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Myelomeningocele (spina bifida) is 
the most common congenital CNS de
fect. It is characterized by septic disten
sion of the meninges with associated 
neurogenic deficits and lower extremity 
paralysis.1 The development of im
proved medical and surgical techniques 
has resulted in dramatically increased 
survival rates in children with myelo
meningocele.2 Dietrich reported an 86-
percent survival rate out of a total of 
500 patients over a 16-year period (S.L. 
Dietrich, MD, unpublished data, 1979). 
With such a high survival rate, oppor
tunities now exist for therapists to focus 
on the habilitation and rehabilitation of 
children with myelomeningocele.3, 4 Re
cently, biofeedback and nonbiofeedback 
behavioral techniques have been applied 
to some of the chronic problems asso
ciated with myelomeningocele that are 
both biological and behavioral in nature 
and include urinary and fecal incontin
ence,5-7 obesity,8 deficits in self-help 
skills,9 and pressure sores.10 

Functional ambulation has been 
strongly recommended for children with 
myelomeningocele because of the phys
iological and psychological benefits of 
standing and walking in the child's de
velopment.3 Several studies have dem
onstrated a correlation between lower 
lumbar level of paralysis (L3 and below) 
and good potential for independent am
bulatory function.11-13 In addition to a 
low lumbar lesion, however, motiva
tional factors may influence attainment 

of functional ambulation in the young 
child with myelomeningocele.14 

We previously reported combining 
systematic therapist and parent rein
forcement in a gait-training program for 
a 4.5-year-old child with L3 myelomen
ingocele.14 Although other attempts at 
gait training had been unsuccessful, the 
child progessed from nonambulation to 
independent ambulation with orthoses 
and crutches during the reinforcement 
program. The purpose of this case report 
is to present how we used our previously 
described behavioral techniques to teach 
functional ambulation to a child who 
presented a more difficult clinical situ
ation. The child in this report was de-
velopmentally disabled and had an L3 
myelomeningocele. She exhibited mod
erate to severe perceptual-motor deficits 
that affected coordination, was mildly 
retarded, and initially required primary 
reinforcers such as food for motivation. 
Because the child did not readily engage 
in social interactions or verbalizations, 
these types of activities were ineffective 
as reinforcers. 

Subject 

The patient was a 5-year-old girl with 
a myelomeningocele at L3. Before the 
behavioral program began, she was re
ceiving physical therapy daily at her 
school for the orthopedically handi
capped and had remained nonambula
tory. 

Reports from her school physical 
therapist stated that she had a poor at
tention span, was not motivated to walk, 
and frequently threw temper tantrums 
to avoid ambulation training. The tan
trum behavior included attempts to hurt 
the therapist by pulling her hair or 
pinching her. This tantrum behavior 
also occurred at home when her mother 
encouraged her to walk. 

The initial evaluation revealed the 
presence of motor function through L3. 

Manual muscle testing was used to as
sess the strength of the muscles of the 
lower extremities. The iliopsoas mus
cles, hip adductor muscles, and quadri
ceps femoris muscles were graded 3 
(Fair), bilaterally. All other lower limb 
muscles were graded Zero. Sensation 
was intact through the L3 dermatome 
with questionable presence of saddle-
area sensation. The Gesell Develop
mental Schedules indicated the child 
was functioning at 15 to 18 months of 
age in adaptive and fine motor skills. A 
well-fitting polypropylene hip-knee-an
kle-foot orthosis had been previously 
made for her, and she had worn it during 
school physical therapy sessions before 
she started the behavioral treatment pro
gram. 

Treatment Objectives 

The primary objective of the physical 
therapy program was to attain inde
pendent ambulation with the orthosis 
and a rolling walker or crutches. We 
developed a behavioral assessment 
based on our previous experience and 
included specific performance criteria 
for each motor skill.14 Four motor skills 
were identified—stands-up, stands 
erect, performs four-point gait in paral
lel bars or with crutches, and performs 
three-point gait with a rolling walker. 

Each of these skills was operationally 
defined according to the functional 
components shown in the Appendix. 
We required that the child perform each 
of the functional components independ
ently before we considered her to have 
attained functional independence in the 
skill. The progression of the program 
was based on a "shaping procedure" in 
which easier component skills were at
tempted initially and increasingly more 
difficult skills were added as the child 
demonstrated successful performance. 
The program was initiated in the parallel 
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bars and progressed to ambulation with 
crutches or a rolling walker. 

