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Introduction

Cerebral palsy (CP) has always been considered to be a poorly
defined or “wastebasket” diagnosis. In fact, it is a very precise
syndrome with a set of impairments in movement that can be
closely linked to the underlying injury. This is analogous to
the precision with which stroke syndromes can be defined in
adults. Correct diagnosis of subtypes of CP as well as the
impairments that lead to disability can be essential for
identification of the most appropriate treatment. The current
definition of CP has been established by an interdisciplinary
group: “CP describes a group of permanent disorders of the
development of movement and posture, causing activity
limitation, that are attributed to non-progressive disturban-
ces that occurred in the developing fetal or infant brain. The
motor disorders of CP are often accompanied by disturbances
of sensation, perception, cognition, communication, and be-
havior; by epilepsy; and by secondary musculoskeletal prob-
lems.”! The importance of this definition is that it stresses the
evolving clinical picture despite a static and nonprogressive
injury. Therefore, appropriate diagnosis and treatment re-
quires a careful understanding of the interaction between
injury and development.

The subtypes of CP are classified by the distribution and
nature of impairments. The most common classification
includes diplegic, hemiplegic, tetraplegic, dyskinetic, and
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Children with cerebral palsy often have a mixture of multiple disorders of movement
that interact with each other and with the developmental process. While this compli-
cates the process of symptomatic diagnosis, there is nevertheless a close link between
clinicalimpairments and the underlying etiology and distribution of injury. | describe the
major categories of impairment, including hypertonic symptoms, hyperkinetic symp-
toms, and negative signs. Within each category, there are specific features that are
helpful for distinguishing between multiple impairments that affect motor function.
Identification of the particular impairments affecting each child is essential to guide
appropriate medical and rehabilitation interventions.

ataxic.? Although these types are generally easily distin-
guishable, in children there are often mixed symptoms that
make classification more difficult.? The importance of these
subtypes is the relatively close link between the anatomic
distribution of impairment and the underlying etiology. For
example, diplegic CP is most often caused by injury to
periventricular white matter as is frequently seen in pre-
maturity or in placental insufficiency during the third
trimester.* Hemiplegic CP is most often caused by unilater-
al ischemic injury due to presumed embolic events in the
perinatal period, and this most closely mimics adult stroke.
The tetraplegic form is often associated with widespread
gray matter injury as might occur with profound perinatal
acute hypoxic injury or bacterial meningitis. The dyskinetic
form is associated with acute partial hypoxic injury often at
the time of term birth.> Dyskinetic CP can also be associated
with several metabolic abnormalities including kernicterus
that are known to affect basal ganglia, and possibly with
vasculitis of lenticulostriate vessels in response to perinatal
inflammatory processes.®” The ataxic form of CP is often
caused by developmental anomalies of the parietal lobes or
posterior fossa, including malformations of the cerebel-
lum.® During the first year of life, such anomalies may
present with hypotonia that only develops into ataxia
several years later.’
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Because of the close link between etiology and clinical
impairment, there is a close link between the neuroimaging
findings and the clinical findings similar to what can be seen
in adult stroke. Unlike adult stroke where the categories are
primarily defined by anatomic localization of injury, in chil-
dren the localization is more often defined by cell type such
that certain disorders may affect neuronal cellular elements
and are often referred to as “gray matter injury,” whereas
others may have preferential injury of glial cells including
oligodendrocytes, and are thus referred to as “white matter
injury.”® Changes in the relative susceptibility of neurons and
glial cells to hypoxic injury during the third trimester of
pregnancy account for the relative rates of injury to white
matter or gray matter as a function of the timing of inju-
ry.1 01T Eor example, injury early in the third trimester either
due to premature birth or placental insufficiency more
frequently affects oligodendrocyte maturation and leads to
periventricular white matter disorders,'"'? whereas injury
late in the third trimester or at term birth typically causes
more selective injury to neuronal elements. The pattern of
gray matter injuries seen in acute hypoxic events near term
has been referred to as “selective neuronal necrosis” and can
affect basal ganglia, perirolandic cortex, substantia nigra, and
the subiculum of the hippocampus.*

A detailed understanding of the relationship between
timing of injury, mechanism of injury, distribution of injury,
and the consequent symptoms and body distribution of
impairment is essential for understanding the nature of the
movement disorders in CP and for making appropriate diag-
noses and selecting the most appropriate treatments. In
particular, it is important to be able to distinguish CP from
other treatable diagnoses that may mimic it during certain
phases of the illness.'® Because CP is a disorder characterized
by static pathology, there are no biochemical markers and
when it is caused by acquired injury there are no genetic
markers. Therefore, it is important to look for and exclude
similar-appearing metabolic disorders and neurotransmitter
disorders that may have specific treatments.

