
Orthotic Devices for Atnbulation Children 
Cerebral Palsy and Myelomeningocele 

with 

Children with cerebral palsy and children with myelomeningocele~equently re- 
quire orthotic devices for standing and walking. 7bepuqme of this article is 
to review the literature on orthotic devices for walking, presentprinc@les of 
lowerex1yemily orthoses, discuss designs of orthases, and consider criteria,for se- 
lecting orthotic devices. Although discussion of the devices k specific to children 
with myelomeningocele and to children with cerebralpalsy, the ohoses can be 
used with children hatling other dkabilities. T k  information presented should be 
of value to clinicians, educators, and researcbers interested in rariewing orthotic 
application7 for children with disabilities. [Knutson LM, Clark DE. Orthotic dmces 
for ambulation in children with cerebral palsy and myelomeningocele. Pbys Tber. 
1991;71;947-960.1 
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The prevalence of cerebral palsy 
(CP) at school entry is 2.0 per 1,000 
live births.'-3 The school-entry prev- 
alence for myelomeningocele 
(MMC) may be slightly less than the 
MMC birth incidence of 1.0 per 
l,OOO.* C:ollectively, approximately 
3.0 children per 1,000 have one of 
these disabilities. Projecting from 
the statistics that 4,021,000 children 
were born in the United States in 
1989,5 over 12,000 children in a 
given year can be expected to be 
affected by one of these neurologi- 
cal disabilities. A majority of these 
children will have orthotic needs 
for which the attention of a physical 
therapist will be required. In a pub- 
lic health survey on payment for 
services, 54% of the 380 children 
with mixed diagnoses studied used 

braces."ecause so many children 
will use orthoses, physical therapists 
should be knowledgeable about or- 
thotic programming. 

The purpose of this article is to re- 
view contemporary practice in or- 
thotic management, focusing on de- 
vices used for ambulation in children 
with CP and children with MMC. 
These two patient populations were 
chosen for four reasons. First, these 
children commonly need orthoses to 
walk. Second, their needs extend 
through and change during their life- 
time. Third, their orthotic and gait 
training programs frequently fall un- 
der the direction of a physical thera- 
pist. Fourth, the orthotic management 
of these children can often be gener- 
alized to the care of children with 
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other disabilities. This article is di- 
vided into sections organized to re- 
view the literature on orthotic devices 
for wallung, present principles of 
lowerextremity orthoses, discuss or- 
thotic design, and consider criteria for 
selecting orthotic devices according to 
patient needs. 

Review of Literature 

Although numerous references to and 
discussions of orthotic devices can be 
found in the literature, there are 
fewer reports of an investigative na- 
ture. Only recently have reports of 
studies been published on the effects 
of orthotic devices for children with 
disabilities. Table 1 summarizes key 
studies of pediatric orthotic use. 

Cerebral Palsy 

The use of orthoses in the manage- 
ment of children with CP has varied 
from the discussion by Little of "me- 
chanical apparatus" in the mid-1800s . - 
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- 
Table 1. original Investigative Studies in Pedian-ic Orthotics 

Subject Populatlon 

Orthosis Investlgetor(s) Dlagnoslsa N Age (Y) Variables Studledb 

- - 

Foot orthoses Wenger et al,54 1989 

Penneau et a1,55 1982 

Bordelon,56 1983 

Bleck and Berzins,57 1977 

Mereday et al,B 1972 

Supramalleolar orthoses Embrey et aI,z4 1990 

Inhibitive casts and Hinderer et al," 1988 
splints Bertoti,z5 1986 

Watt et aIt26 1986 

Radiographs Flatfeet 

Pes planus 

Flatfeet 

Pes planus 

Pes planus 

CP 

CP 

CP 

CP 

Radiographs 

Radiographs 

Radiographs 

Radiographs 

Knee kinematics 

Stride characteristics 

Stride characteristics 

Tone, motor skills, 
PROM, 
observational 
kinematics 

EMG 

EMG, walking 
velocity, foot 
radiographs, 
kinematics 

Mills,27 1984 

Ankle-foot orthoses Lough,za 1990 

HI (7), aneurysm (1) 

CP 

Mossberg et al,lo 1990 

Thomas et al," 1989 

Brodke et al," 1989 

CP 

MMC 

Nondisabled child 

HR, walking velocity 

EMG, kinematics 

EMG, kinematics, 
kinetics, walking 
velocity 

Middleton et al,2l 1988 Kinematics, kinetics, 
walking velocity 

Harris and Riff le,z3 1986 Standing balance 
time 

Gait kinematics, 
ADL, child and 
parent opinion 

Knee-ankle-foot Krebs et a1,43 1988 
orthoses 

MMC (12), upper 
motoneuron 
pathology (21, 
myopathy (1) 

MMC Reciprocating gait Mazur et al,s7 1989 
orthosis 

Walking velocity, 
stride 
characteristics, 
EMG, kinematics 

HR, EE, walking 
velocity 

Pulse rate, walking 
velocity 

Walking velocity 

HR, walking velocity, 
ambulation status 

HR, walking velocity 

HR 

EE, HR, walking 
velocity 

Flandry et al,4l 1986 MMC 

McCall and Schmidt,49 
1986 

MMC 

Yngve et al,40 1984 MMC 

MMC Hip guidance orthosis Rose et a1,46 1981 

Swivel walker 

Parapodium 

Stallard et al,45 1978 

Davies,M 1977 

MMC 

MMC 

MMC (9), SCI (1) Lough and Nielsen,47 
1986 

uCP=cerebral palsy, HI=head injury, MMC=rnyelorneningocele, SCI=spinal cord injury. 

