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Evaluation of the CAPP Cart 1 

B A R B A R A A . G E H A N T 

RECENT studies of juvenile amputees in 
the United States and Canada have re¬ 
vealed a sizable number of severely handi¬ 
capped limb-deficient children. Fortu¬ 
nately, many of these amputees have been 
fitted with prostheses that enable them to 
perform skills necessary for daily activ¬ 
ities. The quadrimembral amputee, how¬ 
ever, presents particularly serious prob¬ 
lems. While he may achieve considerable 
arm function with one or two upper-
limb devices, the leg loss may not be ad¬ 
equately compensated for, especially in 
high-level amputees, and locomotion re¬ 
mains at best an exercise. In an effort to 
solve the problem of mobility for the most 
severely handicapped children, the Child 
Amputee Prosthetics Project at UCLA 
developed an electric cart. This article 
presents a study that was designed to de¬ 
termine the extent to which the CAPP 
cart assists children with quadrimembral 
deficiencies to achieve independent mobil¬ 
ity. 

The CAPP cart (fig. 1) is 17 in. wide 
and 23 in. long, and consists of a seat 
mounted on a chassis. In the driving posi¬ 
tion, the seat is 18 in. from the floor. The 
seat can be raised to 27 in. to enable the 
child to sit at a table or to transfer to a stan¬ 
dard chair or bed. The cart, powered by a 
12-volt battery, travels at a constant speed 
of I 1/2 mph. It is guided by a lever that is 

1 This study was conducted under the supervision 
of Sidney Fishman, Ph.D. , Project Director, Prosthet-
ics and Orthotics, New York University Post-Grad¬ 
uate Medical School, with financial support from a 
special grant from the Materna l and Child Health 
Service, Dept. of Health, Education, and Welfare. 
Appreciation is expressed to Robert L. Burtch, M.A., 
and Joan E. Edelstein, M. A., for their assistance in the 
completion of the project. 
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controlled by the chin, and which operates 
on a "joy-stick" principle. The control arm 
can be swung to the side to facilitate trans¬ 
fer or activities at a table or desk. 

SAMPLE 

Since the cart was designed for the child 
with quadrimembral deficiencies, priority 
consideration was given to such candidates. 
The children were selected on the basis 
of the number of limb deficiencies and the 
degree of limitation. Eleven children from 
ten clinics participated in the study (table 
1). A twelfth child was provided with a 
cart (see Appendix) but not included in 
the sample, because this clinic already 
had two subjects represented in the study; 
additional data from the same reporters 
might have biased the study. 

The sample included four boys and 
seven girls, six to fourteen years of age. 
Their weights ranged from 20 to 74 lb; 
the average weight was 30 lb. Trunk mea¬ 
surements were taken of each child from 
the bottom of the buttocks to the crown of 
the head. Sitting height averaged 25 in. 
and ranged from 20 to 32 in. 

Table 2 shows the skeletal deficiencies 
and prosthetic fittings for the eleven 
children. Of the five children with bilateral 
proximal femoral focal deficiencies (PFFD), 
two had not been fitted with lower-limb 
prostheses. One child ambulated with a 
lateral-sway walker, one wore below-knee 
orthoses bilaterally, and one wore a "brace-
prosthesis" on the left and a socket, pylon, 
and SACH-foot prosthesis on the right. 

Four children had bilateral amelias. One 
wore hip-disarticulation prostheses with the 
knees locked, two used lateral-sway walk¬ 
ers, and the fourth child had not been 
fitted with any prostheses. 
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One child had a very short below-knee 
stump on the right, and a knee disarticu-
lation on the left; the last child had a 
fusion of the right knee and a left knee 
contracture. Neither had been fitted with 
prostheses. 

Again referring to table 2, two children 
had bilateral upper-limb phocomelia, and 
neither had ever been fitted with arm 
prostheses. 

Of the two children with bilateral 
amelia, one wore two conventional shoul-
der-disarticulation prostheses, and the 

other had been fitted unilaterally, alternat¬ 
ing between an experimental Michigan 
feeder arm and a conventional shoulder-
disarticulation prosthesis. 