Classification of Impairments

The NIH Taskforce on Childhood Motor Disorders was estab-
lished to classify the different motor disorders that cause
impairments in childhood. Here, we will discuss those that
are commonly seen in CP. The intent of the taskforce was to
define words at the impairment level rather than at the
etiology or syndromic level. For example, it was important
that “spasticity” be defined in terms that could be identified
at a single joint, rather than as part of a “spasticity syndrome”
or “upper motor neuron syndrome,” which implies particular
patterns or particular etiologies that in some cases are not
well supported by scientific evidence.? It was also important
that impairments be defined in such a way that they can be
recognized when multiple impairments coexist in the same
child. Therefore, the definitions are based on clinically ob-
servable phenomena that could be identified by a trained
examiner. Definitions based on impairments provide a link
between the underlying pathophysiology and the resulting
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disability at a level of description that may be particularly
suitable for choosing medical or surgical intervention.>%1°

The different types of impairments can be roughly classi-
fied into positive and negative signs. The positive signs are
generally related to excess unwanted activation of muscles,
whereas the negative signs are generally characterized by
lack of appropriate activation of muscles.'* These definitions
are not always consistent and sometimes are overlapping. For
example, hypertonia that is caused by excess muscle activa-
tion can be a cause of slow movement that would ordinarily
be considered a negative sign. One particular reason why the
positive/negative distinction is helpful is that there may be an
approximate link to categories of treatment. Many of the
available medical and surgical interventions are more effec-
tive at reducing positive signs than improving negative signs.
For example, increased tone about a joint can be reduced by
medication or surgery, but most medical or surgical inter-
ventions do not directly increase strength. Conversely, inter-
ventions such as rehabilitation and movement practice often
improve negative signs including strength and coordination.

Movement disorders in adults are often classified by the
distinction between “pyramidal” and “extrapyramidal”
causes. This distinction does not correspond well to currently
known neuroanatomy; therefore, although these terms re-
main commonly used in the adult literature, we will avoid
them. The movement disorders in CP are usually mixed
disorders and in some cases may partially compensate for
each other. For example, spasticity can compensate for weak-
ness. We prefer the term “motor disorder” to distinguish it
from the classical use of the term “movement disorder” as
seen in adults. The most important consideration is that
treatment needs to address the multiple factors that affect
each child’s movement and that will affect their development
of movement and motor skill. In the following sections, we
will describe individual motor disorders based on the defi-
nitions of the taskforce.

Positive Signs

We can divide the positive signs into those that primarily
affect posture and those that primarily result in movement.
The three signs that primarily affect posture are spasticity,
hypertonic dystonia, and rigidity, all of which are character-
ized by hypertonia. The signs commonly seen in CP that
primarily result in movement are hyperkinetic dystonia,
chorea, choreoathetosis, and athetosis. Myoclonus, tremor,
tics, and stereotypies can occur in CP but are not commonly
associated with it.

Spasticity

Spasticity is thought to be caused by changes in the excitabil-
ity thresholds of spinal motor neuron pools.'® This may be
mediated by neurotransmitters including serotonin, and
possibly it is associated with persistent inward calcium
currents.'”-'® Whatever the mechanism, spasticity is charac-
terized by a threshold for activation of motor units that
depends on both position and velocity.'>?% Although in
very severe forms of spasticity it may not be possible to
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detect the threshold owing to inability to move the joint, one
of the defining features is the “spastic catch.”? Spasticity tends
to cause either complete flexion or complete extension of a
joint, maintaining it either at the joint limit or tending to
apply force such that it moves toward a joint limit. It can thus
be distinguished from normal postural mechanisms that tend
to stabilize at intermediate ranges of joint angle. Normal
postural mechanisms do not have thresholds and tend to have
a much more graded response to perturbation.

