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Louis Pellegrino

2 O Cerebral Palsy

with cerebral palsy

cerebral palsy

palsy

* Know the various types of cerebral palsy and their characteristics
= Know the sensory, cognitive, and medical prablems commonly associated

= Understand the range of therapeutic options available to help children with

+ Be knowledgeable about the medical and functional progneoses for cerebral

Upon completion of this chapter, the readsr will ﬂ
¢ Understand the definition and causes of cerebral palsy
¢ Understand how cerebral palsy is diagnosed

_/

& 15-month-old boy who was seen by his
' pediatrician for a routine weil-child check-
al’s mother expressed concern that her son
yet walking. The pediatriclan had docu-

ome modest delays in motor develop-
t Jamal’s 12-month office visit but had at-
these delays to the fact that Jamal was

nd at 2 weeks of age, an ultrasound
ain demonstrated a possible abnar-
hite matter of the brain.

a‘c_i explained to Jamal’s mother
adiusted for prematurity, Jamal
djusted age of 7 months. This
Y delayed compared with the ex-
)9 independently. Jamal's feg

;iédiatrician knew that many pre-

fittle stiff, and he sat slouched.

mature infants have mild, temporary abnormali-
ties of muscle tone (known as transient dystonia
of prematurity) that resolve by 15-18 months of
age,

At this 15-month visit, Jamal was sitting well
but stifl sat with a slouch. He could crawl stiffly on
all fours but was not yet pulling up 1o a standing
position, Jamal showed a pronounced tendency to
keep his legs stiffly extended with his toes pointed
and feet crossed at the ankles (scissoring}. His pe-
diatrician was concerned that Jamal was showing
signs of cerebral palsy.

WHAT IS CEREBRAL PALSY?

Cerebral palsy is a developmental disability. As
is the case with other developmental disabili-
ties, cerebral palsy is defined on the basis of spe-
cific functional charactetistics rather than on
the basis of the diverse causes of the condition.
The hallmark of cerebral palsy is 2 significant
impairment of functional mobility that js asso-
ciated with signs of neurological dysfunction.
As the term cerebral implies, the locus of the
dysfunction is the brain. Cerebral palsy is fur-
ther distinguished from other motor impair-
ment syndromes by the recognition that signa-
ture features of the condition are known to be
associated with disturbances of the immature, -
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or developing, brain. These disturbances most
often oceur during feral development or in the
perinatal period, but they may also occur during
thefirst few years after birth. Whether the dis-

turbances are a consequence of brain injury or

relate to a genetically based problem with brain
development, in all cases the presumption is ¢hat
the processes resulting in the disturbance are
time limited, or nonprogressive, Based on these
observations, cerebral palsy may be defined as
follows: Cerebral palsy is a disorder of move-
ment and posture that is caused by a nonprow
gressive abnormality of the immature brain.

Modifications of this basic definition of ce-
rebral palsy have recently been proposed that
emphasize the complexity of the condition, in-
cluding associated nonmotor impairments of
sensation, cognition, communication, and be-
havior and associated medical conditions sach
as seizures {Bax et al., 2005). Although the neu-
rological basis for cerebral palsy is considered
nonprogressive, the functional consequences of
the disorder can, in a sense, progress, For ex-
ample, some children with more severe forms of
cerebral palsy (e.g., spastic quadriplegia; see the
Classifying the Subtypes of Cerebral Palsy sec-
tion) are prone to develop orthopedic compli-
cations such as hip distocation, scoliosis, and
muscle contractures that may reduce their func-
tional mobility over time (Liptak & Accardo,
2004).

WHAT CAUSES CEREBRAL PALSY?

Cerebral palsy is most often a consequence of
Drain injury, but in some cases may be due to
genetically based problems with brain develop-
ment {Nelson, 2002; O’Shea, 2002). Until the
1980s, it was thought chat most cases of cerebral
palsy resulted from “birth asphyxia” (hyposic-
isthemic encephalopathy; see Chapter 4), which
has traditionally been defined as a disruprion of
blood flow (ischemia) and oxygen supply (ly-
poxia) to the brain as a consequence of problems
encountered at the time of birth It is now clear,
however, that true birch asphyxia is the cause of
cerebral palsy in only @ minority of cases (Hank..
ins & Speer, 2003; Nelson & Gurether, 1999;
Pschirrer & Yeomans, 2000).

Prematurity-Related Cerebral Palsy

Jamal provides an example of cerebral palsy that
is most likely related to complications of pre-
maturity. Premature infants, especially those
born prior to 28 weeks’ gestations (or with a

birtl: weight less than 1,500 grams), are recog-
nized to be at increased risk for cerebral palsy.
The overall prevalence of cerebral palsy is ap-
proximately 2.0-2.5 per 1,000 in the general
population (Hagberg et al., 2001; Reddihough
& Collins, 2003; Winter et al., 2002); prema-
ture infants represent 40%-50% of this group,
Among infants born prior to 28 weeks, more
than 12% will ultimarely be diagnosed with cere- -
bral palsy (Marlow et al., 2005; O’Shea, 2007,
Vohr etal,, 2005). The increased risk of cerebrq]
palsy in the premature infants relates to 2 spe
cial vulnerability of the white matter of th,
brain (Volpe, 2003; see Chaprer 9). The white~
matter contains neuronal processes (the “wir.
ing” of the brain), some of which are ivolve
in the control of movement and regulation o
muscle tone (see discussion on corticosping
pathways in the Delayed Motor Developmen
section). Disruption of these pathways can re
sultin the signs and symptoms of cerebral palsy
(Recent research also suggests that disruptia
of brain white matter is associated with suby
but important associated disturbances in th
neurons, or brain cells, that compose the “g
matter” of the brain. These disturbances m
explain the learning and cognitive probiems:
countered in children with cerebraf palsy [Volpe
2005].) The two common causes of white miatid
injury in premature infants are periventri
levkomalacia (PVL) and intraventricular hé
orrhage (IVHD (see Chapter 9). Immaturi
brain development predisposes prematur
fants to both of these conditions. :

Cerebral Palsy in Full-Term Infants

A wide variety of prenatal, perinatal, an
netic factors have been highlighted as p

causes of cerebral palsy in full term-infan
including birth asphyxia, congenital bra
formations, coagulation abnormalities, &
cations related to multiple gestation and
uterine infection/inflammation (Nelson
Compared with those born prematurel
dren born at term who subsequently
cerehral palsy are more often small for
tional age or have malformations insidé 2
side the central nervous system (CINS),

ing a problem with early fetal develo
some cases (Krageloh-Mann et al,, I
dition, if a fall-term infant experie
birth asphyxia, he or she may devel
palsy, especially the athetoid or dysto
{sce Classifying the Subtypes of Ce
section), which reflects damage 1
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structures (e.g., the basal ganglia). In the past,
high bilirubin levels in the immediate postnatal
period resulted in a condition called kernic-
terus, which also caused athetoid cerebral palsy.
Although kernicterus is rare now in developed
countries, more subtle bilirubin-induced neu-
rologic dysfunction (BIND) continues tc be a
concern (Shapiro, 2005},

Infection and Cerebral Palsy

In both term and preterm infants, direct infec-
tion of the fetus by viruses (e.g., cytomegalovi-

s rus, rubella; see Chapter 6) and other infectious

agents (e.g., rtoxoplasmosis, 2 parasitic infec-

* tion) has long been a recognized cause of cere-
-bral palsy. Although these types of infections
“are 2 fairly uncommon cavse of cerebral palsy,
--there has been increasing recognition that cho-
. ripamnionitis, or maternal intrauterine infec-
- tion, may play a key role in the genesis of cerebral

palsy. Choricamnionitis predisposes to prema-
ture delivery and may also have direct adverse
gffects on the fetal brain (Jacobssen, 2004;
Yoon, Park, & Chaiworapongsa, 2003). Com-
plex relationships likely exist between chorio-
amnionitis and other clinical entities that are
thought to cause cerebral palsy, For example,
placental infection may contribute to the devel-
opment of hypoxic-ischemic encephalopathy/
rth asphyia. Infection during pregnancy may
o promote blood coagulation, leading to
oke-like events in the fetus (Leviton & Dam-
ann, 2004; Nelson & Lynch, 2004). These re-
fonships are currently the subject of intense
stigation {Wu, 2002).