Of the four children with bilateral hemi-
melia, three wore conventional above-el¬ 
bow prostheses, and the fourth was fitted 
bilaterally with elbow-disarticulation pros-
theses. 

Three children had a combination of 
right amelia and left hemimelia. One wore 
a Michigan feeder arm on the left only, 
another wore a conventional shoulder-

Fig. 1. The CAPP cart. Power is provided by a 12-v bat tery; direction is controlled by the chin-operated 
lever. 
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disarticulation prosthesis on the amelic side 
and an above-elbow prosthesis contra-
l a t e ra l A , and the third had not been 
fitted with any prostheses. 

Three of the children were scoliotic, 
and three had skeletal problems involving 

the mouth. One child had bilateral hip 
dislocations; another had sacral agenesis, 
with associated loss of muscular mass in 
the lower extremities and bowel and 
bladder incontinence. Other abnormalit ies 
included hearing and visual deficiencies, 
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and one child had an unspecified neuro-
muscular disorder manifested by gener¬ 
alized weakness. 

Five children alternated between the use 
of wheelchairs pushed by others or walked 
with their prostheses. Two children either 
were pushed in a wheelchair or carried 
by adults. Two were able to push them¬ 
selves in regular wheelchairs, and one 
child used an electric wheelchair. One 
child used an adapted cart that had been 
constructed by his father. 

Six children lived in homes with steps 
at the outside entrance. The families of 
five of the children had ramps built to 
accommodate the CAPP cart. The sixth 
child lived in a two-story house, but used 
the cart only at school. Five children lived 
in homes with no stairs either outside or 
inside the building. 

All the children were of school age. Six 
attended special schools for the handi¬ 
capped, and four at tended regular classes 
in public schools. One child received pri
vate tutoring at home. 

PROCEDURE 

The study was conducted over a six-
month period, with evaluations performed 
at the clinics on three occasions. The re¬ 
sults were submitted to New York Univer¬ 
sity. Each clinic was responsible for the 
routine maintenance of the cart, with ma¬ 
jor repairs or adjustment that required dis¬ 
assembly of the cart being referred to 
NYU. 

The characteristics of each child, his 
physical and environmental conditions, 
and his prosthetic experience were re¬ 
corded on the Selection Forms, which 
were returned to NYU. 

A representative of the New York Uni¬ 
versity research staff was present when 
each cart was delivered and described the 
study to the child, parents, and clinic 
team. The training instructions and eval¬ 
uation forms were discussed with the 
clinic therapist, and the maintenance in¬ 
structions with the parents and the pros-
thetist. 

The child operated the cart under super¬ 
vision until the clinic members felt that 

the child could drive it independently 
with safety. At the end of the training 
period, the therapist completed the Train¬ 
ing Evaluation Form. 

The child returned to the clinic after he 
had used the cart for three months. The 
therapist, in consultation with the child's 
parents, evaluated the cart in terms of 
design, safety factors, and function, and 
recorded the information on the appro¬ 
priate form. A maintenance check was 
made, and any necessary repairs and ad¬ 
justments were also recorded. 

The child returned again to the clinic 
with the cart after six months. The clinic 
personnel recorded suggestions for im¬ 
provements in the cart, the child was ques¬ 
tioned as to his overall reactions to the cart, 
and all maintenance problems were re¬ 
corded. The child's parents and teachers 
completed forms in which they described 
their reactions to the cart in terms of sug¬ 
gestions for cart modifications. 

RESULTS 

Ten of the eleven children who par¬ 
ticipated in the study preferred the CAPP 
cart to other modes of transportation. 
Their parents were equally enthusiastic 
about the cart. The child who ultimately 
rejected the cart had a personality problem 
from the beginning; a strong mutual de¬ 
pendence between the child and her 
father was threatened by the increased 
independence offered her by the CAPP 
cart. 

The features of the cart that were most 
appreciated by both the parents and the 
children were the increased independence 
and mobility it provided. The main ob¬ 
jection voiced by the parents was the weight 
of the cart. Table 3 lists the features the 
children and parents liked best and least 
about the cart. 