The treatment of spasticity is complicated by the fact that
in some cases it may compensate for weakness. Spasticity is
frequently seen in children with significant weakness, and
when it affects antigravity muscles it may facilitate mainte-
nance of posture against gravity. Spasticity that leads to
extensor tone in the hips and knees may allow a child to
use a stander, whereas their own ability to voluntarily extend
their hips and knees may be significantly less. Spasticity
affecting trunk musculature, while difficult to evaluate be-
cause of the impossibility of detecting a spastic catch in the
trunk, may be an important compensation for truncal weak-
ness. The effects of spasticity on gait can be complex. Often it
creates abnormal postures and in some cases it is thought that
triggering of spastic reflexes may be responsible for the
“jump” or “bounce gait” pattern.21‘23

Because of the persistence of spastic postures, and proba-
bly because of associated abnormal recruitment and activa-
tion patterns of muscles, there are permanent changes that
include muscle and tendon shortening,*?° joint breakdown,
or joint dislocation that can lead to permanent orthopedic
deformities.?? This may be worsened when spasticity persists
during sleep. Although the mechanisms of normal sleep
paralysis are not completely known,?® it is possible that
abnormalities of spinal motoneuron excitability in spasticity
may interfere with those mechanisms and prevent full relax-
ation of muscles during sleep.

Spasticity is associated with the function of particular
descending spinal tracts. The vestibulospinal and reticulospi-
nal tracts may play a role, and the pattern of extension or
flexion of muscles may be partly linked to vestibular in-
puts,?”-?8 although this is not certain.?® In CP, the bulbospinal
tracts including vestibulospinal, reticulospinal, and rubrospi-
nal tracts remain intact, although perhaps poorly modulated
by cortical control. The particular patterns of flexion and
extension in the upper and lower extremities that are often
seen in spasticity and are sometimes referred to as “pyrami-
dal tract weakness” probably represent the relative contri-
butions of the vestibulospinal, reticulospinal, and rubrospinal
tracts to patterns of extension and flexion.3°

Less severe periventricular white matter injury (periven-
tricular leukomalacia) is confined to the fibers closest to the
ventricles that carry signals for the legs. More severe cases
also affect the more laterally placed arm fibers.>' Thus,
symmetric injury to these regions tends to produce spastic
diplegia in milder cases, and spastic tetraplegia in more
severe cases.>?33 Because involvement of bilateral upper
extremities is associated with more severe global injury,
there may also be significant effects on gray matter and
therefore a more mixed picture that includes dystonia, seiz-
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ures, and impaired cognitive function. When symptoms are
unilateral (often due to stroke or intraventricular hemor-
rhage), then it is possible to have involvement of both arm and
leg (on one side) with relative sparing of gray matter struc-
tures. Thus, upper extremity spasticity is most commonly
seen in hemiplegic CP, because in tetraplegic CP dystonia will
often obscure the presence of a spastic catch at the wrist or
elbow.

Dystonia

The mechanisms of dystonia are not well known and it is
difficult to quantify. Dystonia is almost always detrimental,
and unlike spasticity it does not compensate for other deficits.
It is often associated with injury to the basal ganglia, but more
recent investigations have suggested that injury to cerebel-
lum, thalamus, and some regions of the cortex may also be
responsible.3*3> While in dyskinetic CP we frequently see
dystonia associated with injury to the basal ganglia, close
inspection of diffusion-weighted imaging in acute hypoxic-
ischemic injury suggests that other areas including substantia
nigra and precentral gyrus may be affected and therefore it is
difficult to be certain of the anatomic localization. Dystonia
seems to be associated with increased long latency reflexes
that may be a mixture of spinal and transcortical in ori-
gin.>®37 The most characteristic feature of dystonia is a set of
stereotyped involuntary postures that are inserted into or
superimposed on attempts at voluntary movement. These
postures may be associated with hypertonia, but hypertonia
is not necessarily a component of dystonia.3

Typical postures in dystonia involve joints at a midposition
of joint angle, suggesting a very precise balance of activity in
flexors and extensors and the ability to maintain that balance
against perturbation. This is a feature that is also characteris-
tic of voluntary control of posture and is not expected to arise
solely from spinal mechanisms. There is a graded response to
perturbation such that large perturbations away from the
involuntary posture typically lead to a larger muscle re-
sponse. Unlike spasticity, there is not a threshold for response.