 passi passive range of motion, EMG=electromyographic activity, HR= heart rate, ADL=activities of daily living, EE=energy expenditure. 
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of orthotic devices, particularly 
full-control orthoses, during the peak 
of the neurodevelopmental treatment 
(NDT) era.718 Today, a new enthusiasm 
for the use of orthoses has surfaced, 
specifically for below-knee devices 
used by children who are ambulatory.9 

A 1985 report on a group of English 
children with CP born between 1970 
and 1974 states that 50% to 75% of 
the children were arnbulatory.2 Be- 
cause a majority of children with CP 
will use orthoses to assist walking, 
research that complements orthotic 
selection or adds to an understanding 
of orthoses is helphl. In one such 
recent study, Mossberg and col- 
leagues10 evaluated walking velocity 
and heart rate in 18 children with 
spastic diplegia walking with and 
without plastic anklefoot orthoses 
(AFOs). IJse of orthoses increased 
walking velocity and reduced the 
heart rate compared with walking 
without MOs; however, the differ- 
ences were not statistically significant. 

Fifteen years ago, steel or aluminum 
braces with adjustable ankle joints 
were common. Although today metal 
braces are rarely used for children 
with CP, the purported advantages of 
polypropylene orthotic designs have 
not been well studied. Brodke and 
cwworkersl evaluated five nondis- 
abled children walking barefoot and 
using both traditional metal AFOs and 
fixed polypropylene AFOs. Walking 
speed and cadence were observed to 
decrease with either AFO compared 
with the barefoot condition; however, 
the decrease was more pronounced 
with the metal AFOs. The duration of 
quadriceps femoris muscle electro- 
myographic (EMG) activity was 
greater with molded plastic AFOs than 
with metal AFOs and was greater for 
both braces than for barefoot walking. 
Changes in lowerextremity (ie, hip 
and knee), motion were not signifi- 
cantly different, but maximum knee 
extension during stance tended to be 
greater with polypropylene AFOs than 
with metal AE'Os or barefoot wallung. 
Both types of orthoses effectively lim- 
ited ankle motion. The researchers 
conclucled that metal AFOs impaired 

normal gait more than did polypro- 
pylene AFOs. 

Polypropylene orthoses were first in- 
troduced in the 1960s.12 Their use in 
children with CP did not become es- 
tablished until the mi+ to late1970s 
when clinical experience and satisfac- 
tion gradually dispelled views that 
plastic orthoses would increase spas- 
ticity (excessive contraction of the 
muscle and stiffness that prevents or 
opposes normal muscle lengthening) 
or would not be sufficiently strong to 
support the spastic (affected by spas- 
ticity) limb. The first designs of poly- 
propylene orthoses, as described by 
Hoffer et all3 in 1974, were strictly of 
the fixed design. 

By the early 1980s, fixed polypropyl- 
ene AFOs were being molded with 
features designed to hold the subtalar 
joint in neutral and inhibit spasticity.14 
The "subtalarneutral" AFO was in- 
tended to oppose foot valgus or pro- 
nation during weight bearing, a 
problem that occurs frequently in 
children with spastic diplegia or 
quadriplegia.15J6 The concept of 
subtalarneutral alignment and "tone 
reduction," or reduction of the state 
of muscle contraction, was first intro- 
duced in inhibitive c a ~ t s ~ ~ ~ l ~  and was 
later applied to 0rthoses.'4~~9 Descrip- 
tive reports have been supplemented 
by case r e p o t - t ~ ~ ~ ~ ~ l  and singlesubject 
design research.22-24 Hinderer and 
cwworkers2~ found tonereducing 
casts yielded a longer stride length 
than standard casts in two children 
under 6 years of age with CP.22 Harris 
and Rifle23 found inhibitive AFOs 
(right supramalleolar orthosis and left 
AFO) increased standing balance time 
in a 4%-year-old child with quadriple- 
gia. Embrey and colleagues24 demon- 
strated knee flexion could be reduced 
during gait in a 2Vryearold child 
who had hypotonia by the use of NDT 
and "ankleheight orthoses." 

Early contoured AFO designs did not 
allow ankle motion. Recently, how- 
ever, hinged polypropylene AFOs 
have been introduced and have re- 
ceived positive responses by physical 
therapy clinicians. Middleton and col- 
leagues21 reported the first compari- 

son of fixed AFOs with hinged AFOs 
by studying a 4l/ryearold child with 
spastic diplegia. The child's pattern of 
ankle dorsiflexion was more normal 
and the knee muscle moments were 
lower during the stance phase of gait 
with the hinged AFOs than with the 
fixed AFOs. The investigators con- 
cluded that hinged AFOs appear to be 
more effective than fixed AFOs for 
treating children who have spastic CP. 