OW IS CEREBRAL
5Y DIAGNOSED?

nition of significant delays in motor de-
pment associated with signs of CNS dys-
ction. Although newborns may have known
fa(;tOrs for cerebral palsy {e.g., PVL), cere-
alsy cannot be diagnosed at birth. Chil-
ith more severe forms of cerebral palsy
ly diagnosed by I year of age; children
lder forms of cerébral palsy may not
grosed until 2 years of age (Aneja, 2004,
%, 2004; Russman & Ashwal, 2004).

gved Motor Development

!_p:_llsy is not the most common cause
ecll motor development. Children with
elays In association with cognitive and

diagnosis of cerebral palsy is based on the -

learning disabilities far cutnumber children with
motor delays as a consequence of cerebral palsy
(see Chapters 17 and 25). Cerebral palsy-related
moter delay is distinguished by severity (chil-
dren with cerebral palsy tend to have more se-
vere motor delays) and by the presence of asso-
clated signs of upper motor nenron dysfunction.

Upper Motor Neuron
Dysfunction in Cerebral Palsy

The upper motor neuren (TUMN) system Is not
a discrete anatomical entity but refers collec-
tively to the motor control systems based in the
brain 2nd spinal cord. The UMN system is dis-
tinguished from the lower mator nenron (EMN)
system, which refers collectively to the periph-

_eral nerves and the muscles that they innervate,

"The primary components of the UMN system
are the pyramidal tract or corticospinal path-
ways and the extrapyramidal system (see Fig-
ure 26.1). These systems are differentially af-
fected by disturbances to the developing brain
depending on the timing and nature of these
disturbances. Generically, UMN dysfunction is
characterized by positive and negative signs.
The positive signs refer to the presence of atyp-
ical neuromotor features, such as increased or
decreased muscle tone, atypical reflex patterns,
and involuntary movements. The negative signs
refer 1 absent or deficient neuromotor func-
tions, including poor motor control, poor bal-
ance, weakness, and easy fatigability. Virtually
alk children with cerebral palsy manifest the neg-
ative signs of UMN dysfunction to one degree
or another, Significant problems with motor
planning and moror control in particular are a
hallmark of cerebral palsy, and tend to contribute
most to deficits in functional mobility. The
profile of positive signs tends to vary more from
child to child and contributes to the classifica-
tion of the subtypes of cerebral palsy {see Clas-
sifying the Subtypes of Cerebral Palsy).

Spasticity

Spasticity refers to a group of neuromotor signs
that are seen in association with disturbances in
the pyramidal compenent of the motor control
system. The pyramidel system is composed of
neurons that extend from the motor cortex to
the brain stem and spinal cord. These cortico-
spinal pathways directly control movement and
also influence muscle tone and deep tendon re-
flexes (e.g., the familiar knee-jerk response) by
inhibiting spinal cord mechanisms that control
these processes, In the absence of normal corti-
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Figure 26,1, The motor control system, The upper motor neuron (UMN) system consists of the py-
ramidal and extrapyramidal systems. The pyramidal system connects the motor control center of the
cortex to the brainstem and spinal cord and is respaensible for the direct control of movement and mus-
cle tone. The extrapyramidal system consists of deep brain structures (especially the basal ganglia
and cerebellum) and works primarlly by modifying and refining the cutput of the pyramidal system,
The fower moter neuron (LMM) system consists of the muscles and the nerves that connect the mus-
cles and the spinal cord, including the nerves that comprlse the stretch reflex mechanism. (From Pel-

legring, L., & Dormans, .17 [1998]. Deflnitions, etiology, and epiderniology of cersbral palsy. n JP.
Dormarns & L: Pellegring [Eds.], Caring for children with cerebral palsy: A tearn approach |p. 10]. Bak

timore; Paul H. Brookes Publishing Co.,; reprinted by permission.) ’

cospinal inhibition, the spinal cord influences

primitive because they are present in

Full-term Infant
Resting Position

Asymmetrical Tonic
Neck Reflex

Figura 26.2. The asymmetric ione neck reflex. in the typical newborn infam:, when the head is actively or passively turned to the
“side, the arm and leg on the same side will extend and the arm and leg on the opposite slde will flex, resulting in a “fencing” pos-
‘iure, The opposite pattern oceurs when the head is turn to tha other side. Intypically developing Infants, the reflex fades (s ime-
s} by about @ months of age and is never ebligatory (the Infant can break through the pattern with spentanscus movement,
n in the newborn pericd). In children with cerebral palsy, the reflex tends to ha mare pronauncad, persists beyond the ex-
scted age, and may be obiigatory. : ’

rimitive reflex patterns to persist beyond early
ancy. Among the primitive reflexes, the asym-

system will sometimes exhibit atypical, invel-
untary movements, also know a3 dyskinesias.
Rapid, random, jerky movements are known as
chorea; slow, writhing movements are called
athetosis (when seen together, these move-
ments are called choreoathetosis). Dystonia
refers to rigid posturing centered in the trunk
and neck. Ataxia seen in association with cere-
bral palsy is characterized by abnormalities of
voluntary movement involving balance and po-
sition of the trunk and limbs in space. For chil-

iic fabyrinthine response (Figure 26.3) are
cularly helpful in the diagnosis of cercbral

dren who have cerebral palsy as a conse-
ce of disturbances in the extrapyramidal

predominate, resulting in spastic hypertonicity
(increased muscle tone} and exaggerated reflex
responses, two of the hallmark features of spas-
tic cerebral palsy. The clinical sipns associated
with spasticity are examples of release of inhi-
bition phenomena, which characterize imany
forms of UMN disturbance.

Persistent Primitive Reflexes

Another exemple of release of inhibition phe-
nomena relates to the abnormal persistence of
ptimitive reflex patterns in some children with
cerebral palsy. Primitive reflexes are called

(in some cases, during intrautering :
ment) and because they are thought &
trofled by the primitive regions of th
system: the spinal cord, the labyrinh
inner ear, lower brain areas, and the b
Familiar examples of primitive reflex
the suckling reflex and the hand-gra
the newborn, Ag the cortex matur
flexes are gradually suppressed and
into voluntary movement patterns
of integration is uswally complete b
of age. Because of a disturbance
uration of corticospinal pathways .1
with cerebral palsy, there is 2 tende

ﬂ

gure 263, The tonic labyrinthine reflex. A) When the child is in the supina position with the head slightly ex-
;Q"'ded. retraction of the shoulders ang extension of the legs is cbsarved. B} The opposite occurs when the in-
20tIs in the prone position with the head slightly flexed. In typically developing Infants, the reflex pattern is barely
Vident In the newborn petiod; in children with cerabral palsy, the pattern may dominate posiure and rmaovernent
may parsist throughout life,

B
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dren who can walk, this is noted most especially

" a5 a wide-based, unsteady gait. Difficulties with

controlling the hand and arm during reaching
{causing overshooting or past-peinting) and
problems with the timing of motor movements
are also seen.

Automatic
Movement Reactions and the
Development of Voluntary Control

As primitive reflexes diminish in intensity in
the typically developing child, postural reac-
tions, also known as automatic movement re-
actions, are developing (Figure 26.4). Some of
the more important of these reactions include
righting, equilibrium, and protéctive reactions,
all of which enable the child to have more com-
plex voluntary movement and better control of
posture. These automatic movement responses
serve a crucial supporting role in the develop-
ment of specific motor milestones; delayed or
absent development of these responses in chil-
dren with cerebral palsy makes a significant con-~
tribution te their motor disability.