Dystonic postures are typically triggered by attempts at
voluntary movement. Dystonia almost always resolves during
sleep, probably due to the supraspinal and suprabulbar
origins of the disorder. Dystonia is much less commonly
associated with permanent musculoskeletal injury than spas-
ticity. Although in very severe forms of dystonia there can be
changes in bony structures or dislocation of joints, in moder-
ate to severe cases often there is no permanent orthopedic
injury and the muscle and tendon shortening that is com-
monly seen in spasticity does not seem to occur in dystonia.
Whether there are permanent changes in muscle morpholo-
gy due to dystonia similar to those seen in spasticity is
unknown.

The taskforce distinguished the possibility of dystonia
causing movement or hyperkinetic features as well as hyper-
tonic features.'> We will discuss separately the definition of
chorea and choreoathetosis, but it is not known whether
hyperkinetic forms of dystonia represent the combination of
postural (hypertonic) dystonia with choreoathetosis or
whether they represent a different phenomenon. Certain
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forms of dystonic tremor are seen in genetic and metabolic
dystonias but less commonly in CP.

Rigidity

Pure rigidity in children is rare, and because rigidity is
commonly associated with dystonia it may not be easily
distinguishable in CP. The “lead pipe” type of rigidity seen
in Parkinson disease is usually associated either with neuro-
leptic treatment or with rare disorders such as juvenile
Parkinson disease or neurotransmitter disorders. Dopamine
deficiency in childhood seems to primarily produce dystonia,
sometimes combined with bradykinesia. This is best known
from dopa-responsive dystonia (Segawa disease), in which
there is a partial failure of production of dopamine. It is
important to be aware of the existence of this disorder
because it can be a mimic of CP, yet usually quite treatable.
The most common cause of dopaminergic failure in CP may be
due to the selective neuronal necrosis pattern of injury
associated with acute hypoxic injury at term.* This pattern
can affect substantia nigra pars compacta and thus the origins
of dopaminergic projections to striatum. There may also be
injury in striatum itself and so it is likely that there is a
combination of both presynaptic and postsynaptic dopami-
nergic failure. The injury to presynaptic cells may partly
explain the response of some children with CP to treatment
with levodopa, but the injury to postsynaptic cells may
explain why response is only partial and why many children
do not respond to levodopa or dopamine agonists.

Lead pipe rigidity suggests resistance to movement with-
out a preferred posture. This would be characteristic of
viscosity and therefore velocity dependent (but without a
threshold as in spasticity). It has been shown that even in
children with dystonia, there is a continuum of position
dependence and velocity dependence with most children
showing a mixture of position- and velocity-dependent re-
sponses to passive movement.3® Therefore, rigidity may
represent either one extreme of this spectrum or a separate
disorder. The importance of recognizing rigidity in CP is
because relatively pure rigidity may be an important clue
to the need for further investigation of other possible
etiologies.

Hyperkinetic Disorders

Positive symptoms that lead to movement are hyperkinetic
disorders. The hyperkinetic disorders that occur in CP are
hyperkinetic dystonia, choreoathetosis, chorea, and athetosis.
It is not known whether choreoathetosis represents the
combination of chorea and dystonia, whether it is the same
as hyperkinetic dystonia, or whether it is a completely
different phenomenon.'?

Hyperkinetic Dystonia and Choreoathetosis

Choreoathetosis is named for the combination of chorea and
athetosis, but athetosis is rarely seen on its own and it is not
known if this is a separate phenomenon. Athetosis is defined
to be a slow writing movement, whereas chorea is a faster
movement but the distinction can be subtle. Careful observa-
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tion of video recordings of children with choreoathetosis
frequently reveals inserted dystonic postures, suggesting
that these two phenomena may be closely linked. Both
dystonia and choreoathetosis are exacerbated by attempts
at voluntary movement or posture.

Hyperkinetic dystonia and choreoathetosis are associated
with injury to basal ganglia. When injury is due to perinatal
hypoxic injury, subsequent magnetic resonance imaging
scans often show bilateral regions of injury in the medial
globus pallidus and the lateral thalamus. When injury is due
to kernicterus, the magnetic resonance imaging scans are
usually normal.

