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Introduction
Any professional who works with children with cerebral palsy (CP) and their families
will say the process is not only a challenging, rewarding, and fascinating experience, but also
one requiring a long-term commitment from a dedicated multidisciplinary team. The objective
is to provide a comprehensive, lifetime treatment plan of individualized care, the ultimate
goal is maximum independence when the child reaches adulthood.
No single treatment works for every child. Generally, the earlier the intervention, the
more chance the child has of preventing or overcoming many of the secondary effects of this
developmental disability. There are also numerous treatment options provided by several
disciplines. In this assignment we will focus on the orthotic management of children with CP.

Treatment Goals
Orthoses are designed with one of two primary aims: either to affect the body
structure or to assist function, although for children with CP, orthoses are frequently
designed to achieve both of these aims. The aims of lower limb orthotic management of CP
were identified by the consensus conference convened by the International Society of
Prosthetics and Orthotics:
1.To correct and/or prevent deformity
2.To provide a base of support
3.To facilitate training in skills
4.To improve the efficiency of gait
It is clear that the first of these aims fits with interventions designed to affect the
body structure, whereas the remainder involve overcoming activity limitations. These aims
may similarly be applied to the role that orthotic interventions can play in the management of
postural impairments of the trunk and upper limbs. However, some degree of compromise is
necessary because orthoses prescribed to prevent or correct deformities can impose
additional activity limitations by restricting movement.
1. To correct and/or prevent deformity:
Mobile joint deformities caused by gravity or unbalanced muscle forces can be
corrected passively and the position maintained using orthoses. Fixed deformities caused by
relative shortening of muscles and soft tissues and structural deformities of abnormal bone
shape cannot be passively corrected and must be accommodated in orthoses. Ensuring that
muscles spend more than 6 hours during each 24-hour period in an elongated position may
help to prevent or reduce the rate of progressive contractures.7 However, stretching muscles
using active forces for shorter periods may perhaps be more effective than maintaining a static
position to increase muscle length and hence the available range of motion at joints.8

2.To provide a base of support:
Stability in any position of lying, sitting, or standing requires consideration of both
intrinsic and extrinsic factors. Intrinsic stability involves controlling the position of the center
of mass within the body. Extrinsic stability involves maintaining the center of mass within the
supporting area. Hip abduction orthoses may improve stability and sitting balance by
increasing the size of the support area, either in combination with a spinal orthosis or by
encouraging independent control for the position of the center of mass of the trunk.
Similarly, standing frames use hip-knee-ankle-foot-orthoses to control body position and
wide bases of support to provide upright postural stability.
3.To facilitate training in skills:
Normal functional development can be impeded by impairments of coordination and
movement. Orthoses can maintain optimum biomechanical alignment of body segments
encased within the orthosis. These effects may enable children to overcome activity
limitations by focusing training on unrestricted parts of their bodies over which they have
better control. Common training targets include encouraging head control by providing trunk
stability or using wrist orthoses to facilitate manual dexterity when grasping objects. For
lower limb orthoses, the effects also include influencing external movements acting around
proximal joints by altering the line of action of the ground reaction force during standing and
walking.9 There may be some motor learning effect when children repeat movements through
the altered sensations provided by the orthosis.
4.To improve the efficiency of gait:
Children who are able to achieve upright locomotion must be encouraged to
optimize their ability to achieve an efficient gait.
Lower limb orthoses may improve gait efficiency by manipulating the forces acting on
the body. Orthoses may reduce energy expenditure by decreasing the need for
compensatory gait deviations to achieve locomotion.

Assessment
A thorough assessment of the child's needs is essential. The needs of each child will
be influenced by the severity of their impairment and their individual activity limitations. The
consensus conference document considered orthotic intervention as relating to three levels of
function:
1. The pre-standing child (recognizing that this may be the highest level of activity for
some children)
2. The standing child
3. The walking child