Watiking and the
Diagnosis of Cerebral Palsy

Many children with cerebral palsy first come to
professional attention because of delayed walk-
ing. This developmental milestone has a power-
ful intrinsic meaning for parents and profes-

Q

Figure 26.4. Automatic movament rasponses: the lateral
prop reaction. At about & months of age, typically developing
Infants have aleady developed good postural control of the
nead and trunk (righting or equillbrium responses) and can
stop themselves from falling forward when placed in sitting by
extending their arms in front of them (forward prop response).
By 6 months of age, most infants can also catch themselves
whan falling 16 the side by extending the arm on the same side
(lateral prop response). This automatic movement reaction is
critical for independent sitiing and may be delayed or absent
in children with cerebral palsy. {From Pallegring, L., & Der-
mans, J.F [1998]. Making the diagnosis of cerebral palsy. in
J.P. Dormans & L. Pellegrino [Eds.], Caring for children with
cerebral palsy: A team approach [p. 39], Baltimore: Paul H.
Brookes Pubiishing Co.; reprinted by permission.)

Cerehral Palsy
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Classifying the ,
Subtypes of Cerebral Palsy

Cerebral palsy is often classified according 1o
the type of motor impairment that predom-
inates (Figure 26.6; Koman, Smith, & Shilg,
2004), with spastic cerebral palsy being the most
common type. Spastie cerebral palsy is farther
categarized according te the distribution of
limbs involved. In spastic hemiplegia, one side
of the body is more affected than the other; usu-
ally, the arm is more affected than the leg. Be-
cause the motor nearons that control one side
of the body are located in the opposite cerebral

cortex, a right-side hemiplegia implies damage
"“to or dysfunction of the left side of the brain,
-and vice versa, In spastic diplegia, the legs are
- ‘more affected than the arms. This is the type of
cerebral palsy most frequenty associated with
prematurity (and is the type that Jamal exhibits
in this chapter’s case study). In spastic quadri-
plegia, all four limbs and usually the trunk and
‘muscles that control the mouth, tongue, and
pharyny are affected. The severity of the motor
impairment in spastic quadriplegia implies
ider cerebral dysfunction and worse outcome
an for the other forms of spastic cerebral palsy.
ndividuals with spastic quadriplegia often have
ellectual disability, seizures, sensory impair-
vents, and medical complications,

sionals alike. Most adults know that children
begin walking at about 1 year of age, and there

is an implicit understanding that a child’s firse

steps mark the transicion from infancy to tod-

dierhood. When 2 child does not make this tran-

sition at the expected time, it is more difficult to

ignore than other delays in development, Ty
walk, a child must be able to maintain an up-
right posture, move forward in a smoothly co-
ordinated manner, and demonstrate protective -
responses for safety when falling. Even a child
with the mildest form of cerebral palsy has diffi-
culty attaining the continuous changes in muys-
cle tone that are required for typical walkin

The child’s walk or gaitis affected in many ways
Scissoring, the most common gait disturbance
occurs because of increased tone in the muscle
that control adduction (movement toward the
niid-line) and internal rotation of the hips. Toe
walking results from an equinus position of the
feet (Figure 26.5) and increased extensor tq
in the legs. In children without cerebral palgy;
protective reaction called the parachute i
sponse develops by 10 months of age. This'is
manifest by forward extension of the arms when
falling forward, Many children with cereby

palsy have delayed or absent developmen

Scissaring

: legia  Diplegia
Figure 26.5. Sclssoring results from increase Y —
muscles on the inner aspect of the thigh that,ga % o
legs together and turn the legs Inward. Tﬂf

tightness of the calf muscles and Ac_hlle

creased extensor tone in the legs.

Vere the involvement,

A

8. Different reqlons cf the brain are affected In various forms of cerebral palsy. In this figure, the darker the shading,

Dyskinetic cerebral palsy (also known as
extrapyramidal cerebral palsy) is characterized
by abnormalities in muscle tone that involve the
whole body. Changing patterns of tone from
hour tc hour and day to day are common. These
children may exhibit rigid muscle tone while
awake and normal or decreased tone while
asleep. Involuntary movements are often pres-
ent, although they are sometimes difficult to de-
tect, and are the hallmark of this type of cere-
bral palsy. The term athetoid cerebral palsy
characterizes a form of dyskinetic cerebral palsy
associated with choreoathetosis. Similasly, dys-
tonic cerebral palsy is associated with promi-
nent involuntary posturing and dystonia.

Ataxic cerebral palsy is characterized by
abnormalities of voluntary movement involving
balance and pesition of the trunk and limbs in
space (ataxia). Ataxic cerebral palsy may be asso-
ciated with increased or decreased muscle tone.

The term mixed cerebral palsy is used
when more than one type of motor pattern is
present and should be used only when one pat-
tern does not clearly predominate over another.
The term fotal body cerebral palsy is sometimes
used 1o emphasize that certain types of cerebral
palsy {dyskinetic, ataxic, mixed, and spastic
quadriplegia) involve the entire musculoskcletal
system to a greater or lesser degree; other forms

__cerabellum

@

Athetoid Dystonic
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of spastic cerebral palsy {dipiegia, hemiplegia)
are localized to particular regions of the body.

Characterizing the
Degree of Functicnal Disability
Associated with Cerebral Palsy

Although there is some clinical wtility in classi-
fying cerebral palsy on the basis of nesromotor
characteristics (e.g., spasticity, dyskinesias), there
tends to be a great deal of functional variability

wheelchair for mobility. A number of functional
assessment systerns have been developed to ad-
dress this issue (Oeffinger et al., 2004; Palisano
et al, 1997; see Table 26.1). These systems pro-
vide a means to classify individuals based on

meaningful functional distinetions. Using this -
type of functional ¢lassification scheme is ofter; *

helpful for planning therapeutic interventions

and establishing goals for habilitation (see the:
Habilitation section) and is more predictive of -

long-term functional outcome in comparise
with the prognostic value of the traditiong]
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Establishing the
Eticlogy of Cerebral Palsy

Diagnosis of the etiology, or cause, of cerebral
palsy oceurs in parallel with the process that es-
tablishes the disability or functional diagnosis
of cerebral palsy itself (Ashwal et al., 2004). Es-
tablishing the etiology of cerebral palsy may

. have fmportant implications for treatment, prog-

nosis, and recurrence risk. Information gleaned

.- from the medical history and physical examina-
“tion is often critical in establishing etiology

within specific subtypes. For example, some chil-
dren with spastic diplegia may be-able o walk
independently, whereas others depend on a

Table 26.1.

impairment-focused classification scheme (R
senbauam et al,, 2002), .

Summary of Gross Motor Function Classification System (GMFCS)

‘{e.g, knowing that a child was born prema-
rorely and has signs of spastic diplegia strongly
“suggests the possibility of cerebral white matter
injury). With regard to specialized diagnostic
" testing, brain imaging is especially helpful (Ac-
ardo, Kammann, & Hoon, 2004; Ancel ex al,,

006). Ultrasonography is used for fetal and

of those with average intelligence exhibit some
degree of learning disability (Nerdmark, Hag-
glund, & Lagergren, 2001}. There is a general
correlation between physical and cognitive dis-
ability: Children with more severe forms of
cerebral palsy are a greater risk for more signif-
lcant intellecrual disability,

Visual impairmenes are also common and
diverse in children with cercbral palsy (Guz-
zetta, Mercurt, & Ciont, 2001). The premature
infant may have severe visual impairment caused
by retinopathy of prematurity (see Chapter 11).
Nystagmus, or Involuntary oscillating eye move-
ments, may be present in the child with ataxia.
Children with hemiplegia may present with
homonomous bemianopsia, a condition causing
loss of one part of the visnal field, Strabismus, or
squing, is seen in many children with cerebral
palsy. Children with cerebral palsy are also

