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The “Gillette” Sitting Support Orthosis

J. MARTIN CARLSON, M.5., C.O.!
ROBERT WINTER, M. I}.1

uring the past four years the

Orthotic and Prosthetic Laboratory
at Gillette Children’s Hospital has devel-
oped a Sitting Support Orthosis which
has become very important in the treat-
ment of our non-ambulatory children
with severe cerebral palsy or advanced
Duchenne Muscular Dystrophy (Fig. 1).
The Gillette Rehabilitation Therapy
Department has also been very actively
involved in the development and use of
the Sitting Support Orthosis. Their
knowledge of the problems associated
with cerebral palsy has ensured that the
orthosis not only addresses these problems
but is compatible with and complemen-
tary to the rest of the child's adaptive
equipment and his daily routine. Specitic
problems of concern are thoese of feeding,
communication, reflex patterns, abnor-
mal muscle tone, and learning potential
in addition ¢ spinal support and defor-
mity. The medical staft of our Cerebral
Palsy Service, our Spine Service, and our
Growth and Development Service has
provided the impetus, encouragement
and support for the project.

BACKGROUND

The development
Cerebral Palsy Service. Most cerebral
palsy children who do not acquire the
ability to ambulate lack the balance or

began  on our

Fig. 1. The “Gillerte” Sirting Support Orthosis
with anlerior thoracac support and head suppore.

voluntary means to have a good sitring
pusture in their first decade of life. They
sit in a kyphotic or kyphoscoliotic
posture. The pelvis is often not horizon-
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tal. In some cases, balance, voluntary
control, and sitting posture improve
rapidly enough so that the flexible spine
deformity of the first decade does not
become a rigid, progressive deformity
during the second decade. However, a
significant portion of non-arnbulatory
cerebral palsy children do progress dur-
ing the sccond decade to a serious spinal
deformity. The spine curvature may
make sitting very difficult or eventually
cven impuossible, Pelvie obliquity can ag-
gravate the symptoms of a dislocated hip.
Cardio-pulmonary function may be seri-
ously compromised. Another important
consideration is that a small but signifi-
cant portion of these patients have an
average or superior intclligence. Their
education, social interaction and self-
csteem is very important and greatly af
fected by their sitting posture and func-
tion.

Better head control, whether it comes
indirectly through stabilization of the
thorax or directly by head support, 1s ex-
tremely important. A child who is look-
ing chronically straight down or seraight
up or sideways at the world is deprived of
normal avenues of discovery, stimulation,
and social interaction.

The child with Duchenne Muscular
Dystrophy begins to devclop a spinal
deformity about the time he becomes
non-ambulatory. The deformity pro-
gresses to become a very large single
curve, that includes rotation, scoliosis,
and either kyphosis or lordosis. The spine
deformity  sometimes  affects  cardio-
pulmonary function and almost always
causes a sitting posture so poor that the
patient’s functions are scriously com-
promised long before he would lose the
funcrion becaust of other manifestations
of his discase.

Our appreach on seating in the past
has been to utilize the hospital’s carpentry
shop 1o construct wedged seats with
upholstered  lateral supports, an ap-

proach very common around the country
and that is successful to some degree.
However, it does not control adequately
the location and orientation of the pelvis.
Lack of contoured conformance to the
anatomy results in 4 concentration of the
pressures gencrated by gravity. The pad-
ded, upholstered sides of the seat ure 100
bulky to extend lateral thoracic support
sufficiently high in the subaxiliary area.
Even the best of these seats accomplished
very little in the way of real spine support.

THE GILLETTE SI'ITTING
SUPPORT ORTHOSIS

The Sitting Support Orthosis devel-
oped here at Gillette consists of 4 custom-
molded, plastic shell mounted on a base.
The plastic shell conferms to the body
contours posteriorly and laterally {rom
the knees to the upper thorax. The base
provides the proper support to the shell
and allows the unit to be removed from
the wheelchair for use in the car or other
places. A lap belt is provided to hold the
pelvis snugly back into position. The hips
are positioned in the amount of flexion
recommended by the physical or occupa-
tional therapist. Since reflex patterns in
severe cercbral palsy are frequemly af-
fected by the degree of hip flexion, we
follow the recommendation of the occu-
pational or physical therapist. These chil-
dren also very often have overactive hip
adductors. The pommel prevents exces-
sive hip adduction, and it also helps to
prevent the patient from sliding out of
the seat. In the case of muscular dystro-
phy the hips are positioned as close to 50
degrees of flexion as possible. The pom-
mel is usually not necessary and is elimi-
nated in favor of easier usage of the
urinal. Figure 2 s an example of a Sitting
Support Orthosis for a child with ad-
vanced muscular dystrophy.
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Fig. 2. Example of a Stting Support Ornihosis for a
child with advanced muscular dysirophy. Note the
thoraco abdominal support apron and the head
TSt

Various anterior components arc add-
ed as necessary. A lordotic muscular
dystrophy patient will nced a large ab-
dominothoracic apron to pull him up-
right. For the kyphotic patient, a fabric
halter or rigid, custom-contoured, sub-
clavicular support may be nccessary,
depending on the force required to ob-
tain an acceptable posture.