Collating the information required to define the treatment goals and therefore decide
whether an orthosis will form a useful part of an overall physical management plan is a
multidisciplinary task.
The information required will usually include a precise diagnosis using the SCPE
classification; functional gross motor status using the GMFCS; measurement of ranges of
joint motion both passively and actively; selective muscle control, strength, and spasticity;
and joint congruency and integrity judged by radiological investigation. In addition, an
assessment of sitting and standing balance and gait analysis will be required for children with
those abilities.
Other factors influencing the development of a realistic plan for physical management
include considering the environments in which the child interacts, behavioral characteristics,
and any relevant associated conditions, such as epilepsy, gastroesophageal reflux, or the
need for gastrostomy feeding tube access.
Once the treatment goals are defined, many therapeutic interventions other than
orthoses are available, such as oral, intramuscular, or intrathecally administered medications,
orthopaedic and neurological surgery, physical and occupational therapy, wheelchairs,
walking aids and other assistive technology, and temporary splinting and casting. These
interventions may be prescribed either as more efficacious and appropriate in achieving the
treatment goals or to supplement and reduce the demands required of an orthosis.
However, children with CP are frequently prescribed orthoses.

Upper Extremity Orthotics
Upper extremity orthotics are used almost exclusively to prevent deformity or reduce
contractures. The most common use of upper extremity orthotics is in children with
quadriplegic pattern involvement who develop significant wrist and elbow flexion
contractures. Using orthotics to stretch against these deformities may slow the development
of more severe contractures; however, objective evidence to support this concept is not well
documented.
There is little or no harm from the use of these orthotics so long as the children are
not uncomfortable and there is no skin breakdown caused by the orthotics.
The exact amount of time an orthotic should be worn to be beneficial is unknown,
but 4 to 8 hours of brace wear a day are probably required. Very few children get
functional benefits from the use of upper extremity orthotics.

Shoulder Orthoses
There are no useful orthotics for the shoulder. Attempts at abduction bracing of the
shoulder are uniformly unsuccessful. An occasional child will have an abduction external
rotation contracture of the shoulder with athetoid movement or spasticity that can be

controlled using a wrist band and securing the forearm to the waist belt or lap tray of the
wheelchair.

Elbow Orthoses
The principal deformity at the elbow that is amenable to bracing is flexion. In
children with strong spastic flexion deformity, the use of a bivalve custom-molded hightemperature plastic orthotic is required. The use of fixed dial locks allows these orthotics to
be placed in different degrees of flexion depending on the tolerance of the individual and
their skin. Sometimes individuals can tolerate more extension on one day and less on the
next. If the spasticity is weaker or the children are less than 10 years old, a low-temperature
plastic orthotic that is molded to the flexor surface of the elbow with straps around the
olecranon is simpler and much cheaper to construct.
Pronation contractures are very common in the forearm of children with spasticity.
There are no orthotics that can effectively control a spastic fore-arm pronation deformity,
although trying circumferential wraps are usually not uncomfortable for the child with a mild
deformity (figure 1).

Figure 1

Hand and Wrist Orthoses
Wrist and finger flexion combined with thumb abduction and flexion are very
common deformities in children with CP.
Wrist extension orthoses are used mainly after surgical reconstruction to protect the
tendon transfers for some additional months after cast immobilization has been discontinued.
Usually, these orthotics are volar splints, which maintain the wrist in 20° to 30° of wrist
extension and are worn full time (Figure 2). These wrist splints seldom provide a functional
benefit to children and are usually poorly tolerated for long-term use. Most children with
good cognitive function object to wearing a wrist orthosis for more than a short
postoperative period. A dorsal wrist extension splint is sometimes better tolerated;
however, there is no apparent
improvement in function over the
volar splint.
The benefit of the dorsal
splint is that it covers less of the
Figure 2

palm and volar surface of the wrist and should therefore make more sensory feedback
available to children during functional use. The disadvantage of the dorsal splint is that the
force in the palm to extend the wrist is applied over a much smaller surface area, and if high
force is required because of strong spasticity, the skin will often become irritated or develop
breakdown.

Resting Splints
Resting hand splints, in which the wrist and fingers are all maximally extended to the
comfort level of individual children, are good splints to help stretch the forearm muscles
during the adolescent growth period.
This splint may be made with a dorsal or volar forearm component. The dorsal
forearm component is easier to
stabilize on the arm; however, it
is often harder for caretakers to
apply. The opposite is true if a
volar forearm component is used.
The resting hand splint can
incorporate thumb abduction
Figure 3
and extension as well as finger abduction (Figure 3).