Without replication, the results of the 
case reports and singlesubject studies 
cannot be generalized to other chil- 
dren. Some investigators, however, 
have studied groups of patients using 
inhibitive short leg cast~,25~26 splint??? 
and AFOs.28 In studying two groups of 
children before and after 10 week of 
NDT, BertotiZ5 found the group of 
eight children wearing short leg casts 
had a 27% increase in stride com- 
pared with a 13% decrease in stride 
for the group of eight children who 
were uncasted. Watt and colleagues2" 
examined the long-term effects of a 
3-week treatment course involving 
inhibitive casting and NDT. Whereas 
improvements in passive ankle dorsi- 
flexion and foot-floor contact when 
walking were seen 2 weeks after treat- 
ment, these changes were less evident 
after 5 months. Specifically, right an- 
kle dorsiflexion showed an increase 
of 8.8 degrees 2 weeks after cast re- 
moval but only 3.6 degrees after 
5 months. Right foot-floor contact was 
seen in 64% of the patients 2 weeks 
after casting and in 39% of the pa- 
tients 5 months after casting. Mills27 
studied the EMG and rangeof-motion 
(ROM) effects of inhibitive splints on 
eight adolescent and young adult sub- 
jects who had neurological insults. 
Compared with the presplint condi- 
tion, no effects on integrated EMG 
activity during splint use were noted, 
but the ROM into extension in- 
creased. In a study by Lough,28 the 
effects of no  orthoses, fixed AFOs, 
and hinged AFOs were contrasted in 
15 children with CP. Mean walking 
velocity increased by 5.6 cmls, and 
ankle dorsiflexion increased during 
mid-stance of gait by 4.9 degrees for 
hinged orthoses compared with no 
orthoses. The EMG amplitudes were 
examined at 5% intervals across an 
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ensemble average created for each of 
four muscles. Of 80 possible intervals 
of significant difference, only 3 were 
different-2 for the vastus lateralis 
muscle and 1 for the tibialis anterior 
muscle. No differences were found 
among the treatments for the medial 
hamstring or  gastrocnemius muscles. 
The reduction in foot pronation, as 
determined from standing dorsoplan- 
tar radiographic measurements of the 
talonavicular angle, was significant for 
fixed AFOs (4.5" less) and approached 
significance for hinged AFOs (3.6" 
less) compared with no orthoses. 

Myelomeningocele 

The prognosis for ambulation by chil- 
dren with MMC is related to level of 
motor function. The effect of the spi- 
nal cord dysfunction level on energy 
expenditure was well documented in 
adults with paraplegia by Clinking- 
beard and associates" and is in ac- 
cord with reports of function for chil- 
dren with MMC."HH Children with 
higher levels of spinal defect (eg, at 
and above L-2) require more exten- 
sive orthotic support and can be ex- 
pected to expend more energy than 
children with defects below L-2. 
Table 2 summarizes reports on the 
status of and prognosis for ambula- 
tion in children with MMC. Consensus 
generally exists that the higher the 
level of defect, the smaller will be the 
percentage of the group who are am- 
bulatory. Other factors influencing 
ambulation include mental retarda- 
tion, muscle power within the level of 
defect, orthopedic deformities, hydro- 
cephalus, and walking status at age 
7 v e a r s . ~ ~ ~  

Whether children with high lumbar- 
and thoraciclevel defects are pro- 
vided early instruction for walking 
appears to be influenced by practice 
patterns of the geographic area. Al- 
though reports agree the majority of 
children with thoracic MMC who walk 
will later become nonambulatory, the 
study by Mazur and colleaguesj7 sup- 
ports the value of bracing and walk- 
ing. Subjects who walked as children 
had fewer fractures and pressure 
sores, were more independent, and 
were better able to transfer than were 

patients who used a wheelchair from 
early in life. Sankarankutty et a141 
stressed the importance of effective 
bracing and suggested that modern 
orthoses can prolong ambulation in 
patients who otherwise may discard 
their devices. This notion was rein- 
forced by Flandry et a131 in their 
study, which demonstrated that the 
energy cost values for walking with 
the reciprocating gait orthosis (RGO) 
approximated those for wheelchair 
use. 

Limited research has addressed the 
effects of orthotic designs on arnbula- 
tion in children with MMC. In most 
practices, clinical experiences of the 
prescriber serve as guideposts in or- 
thotic selection. A recent quantitative 
study by Thomas et a142 revealed that 
children with MMC who wore AFOs 
showed reduced hip, knee, and ankle 
flexion; decreased muscle activation 
time; and decreased muscle coactiva- 
tion during gait. Krebs and col- 
leagues43 found specific differences 
for children with MMC using metal 
versus polypropylene kneeanklefoot 
orthoses (KAFOs); children preferred 
the polypropylene W O s  and ap- 
peared to have better control of hip, 
knee, and ankle motion. 

Studies in the 1970s and early 1980s 
at the Orthotic Research and Locomo- 
tor Assessment Unit (ORLAU) in Os- 
westry, England, measured velocity, 
heart rate, and ambulatory status with 
different orthoses used primarily for 
children with high-level spinal de- 
fect.. .444Qe~criptive results sug- 
gested improvements in all variables 
when children switched from previ- 
ous bracing (ie, conventional h i p  
kneeanklefoot orthosis [ H M O ]  or 
swivel walker) to a hip guidance or- 
thosis. In 1986, Lough and Nielsen47 
reported that children with MMC 
walked faster, but had higher energy 
expenditure and were less eficient, 
with their use of parapodiums than 
with their use of parapodiums 
adapted with a swivelwalker base. 

Comparing the KG0 used with differ- 
ent hip joint and cable configurations 
(normal reciprocal action, locked, or 
free motion), Yngve and colleagues4H 

and McCall and Schmidt49 favored the 
normal reciprocal mode based on 
patients achieving a faster walking 
velocity. Patients in both studies also 
reported preferring the reciprocal to 
the swingthrough pattern of gait. 

Principles of Lower-Extremity 
Orthoses 

Several textbooks are available that 
provide a more comprehensive cover- 
age of onhoses; each of these text- 
books presents a list of principles, 
purposes, and goals of bracing.*53 
Following are guiding principles that 
should be applied with the pediatric 
client. 

1. Prevent defmity.  Orthoses may 
be prescribed to prevent a deformity 
that is anticipated to occur or  that 
might increase without treatment. Or- 
thoses can also be used following 
surgery or serial casting to maintain 
correction of a deformity. Occasion- 
ally, orthoses are used to correct a 
deformity. 