Treatment Preparation 

To determine appropriate reinforcers, 
the child's mother identified the child's 
favorite toys and activities. These were 
tested through therapist and child inter
action and were identified as reinforcers 
if their effect increased the child's co
operation in performing requested tasks. 
We determined appropriate reinforcers 
to be the therapist's praise and attention, 
musical toys, developmental play activ
ities, and physical contact such as hug
ging. Initially, the child was quite resis
tant to social reinforcers, and we had to 
pair them with food reinforcers to pro
vide sufficient motivation. Food reinfor
cers included pieces of banana, raisins, 
and sips of juice. The food reinforcers 
were gradually eliminated as the pro
gram progressed and interaction with 
the therapist became an effective rein-
forcer. 

IMPLEMENTATION OF 
TREATMENT PROGRAM 
Clinic Program 

The first three motor skills—stands-
up, stands erect, and performs four-
point gait—were taught in sequence so 
that the child would attain independ
ence in ambulation in the parallel bars. 
This sequence allowed us to use a single-
subject, multiple-baseline across-behav-
iors design. This design provides exper
imental demonstration of the effective
ness of the treatment variable when it is 
introduced sequentially across behav
iors.15 Initially, reinforcers were contin
gent on the child complying with a re
quest to stand-up. In this phase, no other 
motor skills were attempted or rein
forced. Once the child demonstrated 
consistent performance of the stands-up 
skill, we increased the difficulty of the 
task. She was required to stand-up and 
stand erect before receiving contingent 
reinforcers. Finally, the sequential per
formance of standing-up, standing erect, 
and ambulating over increasingly longer 
distances was required to earn the rein
forcers. In this manner, sequential 
chaining of the motor skills occurred by 
adding more difficult skills to the easier 
skills. We permitted the child to progress 
to more difficult skills only after she 
consistently and independently per
formed the less difficult skills. 

Physical guidance by the therapist was 
used in the initial stages of the program. 
As acquisition of the motor skills be
came more independent, the therapist's 
physical guidance was gradually elimi
nated. 

All inappropriate responses such as 
refusing to grasp the parallel bars and 
crying were ignored. Time-out was used 
for aggressive behavior toward the ther
apist such as pulling hair, pinching, or 
hitting. These behaviors were the child's 
typical responses to frustration and de
mands placed on her both in therapy 
and in her home environment. The 
time-out procedure consisted of the 
therapist removing all reinforcers, turn
ing her back to the child, and not inter
acting with her for one minute. 

We conducted a total of 19 daily 30-
minute treatment sessions for four 
weeks and recorded 62 trials. The num
ber of trials during each session was 
determined by the child's successful per
formance of the identified skills. On an 
average, the child performed 12 trials 
during the initial phase of the program 
for stands-up and stands erect skills. As 
the child ambulated increasingly longer 
distances, 3 to 5 trials were performed. 
We recorded the distance ambulated 
and number of steps taken on a behavior 
checklist after each trial. Interobserver 
reliability of the data on the number of 
steps taken was determined between the 
therapist and an independent observer 
for 6 trials. We calculated reliability by 
dividing the smaller recorded total num
ber of steps taken for 6 trials by one 
observer by the larger recorded total of 
the second observer and multiplying by 
100.15 

Once the child could ambulate inde
pendently in the parallel bars, we 
deemed progression to a rolling walker 
appropriate based on our evaluation of 
her coordination and balance. This pro
gression required modification of the 
program to ambulation using a three-
point gait. Reinforcement was given to 
the child for walking increasingly longer 
distances. To assess maintenance of the 
skill, we conducted follow-up sessions 
once a month for a five-month period. 

Home Program 

The child's mother was trained in the 
behavioral techniques once the child at
tained independent ambulation with a 
rolling walker in the clinic setting. The 
mother observed several clinic sessions 

and practiced behavioral and physical 
therapy gait-training techniques with 
the therapist and her child before she 
initiated the program at home. 

The home program consisted of at 
least one daily 30-minute session of am
bulation and included one to three trials 
depending on the distance walked. We 
instructed the mother to record the dis
tance walked by the child and the num
ber of steps taken at the end of each 
trial. Interobserver reliability for record
ing of the number of steps taken was 
determined between therapist and 
mother over 11 trials. 

