion of the ankle, active or passive, will become
restricted. This has adverse functional implications. The muscles

themselves will also lose their contractile properties and will

therefore function less well as active motor units.

AFOs are used to prevent the ' ankle adopting a plantarflexed

attitude and thus to maintain the muscles in an elongated state. In
this way the onset of contractures may be avoided or at least
minimised. "If the child is severely involved AFOs for night use in
addition to those used during the day may be indicated. With the
less-severely involved children, night AFOs alone may be adequate if
day AFOs are not required for functional purposes. The <child . who
spends most of the day seated may also require AFOs to prevent
contractures. This is true even if the child is hypotonic if the

feet are allowed to dangle unsupported by a foot plate.

If a contracture of the plantéfflexbrs haé% occurred it is
possible to reduce. it gradually by the use of serial AFOs. In this

‘case a number of AFOs set at increasing angles of . dorsiflexion are

i y RN
used -with changes at“about monthly intervals as the contracture is
reduced. Once the contracture has been reduced to a satisfactory

condition continued use of night or day AFOs may be appropriate to

prevent re-contracture.

If prevention or reduction of contracture has failed, surgery
such as T.A. 1lengthening may be necessary. In these cases AFOs are
used to maintain.the ankle ~attitude and the elongation of the
muscle-tendon combination after removal of the plaster casts.
Thereafter day or night AFOs may be indicated to prevent further

contracture of the muscle belly.

If the child's ankle is constantly in a plantarflexed attitude,
either because of the hypertonicity or contracture of the

plantarflexors, significant problems may occur at the knee. The

child will have great difficulty attaining standing balance or



Fig. 1.11

Uncontrolled plantarflexion (left) will tend to cause
hyperextension of the knees as illustrated by this child
who was lost to follow-up for one year during which

the AFOs were not worn (right).
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controlled walking. He will tend to adopt either of two manoeuvres
in response to his inability to attain a plantigrade or dorsiflexed
ankle. He may adopt an attitude with flexed hips and knees, and
stand on tip-toe - often with an even more plantarflexed attitude.
He may however, choose to maintain heel contact with the ground and
allow his 1lower leg to lean backwards as necessitated by the ankle

plantarflexion, (Fig. 1.11). In this case he will need to lean his

trunk “ forwards to maintain his‘fbalance. He achieves this by
excessive hipiflexion but also by allowing his knees to be forced
backwards into full extension. If this persists the knees will tend
to become 1lax and eventually considerable hyperextension will
result. Not only will this cause functional difficulties but it is
undesirable for structural reasons. Eventually permanent joint

deformities may occur which will pose serious orthotic problems in

later life as well as being severely functionally disabling.

AFOs, therefore, are psed to maintain the ankle in a
dorsiflexed attitude, thus permitting the lower leg to lean forward
while maintéining hee}ﬁcdntact. "This prevents the knees from being

forced into hyperextension and permits flexion if desired.‘r

¥
i

il

A very common and serious problem encountered in cerebral palsy
is "rocker-bottom" or "broken" foot, (Fig. 1.12). This may occur in
cases where the child walks’ ;with® the ankle in constant
plantarflexion., Initially the weight will be borne on the forefoot.
This places . extremely high -loads:.on the. midfoot structures.
Eventually the ligamentous structures become lax, the integrity of
the joints is lost and the midfoot collapses. This condition is
frequently overlooked as it is easily disguised by the wearing of
shoes. From the outside it may look as if the foot is normally
shaped with a plantigrade ankle. Examination will reveal, however,
that the hindfoot and . ankle  joint remain in a plantarflexed
attitude, often with a vertical talus, with the forefoot dorsiflexed
and everted relative to the hindfoot. The arch has collapsed and

the weight may often be borne on the bony prominences of the
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"Rocker-bottom" feet.

i

.
ol

' o d
_._..Lg!;—:ru'r;

el -|"I
= — -

r_3
=y

- [ |
i B g s
T e

. il
— e N ——



PAGE 33

midfoot. This may be extremely uncomfortable and 1is poor
functionally. If allowed to persist the joints will grow with
abnormal shapes pfeventing eventual correction. This poses severe
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