Age conatal screening and can distinguish large . .
Lovel < 2 years 2.4 years 4-6 years B-12 years lformations of the brain and sbnormalities Sﬁ?fgrgioﬁfdﬁyii?ﬁﬁ (?1?15226?5’3?:352 aer;
I: Walks without Sits well thands Getsupanddewn  Walks indoors and  Independant wi elated to brain hemorrhage or infury (ie., IVH, al., 1999). Py
rastrictions free to play), from ficor to outdoors; climbs ing, running VL) Computed tomography (CT) and espe- Hearing, speech, and | ..
crawls and pulls- standing without stairs; starting to jumping, b ly magnetic resonance imaging (MRI) pro- e ol o g, sp ;and language 1mpa1m;¢ents
to-stand; walks help; walking is funfjump speed, bala e more detailed resolution of anatomical oo Sommon, occurring in about 30% of
between 18 and preferred method and coordin rares than uitrasound and mayv hel J children with cerebral palsy. Children with con-
24 months with- of monility tion reduce : ¥ NEIP O 8- ponital rubells or other intrauterine viral infec-
out a device : the cause of cerebral palsy. Newer teeh-  {ion "o fren have high-frequency hearing loss
1I: Walks without Sits but may need Fioor sits, but hard Transfers with arm independent QES*‘SUChl a5 pOSILron efmission to;nography (see Chapter 12). Dyskinetic Cy bral £ 108
davice; restricted  hands for bal- 1o keep both assist; walks ing but li ET), functional magnetic resonance imaging associated with art YT ; cel;le ral palsy is
community ance; may cresp hands iree; mo- witheut device? at tions in ¢l i1, single photon emission computed iy = | culation problems, as cho-
mobility or crawl; may bitity by crawling, heme, short dis- mography (SPECT), and diffusion tensor recdathetosis affe_cts tongue and voeal cord move-
pull-to-stand or cruising, or walk- tances outside; i TI l, po ments, Expressive or receptive language disor-
cruise ing with assistive climbs stairs with AENE (D )—comp ement T and MRE g0 are comnonly observed among children
device railing; no run- imarily in the reseatch setting) by providing with cerebral palsy who de noth 'gt llectual
ring or jumping ation about brain metabolic function, g © PR A IO YO ROt ave ey
1I; Walks with Sits with low back  Floor sits, often W~ Sits in reguiar chair insome cases is abnormal even when brain ¥ and may be'a harbinger of a leaming

assistive device;
limited commu~

support; rells and
craeps

sitting, nesds
help getting to sit;

with pelvic sup-
port to aliow free

ure appears to be normal {Davidson,
nas, & Casey, 2003; Mohan, Chugani, &

disability, such as specific reading disability (see
Chapter 23).

nity mobilty oreeping and hands; walks 1660: Approximately 40% of children with cere-
Cranmepﬂmgzy ;Mthlde\rtfme on  1999; Watts et al,, 2003). bral palsy also develop seizures (Nordmark et
g‘yt?sll'z?; toE dn;c;_r t?;ﬁs;gnt:?jef'or 2 . + al,, 2001). Children with more severe cognitive

o standin/ long distances WHAT-QTHER IMPAIRMENTS ARE and physical disability are more prone to sei-
walking CIATED WITH CEREBRAL PALSY?  ?ures, as are children whose cerebral palsy is a

IV: Lirnited self- Has head control,  Needs hands to Adaptive seating o s consequence of brain malformation, infection,
mokility; power but needs trunk maintain sitting; needed for maxi- ten with cercbral palsy have problems  or gray matter injury. Partial epilepsy (see Chap-
mobility ;ﬁg?ﬁ;ﬁgﬁgs&ck ;cfnpt'ti"é? ;ﬁmz : :{:}L:Tniae%i f:;‘;;_ pige vement and posture, Many also have.  ter 29) is the most common form of scizure ac-

: : ; des T iFments assocs i ivity i i i i

tng; ot to bac o flans e pot Tt st associated w;d} dam:fge o t1v1ty‘m all chﬂdrerf Wl.tl:l. cerebrz}l palsy,'and is

mobility only fers; walks short chalr fo o st common associated disabil-  especially common in children with hemiplegia

{rolling, creeping, distances with mob te !ec:‘tual 'chsablhty, visual impair-  who have seizures (Carfsson, Hagberg, & Ols-

or crawling with- assistance; 'ng impairments, speech- language son, 2003).

?#; Jg;:jlg:}:t)g)zﬁ leg ?;Vr:r:éﬂigtﬂa'%’ces .-ZIEH?S, feeding and growth abnor- Feeding and growth difficulties are often

‘ ehavior/emotional di in chi i r -

V. Self-mobility Limited voluritary Limited control of movement and pqsture; aft areas ihent of intellectual fu{iztz.rdc.rs. . ]];E:l‘resentmlchlldren ngl cewbgal palsy {Samson
severely limited confrol of move- function are limited; adaptive equipment does no i Hoerebral tioning in ang et al, 2002} and may be secondary to a
even with ment; head and pensate functiona! limitations for sitting and stan hﬁ cereoral palsy may be difficulebe-  variety of problems, ineluding hypotonia, weak

§ of cognition require motor or
s. Even eaking this into account,
one half of children with cere-
¢ mtellectual disability, and many

indiependent mobility {requires transport); som
achieve very limited power mobility with extans
adaplations -

trunk control
minimal; needs
help to rcli

assistive devices sack, poor coordination of the swallowing mech-
anism, tonic bite reflex, hyperactive gag reflex, -
and exaggerated tongue thrust. These problems

may lead to poor natrition and may require the

Source; Palisano, Rosenbaum, Walters, et al. (1997),
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use of alternative feeding methods, such as tube
feeding (see Chapter 31). Medical problems re-
lated to poor gastrointestinal motility (includ-
ing gastoesophageal reflux and constipation)
tend to add to these difficulties. Poor nutrition
and lack of weight-bearing activities also leads
to osteopenia, or weak bones related to re-
duced bone mineral density, making children
with cerebral palsy more prone to fractures.
Bisphosphonates (drugs used to treat osteo-
porosis in alder adults) have been shown to be
effective for osteopenia is cerebral palsy (Hen-
derson et a1, 2002; Henderson et al., 2005).

Poor health in childrén with cerebral palsy
significantly contributes to the societal and func-
tional disadvantages they experience as a conse-
quence of their disability (Liptak & Accardo,
2004; Samson-Fang etal., 2002). A comprehen-
sive health plan implemented in the context of a
well-defined “medical home” is a critical com-
ponent to assuring that the health needs of the
children are adequately addressed (Cooley &
American Academy of Pediatrics Committee
on Children with Disabilities, 2004).

WHAT CAN BE DONE TO HELP
CHILDREN WITH CEREBRAL PALSY?