RESULTS 

Figure 1 illustrates the multiple-base
line design across the four motor skills 
for independent ambulation. With the 
sequential initiation of the behavioral 
intervention, all components of two 
skills, stands-up and stands erect, were 
performed by the child. This result in
dicates that the intervention motivated 
the child through contingent reinforce
ment to perform these functionally in
dependent skills. The ambulation data 
illustrate a typical learning curve. Once 
we initiated the reinforcement program, 
the number of steps the child ambulated 
gradually increased; this increase dem
onstrated the incremental acquisition of 
the motor skill. 

The shaping process involved in train
ing ambulation behavior is illustrated in 
Figure 2. Through shaping procedures, 
the child was reinforced for performance 
of skills that would lead her to the skill 
of functionally independent ambula
tion. As a result, the child progressed 
from the parallel bars to a rolling walker 
(Trial 18). Food reinforcers were grad
ually eliminated. We attempted Trial 36 
with play reinforcers only. From Trial 
36 to Trial 45, we used food reinforcers 
only when necessary to maintain the 
child's performance. By Trial 45, food 
reinforcers had been completely elimi
nated from the treatment program. The 
distance the child ambulated, using a 
rolling walker, increased from 10 ft* 
(Trial 11) in the parallel bars to 90 ft 
(Trial 62). Interobserver reliability for 
six trials was 99 percent. 

The child's mother did not consist
ently record data in the home environ
ment. Her sporadic data, however, were 
consistent with the clinic results; dis-

* 1 ft = .305 m. 
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Fig. 1. Occurrence of stands-up, stands erect, and steps ambulated during baseline and 
treatment sessions in the clinic. Baseline means no reinforcers presented and zero indicates a 
lack of appropriate response. 

tances walked at home increased from 
15 ft (Trial 45) to 200 ft (Trial 61). 
Mother and therapist interobserver reli
ability over 11 trials was 94 percent. 

During the five-month follow-up pe
riod, the distance the child ambulated 
increased to 400 ft. During this period, 
the child's quadriceps femoris muscle 
strength increased from grade 3 (Fair) 
bilaterally to grade 4 (Good). Her en

durance and coordination also im
proved sufficiently to permit less brac
ing. The waistband was discontinued, 
and independent ambulation with bilat
eral knee-ankle-foot-orthoses was main
tained. 

DISCUSSION 
Programs that teach parents and 

health-care professionals behavioral 

techniques have improved pediatric 
health-care delivery in such pediatric 
chronic disorders as asthma,16 hemophi
lia,17 juvenile diabetes,18 and end-stage 
renal disease.19 This interface between 
behavioral science and pediatric medi
cine is termed behavioral pediatrics.15 

This study provides a further illustration 
of this approach in the physical habili-
tation of the young child with myelo
meningocele. 

The systematic reinforcement of each 
identified ambulation skill resulted in 
increased performance of each skill. In 
the initial phase of the treatment pro
gram, the behavioral techniques moti
vated the child to perform the basic 
preambulation skills, stands-up and 
stands erect. As the child began to am
bulate increasingly longer distances in 
the parallel bars and subsequently with 
a rolling walker, the behavioral tech
niques helped to maintain her motiva
tion. Once the child could ambulate in
dependently with a rolling walker, am
bulation became intrinsically reinforc
ing through the exploration of her en
vironment and the spontaneous praise 
she received from others. The systematic 
application of behavioral techniques by 
the therapist was no longer essential to 
maintain her motivation to walk. Be
havioral techniques used in conjunction 
with the physical therapy treatment pro
gram maximized the child's potential 
for functional ambulation as her 
strength, endurance, coordination, and 
confidence improved. 

APPENDIX 

Behavioral Assessment of 
Ambulation: Performance 
Criterion for Motor Skills 

Stands-up 
1. Pushes up to hands from prone position 

(plantigrade position). 
2. Places one hand on bar. 
3. Places other hand on bar. 
4. Extends elbows to attain standing. 
Stands Erect 
1. Trunk is erect. 
2. Hip flexion is minimal. 
3. Maintains position for 10 seconds. 
Four-Point Gait—Parallel Bars 
1. Moves one hand forward on bar. 
2. Moves opposite leg forward. 
3. Moves other hand forward. 
4. Moves opposite leg forward. 
Three-Point Gait—Rolling Walker 
1. Moves walker forward. 
2. Advances one leg. 
3. Advances other leg. 
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Fig. 2. Occurrence of appropriate steps and distance ambulated during baseline, treatment, and follow-up sessions in the clinic and home 
settings. 
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