Chorea

Chorea is characterized by stereotyped inserted movement
fragments as opposed to the stereotyped inserted postures
seen in dystonia. These fragments are often not easily visible
to the examiner but can be discerned by close examination of
video recordings. Chorea is not usually associated with CP and
should prompt an investigation for other underlying meta-
bolic or inflammatory causes. One of the features that may be
helpful in distinguishing the choreoathetosis commonly seen
in dyskinetic CP from chorea seen in other disorders is that in
chorea there is usually movement at attempted rest, giving
the impression of “fidgetiness.” Although it can be exacerbat-
ed by the state of alertness and overall activity, chorea is often
not significantly exacerbated by movement and appears to
interfere with movement much less than would otherwise be
expected. In contrast, choreoathetosis seems to worsen sig-
nificantly with attempts at movement very similar to what is
seen in hypertonic dystonia. Children with chorea compen-
sate well and are often surprisingly accurate in attempts to
reach to a target. They do not seem to fall while walking
despite significant dancing movements. In contrast, children
with choreoathetosis caused by CP are often severely im-
paired by their movements, and they have difficulty walking
or using their arms.

Other Hyperkinetic Disorders

Other hyperkinetic disorders that can be seen in childhood
include myoclonus, tremor, tics, and stereotypies. These are
probably no more common in CP than in otherwise unaffect-
ed children. Myoclonus is very concerning and suggests gray
matter irritability often associated with genetic, metabolic,
inflammatory, or degenerative disorders, and it should
prompt a thorough search for such causes. True rhythmic
tremor is not considered a feature of CP and is rare in children.
The most common form of tremor in childhood is familial
essential tremor. Tic disorders and stereotypies are not
thought to occur with higher frequency in CP than in other-
wise unaffected children.

Negative Signs

The next category of motor disorders is the negative signs.'*
These include weakness, hypotonia, bradykinesia, reduced
selective motor control, ataxia, balance disorders, and dys-
praxia. Not all of these were defined by the taskforce. The
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negative signs are the ones that are most amenable to
rehabilitation, practice, and skill acquisition and in many
cases do not respond to medical or surgical interventions.
These signs may be more impairing than the positive signs
and may prevent compensation for other motor deficits.

Weakness

Weakness is relatively difficult to define because the ability
to generate voluntary force and involuntary force need to
be separated. The taskforce defined weakness as the inabil-
ity to generate voluntary force.'* Therefore, a joint with
very actively contracting or co-contracting muscles that
may be quite hypertonic and generate very high resistance
to passive force applied by the examiner would still be
considered weak if the child is not able to move that joint or
modulate the force voluntarily. It is quite typical for clini-
cians to test force by asking the child to resist passive
movement, but this would confound weakness with hyper-
tonia and therefore it is important to ensure that the child
can generate force both isometrically and during active
movement.

There are multiple etiologies of weakness including both
peripheral and central causes. In CP, probably the most
common cause is periventricular white matter injury leading
to inability to modulate strength in the lower extremities.
Injury to the cellular origins of the corticospinal tract in
frontal cortex would be another possible cause. In many
cases, injury to corticospinal tract is associated with lack of
ability to generate fine modulation of force, but the overall
range of force that can be generated may not be decreased. In
other words, corticospinal injury can be manifested more as a
deficit of the fine control of force rather than a deficit of the
ability to produce force.

Hypotonia

The task force did not provide a definition of hypotonia, but
this is often seen in children younger than 1 year. Hypotonia
does not usually persist in CP and it often subsequently
evolves into ataxia or spasticity.>®3° Hypotonia is decreased
resistance to passive stretch. Hypotonia is difficult to measure
reliably*® and it must be distinguished from weakness. One
might imagine that in pure hypotonia, voluntary force and
speed of movement would be normal, yet the resistance to
perturbation would be decreased. This could lead to an
appearance of floppiness and during attempts at locomotion
might lead to instability on uneven surfaces. It is important to
realize that there are significant differences in baseline tone
even between different healthy children: some children
maintain relatively high tone, while others have relatively
low tone during normal behavior. Only when hypotonia does
not modulate appropriately with voluntary movement can
we identify it as pathological.

The frequent association of infantile hypotonia with cere-
bellar malformations and subsequent ataxia suggests that the
cerebellum may be an important mediator of the control of
tone.*! Hypotonia seen in older children is more typical of
peripheral neuromuscular disorders. While parents and clini-
cians may be acutely aware of hypotonia, this is rarely if ever a

Journal of Pediatric Neurology ~ Vol. 13 No. 4/2015

complaint of the children themselves unless there is associ-
ated weakness.