2. Support normal joint alignment 
and mechanics. Molded orthoses of- 
ten have a greater chance of achieving 
this goal than do  conventional metal 
devices because they provide total 
contact. Options in molded AFOs (sol- 
id, variable range, or free motion) can 
all support joint alignment. Even foot 
orthoses (FOs) can facilitate this goal 
as long as alignment includes the an- 
kle joint, the subtalar joint, and other 
midfoot and forefoot structures. This 
principle is inherent in what some 
clinicians refer to as "tone reduction." 
Good alignment may be more impor- 
tant than the addition of extra pres- 
sure at selected sites in reducing tone. 

3. Provide variable range of motion 
when appropriate. For ambulatory 
patients, restriction of some ROM is 
often necessary to assist weak mus- 
cles, oppose spastic muscles, enhance 
balance, protect certain soft tissues 
postsurgically, or improve the appear- 
ance of gait for the patient who lacks 
selective control to achieve a normal 
pattern. At the ankle, this may require 
restricting plantar flexion while allow- 
ing free dorsiflexion or allowing plan- 
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Table 2. Studies Adclressing the Status andlor Prognosis for Ambulation in Children with Myelomeningocele 

Investlgator(e) No. of Subjects. Moblllty Statue Factore lnfluenclng Prognoels 

Taylor and McNamara,a 1990 32-thoracic 58 wheelchair users; 23 community Level of neurological deficit and type of 

32-lumbar ambulators; 6 household ambulators orthoses used 

1 Glumbosacral 

1 -sacral 

Gunknown 

Mazur et a1,37.0 1989 22-TI 0-1 2 
14-L1-2 

Samuelsson and Skoog,39 163--total 
1988 

Findley et al,36 1987 14-thoracic 

4-L1-2 

16L3 -4  

1 wL5-S1 

24-sacral 

Schopler and Menelaus,35 109-total (sites of 
1987 lesion not specified) 

Sankarankutty et al,4o 1979 102-total 
52-thoracic 

17 (47%) no longer walked; 12 (33%) were 
community ambulators; 7 (20%) were 
household ambulators 

0% of thoracic and L1-2, 54% of L-3, 67% of 
L-4, 80% of L-5, and 100% of sacral 
patients ambulate 

20 not walking; 56 community ambulators, 26 
of 56 occasionallv used a wheelchair; 1 
therapeutic ambulator 

Those who had discontinued walking 
specified reasons including energy 
expenditure and ease 

Level of defect and associated 
neurological findings influence walking 

Walking outdoors independently and 
using a wheelchair by age 7 y was 
more predictive of adolescent 
ambulation than was neurologic level 

88% with grade 0-2 quadriceps femris Strong quadriceps fernoris muscles 
muscle strength exclusively used predict good ambulation 
wheelchairs; 82% with grade 4 5  muscle 
strength were community arnbulators; 89% 
with grade 3-5 muscle strength were at 
least household ambulators 

5.7% were wheelchair users; 3 subjects over Level of defect important, but thoracic 
15 y old (1 wheelchair user, 1 household lesions do not prevent independence; 
ambulator, 1 therapeutic arnbulator) improved orthotic design is needed 

DeSouza and 1976 4-thoracic 1 of 4 with thoracic defects was a wheelchair Level of defect, motor power, and 

l9-upper lumbar user, 1 was a household ambulator, and 1 orthopedic deformity influenced 
was a therapeutic ambulator progress 

13--lower lumbar 

Barden et al,34 1975 

Hoffer et al,I3 1974 
20-lumbar 
1 +thoracic 
40-lumbar 
Gsacral 

134-total (sites of 
defects not specified) 

Richings and Eckstein,sO,c 4--encephalocele 
1970 8--cewical 

1 %thoracic 
5-thoracolumbar 

51 -lumbar 
27--lum bosacral 
1-acral 

2 of 9 with TI 2-L? defects and 19 of 20 with 
L-3 defects still walked 

52% were wheelchair users; all 10 with 
thoracic defects were nonambulators; all 6 
with sacral defects were community 
ambulators 

1M limited to wheelchair use; 113 used 
calipers at least part time; 113 walked 
independently 

7 (6%) used wheelchairs; 105 (94%) had 
some degree of mobility; 16 of 23 with 
complete paralysis of lower extremities 
achieved some mobility with braces 

Final hip position did not correlate with 
walking status 

Factors other than level of spinal defect 
were age; presence of hydrocephalus, 
spasticity, and skeletal deformities: 
intelligence; and societal factors 

Improved orthotic design is needed 

- -  - - - - - - - - 

m e n  indicated, the total number of subjects was reduced according to the number of subjects for whom locomotor behavior was reported. 

b~omparison study of early walking group (n=36) to matched early use of wheelchair group (n=36). 

'Number at each level of defect was estimated from a figure. 
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tar flexion while restricting dorsiflex- 
ion. The plantarflexion stop, for 
example, might be used for a child 
with CP who has an equinus defor- 
mity, whereas the dorsiflexion stop 
might be used to eliminate a 
crouched gait by stopping anterior 
motion of the tibia in the presence of 
an overlengthened heelcord. The dor- 
siflexion stop could also be used for 
the child with an MMC at L-5 who 
heel walks or has excessive ankle dor- 
siflexion. Various combinations of 
motion and restriction are possible. 

4. Facilitate function. The orthotic 
device should not restrict the child, 
but should encourage function. The 
physical therapist is particularly im- 
portant for assessing the fit and func- 
tion of an orthosis. Changes in the 
orthosis may be needed as the pa- 
tient's ability or muscle function 
changes, thus ensuring the device 
facilitates and does not restrain the 
patient's progress. 