O P E R A T I O N A L S K I L L S 

As seen in table 4, most of the children 
learned to control the cart with relative 
ease. The average training time was 5 1/2 
hours. The oldest child (14 years) learned 
to operate the cart in 1/2 hour, while the 
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TABLE 3. FEATURES OF C A P P CART LIKED BEST 

AND LEAST BY CHILDREN AND PARENTS 

youngest (6 years) required 14 hours of 
instruction. 

Training items were divided into ' 'start¬ 
ing and stopping," "dr iving," and "turn¬ 
ing". The children were asked to start and 
stop smoothly while driving forward and 
backward. Most of the children learned 
this with little difficulty; four learned with 
no formal training. 

The driving test consisted of moving 
forward and backward in a straight line and 
on a diagonal, crossing doorsills, and 
changing direction on command. The 
children learned to ascend and descend 
inclines of 10 degrees, to avoid obstacles, 
and to drive through a "s lalom" course. 

Finally, the children were taught to 
turn the cart on its base, using a rear wheel 
as a pivot, 90 degrees forward and back¬ 
ward. Three children required no training 
to perform these tasks, and all of the chil¬ 
dren learned to perform all activities inde¬ 
pendently. 

TABLE 4. MOST DIFFICULT MANEUVER AND 

TIME REQUIRED IN TRAINING 

Two of the younger children began 
training programs using cars with six-volt 
batteries because the speed of the cart with 
the larger battery frightened them at first. 
After training, they found the cart too 
slow, and the original twelve-volt batteries 
were reinstalled. 

Seven children considered driving 
backward the most difficult operation to 
learn. Other areas of difficulty mentioned 
by the subjects were the delicate control 
required in confined areas, and turning. 

Three children lost their balance while 
learning to operate the cart. One child 
lost his balance while turning and driving 
backwards and two, when they changed 
directions rapidly on a level surface. How¬ 
ever, none of them lost sufficient balance 
to fall from the cart during the training 
period. 

Six children damaged property while 
learning to drive the cart: scraping walls, 
door frames, or furniture. One child 
scratched the family car; another, through 
continued reckless driving, endangered 
other persons who were in his way. 

S A F E T Y 

Five children wore safety belts while 
driving the cart. 

One child fell from the cart while at 
school. She was not wearing a safety belt, 
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TABLE 5. C A P P CART USAGE 

because it restricted her movements while 
in, and transferring in and out of, the 
cart. She had swung the control arm 
away while leaving the battery connected 
to the motor, and a classmate accidently 
touched the drive control, which sent the 
cart forward and caused the child to fall 
from the cart. Although the child was not 
injured, the episode dramatized the need 
for additional safety features. 

E X T E N T O F U S E 

Table 5 shows the extent of cart usage. 
On the average school day, four children 
were in the cart at least 75% of their waking 
hours, three children utilized it between 
40 and 70% of the day, and four children 
less than 10% of the t ime. 

On weekends, two children used the 
cart more than 75% of the t ime; two chil¬ 
dren, 25 to 30%; and seven children, less 
than 25% of the day. 

In considering where the cart was used 
primarily, we found that four children 
used it both at home and at school; five, 
only in the home; and two, only at school. 
The principle reason for using the cart in 
only one location was its excessive weight, 
which made transportation difficult. Nine 
people commented on this problem. Those 
who used the cart only at home considered 
the danger of driving a cart with such sen¬ 
sitive controls too great to permit unsuper-
vised use. Two clinics stated they were 
unable to rely on school personnel to pro-

vide daily care for the cart, such as charg¬ 
ing and filling the battery and reporting 
breakdowns. 

As shown in table 6, most children were 
independent in such activities as driving 
through a 24-inch doorway, entering and 
leaving an elevator, approaching objects, 
and adjusting the seat height. The children 
with upper-extremity amelia and phoco-
melia continued to require assistance for 
activities involving reaching, such as 
pushing elevator buttons and opening and 
closing cupboards and drawers. 