Bradykinesia
Another negative sign that was not defined by the taskforce is
bradykinesia. Bradykinesia is most commonly seen in parkin-
sonian syndromes and may be associated with dystonia in
several different disorders.*>=#> Slow movement in dystonia
is usually attributed to cocontraction, but in fact there is no
evidence nor biomechanical mechanism to suggest that co-
contraction would produce slow movement.>®37-46 Bradyki-
nesia may represent a combination of a slow rate of move-
ment, slowed rate of increase or decrease of force, and delay
in initiation of movement. In extreme forms of bradykinesia,
there can be up to a 30-second pause between the request for
a voluntary movement and the actual initiation of that
movement. The examiner must be aware of this and allow
the child adequate time. Similarly if the child has a very slow
rate of increase in force, they may appear weak unless given
enough time to allow the force to increase to the desired level.
In adults, bradykinesia is typically associated with dopa-
minergic dysfunction,*” and the fact that dystonia in child-
hood is often associated with either pre- or postsynaptic
dopaminergic dysfunction provides a possible mechanism for
the coincidence of these two disorders. However, the actual
origins of bradykinesia have not been well studied in children,
and dopamine receptors may have different distributions
with age.*® Furthermore, quantification of bradykinesia sep-
arately from weakness or dystonia is difficult.

Reduced Selective Motor Control

A very important negative sign that was defined by the
taskforce is reduced selective motor control.* Reduced selec-
tive motor control is the inability to activate muscles except in
particular patterns or synergies.14 For example, in the lower
extremities there appears to be an extensor synergy that
involves simultaneous extension of the hip, knee, and an-
Kkle.>®>1 A child with reduced selective motor control will
have difficulty simultaneously flexing the ankle and extend-
ing the knee or flexing the knee and extending the ankle.>%>3
This provides the common diagnostic method which can be
performed in a gait laboratory in which a surface electromy-
ography electrode will be placed on the thigh muscle and the
child asked to maintain the thigh relaxed while extending the
ankle.

It is particularly important to recognize the presence of
reduced selective motor control because the extensor pattern
mimics spasticity. The way in which this can be distinguished
from spasticity is that full range of motion of the joints can be
easily achieved so long as the synergy pattern is respected.
For example, full dorsiflexion of the ankle may be possible
with the knee and hip flexed, whereas full extension of the
ankle may only be possible with the knee and hip extended. If
this is the case, it suggests that surgical interventions de-
signed to reduce involuntary ankle extension will not be
effective as the problem is not constrained by the biome-
chanics. Reduced selective motor control can mimic weak-
ness because activation of muscles out of synergy will be very
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difficult and will appear to represent a decreased voluntary
ability to generate force.

In adults, there appears to be an upper extremity synergy
that involves adduction of the shoulder and extension of the
elbow.>*=® It is not known whether or not a similar synergy
exists in children with CP.

While scales have been developed to quantify reduced
selective motor control,>® treatment of this disorder is frus-
trating and attempts at retraining patterns of spinal activity
have limited success. Discovery of new treatment methods
will be particularly important because this impairment is a
major contributor to inefficient and poorly balanced gait.

Ataxia
Ataxia is the inability to coordinate muscles throughout a
movement.'# Active movement requires complex patterns of
muscle activity that not only achieve the movement but also
compensate for the dynamic forces generated by the muscu-
loskeletal system and inertia of the limb. It can be very
difficult to identify ataxia clinically in the presence of weak-
ness or dystonia. Furthermore, movement in ataxia may be
abnormal due to compensatory strategies adopted by the
child. Clinical evaluation is facilitated by noting that in ataxia
multijoint movement is more difficult than single-joint
movement,”’->® and rapid movement is more difficult than
slow movement.”® For example, dysmetria on a finger-to-
target task may be improved if the elbow is stabilized or the
child is asked to move more slowly. Children may have
difficulty compensating for perturbations,®® and they may
not learn to compensate even with practice on a known
perturbation.®’®2 Since different regions of the cerebellum
are responsible for control of limbs, axial posture and balance,
and eye movements, it is important to assess all three types of
function individually.®3-64

Ataxic CP is rare and usually is associated with malforma-
tions of the hindbrain.>®° It is particularly notable that ataxia
is only rarely seen in children with other acquired injuries
such as partial resection of the cerebellum,®® with ataxia
occurring more frequently only when deep cerebellar nuclei
are involved.®’ Like reduced selective motor control, ataxia
can be significantly impairing to many aspects of motor
function. The cerebellum is also involved with oculomotor
function and associated disorders including oculomotor
apraxia can occur.%®