Thumb Splint
Thumb abduction and flexion is another common deformity. In most cases, this
thumb deformity is combined with finger flexion and wrist flexion contractures, especially in
children with quadriplegic pattern CP; therefore, the thumb deformity can be splinted using
the global resting hand splint.
For younger children with hemiplegia, thumb abduction can make finger grasp
difficult. Using small, soft thumb abduction splints or low-temperature-molded abduction
splints (Figure 4), the thumb can be positioned out of the palm in such a way that children
can develop finger grasp. These splints should be limited to the absolute minimal amount of
skin coverage possible because all skin coverage will reduce sensory feedback and the
children will tend not to use their extremity.

Figure 4

Lower Extremity Orthotics
Hip Orthoses
The use of a hip abduction orthosis is often discussed in conferences; how-ever,
there are few objective data to support this use. The use of a hip abduction orthosis before
surgical lengthening of the adductor muscles causes more harm than benefit based on
modeling studies and objective reports.
There is no objective evidence that abduction bracing is functionally beneficial to
control scissoring gait in children with poor motor control.

Knee Orthoses
Knee orthotics have a very limited use. Rarely, in children with back-kneeing that is
causing knee pain or a worsening deformity, the only option may be limiting knee extension
with a knee-ankle-foot orthosis (KAFO) using a free knee hinge that prevents
hyperextension.
Also, children with severe knee flexion
contractures who have undergone posterior knee
capsulotomies need to have prolonged
postoperative bracing to prevent the recurrence of
the flexion contractures. The best orthotic to use is
a KAFO with a step-lock ordial-lock knee hinge
so the knee can be gradually extended further as
tolerated by the child (Figure 5). These orthoses
cannot be used immediately postoperatively until
the acute swelling subsides.
For the first month, bivalve casts are
usually used until children can tolerate the
orthotic. The KAFO should be used for 12 to
16 hours per day after posterior knee
Figure 5
capsulotomies, with the goal of having children
sleep in the orthotic with their knee fully extended. After 6 months in
the KAFO, and when their knee extension has remained stable, the
orthotic can be slowly weaned and then discontinued sometime
between 6 and 12 months postoperatively.
The most common knee orthosis is the knee immobilizer, which
is usually constructed of foam material in which plastic or metal stays are
embedded. The orthosis is wrapped around the limb and held closed
with Velcro straps (Figure 6). The knee immobilizer is used as a knee
extension orthotic after hamstring lengthening or for nighttime splinting
for hamstring contractures.
Figure 6

Ankle-Foot Orthoses
Ankle-foot orthoses of various designs are widely considered an important aid in
managing young patients with spastic cerebral palsy; indeed, they are prescribed for C.P.
management more than any other orthotic device.
Primary goals include contracture prevention, improved function and ambulation and
tone reduction in proximal muscles to improve function at higher levels. The chief role of the
AFO in this application is to limit unwanted ankle and subtalar movement, primarily ankle
plantarflexion, and indirectly to affect knee and hip function.
Children with spastic C.P. often acquire a dynamic equinus deformity, which
prevents them from putting their foot flat and attaining a stable base for stance and walking.
Assuming the ankle can be placed in a neutral position at rest, i.e. the deformity is not
fixed, a correction can be applied through one of several AFO constructions, depending on
the capabilities of and goals for the patient.
Types of AFOs that may be appropriate for Cerebral Palsy patients:
With a shorter profile than a full AFO, the supra
malleolar orthosis (SMO) (Figure 7) maintains a desired
ankle position and provides support for the dynamic arches of
the foot. Due to its shortened lever-arm an SMO allows ankle
movement, beneficial for ambulation and sit-to-stand
transitions. The basic SMO is not very effective for managing
equinus, however when constructed as part of a two-piece
AFO with an extended footplate, this design can address that
deformity as well.

