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Introduction

This paper will reflect the cxperience, per-
spective, and design rationale of one institution
tather than attempt to give a comprchensive
survey of the full spectrum of experience and
designs.

Scveral examples are given and references
made to Duchenne muscular dystrophy
(D.M.D.). The D.M.D. ¢xamples are uscd
when they are particularly good illustrations of
a general principle which helps complete our
understanding of seating for children with cere-
bral palsy. For more information on our experi-
ence and rationale relative to seating boys with
Duchenne Muscular Dystrophy, refer to the ret-
crence section.?

The study of seating has many facets (cos-
metic, functional, economic, ct¢.) and many
professional perspectives (engincer, therapist,
orthotist, physician, manufacturer, etc.}. Engi-
neers tend to relate to biomechanics and the
economics of standard destgn. Therapists are
concerned with function, development, inhibi-
tion of spasticity, etc. Each medical specialist
has a different predominant focus. In different
settings, it is inevitable that availability of pro-
fessionals, availability of funds, age and se-
verity of client population culture, etc., vary,
and these factors will direct the scating pro-
gram. Another important factor is that ortho-
tists have not traditionally been trained in the
provision of special seating, most are not active
in special scating, and in most communities,
there ts a shortage of orthotists. These realities
are a major rcason why pre-manufactured, easy
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to assemble, and adjustable designs have pre-
dominated in many regions. The potential for
commercial success and profit for the manufac-
turer, the ability to provide a system without
the involvement of orthotic professionals (who
are scarce and often inexpericnced in seating),
and the nced to minimize costs, all seem to be
best served by the wide distribution of pre-
manufactured designs. In many communitics,
that is the best option available at this time.
Howcver, there are communitics and seftings
wherein the circumstances make it possible to
have the advantages of custom fabricated de-
signs.

To help you put this paper into perspective,
we need to provide some information on the
history of our seating program. The Orthotic/
Prosthetic Laboratory at Gillette Children’s
Hospital became involved with scating in 1974,
Our seating program developed out of almost
ideal circumstances. Orthotic services were
strong and there was a close working relation-
ship between our orthotists, therapists, and
medical specialists. Weekly clinics brought a
steady stream of clients through our outpatient
clinic where the team members worked to-
gether to solve both general and individual
problems. Also extremely important was our
strong tradition and mechanisms for follow-up,
which provided us with excellent feedback.
Qur carly entry into scating, and the growth of
the program, quickly gave us a significant
volume so that specialists could be assigned
and efficient procedures developed.

Another factor bearing positively on our pro-
gram is Gilletie’s extensive expericnce in spinal



orthopedics. Spinal support to resist the devel-
opment ol spine deformitics is therefore an
ever-present consideration.

Although we have some cxperience with
people of middle and advanced age, our experi-
cnce at Gillette Children’s Hospital is primarily
with people from birth into young adulthood.
This younger age group will be the focus of this
paper. Qur ctient population with cercbral palsy
includes the Tull spectrum of scverity, but the
very severe cases far out number the less se-
vere.

1t s mportant that we all endeavor to recog-
nize and respect Lthe various aspects, perspec-
tives, and variable circumstances mentioned
carlicr. Two very different scaling programs
may offer equally excellent care, but both can
be even better il they ““compare notes.” Fhis
paper is 4 compilation ol our “notes.”™

Fundamental Goals

The scating systems we provide must beneflit
the impaired person, those who carc for that
person. and society. Balanced against that,
every piece ol equipment inherently carries
costs and disadvantages. Our systems cannot be
all things to all people, but we will most nearly
approach the ideal by keeping our sights aimed
directly at the (undamental benefits and goals,
while we endeaver to minimize the negatives.

What are the fundamental goals? The main
calegones are outlined helow.

1) Function

2) Orthopedic/Neurologie
3) Cosmesis

4) Salety

5) Economy

Function is primary. It alTeets a range of ac-
tivities and benefits which can be best ex-
plained by examples: recreation for the child
and family; muaking 11 easier for a carc worker
to [eed a younpster; improving the child’s field
ol vision; increasing his comlort; increasing the
level of independence, ete. A functional scaling
systemn improves the child’s development, de-
creases the amount ol work required Lo take
care of the child. and promotes a more cnjoy-
able existence for the entire family.

From an orthopedic/neurologic standpoint,
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Figure 1. A typical example of sitting alignment
conlrol in a young person with severe cerebral
palsy provided with only minimal propping aid
{wide spaced arm rests). He is much more able to
controt his head and ncek position than his pelvis.
{Also see Figure 5, an example of an x-ray taken
under the same condilions.)

the ideal would be to prevent the progression of
hip and spine deformities, and maintain body
positions which reduce spastic rellex patterns.
The expected benefits are better voluntary con-
trol, less severe deformity, less surgery, and a
corresponding decrease in the work and cost of
duily care. The advantages are perhaps most
apparent to those of us who have visited stale
hospitals and bave scen severely involved adult
patients who were maintained only in recum-
hent positions during their carlier years. Posi-
tioning options for these adulls are so severely
limited that constant and expensive care 1s re-
quired to prevent uleers and maceration. Also,
hospitalization for those problems and pneu-
monia tend to be more frequent.