The majority of the children were in¬ 
dependent in transfer activities (table 7), 

TABLE 6. PERFORMANCE OF CHILDREN (N = 11) 

TABLE 7. EASE OF TRANSFER 
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TABLE 8. ADVANTAGES AND DISADVANTAGES OF C A P P CART 

G E H A N T 

e.g., cart to bed, toilet, or chair. The most 
troublesome transfer activities involved 
the toilet; presumably, these difficulties 
arose because of the narrowness of many 
bathroom doors and the lack of removable 
armrests on the cart. 

After three months of use, most re¬ 
porters noted a general improvement in 
driving and maneuvering skills. 

ADVANTAGES AND DISADVANTAGES 

Seven clinics reported that the greatest 
functional advantage of the cart was the 
adjustable seat (table 8). Other assets 
reported were the increased maneuver¬ 
ability, easy control, the movable control 
arm that facilitated transfers, and the 
stability of the cart. The greatest dis¬ 
advantages were the lack of an "on-off" 
switch, and insufficient ground clearance. 

Six children depended less on adult help 
while in the CAPP cart; four reported no 
change in the amount of adult help re¬ 
quired; no information was available for 
the eleventh child. Nine parents reported 
that their children required less lifting; 
however, one child required more lifting. 
Before the arrival of the cart, this girl 
spent most of her t ime on the floor, where 
things had been built to accommodate 
her. Since she was unable to transfer in 
and out of the cart from the floor, she had 
to be lifted each t ime. 

One child was unable to use his prosthe¬ 
sis while in the cart, because the control 
arm was on the same side and interfered 
with its use. Most of the children felt that 
the chin control was not the optimal con¬ 
trol site, and they preferred to use their 
arm stumps. Two therapists suggested 
that, if the control arm were placed to 

the side, a child could control the cart 
more efficiently with his s tump. One 
therapist objected to the chin control be¬ 
cause she feared damage to the child's 
lower jaw while driving the cart over rough 
terrain, although there was no report that 
this occurred. It was suggested that, if 
the control arm were relocated, a child 
could maintain a more normal sitting pos¬ 
ture and turn his head for driving, and the 
control arm would not hinder activities 
at a desk. 

CART MAINTENANCE 

The twelve-volt battery required re¬ 
charging every 24 hours. The batteries 
normally were charged overnight, and 
none needed replacement during the test 
period. Filling the battery with water was 
a considerable problem for parents be¬ 
cause of the small storage space in the 
cart, which made battery-removal dif¬ 
ficult. 

Most maintenance problems concerned 
the rear wheels and switches; five carts 
required wheel replacements. The rear 
wheels attach to the gear box and receive 
the power to drive the cart. Since they do 
not swivel as the front wheels do when 
the cart turns, a torque is applied. These 
wheels, which were commercially available 
as wheelchair casters, were not designed 
for this amount of force and broke as a con¬ 
sequence of the torque overload. 

All the carts required replacement of 
the switches in the control mechanism. 
The original switches were not the model 
ordered, but, for reasons of expediency 
(low cost and commercial availability), 
they were installed in the carts. When it 
became apparent that these were unsatis¬ 
factory, they were replaced with the model 
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originally ordered, and the problems were 
eliminated. 

CONCLUSIONS 

With one exception, all the children and 
their parents were very enthusiastic about 
the CAPP cart and preferred it to other 
modes of transportation. It provided in¬ 
creased independence to ten of eleven 
children with quadrimembral deficiencies. 

Training did not present a problem, 
even for the youngest child; however, con¬ 
sideration should be given to introducing 
the very young or apprehensive child to 
the cart with a six-volt battery. Since the 
cart is very stable, most driving hazards 
arose because of recklessness or poor 
driving skills. Perhaps greater care should 
be directed toward predriving instructions, 
and the children should be given more 
opportunity to practice driving skills un¬ 
der supervision. It must be remembered, 
however, that children tend to be less 
responsible and less coordinated than 
adults, and more accidents are to be ex¬ 
pected from them. 