Balance Disorders

Balance disorders are critical impediments to unassisted
ambulation.?®7? These were not defined specifically by the
taskforce and ongoing research is needed to appropriately
classify and quantify balance disorders in children. Neverthe-
less, it is clear that many children with CP including relatively
mild forms have difficulty compensating for perturbations
during gait,”" and standing or ambulating over uneven terrain
is particularly challenging for many of these children.”?
Balance disorders in adults are often due to multiple factors
including sensory deficits, impairment of multijoint reflexes,
impairment of coordination, weakness, vestibular or visual
impairments, and deficits of sensory integration. It is likely
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that in children, similar multifactorial ideologies must be
considered.®® Balance does appear to be a trainable skill,”° but
the origins of the balance disorder in an individual child must
first be precisely assessed.

Dyspraxia and Apraxia

The taskforce distinguished between apraxia and dys-
praxia.'* Apraxia occurs more commonly in adults and is
the loss of skilled movements associated with specific tasks or
gestures. A common adult classification originally by Liep-
mann separates adult apraxia into ideational, ideomotor, and
limb-kinetic forms.”3”4 Whether this taxonomy is helpful in
children is not known. In children, we define dyspraxia as the
inability to acquire age-appropriate skill despite sufficient
exposure and practice. As dyspraxia represents lack of acqui-
sition of skills, it is a learning disability for movement. There
may be sensory, motor, cognitive, or sensory-motor integra-
tion deficits that can contribute to dyspraxia. Dyspraxia is the
major motor deficit seen in developmental coordination
disorder,”>~’/ and autistic spectrum disorders, but its preva-
lence in CP is unknown.

One of the most important consequences of dyspraxia is
the inability to learn to compensate for other movement
disorders. In particular, a child with primary dystonia who
does not have dyspraxia may learn very interesting and
creative ways to compensate for their dystonic postures so
that they can still accomplish the necessary skill. A child with
dyspraxia will be unable to compensate. As another example,
a child with ataxia but without dyspraxia will have a wide-
based gait to compensate for the gait instability due to their
ataxia. A child with concomitant dyspraxia may not widen the
base of their gait and therefore may be more likely to fall. In
adults, apraxia is associated with injury to premotor regions.
The localization of dyspraxia in children is unknown.

Dyspraxia interferes with rehabilitation because one of the
characteristic features of dyspraxia is the inability to copy
complex gestures or tasks when demonstrated.”® This inter-
feres with the ability to be taught new skills. It is therefore
very difficult for children with dyspraxia to make use of
therapists, coaches, or successful examples of performance
by other children. They have difficulty with tool use, hand
grip, and writing. Because of the increased processing de-
mands for complex movements, there may be a delay in
processing that may mimic bradykinesia. Unusual postures
adopted during tasks and compensatory muscle activity or
increased cocontraction due to relatively increased cognitive
demands may cause dyspraxia to mimic dystonia. It is very
important to recognize that dyspraxia commonly co-occurs
with other motor disorders and to treat it separately if
possible. The optimal treatment regimen is unknown,’® but
one method is to break down complex movements into much
simpler ones that can be practiced individually and later
recombined.”®

Treatment

Although it is usually impossible to treat the underlying brain
injury that caused the CP, there are nevertheless many
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opportunities for treatment of the resulting impairments.
Optimal treatment generally requires an approach to all of the
impairments, although the type of intervention and the
priorities for intervention must be determined by careful
consultation with the child and parents to determine their
goals for functional ability. In many cases, successful treat-
ment will require consideration of factors not just at the
impairment level but also the effect of these impairments on
specific skills, the effect of those skills on participation in
school and social activities, and the effect of the environment
on facilitating or impeding adequate performance.”® I will
very briefly summarize some of the ways in which treatment
categories can be associated with specific impairments.

Perhaps most important is treatment of mechanical and
orthopedic issues. Children will not learn or progress if they
are in pain, and joint deformities, dislocations, or other
neurologically mediated biomechanical deficits that lead to
pain must be rectified as soon as possible. Careful attention to
seating posture, the use of orthotics, and bracing systems will
all have potential for significant benefit and improvement of
overall function.