Habilitation

Cerebral palsy is » lifelong disability that has
different functional implications at different
stages of the life ¢cycle. For families and profes-
sionals involved in the care of children with
cerebral palsy, the ultimate goal of any treat-
ment or intervention is to maximize functioning
while minimizing any disability-related disad-
vantages. This is accomplished by recognizing
the specific abilities and needs of the individual
child as they occur within the context of his or
her family and community. Habilication is an
intervention strategy that is family focused and
comurunity based. Ideally, it is conceived and
implemented as a comprehensive program de-
signed to facilitate adaptation to and participa-
tion in an increasing number and variety of so-
cietal environments, including home, school,
clinic, child care, neighborhood, and day treat-
ment programs (Pellegrino, 1995). The uvlti-
mate goal of intervention is to enhance partici-
pation in these environments and to afford
4cCoss to new environments in a manner that is
mutually satisfying for the individual and the
community,

. tween the general and special education’

Early Intervention,

_ School, and Therapy

For most children with cerebral palsy, the proe-
ess of habilitation begins at home under the ans-
pices of state-administered early intervention
programs. These programs emphasize involve-
ment of parents so that they can learn effective
methods of working with their child {(Gural
nick, 1998). Programs are individualized ag-

cording to the specific needs of the child and the .

family and while emphasizing home-based ser
vices may also provide consultative and center-
based interventions (see Chapter 33). :

For many chitdren with cercbral palsy, entry

into preschool represents the firse major step
insto the wider community. Difficulties are often
encountered in accommodating the physica]
autritional, and medical needs of these childrei
at this stage. For school-age children, coneerni
regarding mmotor function and medical need
gontinue, but increased attention js focused
concerns related to learning disabilities, atte
tion and hehavior problems, intelfectual disab
ity, and sensory impairments. For many ch
dren, these comorbid conditions, rather th
their motor disability, put them at greatest d
advantage relative to their peers. i

Children with cerebral palsy have
tionally been segregated into classrooms‘w
designations such as “multiply disabled”
“orthopedically impaired,” sometimes witho
proper regard for their cognitive skill
trend now, however, is toward inclusion i
eral education classrooms, which unde
circumstances can accommodate the ne
children with a range of abilities, Inclusivi
ronments require significant collabora

and work best when a team of educal
pataprofessionals is associated with cach
room (see Chaprer 34). -
For children with cerebral palsy,
may come in many different forms. Mo
dren receive traditional forms of speech,
pational, and physical therapy. The i
mon method of motor therapy for, th
child with cerebral palsy is neurodevelof
tal therapy (ND'T), an approach _Emylo
both occupational and physical therapis
designed to provide the child with's
tor experiences that enhance the de
of more typical movement patterns
ter 37; Campbeil, 2000). An individuali
gram of positioning, therapeutic b
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play is developed for the child. Program goals
mclude the normalization of tone and the im-
proved control of movement during functional
activities. Less traditional therapies, including
hippotherapy (therapeutic horseback riding)
and aquatic therapy {a variation of physical
therapy performed in the water)} are commonly
employed therapeutic options that have mainly
anccdotal support for effieacy (Meregillano,

" 2004). Most therapists utilize an eclectic mix of

techniques in the pursuit of improved finctrion
and mobility based on the specific set of goals
established for a specific child.

Recently, a promising technique known as

.. constraint-induced therapy, or forced-use ther-

apy, bas been introduced to help children with
hemiplegia cerebral palsy (Taub et al., 2004;
Willis et al,, 2002). The technique involves
“constraining” the more functional arm or hand
to force use of the less functional upper extrem-
ity Randomized control trial suggesrs that the
technique may be of significant benefit over tra-
tional therapy alone (Taub et al., 2004).
Physical exercise is important to strengthen
muscles and bones, enhance motor skills, and
prevent contractures. In addition, the social and
creational aspects of organjzed physical activ-
ies can be highly beneficial (see Chapter 38).
Many popular activities, including swimming,
ancing, and horseback riding, can be modified
o that children with cerebral paisy can partici-
‘pate. In addition, the Special Olympics has en-
bled thousands of children and young adults
th intellectual disabilities to take part in vari-
uis sporting events. The rewards of engaging in
Ipetitive sports are invalvable for enhancing
steem and providing a sense of belong-
16 a peer group. Parents and professionals
uld encourage all children to participate in
ever physical activities their interests, mo-
ton, and capabilities allow (see Chapter 38),

racing, Splinting, and Positioning

ists make frequent use of braces and
s {referred to collectively as orthotic de-
Yand positioning devices as aids in the pur-
f functional goals for children with cere-
1SY ‘These devices are used to maintain
i range of motion, prevent contractures
ﬁC‘ Jomnts, provide stability, and contrel
ary movements that interfere with fune-
°0f the most commonly prescribed or-
a_‘s‘hort leg brace, known as an ankle-
sis (AFO). The ATO stabilizes the

position of the foot and provides a consistent
stretch to the Achilles tendon (see Chapter 37).
A wariety of splints may be used to improve
hand function. For example, the resting hand
splintis commenly used to hold the dhunb in an
abducted (away from the mid-line) position and
the wrist in a neutral or slightly extended posi-
tion. This helps the child keep his or her hand
open, and tends to prevent the development of
hand deformities (Figure 37.1). Another type of
brace called a body splint is made of a flexible,
poreus material and controls abnormal tone
and involuntary movements by stabilizing the
trunk and limbs. Most pediatric braces and
splints are custom-made from plastics that are
molded directly on the child, so they must be
monitared closely and modified as the child
grows or changes abilities.

Positioning devices are used to promote
skeletal alignment, to compensate for abnormal
postures, or to prepare the child for independ-
ent mobility (Figure 26.7). Proper positioning
geared to the age and functional status of the
child is often a key intervention in addressing
the tone and movement abnormalities associ-
ated with cerebral palsy, For children who must
sit for extended periods or who use 2 wheelchair
for mobility, a carefully designed seating system
becomes an all-important component of their
habilitation. Careful attention to functional
seating may also have long-term benefies in the
prevention of contractures and joint deformi-
ties related to spasticity (Myhr et al., 1995).

Adaptive Equipment

A wide variety of devices is available to aid mo-
bility. For clhitdren whe are ambulatory, erutches,
walkers, and canes may help in the attainment
of walking or in improvement of the quatity and
range of ambulation, The forearm, or Lof-
strand, crutch is used in preference to the famil-
igr under-the-arm crutch, A posterior walker
(the child is positioned in front of the walker,
rather than behind) with wheels is used in pref-
erence to a standard forward-position walker
without wheels. Canes are used less commeonly.

For children with limited walking skills,
wheelchairs are essential for maximizing mobil-
ity and function. A wheelchair with a solid seat
and back is vsually recommended, Some chil-
dren, however, have difficulty using chis type of
chair unless modifications are made. The addi-
tion of head and trunk supports or a tray may be
needed for the child who lacks postural control
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Figure 26.7. a) Child in sldelyer, b} child on prone wedge, and ¢) child in prore standing device,

due to low tone. The child with limited head
control or with feeding difficulties may benefic
from a high-backed chair that can be tilted back
1015 degrees (Figure 26.84). This helps to
maintain the child’s body and head in proper
alignment.

Special seating cushions or custom-molded
inserts that conform to the contours of the body
can offer necessary support for the child with
orthopedic deformities such as scoliosis. Mo-
torized (power) wheelchairs can enhance the
independence of children who are able to use
them. Although these usually have an easily ma-
nipulated joystick for controlling both speed
and direction (Figure 26.8b), other types of
switches are available for children who cannot
control their hand movements.

Special sappartive strollers are an alterna-
tive to wheelchairs for mobility within the com-
munity ot for the young child whose potential
for ambulation has yet to be determined. These
are lightweight and collapsible yet support the
back and keep the hips properly aligned (Figure
26.8¢).

Car seats are essential to the safety of all
children who ride in antomebiles, Several man-
ufacturers offer adapted car seats that meet fed-

e

sroblems with access related to the cost and
availability of durable hardware and well-
designed software (see Chapter 36).