The CAPP cart afforded the children 
more independence in terms of mobility 
and endurance. Hemimelic children were 
able to perform many activities, such as 
opening and closing cupboards and 
drawers, as a result of the adjustable seat, 
which allowed them to approach objects 
more closely and normally. 

D E S I G N C O N S I D E R A T I O N S 

Although a number of clinics suggested 
the inclusion of a seat belt, this would tend 
to restrict a child's independence if he 
were able to transfer in and out of the cart 
without assistance, since most arm ampu¬ 
tees would be unable to manipulate the 
belt independently. Seat belts are readily 
available or easily devised, and the applica¬ 
tion of a belt might best be left to the 
discretion of the clinic or the child's 
parents. Another suggestion was the in¬ 
corporation of an "on-off" switch that 
could be controlled by the child, or a 
switch that would automatically cut the 
power when the control arm is swung to 
the side. 

Although the present velocity of the 
cart is satisfactory for forward maneuvers, 
it is clearly too fast for driving backwards 
or for delicate control. Consequently, 
consideration should be given to including 
a variable speed-control mechanism. 

Although wheelchair casters are com¬ 
mercially available and relatively inex¬ 
pensive, they are not designed to absorb 
the high torque forces that are applied to 
the rear wheels of the CAPP cart. Stronger 
drive wheels would probably have pre¬ 
vented many of the mechanical breakdowns 
that occurred. Consideration should also 
be given to including pneumatic tires, 
which provide greater traction and more 
comfort. 

Since most of the children preferred to 
control the cart with their arm stumps, con¬ 
sideration should be given to placing the 
control arm to one side, close to the shoul¬ 
der or stump. This would also avoid inter¬ 
ference with use of an upper-limb pros¬ 
thesis. A second possibility, particularly 
for the upper-limb amelic child, is to lower 
the control arm to the level of the chair 
seat, which would allow the child to con¬ 
trol the cart with his foot or leg stump 
while enabling him to sit straight and to 
turn his head freely. 

Note: As a result of the findings of the 
evaluation study, a new control box was 
developed that incorporates a variable-
speed mechanism, and an "on-off" switch 
that can be controlled by the child. All 
carts have been recalled to UCLA, where 
a detailed analysis is also being conducted 
of the effect of use on the mechanical seg¬ 
ments of the cart. The new control mech¬ 
anism and a set of stronger wheels have 
been installed, and the carts were re¬ 
turned to the children for continued use. 
Each clinic will provide any further train¬ 
ing required to operate the cart with the 
new control system. After six to eight weeks 
of additional use by the child, the clinic and 
the children will be asked to record their 
reactions to the modified cart. 

RECOMMENDATION 

On the basis of the results of the clinical 
evaluation of this item, and the design 
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modifications implemented by the devel¬ 
oper, it is recommended that the C APP cart 
be made available to all limb-deficient 
children for whom conventional methods 
of transportation are unsatisfactory. 

APPENDIX 

J. T. was an eight-year-old girl with 
bilateral upper-limb amelia and lower-
limb terminal- transverse hemimelia (A/K 
type) . Initially, the control arm on the cart 
was lowered to the seat level to allow her 
to operate it with her leg s tump . She did 
not wear lower-extremity prostheses while 
she was in the cart. 

This child learned to operate the cart 
in approximately 2 1/2 hours; driving back¬ 
wards and turning were the most difficult 
tasks for her to learn. As with the other 

amelic children, she was able to move 
about independently, but she continued to 
be totally dependent in activities involving 
the arms. 

She used the cart for the entire school 
day, but she did not use it at home be¬ 
cause her parents found that its weight 
made transporting the cart very difficult. 

Both the child and her parents found 
that the cart was too slow for her to keep 
up with the other children. The child's 
other reactions were similar to those of 
the other children; that is, she liked the 
adjustable seat and the increased indepen¬ 
dence, but disliked the lack of an "on-off" 
switch and of sufficient ground clearance. 
Her teacher reported that the cart often 
became stuck in the school yard because of 
insufficient clearance. 