Orthotic Design 

Foot Orthoses 

With FOs (Fig. I), attention must be 
given to achieving a close-contact fit 
that does not impinge on the medial 
or lateral malleoli. The distal trimline 
should extend just proximal to the 
metatarsal heads. The high medial 
and lateral walls should extend to the 
dorsum of the foot. Studies on FOs 
are reported in Table 1 .545R 

Supramalleolar Orthoses 

Supramalleolar orthoses (SMOs) 
(Fig. 2) have proximal trimlines that 
extend 30 to 50 mm above the malle- 
oli. Although the malleoli are covered 
by the orthotic walls, the orthoses are 
trimmed anteriorly and posteriorly to 
allow plantar flexion and dorsiflexion. 

Ankle-Foot Orthoses 

Anklefoot orthoses (Fig. 3) should be 
designed to extend 10 to 15 mm dis- 
tal to the head of the fibula on the 
pediatric patient. All below-knee sup- 
ports, whether AFOs (fixed or hinged 
AFOs), SMOs, or  FOs, should incorpo- 

Figure 1. Foot orthsis designed to opposepronution by molding the heel cup to 
grasp the calcanem firmly (a)  and wedging, or posting, the heel medially (h). 

rate supportive features to align the Control of the midtarsal joint. The 
foot in a subtalarneutral position. An  AFO, SMO, and FO must resist fore- 
anterior floor-reaction AFO is a varia- foot abduction o r  adduction. This 
tion on the design of an AFO used for can be accomplished by ensuring 
children with excessive flexible knee well-molded medial and lateral walls 
flexion posture. This design has par- and borders of the orthosis (Fig. 2). 
titularly been recommended for chil- At times, the medial or  lateral trim- 
dren with L-4 rnyelorneningocele and lines may extend distal to the metatar- 
for children with CP who stand with sal heads (eg, in a child with MMC 
knee flexion attributable to over- following treatment of clubfoot defor- 
lengthened heelcords. The polypro- rnity). In this case, consideration 
pylene mold includes an anterior should be given to the effect this ex- 
rather than a posterior shell only. An tension will have on restricting toe 
illustration of the floorreaction AFO extension late in the stance phase. 
is shown in the article by Kose and 
colleagues in this issue. If the FO is High (flexlble) medial and lateral 
cut low or  supports only beneath the walls. If the walls of the AFO, SMO, 
foot, it will not contain all key compo- or FO wrap over the dorsum of the 
nents of ankle and foot support. foot, the force exerted by the walls 

will help restrain the heel for maxi- 
Five Key Components of mum control (Fig. 2). Additional ben- 
Ankle and Foot Support efits of the high walls are (1) control 

of forefoot abduction or adduction, 
Control of the subtalar jolnt. The (2) distribution of pressures over the 
S O ,  SMO, and some FOs should foot for reducing unwanted stimula- 
grasp the calcaneus firmly (Fig. 1) to tion, and, (3) assurance of constant 
prevent medial and lateral motion contact with the onhosis during the 
with subsequent collapse of the heel entire gait cycle. A potential disadvan- 
into valgus and the subtalar joint into tage is the lack of ease with which the 
pronation. A medial heel post with child can don the orthosis. Some par- 
slight wedging of the plantar surface ents have reported their children 
will also oppose pronation and en- have difficulty keeping the orthosis 
courage normal alignment (Fig. 1). walls spread while sliding the foot 

into the device. 
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Figure 2. Supramulleolar orthoski extending proximally to the mulleoli. 
Wellmolded medial and lateral walls that wrap ouer the domum of the foot (a) help 
control the midtarsal joint and keep the heel seated. DorsalJaps also d ipme pressure 
and may reduce sensitiuity of the foot. Intrinsic toe elmtion (b) can prevent stimulat- - 
ing the plantar grasp refex. 

Toe elevation. Toe elevations may 
be intrinsic (ie, built into the plastic) 
(Fig. 2) or extrinsic (ie, removable 
and repositionable) (Fig. 3). Intrinsic 
toe elevations may shorten the life of 
the orthosis because the child's 
growth cannot be readily accommo- 
dated. Ry contrast, extrinsic elevations 
can be repositioned as the child 
grows. ,4dditionally, the height of the 
elevations can be more easily in- 
creased or decreased. 

Transmetatarsal arch. AS with toe 
elevations, the transmetatarsal arch 
can be intrinsic or  extrinsic. Caution 
must be taken to ensure appropriate 
placement of this feature so the child 
does not feel inappropriately posi- 

tioned pressure. This feature has par- 
ticularly been used with toe elevation 
for tone reduction. 

Variable-Motion Ankle Joints 

Until the past 5 years, the solid, 
molded, fixed orthosis was standard. 
Recently, however, hinged ankle joints 
have been introduced, in part, to en- 
courage a more normal gait pattern. 
Hinged or variablemotion ankle 
joints can be used in KAFOs and 
AFOs. The following variablemotion 
ankle joints represent commonly used 
designs at the present time. 

Overlap articulation. This joint is 
constructed from polypropylene or 

Figure 3. Fhed molded ankle-foot 
ortbosi~ with an ankle sh.ap to restrain 
the heel. Extrinsic toe elevation to unload 

*Becker Orthopedic Appliance, 635 Executive Dr, Troy, MI 48083-4576. the metatarsal heads is optional. 
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hinge joint allows all the flexibility of 
the plastic overlap joint. 