Managing Spasticity and Dystonia

‘motor impairment associated with cerebral
lsy is multifaceted, and the specific profile of
kills and deficits varies greatly from child to
chitd. The core impairment in all children with
biral palsy, however, is a significant deficitin
otor planning and motor control. Although
“deficit is the primary target of therapy,
ds ta be refractory to medical interven-
By contrast, specific manifestations of the
MN syndrome associated with cerebral palsy,
ely spasticity and dystonia, are amenable to
gty of physical, pharmacologic, and surgi-
chmiques. Spasticity and dystonia therefore
sent tempting targets for intervention. A
tial pitfall in targeting these symptoms is
of sufficient care in establishing the con-
on hetween the impairments (spasticity or
ia) and the disabilicy {functional deficits),
me children, it is possible to significantly
¢ Spasticity or dystonia without improv-
and___in some cases even worsening) func-
piteome. Consultation with experienced
nals who are intimately familiar with 2
S particular pattern of skills and impais-

518 critical to the proper selection specific
Ntions,

eral safety guidelines as well as provide pro
support for the child with cerebral palsy. Of
these models include a base that allows thes
to be used as a stroller or a pesitioning chair
side of the car. Car beds and special strap
also available for children who have mores
disabilities or who require these special ad
tions temporarily (e.g., following surgery)

Assistive Technology

Assistive technology devices are often
portant part of the habilitation plan for ¢
with cerebral palsy (see Chapter 36). Th -l
nology involved may be as simple as V¢

as complex as a computer chip. Althoug
often true that the simplest interventid
best, it cannot be denied that the compt
become the hero of assistive technology:
puters can be used o contro} the envird
provide a lifeline with the outside‘world
a person to work at home, facilita
speech and sight, and provide entertd
The real potential of this technol

prove the quality of life for childrén
abilities is just beginning to be réaliz
thusiasm for its use, however, is témp

el

> primary goals in treating spasticity
ohna are to improve function, to pre-
Stpone the muscaloskeletal complica-
endane to thege conditions, and to ease
‘the child with significant muscle
Different treatment options operate

Figure 26.8. Whaelchairs, a} High-backed, tilting chair with lateral inserts and head supports. b) Motorized
wheelchair with joystick control. ¢} Supportive collapsible stroller.

at different levels of the neuromotor apparatus
(Figure 26.9); treatments may be used singly,
sequentially, or simultaneously depending on
the specific clinical circumstance. Because dys-
tonia is caused by disturbances in the extrapyra-
midal component of the motor control system,
pharmacological interventions for this condi- -
tion must operate at the level of the CNS (brain
and spinal cord). By contrast, the mechanisms
that generate muscle spasticity operate from the
level of the CNS down to the level of the mus-
cle itself; a wider variety of therapeutic tech-
nigues are therefore available for rargeting and
modulating the effects of spasticity.

Casting Tone-reducing, or inhibitive,
casts are used in some centers as an adjanct to
more traditional methods of managing spastic-
ity (Law et al., 1991). The casts are made for
arms or legs and can be designed either for im-
mobilization or to be used during weight-
bearing activities. Benefits of inhibitive casting
include improved gait and weight bearing, in-
creased range of motion, and improved func-
tional hand use. Casts position the limbs so that
spastic muscles are in lengthened positions,
being gently seretched. Serial application of
casts (serial casting) can allow the therapist to
increase range of motion gradually when con-
tractures are present. After maximal range and
position have been achieved, a cast is worn in-
termittently to maintain the improvement, Cast-
ing is now most often used in conjunction with
other therapeutic modalities, especially foltow-
ing use of botulinum toxin (Glanzman et al,,
2004; Kay et al., 2004; Wasiak, Hoare, & Whal-
{en, 2004).
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fibers

SDR

muscia spindle

motor (efferent)
fibars

tion and may make it possible to postpone or-
thopedic surgery.

Injectable botulinum toxin (Botox) has been
introduced as an alternative to motor point
blocks and has largely supplanted aleohol and
phenol in 1nany clinical applications (Jefferson,
2004; Mooney, Koman, & Smith, 2003; Mor-
ton, Hankinson, & Nicholson, 2004; Pideock,
2004). Botulinum roxin is produced by the bac-
terfum that causes botulism and is among the
most potent neurotoxins known. It works by
blocking the nerve—muscle junetion. When the
toxin is absorbed into the general circulation (as
with botulism), death may result from paralysis
' of respiratory muscles. Small quentities, how-
ever, can be safely injected directly into spastic
muscles without significant spread of the toxin
ato the bloodstream. This resufts in weakening
“of the muscle and reduction of spasticity for
+3-6 months (the antispastic effects of the injec-
{ons dissipate over time). Although botulinum
okin is msed mainly to treat spasticity in mus-
{es of the limbs and trunk, novel uses, included
njection of the salivary glands to reduce drool-
hg (a common problem in many children with
rebral palsy) are now being reported. (Jon-
petius et al, 2004). A large number of studies
ve demonstrated the efficacy and safety of
tilinum toxin as a therapeutic modality in
rebral palsy (Jefferson, 2004; Mooney et al.,
2003). Although clarificarion is still needed re-
ing the definition of clinical indications

spinal cord

stretch reflex arc

Figure 26.9. Levels of intervention for spasticity and dystonia. a) Inhibitive casting, physical ther- .-

id outcomes, the use of injectable botulinum
¥in-has become a mainstay in the manage-
of spasticity in cerebral palsy and has also

ency can develop. Side effects include drowst-
ness and excessive drooling, which may inter-
fere with feeding and speech.

Baclofen has been most commonly used to
weat adults with multiple sclerosis and trau- -
matic damage to the spinal cord. Drowsiness,
nausea, headache, and low blood pressure are
the most common side effects of the oral form
of the medication in children with cerebral
palsy. About 10% of children treated with bac-
lofen experience side effects enpleasant enough
to necessitate discontinvation of the medica~
tion. Care must be taken when stopping the
medication to gradually-taper it, as rapid with-
drawal can lead to severe side effects, including
hallucinations.

Dantrolene works en muscle cells directly,
as a calcium channel blocker, to inhibit their con-
traction, It is usually given two to three times
daily. Side effects include drowsiness, muscle
weakness, and increased drooling. A rare side
effect of this drug is severe liver damage, so liver

‘funetion tests should be performed periodically.

Although a variety of additional medica-
tions are becoming available for the treatment
of spastieity in children with cerebral palsy, most
cause problematic side effects similar to those
deseribed for diazepam, baclofen, and dantro-
lene, and none are clearly superior to these
medieations (Krach, 2001),

Intrathecal baclofen therapy is a newer
therapeutic modality that allows for the direct
delivery of antispasticity medication (baclofen)
into the spinal fluid (intrathecal) space, where it
can inhibit motor nerve conduction at the level

apy, exerclse, and medications such as gantrolens directly affect tona at the muscle level. b) Nerve
blocks, motor point blocks, and betulinum toxin wark at the level of muscle and nerve entry into
muscle. ¢) Selective dorsal rhizotomy reduces spasticity by interrupting the sensory component of © ~:
the stretch reflox arc. d) Medications such as baciofen reduce spasticity at the level of the spinal
cord. e} Medlcations for spasticity such as diazepam and medications for dystonia work at the leval
of the brain. (From Pellegring, L., & Dormans, J.P. [1988]. Cefinitions, etiology, and spidemiology of
carebral palsy. In J.P. Dormans & L. Pellegrino [Eds.), Caring for children with cerebral paisy: A toam

und-applicatians for specific types of dystonia

of the spinal cord (Disabato & Ritchie, 2003;
on, 1999).

Fitzperald, Teegaye, & Vloeberghs, 2004; Til-
ton, 2004). A disk-shaped pump is placed be-

ral and Intrathecal Medicafions  neath the skin of the abdomen, and a catheter is

approach {p. 46]. Baltimere: Paui H. Brookes Publish

Nerve Blocks, Motor Point Blocks,
and Botulinum Toxin Several injectable
agents are available that can be used to target
spasticity in particular muscle groups. Local
anesthetic agents injected into the nerves that-
supply spastic muscles produce a temporary, re-
versible conduction block and are used for di-
agnostic purposes. ‘Longer-lasting effects are
achieved by injecting chemical agents, such as
diluted alcohol or phenol, which denature mus-
cle and nerve protein at the point of injection.
Direct injections of denaruring agents into
motor nerves, called nerve blocks, are some-

atiety of crally administered medications
een used to improve muscle tone in chil-
with spasticity and rigidity (Krach, 2001}
gh no drug has proved helpful for treat-
eoathetosis, several drugs used in Park-
isease, including carbidopa-levodopa
et) ‘and trihexyphenidyl (Artane), have
Ipful for some children with dystonic
alsy. The medications mose common-
t0 control spasticity and rigidicy are di-
all_l_lln), baclofen, and dantrolene (Dan-
zepam and its derivative compounds,
(Ativan) and clonazepam (Klono-
brain control of muscle tone, begin-
half an hour after ingestion and
boit 4 hours. Withdrawal of these
Id be gradual, as physical depend-