Figure 7

A SAFO-LPE helps overcome mild equinus spasticity
and can improve ground clearance during ambulation swing
phase. It is not normally rigid enough to control stance phase
equinus however. Its low profile and thin foot plate allow it to
fit in normal shoes providing improved cosmetic over some
other designs.
The solid-ankle AFO (Figure 8), one of the most
commonly used designs for the C.P, population, essentially
prevents dorsiflexion and plantarflexion as well as varus or
valgus deviations of the ankle and hind foot. It can be
designed to hold the ankle in a neutral position or at a
predetermined degree of plantarflexion or dorsiflexion
Figure 8

depending on the needs of the patient. This design is a primary choice for controlling
equinus in both stance and swing phase and for contracture prevention.
An articulating AFO (Figure 9), which typically incorporates
medial and lateral joints to allow plantarflexion-dorsiflexion, can be
beneficial for C.P. patients who require increased ankle motion for
higher-level balance and functional activities, including walking and
sit-to-stand transitions. Stops can be incorporated to restrict
plantarflexion and/or dorsiflexion beyond optimal limits for that
patient. With a plantarflexion stop, for example, the ankle can be
maintained in neutral from heel-strike through mid-stance, then
allowed to dorsiflex from mid-stance through toe-off.

Figure 9

Ground Floor Reaction (GRAFO), (Figure 10), This solidankle design incorporates a broad, rigid anterior wall, which applies
a knee extension moment during stance phase. The FRO can be a
welcome improvement over a heavy knee-ankle-foot orthosis for
addressing C.P. crouch gait and other sources of knee instability.
Donning and wearing an AFO can be a challenge for C.P.
patients with deformities, abnormally stretched muscles, pressure
sensitive feet and other tolerance issues. A fabrication option that
provides relief in appropriate instances is a two-piece or
combination construction featuring a flexible molded inner boot of
thin thermopla stic, which wraps around the foot and can be
Figure 10
donned separately from, then joined to, the outer AFO. Because
the two components are custom-fabricated from the same mold, they fit together intimately
and are held snugly in place by straps.
The value of AFOs for improving gait function in spastic cerebral palsy patients,
relative to no orthosis, is well established.
Properly prescribed and custom-fabricated AFOs have been shown to increase stride
length, reduce energy expenditure, and give patients a more natural appearance while
walking.
When prescribing an AFO for a patient with spasticity, bear in mind that while AFOs
can prevent or delay development of a deformity, they cannot overcome pre-existing fixed
deformities. Therefore, any existing fixed deformities should be corrected by therapy, serial
casting, surgery or other means if possible before orthotic application.

In summary, AFOs serve as a positive tool in managing spasticity associated with
cerebral palsy. They will delay or prevent development of fixed deformity but not overcome
an existing fixed deformity. They can prevent contractures and improve gait parameters, and
give patients a more natural appearance while ambulating.

Foot Orthotics
Orthotics that do not control plantar flexion and dorsiflexion of the ankle are called
foot orthotics. None of these orthotics has any impact on ankle plantar flexion or
dorsiflexion.
The role of these orthotics is to control deformities of the foot, mainly planovalgus and
equinovarus deformity.
These orthotics are primarily used in children with hypotonia, or in middle childhood
and adolescents with spastic foot deformities. The supramalleolar design extends above the
ankle on the lateral side with the goal of controlling varus or valgus deformity.
Usually, an anterior ankle strap is used; however, in some older children with good
ankle plantar flexion control, this is not needed.
It is more difficult for children to don the orthotic, and heavy children tend to collapse
the orthotic the same way a shoe deforms with long-term wear. There is no clear choice
between the thin plastic wrap-around design and the solid plastic half-mold design.
Input from the families and children should be considered as well as the preference of
the orthotists.
Most children who need control of planovalgus or varus,
but have good plantar flexion and dorsiflexion control of the
ankle, should be fitted with a supramalleolar orthotic (SMO)
(Figure 11).
There are a few children, mainly those with hypotonia and
ataxia, who have moderate planovalgus that is easily controlled
but who can be fitted with an inframalleolar orthotic (Figure
12). This orthotic contains a good heel mold, a medial
longitudinal arch mold, a heel post, and typically stop sat the
Figure 11
metatarsal heads proximally.
These orthotics can be set into shoes, have no anterior
ankle straps, and are very easy to don because they do not
need to be removed from the shoe. Applying this orthotic is
no more difficult than putting on children’s shoes.
The use of this orthosis in spastic foot deformities is
limited because of its limited ability to provide corrective
force. Another name that is used for this inframalleolar orthotic
Figure 12
in some locations is a “University of California Biomechanics Laboratory” (UCBL) orthotic.