Knee-Ankle-Foot Orthoses 

Figure 4. Over@ articulation joint used in a hinged, ~ariablemotion anklefoot 
o r t h i s  showing the posterr'br swap and the vertical sew. 

plantar-flexion stop and free dorsi- 
flexion. By grinding the plastic poste- 
riorly, some increased plantarflexion 
ROM is possible. 

Gaffney jolnt. This jointt is made of 
stainless steel vacuformed into the 
polypropylene (Fig. 6). Seven sizes of 
hinges are available. This design of 
hinged ankle joint is normally used to 
provide a plantar-flexion stop and 
unrestricted dorsiflexion. 

Select joint. These joints* are made 
of colorcoded aluminum disks vacu- 
formed into plastic (Fig. 7). Two sizes 
of disks are available. Within each 
size, five variations in disks allow the 
therapist to insert dilferent disks and 
change selectively the ROM allowed at 
the ankle. Because each colorcoded 
disk has its ROM stamped on it, the 
changes are easy to document. One 
drawback is the joint's lack of durabil- 
ity. Both the inserts and the plastic 
forms housing them are subject to 

wear. The anterior stops seem particu- 
larly susceptible to the forces imposed 
on them during active, forceful walk- 
ing and may yield to increased ROM. A 
second drawback is that the metal 
hinges must be mechanically aligned 
and thus are not anatomically aligned. 
Generally, anatomic alignment is used 
for joint placement, because cosmesis 
and function are assumed to be better 
when the brace's joint overlies the true 
(ie, human or anatomic) joint. A third 
disadvantage is the bulk of the brace. 
The bulk of the brace makes it difticult 
to place a shoe over the hinge and 
reduces the cosmesis of the device. 
Some difficulty may also be encoun- 
tered by the child clicking his or her 
ankles together. 