ing Co.; adapted by permission,)

times used but carry the risk of sensory
to damaged sensory nerve fibers that
dled together with motor fibers. A
black effectively interrupts the nerv
the entry site to a spastic muscl(? w@Fh.,
promising sensation. The main side eff
procedure is localized pain that may
a few days after the injection. Inhibit
ticity lasts for 4-6 months, and ¢
can be repeated after the initial eff
off. This temporary reduction of
lows for more effective applicat]
therapy to improve range of mo

tunneled below the skin around to the back,
where it is inserted through the lumbar spine
into the intrathecal space. The intrathecal med-
ication most often used is baclofen, which is
stored in a reservoir in the disk that can be re~
filled with a needle inserted into the reservoir
through the skin. The medication is delivered
ata continuous rate that is computer controlled
and adjustable. Because the drug is delivered di-
rectly to its site of action {the cerebrospinal
fluid), much lower dosage may be used to achieve
benefit, with a reduced risk of side effects. Im-
proveménts in lower extremity, upper extrem-
ity, and even oral-motor function have been
observed. The main benefit of the method is
dramatic reduction in spasticity and adjustable
dosing (Fitzgerald et al., 2004). The main dis-
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advantages are fairly common although usually
manageable side effects, including hypotonia
{low muscle tone), increased seizures in individ-
uals with known epilepsy, steepiness, and nau-
sea/vomiting (Gitmartin et al,, 2000). Compli-
carions related to mechanical failures and
infection and the need for intensive and reliable
medical follow-up are also significant concerns
(Murphy, Irwin, & Hoff, 2002},

Selective Dorsal Rhizotomy Seclec-
tive postetior rhizotomy is a neurosurgical pro-
cedure that reduces spasticity by interrupting
the sensory, or afferent, component of the deep
tendon (or stretch) reflex. This reflex mechanism
is exaggerated in children with spastic forms of
cerebral palsy. The surgery reduces spasticity
permanently in the legs but not in the arms, so
its use is confined mainly ro children with spas-
tic diplegia. Uncertainties exist regarding long-
term functional outcomes in children who wn-
dergo this procedure (Koman et al., 2004).

Another neurosurgical procedure currently
under investigation, deep brain stimulation
{DBS), has been proposed as a method to reduce
choreoathetosis and dystonia associated with
some forms of extrapyramidal cerebral palsy.
Initial resules are promising, but DBS s stilf in
its infancy, and information js lacking regarding
its use in children (Krauss et al,, 2003).

Managing the Musculoskeletal
Complications of Cerebral Palsy

Because of the abnorn:al or asymimerrical distri-
bution of muscle tone, children who have cere-
bral palsy are susceptible to the development of
joint deformities. The most common of these

Cerebral Palsy

result from permanent shortening or contrac-
ture of one or more groups of muscles around a
joint, which limits joint mobility, Orthopedic
surgery is done to increase the range of motion
by lengthening a tendon, by cutting through
muscle or tendon (release), or by moving the
point of attachment of a tendon on bone. For
example, a partial release or transfer of the hj
adductor muscles may improve the child’s abil-
ity to sitand walk and may lessen the chances of
4 hip dislocation (Hagglund et al., 2005; Stotg;
Piedrahita, & American Academy for Cerebral
Palsy and Developmental Medicine, 2004}, A:
partial hamstring release, involving the length
ening or transfer of muscles around the kneg;
also may facilitate sitting and walking. A length
ening of the Achilles tendon at the ankle im
proves walking (Figure 26.10). :
More complicated orthopedic procedurs
may be required for correction of a dislocate'di\
hip. If this is diagnosed when there is a parti
dislocation (called subluxation), release of th
hip adductor muscles alone can be’ effectivi
(Figure 26.11). Tf the head of the femur is dislc
cated more than one third to one half of the wa
out of  hip joint socket, a more complex prog
dure, 2 varus derotational osteotomy, may.b
necessary. In this operation, the angle of th
fernur (the thigh bone) is changed surgicall
place the head of the femur back into the'hi
socket (Figure 26.12). In some cases, the!
socket also must be reshaped to ensure that
hip joint remains functional, Sometimes mu
releases or lengthening are performed at.
same time as these bony procedures. -
For ambulatory children with cerel
palsy, deciding which type of surgery ism

cut surgleally

ilopsoas

adductor bravis

adductor longus

adductor magnus

limited range of motion

cast maintalns
—— abducted position
after opreration

increased range of molion
alflsr removal of cast

Figure 26.11. Adductor tenotomy. This opsration is done to improve scissaring
{Figure 26.5) and 1o prevent hip dislocation caused by contractures of the adductor
muscles in the thigh {A). In this procedurs, the iliopsoas, adductor brevls, and ad-
ductor longus muscles are cut, Isaving the adductor magnus intact (B). The child is
then placed in a cast for 6-8 weeks to maintain a more open (abducted) position
(C). The muscles eventually grew together in a lengthened position, allowing im-
proved sitting and/er walking.

Tight heel cord
before operation

Figure 26.10.  Achilles tendon lsngthening operation. When the heel cord s tight, the chitd watks ‘
on his or her toes, Surgery-lengthens the heel cord and permits a more flat-footed gait. ;

i Lengthened heel cord

ly to improve function is a complex issue.
Tiputerized gait analysis conducted prior to
glpal intervention has become increasingly
011 a5 an aid in the decision-making proc-
recise measnrements obtained through
analysis, force plates, and electromyog-
Ny offer detailed information relating to
5c1ﬁc__5a'bnor1na]ities, at each lower extremity
Aswell a5 the muscle activity that controls
Hon'through all phases of the gait (Cook et
2003), S'UCh precise definition is not possible
h clinical observation alone, Preopera-
It analysis helps to determine exactly
Procedures are Hkely to be successful.

Postoperative analysis can provide an objective
measure of outcomne.

In addition to treating contractures and
dislocations, orthopedic surgeons also are in-
volved in the care of scoliosis, a complication of
both spastic and nonspastic forms of cerebral
palsy. If untreated, a spinal curvature can inter-
fere with sitting, walking, and self-care skills. If
severe enough, it also can affect lung capacity
and respiratory efforts. Treatment of significant
scoliosis ranges from a molded plastic jacket or
1 chair insert to invasive surgery to straighten
the spine as much as possible, This surgery in-
volves using rods and wires to hold the spine in
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Figure 26.12, Dislocation of the hi

an improved alignment while hone graft mate-
rial fuses the spine in position (Figure 26.13).