When a significant scoliosis  exists,
aprons are designed to pull one side or
the other, 'T'o accomplish this without un-

Fig. 3. This child’s orthosis includes a fabric panel
which provides rhovaco-abdominal suppore wa the
convex aspect of bis spine eurvarure,

duly constraining the thorax, we have
borrowed the anterior upright feature
from the designers of the Milwaukee Or-
thosts. In the case of a convex left curve,
for mnstance, a cloth thoracic panel is an-
chored to the inside posterior of the shell
a few centimeters to the left of center.
The panel extends around the left side of
the trunk (at the appropriate level) and
attaches to a central anterior upright
(Fig. 3). Usually, a well-padded axillary
sling is attached in a similar manner on
the right. The anterior upright is sup-
ported by means of a hinged outrigger
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Fig. 1. The patient is placed on a padded "A7 frame in a well aligned, face-down position,

extending from the right side of the shell.
To remove the patient from orthosis, the
panel is loosened from the anterior
upright, and the upright and outrigger
are swung out of the way to the right. On
rare occasions, we have installed lumbuar
pads for additional spinal column sup-
I}()I't.

Stabilizing the thorax obviously aids
the patient’s voluntary head control, but
somctimes additionual head support is
necessary, In some cases, head control 15
used continuously to prevent certain head
positions and the reflex patterns which
are triggered by those positions. In other
cases, it is appropriate to make the head
support removable so that it may be used

part-time only or for feeding. This is
another uspect of the design which re-
quires consultation with an cxperienced
therapist who has had a chance to
become acquainted with the child.

The exact angle of recline s not de-
cided until fitung the orthosis to the
child. We try 1o bring the child as nearly
as practical to a vertical sitting position.

"I'be thin plastic shell design permits us
to extend our lateral thoracie support
right up to the axilla without impinging
uncomfortably on the medical aspeet of
the arm. This support eliminates most of
the coliapsing action of gravity.

When the child wishes to roll around
and play on the floor, supporting hard-
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ware is automatically left behind in the
chair. He is free to roll or scoot around
unencumbered. When the child is hori-
zontal, gravity is not operating to collapse
the spinc.

FABRICATION

Fabrication ol this Sitting Support Or-
thosis begins with an accurate impression
of the child in the sitting posture desired.
The patient is positioned face down on a
padded “A" frame (Fig. 4) wich hips and
knees held flexed. The amount of hip
flexion is usually 90 to 100 degrees. Bony
areas such as the trochanters, ischial
tuberosities and coccyx are covered with
masking tape and outlined with lipstick

on the tape. Gravity and gentle but firm
hands work together to position the child
in the most optimum position attainable.
We try to put the cerebral palsy patient,
for instance, in a relaxed position of
reduced thoracic kyphosis, reduced scoli-
osis, and as much lumbar extension as
possible. His hips are held in enough flex-
ion to break up his spastic extension
reflex pattern and in a few degrees of ab-
duction. His shoulders are abducted 90
degrees. In this position, a sealed PVC
bag one-third full of polystyrene foam
beads 1s lowered onto the child and
tucked around him and between his legs
(Fig. 5). The air is exhausted from the
bag, and the mass of beads become solid
(Fig. 6). The bag is pulled off the child,
turned over and the impression ex-

Fig. 5. A PVC bag, one-third full of polystyrene foam beads, is lowered onto the posterior surtace of the
child and packed around him.
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Fig. 6. Exhaustion of air solidifies the bag ol beads.

amined. If the impression is satisfactory,
the lipstick marks are reinforced with in-
delibte pencil, and the impression is filled
with plaster to create the positive model.
If it is mot satisfactory, air is leaked back
into the bag, and the process is repeated.
Measurements are taken of the wheel-
chair so a properly fitting base will be ap-
plied to the seat insert. Other measure-
ments are taken so that rough trim lines
may be established at the hamstring ten-
dons and the axilla. Lateral-lateral
diameter measurements are taken ac the
distal thigh, trochanters, waist and axiila
for reference during cast modification.
During cast modification, the usual
surface defects are remedied, all dia-

meters are brought to measurement, and
positton madequacies during the impres-
sion stage are now corrected. Plaster is
added to create reliefs at the trochanters,
tschial tuberosities and coccyx, as
needed.