Oklahoma ankle joint. This joint* is 
made from polypropylene vacu- 
formed in plastic (Fig. 8). Five sizes, 
pediatric to adult, are scheduled to be 
available commercially in 1991. This 

~~~~~~ - - 

+Gaffney Technology, 2575 NE Kathryn St, #26, Hillsboro, OR 97124. 

The proximal medial aspect of the 
thigh portion of a KAFO (Fig. 9) 
should extend to within 45 mm of the 
perineum on the medial side and to 
within 75 mm of the greater tro- 
chanter on the lateral side. Various 
knee joints can be used, and the 
reader is referred to other references 
for coverage of the options avail- 
able.5W3 The knee joint must be 
aligned in all three planes--sagittal, 
coronal, and transverse. In the sagittal 
plane, the joint should be one half 
the distance between the posterior 
aspect of the patella and the posterior 
aspect of the leg. From the coronal 
plane, the joint should be at the mid- 
point of the patella. In the transverse 
plane, the joints must be aligned with 
the line of gait progression. 

Hlp-Knee-AnkleFmt Orthosls 

Conventional metal HKAFOs are 
rarely used today by children with CP 
or children with MMC. If these de- 
vices are prescribed, however, their 
fit must be examined in the sitting 
and standing positions. If the patient 
is being fitted bilaterally, the critical 
fitting is done in a sitting position. 
Ideally, the hip joint should be posi- 
tioned 10 mm superior to the greater 
trochanter. 

Special designs of HKAFOs (parapo- 
dium, swivel walker, and RGO) are 
described in the next section. Only 
the Rochester HKAFO, which is not 
used for walking, is mentioned here. 
This orthosis is mainly used by the 
vety young child with MMC as a 
nighttime sleeping brace. The orthosis 
can also be helpful to encourage early 
weight bearing in the child under 
15 months of age who has a high 
lumbar or thoraciclevel MMC. Par- 
ents are instructed to support and 
supervise their child in standing with 
this device. A belt across the chest, 
and thigh and calf straps, help restrain 
body position for standing. 

*united States Manufacturing Co, 180 N San Gabriel Blvd, Pasadena, CA 91107-3488. 
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Figure 5. Anklefoot orthosis (AFO) with Gillette joint vacufomed inpo[ypropyl- 
em. Joint shown in foreground is freestanding. Sef-adhesive fkttener adbered to the 
AE'O is configured for a figureeight ankle scrap. 

Parapodium 

The Toronto parapodium (Fig. 10) 
has one lock for both hip and knee 
joints, whereas the Rochester parapo- 
dium has separate hip and knee joint 
l0cks.5"~) With the child standing, the 
parapodium should fit such that the 
center of the chest pad is at the xi- 
phoid, the knee pad is across the pa- 
tellae, arid the metal portion of the 
trunk support clears the axillae by 
one to nvo fingers. If the metal ex- 
pends too proximally, the brace may 
restrict arm use. If too low, the child 
may outgrow the appliance quickly. 
From the side, alignment of the trunk, 
hips, knees, and ankle joints should 
be checked. Cutouts on the knee pad 
should neither be so minimal they 
cause knee hyperextension nor so 
extreme they allow excessive knee 
flexion. The foot mold should align 
the malleoli slightly posterior to the 
knee. The final step of a parapodium 
fit check involves determining 
whether the child's pelvis rotates ex- Figure 6. Lateral view of the ankle region of a hinged anklefoot onha& display- 

ing the Gaffney joint. % joint is shotunfreestanding in the Jweground. 
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by Lough and Nielsen47 to contrast 
swingto wallung with swivel wallung. 

Figure 7. Medial view of the lower portion of an ankle-foot orthos& with a Select 
joint ia~erted at the ankle. Another disk &freestanding in the fmeground. Numbers im- 
pressed into the metal designate the degrees of motion possible; for example, the disk 
shown prevents motion. 

Redprocatlng Galt Orthosis 

The RGO (Fig. 12) has extensions that 
extend superiorly above the hip joints 
to the level of the xiphoid with a cir- 
cumferential strap that extends 
around the torso at the level of the 
xiphoid. A wide pad is also placed at 
the level of the hip joints to hold 
the pelvis into the control of the 
butterflyshaped pelvic band and thus 
maximize the reciprocal action cre- 
ated by the cable system. The cable 
system couples flexion of one hip 
with exzension of the opposite hip. 
Release of the cables on both sides 
allows bilateral hip flexion for sitting. 
A modification to the RGO that in- 
cludes muscle electrical stimulation 
and a new hip joint release mecha- 
nism has been designed, but evalua- 
tion has only been reported in adults 
with paraplegia.63 

Selection of Orthotic Devices 

Although generalizations can be made 
regarding the best orthosis to use ac- 
cording to the child's age, disability 
type, and degree of motor impair- 
ment, unique features about the child 
and his or her family and community 
should be considered. The following 
information provides general guide- 
lines only and assumes good clinical 
judgment will be used when malung 
orthotic choices for specific patients. 

Cerebral Palsy 

Children with hemiplegia, diplegia, or 
mild to moderate spastic quadriplegia 
can all benefit from the orthotic de- 
vices discussed in this article. Al- 
though children with severe quadri- 
plegia are not likely to ambulate, a 
number of the orthoses mentioned 
may be appropriate for preventing 
deformity and assisting postural sup- 
port in sitting. 

In the United States today, neither 
HKAFOs nor KAFOs are commonly 
prescribed for children with CP. As 

Figure 8. Medial view of the fowerporh'on of a hinged anklefoot o r t b d  de- mentioned earlier, this may have 
signed with an Oklahoma joint. 7he joint & shown freestanding in the fmeground. stemmed from a shift in the 1950s 
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and 1960s to an NDT philosophy and 
a departure from the previous ortho- 
pedic approach described by Deaver 
and Phelps in which extensive bracing 
was common.7.8 Because new orthotic 
materials have been introduced, re- 
consideration of the present philoso- 
phy may be warranted. 

The use of AFOs has remained a stan- 
dard treaunent because of their use- 
fulness in preventing equinus contrac- 
tures. Sorne clinicians have recom- 
mended a progression from casts be- 
fore the child walks to AFOs once 
walking begins. Although debate con- 
tinues over the relative advantages of 
hinged versus fixed AFOs, studies by 
Middleton et a121 and Loughz8 have 
favored hinged AFOs. Because specific 
guidelines for selecting the style of 
hinged ankle joint do  not exist, the 
choice should be made jointly by 
members of the treatment team con- 
sisting of' physician, physical therapist, 
and orthotist. 

Issues related to orthotic prescription 
for children with hypotonia or  athetoid 
(dyskinetic) CP have not been well 
addressed in the literature. Many clini- 
cians believe children with hypotonia 
are more stable with molded FOs, 
SMOs, or AFOs. By contrast, children 
with dyskinesia frequently have di€fi- 
culty with molded orthoses because of 
friction irritation created by writhing 
movement. Partial or full lining of the 
orthosis may reduce the irritation. 

The selection of an AFO for a child 
with CP will change depending on 
age, nature of the disability, associated 
findings, and surgical history. The fol- 
lowing recommendations are based 
on reports in the literature, as well as 
personal clinical and research 
experience. 



2.  The child who walk in equinus 
will likely require restriction of 
plantar flexion to neutral. This can 
be accomplished with a hinged 
AFO or a fixed AFO. The hinged 
AFO will facilitate a more normal 
gait pattern. 

3. When genu recurvatum is present, 
an AFO that blocks plantar flexion 
at 5 degrees of dorsiflexion should 
create a knee flexion moment at 
the onset of stance phase that will 
counter the hyperextension. 

4 .  If the child with CP responds well 
to a hinged AFO that restricts plan- 