OUTCOME

Life Expectancy

Although most children with cerebral palsy wil]
live o adulthoed, their projected life expec-
tancy is somewhat less than that of the general
population (Hemming et al., 2005; Kate, 2003),
Outcome varies for each type of cerebral palsy.
A child with mild Jeft hemiplegia probably will
have a typical life span, whereas a child with
spastic quadriplegia may not live beyond age 40
(Strauss & Shavelle, 2001). Children with very
severe impairments, measured in terms of fune-
tional characteristics, have the poorest outcome.
For example, children who cannot lift their

] 2 p. The upper X rays (frontal view) show a normal hip {eft X ray) and a hip disiccated on
both sides {right X ray). The arrows indicate the points of dislocation. The lower pictures show the results of a varus dero’
tational osteotomy to correct the left-hip dislocation. The femur has been
socket, Pins, which are fater removed, hold the bone in place untii it heals.
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Figure 26.13. Treatment of scoiiosis may require spinal fu-
slon. This X ray shows improved scoliosis following a Lugque
procedure. During this surgery, the posion of the spine is im-
proved using metal hooks, rods, and wires while bone graft
material fuses the spine in positicn,

ventually be able to walk, In addressing this
question, it is important to recognize that “walk-
‘ing” can refer o several levels of ability, A ¢hild
‘may be able to walk independently or may need

rutches or a walker. A child may be able to walk
Hong distances (community ambulation), short
istances only (household ambulation), or only
'the contest of therapy {exercise ambulation).

general, children with better motor skills aca
ounger age (¢.g., being able to sit and pull-to-
tand before 2 years of age) have a better prog-
0sis for walking than these with less well-
eloped skills, Recent research has provided
eater specificity to this observation. For ex-
mple, the previously described Gross Motor
nction Classification System (GMFCS) can
¢ used to estimate prognosis for - walking
Rosenbauns et al., 2002; Wood & Rosenbaum,
000). Children at any given level within the
lassification scheme tend to stay at that same
el. In general, children at GMFCS Level of 1
11 wilt have a good prognosis for some degree
indefiendent walking, children at Levels III
d IV with have a variabic prognosis for walk-

cut and realigned so that it now fits inte the hig

heads and are fed via gastrostorny tube may i
survive to adulthood (Strauss, Shavelle, &
derson, 1998). Excess mortality for people
cerchral palsy may also be due to factors not dr
rectly connected with the cerebral palsy itse
Rates of mortality due to breast cancer, bra
tumors, circnlacery and digestive diseases,
accidents are higher for people with cerébi
palsy than for the general population, sgg
ing that inadequate medical surveillance:
psychosocial issues may play roles inexce
mortality (Cooley & American Academy of P
diatrics, 2004; Strauss, Cable, & Shavells; 199

2

Walking '-

When a child is first diagnosed with cer
palsy, one of the first questions that arisesin
minds of parents is whether their chi

Level V-have a poor prognosis for any type of

ing: Precise probability curves for ambula-
14ve been published that allow even more

th some fortn of assistance, and children

exact predictions of ambulatory potential based
on motor functioning at 2% years of age (Wu et
al., 2004). For example, using these curves it can
be predicted that a child wha is able to roll, sit,
and puli-to-stand at 2Y: years of age has a
greater than 70% probability of being able to
engage in some form of ambulation at age 7
years. By contrast, a child whe can roll but can-
not sit or pull-to-stand at 2% years has approx-
imately a 25% chance of walking and would

most likely de this with the help of an assistive
device. :

Societal Independence

The ability to participate independently and ef-
fectively in 2 variety of societal settings is a
complex function of a child’s profile of abilities
and disabilities but is also affected by environ-
mental factors (e.g., family, neighborhood, eco-
nomic} and by a child’s health status (Liptak &
Accardo, 2004). Motor skills and mobility may
not be the primary determinant of societal in-
dependence. When. asked, parents often iden-
tify comununication and socialization as the
functioml areas of greatest concern to them. A
child’s ability to successfully participate in soci-
ety is probably more strongly related to cogni-
tive and mterpersonal strengths than to physical
ability.

Although about half of the individuals who
have cerebral palsy have average intelligence,
most of these individuals still have difficulty
leading completely typical lives (Murphy, Mol-
nar, & Lankasly, 1995). Studies suggest that
employability is not related sofely to the degree
of disability but to a variety of other factors in-
cluding family support, quality of educational
programs, and the availability of community-
based training and technical support (Russman
& Gage, 1989). In a study of young adults with
cerebral palsy (van der Dussen etal., 2001), 75%
were fully independent with activities of daily
living, 90% moved independently indoors, and
70% moved independently outdoors. The study
also found that 77.5% of these individuals had
adequate communication for telephone conver-
sation, 30% lived with their parents, 12.5%
lived with a partner, and 32.5% lived alone, In
addition, §3% had some form of secondary ed-
teation, but only 36.3% had paid employment.
It is hoped that these figures will improve as a
result of federal mandates (e.g., the Americans
with Disabilities Act [ADA] of 1990, PL 101-
336), which define the rights of people with dis-

abilities and are making inroads into societal
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perceptions of disability. Once society recog-
nizes that functional outcomes are related as
much to societal conditions as they are to the
characteristics of a particular ¢hild with a djs-
ability, society’s perception of outcome will un-
dergo 2 major shift. Ultimately, strengthening
supports to families (Raina eval., 2005) improv-
ing schools, increasing opportunities for em-
ployment, and changing actitndes abour dis-
abilities in society at large may do as much for
children with cerebral palsy as traditionat ther-
apy and medical interventions.

SUMMARY -

Cerebral palsy is a developmental disability that
results from damage to or dysfunction of the
developing brain, The impairments associated
with cerebral palsy are nonprogressive but per-
manent, Varying degrees of ability related to
functional mobility, daily living skills, and com-
munication/socialization skills result from these
impairments. Habilitation is an interdiscipli-
nary strategy that seeks to maximize fenction
and minimize the disadvantage a person experi-
ences as a consequence of disability or societal
circurnstances, Efforts founded on the princi-
ples articulated in the ADA will create new op-
portunities for greater participation and en-
hanced quality of life for people with cerebral

palsy.
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2 7 Movement Disorders

W, Bryan Burnette and Harvey S, Singer

4 N

Upon completion of this chapter, the reader should be able to

¢ Define and recognize different types of movement disorders that occur in
children

» Understand treatment approaches 1o and cutcomes of several common
movement disorders in children

= Recognize certain normal bghaviors that are frequently mistaken for move-
K ment disorders

_/

Reggie’s movements were naticed by his teachers
and classmates at school, causing hurtful com-
ments from peers and his withdrawal from social
activities. More than 1 year after the movements
began, Reggie was referred 1o a child neurologist,
who observed Reggie’s tics. The neurologic exam-
ination was otherwise normal. Reggie was diag-
nosed with Tourette syndrome and starfed cn
therapy with clonidine. After a number of dose
adjustments, his tics improved. At 9 years of age,
Reggie now has many friends in his peer group
and is doing well in school.

ovement disorders are cornmon in child-
Mhood, with certain types oecurring in

more thatt 10% of school-age children
{Kurlan et al., 2001). They may occur as a pri-
mary disorder or secondary to other disorders
the nervous system such as cerebral palsy or
raumatic brain injury. Movement disorders may
hé mistaken for other episodic disorders thatare
yhmon in childhood, such as seizures. Fur-
thermore, movements that are within the range
ypical childhood behaviors may be misdiag-
tiosed as abnormal, leading to unnecessary test-

DEFINITION AND CLASSIFICATION
OF MOVEMENT DISORDERS

Movement disorders consist of either 1) 4 loss
or poverty of movement {akinesia) or slowness
(bradylkinesia) of movement that is not associ-
ated with weakness or paralysis, or 2) an excess
of abnormal involuntary movements (dyskine-
sia). Various systems exst for dassifying move-
ment diserders, In one approach, disorders are
categorized on the basis of whether they are
parexysmal (occurring in episodes of sudden
onset); transient developmental phenomena
(resolving in early childhood); secondary to a
noninherited, static injury; or a manifestation
of a hereditary or metabolic disorder, Using this
systerm, there is the potendial for overlap among
categories. For example, tics may occur as a
paroxysmal disorder, may be a transient devel-
opmental phenomenon, or may be due to a

7 years of age, Reggie’s parents bagan to notica
fiewould intermittently tilt his head to the left
ght with a sudden, guick motion, Within a few
ths, they observed the gradual cnset of epi-
C.movements, including eye blinking, shoul-
sh_rugging, and twitching at the corner of his
..The movements gradually subsided, but
gie began to frequently clear his throat for no
pparent reason. He was seen by his padiatrician,

; amined his oropharynx and sent a rapid
for streptococcal infection. His physical exam-
Was normal, and the strep test was nega-
movements and sounds were increased
ess, anxiety, and fatigue, and they seemed
_ .h_'en heé was cancentrating on other activ-
When asked to suppress the throat clearing
O¥ements, Reggie could do so onfy briefly.
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