Cotton stockinet is drawn over the
finished modcel, and it is covered (drape
and vacuum assist method) with hot 0.5
cm. polypropylene. Rough trim lines are
established, and a cast saw 15 used to cut
the shell from the model.

A rough, oversized cut-out is made in
an “Fthafoam” block, and the shell is
foam mounted in the block, using a two-
part 1socyanate foam. The posterior in-
cline of the back of the shell 1s usually less
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Tig. 7. Child with severe cercbral palsy assuming a

typical  unsupporied, sitting

position,

kypho-scoliotic

than 10 degrees.

When fabrication has reached this
stage, the child is brought in for fitting.
With the child positioned in the rough
shell, final trim lines can be established
and optimum attachment points deter-
mined for lap belt, apron, head support,
etc. The X-rays are very helpful in deter-
mining the best location for supporting
panels on scoliotic patients,

RESULTS

As of March 1, 1978, we have fitted
156 Sitting Support Orthoses. Of this

Fig. #. Child shown in Figure 7, now in the Siding
Support Orthoss.

total, 133 were for children or adults with
cerebral palsy, and 23 were for children
with advanced Duchenne Muscular Dys-
trophy.

‘The Siwing Support Orthosis has been
very successful in several ways. The
system has proven capable of providing
the stabilizing support necessary for a
near-normal sitting posture {Figs. 7 & 8).
ITead control or position is nearly always
improved, sometimes dramatically,

The orthosis usually improves the
child’s comfort and position to the point
that the intensity of reflex patterns and
abnormal muscle tone arc reduced. Sta-
bility provided by the Sitting Support Or-
thosis frees up the child’s hands in some
cases where they would otherwise be used
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for support. This also means the child
docs not have to try to pay attentton to so
many things and can better concentrate
on such things as head control, communi-
cating, or learning in the classroom. The
orthosis has also greatly improved or
simplified the sometimes very difficuit
task of feeding these children.

Quantifying the effect of the “Gillette”
Sitting Support Orthosis on the long term
development of spine deformity is obvi-
ously very difficult and not yet possible.
We are currently only reporting examples
of immediate improvement in sitting
posture and spine alignment. Figure 9 is
the A-P X-ray of the spine of a child with
cerebral palsy. Figure 10 shows spine
alignment for the same child in the Sit-
ting Support Orthosis.

Figure 1] is the lateral X-ray of a child

with advanced Duchenne Muscular Dys-
trophy. The belly-on-thigh posture illus-
trated in this X-ray is very unfunctional
and uncosmetic. Figure 12 is the lateral
X-ray of the patient in his Sitting Support
Orthosis. Figure 13 is a photograph of the
patient in his orthosis. The muscular
dystrophy patients are very pleased that
the orthosis helps them regain a more
normal sitting stature and report easier
breathing due to less crowding of the ab-
dominal cavity, The upper thorax and
shoulders are free enough to aid in clbow
control, hand placement, and hecad
placement.

DISCUSSION

The Sitting Support Orthosis must fit
quite closely to be effective. The child

Fig. 9. The A-1* X-ray ol a child with severe
cerchral palsy.

Fig. 10, The A-P Xaay ol the child shown in
Figure % aned his Sicting Support Orchosis.
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Fig. 11. Laceral X-ray of a patient with advanced
Duchenne Muscubar Dystrophy. Even this poor
belly-on-thigh posture required the two-handed
support of his mother anteriorly,

will not fit in his orcthosis when bundled
up in heavy winter clothing. Sometimes it
is advisable for the child to be in his or-
thosis during school bus rides, and the
temperatare may be quite low. The or-
thosis can be accommodated under a
winter coat by using a larger size or mak-
ing simple adaptations. The orthosis is
outgrown usually between eleven and
twenty-five months after fitting.

The involvement and cooperation of
the entire health team creates an overall
equipment systemn which works because
the various components are compatible,

Fig. 12, Lateral X-ray of patient shown in Fig. 11
in his Steding Support Orchosis,

and the important problems in the child’s
life are recognized and dealt with. Figure
14 is a photograph of a child with cere-
bral palsy and his Sitting Support Or-
thosis, wheel chair, and lap board with
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Fig. 13. Patient with advanced Duchenne Muscular Dystrophy in his Siwing
Suppert Orthasis.
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Fig. 14, Child in his wheelchair with Sitting Support Orthosts, Lap board, and communication sysiem.

in-laid communication figures.

Cur most enthusiastic response and en-
couragement and many valuable design
suggestions have come from the parents,
teachers, therapists, nurses and other
people wha teach or care for the child in
the coramunity. These people who live or
work with the child on a daily basis know
better than anyone the current cffect of
treatment on the total child.
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