Medical treatment is usually confined to positive signs, but
it is important to remember that spasticity is often useful and
complete reduction of spasticity may reveal underlying
weakness that prevents the child from progressing. Perhaps
the most common oral medication for treatment of spasticity
is baclofen,®° and other medications include tizanidine, diaz-
epam, and injection of botulinum toxin.”>382 The mecha-
nism of botulinum toxin function in CP is not well
understood. Since the goal of botulinum injection is to titrate
so that spasticity can be reduced without causing significant
weakness, it is likely that the primary effect in most cases is
reduced excitation of intrafusal fibers, thereby reducing
length and velocity-dependent stretch reflexes.

Botulinum toxin may have a similar mechanism in dysto-
nia mediated by long-latency stretch reflexes.3® Reduction in
these reflexes may be helpful in reducing inserted postures or
reducing the tone associated with the inserted postures.
Other medications frequently used for dystonia in CP include
anticholinergic medications such as trihexyphenidyl (benz-
hexol) and levodopa for possible presynaptic dopaminergic
deficits.23-8> Carbamazepine has been helpful in some chil-
dren with hyperkinetic dystonia, but other antidyskinetic
medications commonly used in adults including amantadine
or tetrabenazine have been less helpful in CP.8%-87

Most negative signs are not amenable to medical inter-
vention with the exception of bradykinesia which is treated
primarily with dopaminergic or stimulant medications. The
mainstay of treatment for negative signs remains guided
practice which can be performed in a rehabilitation setting.
For older children, particularly teenagers, therapy can be
transitioned to a sports and fitness model rather than a
medical model. This will be much more interesting to the
child and likely to reinforce positive self-esteem if they feel
that they are accomplishing skills that are of interest to them.
In such cases, the role of rehabilitation clinicians remains
important to monitor for complications of abnormal biome-
chanics and movement.
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Children with CP are at risk of late worsening particularly
associated with unusual postures or unusual repetitive move-
ments and this needs to be carefully evaluated over time and
corrected as soon as problems are identified.®® Late worsen-
ing can include progressive joint disease due to disuse, or
spinal abnormalities from unusual postures or dyskinetic
movements.? The long-term effect of specific therapy inter-
ventions including medical and surgical interventions is not
known. It is important to remember that CP is a developmen-
tal disorder and therefore changes are expected over time,
and while hopefully many of these changes involve improve-
ments, it is also important to look for worsening that can
occur due to skeletal growth, associated changes in body
habitus, associated medical issues, or abnormal patterns of
movement.*

Prosthetics and orthotics are of significant benefit for a
large number of children. It is important to distinguish
between devices that are intended to assist children or
substitute for lost function, and devices whose purpose is
to train the child for better function of their own body. Typical
assistive devices include assistive communication devices,
adapted keyboards, and mobility devices such as a wheel-
chair. Concerns are frequently raised that increasing depen-
dence on assistive devices will impede the child’s ability to
develop their own natural skills in these areas. While this is
certainly a risk, it is also important to provide children with
devices that allow them adequate participation in school and
social function so that those skills may be learned even before
their motor function improves.

Devices that are designed for retraining include virtual
reality,gﬂ"93 and robotic training environments,*~%° as well
as other environments with altered dynamics including the
use of spring-like attachments to the child®’ or assisted
treadmill training with harness support against gravity.?8~10
For some children, the use of elastic or neoprene garments'%"
or elastic tape applied to the skin'%27'%% may be helpful. In
these cases, the goal is for the movement to feel as close to the
intended movement as possible and to give the child the
experience of more natural movement while accentuating
attention to the proprioceptive consequences of movement.
Therefore, the therapist and the devices can apply graded
resistance to movement rather than assistance because nor-
mal movement is usually against at least mild levels of
resistance. The use of altered dynamic environments is a
topic of ongoing research.

In conclusion, the movement disorders in CP are complex and
most children have multiple disorders simultaneously leading to
multifactorial effects on function. Many of the disorders will
interact with each other and will also interact with ongoing
development, skill learning, and school performance. The effect
of injury is compounded by the child’s need to learn new skills
during a period of motor development. Careful attention to
improvement in the most important impairments for each child
may have long-lasting consequences in terms of their overall
level of function and participation. The very close link between
etiology, impairment, and treatment options for children with
CP makes accurate diagnosis, categorization, and selection of
targeted treatment essential.
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