tar flexion, gradual reintroduction 
of a small range of plantar flexion 
may be possible. When this is an- 
ticipated, the Select joint, which 
allows several joint settings, may be 
the best choice. 

5. The child who is heavy or large, is 
extremely active, or does not re- 
side near an orthotist may not be a 
good candidate for the Select joint 
because of the potential for earlier 
wear with this type of hinge. 

6. For a child with very mild hyperto- 
nia and medial-lateral instability, 
but not equinus, a freemotion 
hinged AFO or SMO may suffice. 
Caution is needed to identify in- 
creasing plantarflexor tightness, 
which would indicate the need for 
an AFO that restricts plantar 
flexion. 

7. A child with weak plantar flexors 
because of surgical lengthening or 
selective posterior rhizotomy 
should have an AFO that restricts 
dorsiflexion. 

Myelomeningocele 

The type of orthosis prescribed for a 
child with MMC is influenced by the 
child's level of motor function. The 
physical therapist should assume a 
key role in clarifying muscle function 
before an orthosis is prescribed. If a 
child demonstrates muscle activity in 
the lower extremities that is not will- 
ful or strong, or is reflective, a judg- 
ment about "functional motor level" 

- 
Table 3. Factors Limiting Ambuhtion Progress in Young Children with 
Myelommingoce~e 

Llmltatlons to Progress GuldellneslSuggestlons 

1. Developmental delay (in mental, 
language, social, or fine motor 
areas) 

2. Upper-extremity dysfunction 

3. Structural limitations such as 
congenitally dislocated hips, 
clubfoot deformity, extremity 
contractures, or gibbus (convex 
spine) 

4. Health issues necessitating focus in 
other areas or resulting in 
hospitalization, surgery, casting, 
and so forth 

5 .  Visual status (acuity and perception) 

6. Social-environmental restraints 

Begin experiences according to the 
child's developmental readiness 
unless structural benefits warrant 
attention earlier; 18 months is 
usually the upper limit of 
chronological age for beginning 
upright experiences 

Children having dysfunction of one or 
both hands may have difficulty 
learning to use a walker or 
crutches; an orthosis that does not 
require use of a walking aid (eg, a 
swivel walker) may be the best 
choice for children with high lesion 
levels 

Casting or surgical correction may be 
needed first; persisting deviances, 
such as a leg-length discrepancy, 
may restrict use of some orthoses 
(eg, a reciprocating gait orthosis) 

Once issues are managed, the work 
on ambulation can be resumed; the 
timetable lor sequencing changes 
in braces may 'be slower than for 
other children 

Progress beyond standing in an 
orthosis may come slowly or not at 
all if visual acuity is very impaired 

Time spent learning to use a brace 
may be longer and rate of progress 
slower than expected 

should be made. We believe that the 
functional motor level reflects the 
child's ability to use muscles for 
skilled activities rather than the mus- 
cles innervated. When a discrepancy 
exists between the hnctional motor 
level and the motor lwel represented 
by the muscle activity present, the 
functional motor level should guide 
selection of the orthosis. 

An early consideration in selecting an 
orthosis for a child with MMC is the 
timing for the first device. Whereas 
Drennan6* recommended bracing at 
the neurodevelopmental age when 
children normally learn to stand and 
walk, Carroll65 advocated beginning 
standing when the child begins to 
demonstrate interest in being upright. 
Rased on Drennan's recommendation, 

an orthosis would be prescribed 
when a child is 9 to 12 months old. 
Carroll's recommendation appears 
preferable, because it encourages ad- 
justment for individual differences in 
social or cognitive developmental 
readiness. If the developmental read- 
ness guideline is used, however, an 
exception becomes necessary for or- 
thopedic benefits when the child 
reaches 2 0  to 24 months of age but 
remains below the Bmonth level de- 
velopmentally. In such cases, an or- 
thosis should be ordered and the para- 
podium may be the best choice for a 
first device, even if the child has a 
low lumbar MMC. 

A further consideration related to or- 
thotic selection is that the types of 
orthoses used by children with MMC 
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typically change with age. Changes are 
particularly common during the first 
6 years of life, and families should be 
assisted in planning for these changes. 
Before changing from the current 
orthosis to a more sophisticated de- 
sign, a child should be able to walk 
with the current device. Table 3 pres- 
ents guidelines for responding to fac- 
tors that may impede wallung prog- 
ress in young children learning to use 
their first orthosis. Minor changes 
may be indicated within 6 months of 
initiating orthotic use. Such changes 
could include addition or removal of 
a swivel base to the bottom of a para- 
podium or addition of an aboveknee 
componc-nt of AFOs. 

Ha5ed on clinical repom, personal 
experience, and research, the follow- 
ing guidelines for initial to later or- 
thotic devices are provided. 

1. A child with an S-2 motor level 
may begin standing and walking 
without an orthosis but may later 
benefit from FOs. 

2. A child with an L4-5 motor level 
may ambulate throughout life with 
AFOs or SMOs. Rarely would a 
parapodium be needed as a first 
device. 

3. A child with an L3-4 motor level 
will benefit from the postural sup- 
port and stability provided by a 
parapodium used a5 a first standing 
and walking orthosis. Although 
some r e p o r t ~ ~ ~ ~ 4 9  have cited the 
use of an RGO at this motor level, 
the child should eventually ambu- 
late with AE'OS, AFOs attached to 
twister cables or a single lateral 
upright and pelvic band, or  stan- 
dard W O s .  

4. A child with a motor level above 
L-2 will likely require an H M O  as 
a firsl. and later device. The child 
may begin with a parapodium on a 
swivel walker, then switch to an 
KGO. Transition from a parapo- 
dium to an KG0 is not recom- 
mended before 30 to 36 months' 
developmental age. The likelihood 
of a child with high spinal-level 
MMC using only a wheelchair after 

age 15 years is great; however, fac- 
tors including the orthosis used, 
the philosophy of the program, 
and personal characteristics of the 
child and family can influence 
outcome. 

5. A child with discrepant motor and 
"functional motor" levels, should 
be fitted with an orthosis according 
to the functional motor level. For 
example, a child having some mus- 
cle activity through the L-5 level, 
who belly crawls rather than 
creeps, does not pull to stand or 
support body weight in vertical, 
and uses mainly hip flexors, should 
be considered to have a functional 
motor level of L-2. A parapodium 
or standing frame would be more 
appropriate than AFOS for a first 
device. Changes can be made as 
indicated with age. 

Summary 

This article has provided a summary 
of research on orthoses used for chil- 
dren with CP and children with MMC. 
Principles of orthotic application and 
guidelines for orthotic selection have 
been presented. Each child needs to 
be assessed individually, with consid- 
eration given to functional ability, 
management goals, and orthotic op- 
tions. Although progress ha5 been 
made in the development of orthoses 
and in the understanding of how the 
orthoses afTect gait variables, further 
research will be needed as advances 
in material propenies and designs are 
made available. Additionally, physical 
therapists should give further consid- 
eration to such matters as critical tim- 
ing for introducing or progressing 
gait and methods for gait and other 
functional skill training with orthoses. 
The issue of using a total-mobility 
approach, which represents a com- 
bined program of seated mobility and 
ambulation versus either mobility 
mode used exclusively, also warrants 
attention from clinical researchers. 
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