Cosmetically the ideal is a well camou-
flaged, hidden. or attractive scaling system
which helps the youngster sit upright with the
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Figure 3. Proposed nomenclalure to describe scated pelvic mis-
alignment in the fronlal plane.

Figure 2. Sagittal view of “‘stan-
dard’’ sitting posture. In most cases,
seats should be designed to hiome-
chanjcally urge the sitting posture to-
ward this configuration, with varia- -
tions as necessary to inhibit spastic
reflex patterns.
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Figurc 4. Propused nomenclature to describe scated pelvic mis-
alignment in the sagittal ptane.

head in a position to sec and be seen. The aes-
thetic and emotional benefits of a cosmetically
appealing seating system accrue to the child
and everyone in his environment.

Federal laws passed in the U.S. in the early
and mid 1970°s mandated that children he
transported from their living cnvironments to
educational settings. Safe transportation neces-
sitates secure seating. Ultimately, socicty ben-
efits, both tangibly and intangibly.

Comparing the costs of various seating ap-
proaches is difficult because of the many cosls
which should be taken into account and the
complexity of the various alternatives. We
must Lake into account the cosl of the seal. the
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cost of wheeled bases, repairs, frequency of re-
placement, and the cost of therapist involve-
ment. The most important cconomic factor is
the impact of a particular seating decision or
system on the long range cost of daily care and
health carc. l.ong range costs most be consid-
cred, but they are very hard to estimate.

Biomechanics of Seating

The unimpaired human trunk-neck-head
complex receeives ity stability partly from the
spinal column acting as a controlled stack of
compression clements and partly from a multi-
tude of muscics acting in several different



Figure 5. This is an x-ray illustrating the typical
tilt of the pelvis in the dircction of the convexily of
the major seolivsis curve,

ways. The paraspinal muscles have a direel ac-
tion on the configuration of the spine through
extension, lateral flexion, and retation. The ab-
dominal {and to some ¢xtenl, costal) muscles,
i addition to being direct skeletal motors, af-
fect the spinc’s stability and configuration indi-
rectly, but impaortantly, through their aclion on
the viscera. Muscle action to constrict and con-
trol the circumference of the abdomen and
thorax allow compressive body weight loads to
be taken partly down through the fluid filled
abdomino-thoracic cylinder rather than all
acting dowsn through the spinal column. This
adds significantly to the stability of the torso.
We must note that recent research by Na-
chemson, et al ® (indicaling that the Valsalva
mancuver fails to lower pressure in the inter-
vertebral disks) challenges this classical expla-
nation of Morris,® bul docs not propose a new
analysis of abdominal muscle function in trunk
stabilization. Swedish data suggests that we
don’t fully understand what (he Valsaiva ma-
neuver consists of and how it lunctions biome-
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chanically. {The Valsalva mancuver s & gen-
eral tensing of abdominal muscles.)

The normal activity of sitting consists of a
series of frequently changed postures. Each ol
thase postures would be pon-functional, un-
comfortable, and even injurious if it were the
only posture available to us and maintained for
hours. It is the frequent voluntary change
which makes those postures collectively sade,
acceptable and 1olerably comfortable for niore
than ten minutes. 1t is quite an undertaking Lo
design a seating system in which our clicat can
salely and comfortably sit, with Jittle or no
change, for a matter of hours. In the case of a
person with cerebral palsy, the abnormally high
muscle lone about the pelvis and thighs is the
mujor reasen this an be accomplished.

it is tmportant to note that when a child has
some imited postural alignment capubility. that
capability s greatest al the head and neck.
There is less ability to control the pelvis (Figure
1}, (This capability rellects the early develop-
mental stages of an infanl, but when we see it
in the older child, it represents delayed or ar-
rested development. } Arm-propping is (ypically
uscd to stabilize the upper thorux for effective
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Figure 6. When ahdominal and lower costal
muscles are flaceid, a simple corset, providing
snug circumferential constraint helps lo create a
hydraulic load bearing column. This reduces the
collapsing load on the spinal colomn.
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Figure 7. The unconstrained-pelvic condition il-
lustrated on the lower left is similar to the pin
jointed base end-condition represented above it.
The constrained-pelvis condition illustrated on
the kower right can be compared to a built-in base
end-cendition. The column with the built-in end is

approximately twice as stable as the column with
the pin jointed end.

neck and head control. This illustrates two
scating principles. The first is thal the postural
control and use of the superior body elements is
dependent on the stability of body elements in-
ferior to them. Second, the seal should bring
the stability from the pelvis upward to meet the
descending/decreasing voluntary stability of the
clienl. Ternminating stability too low will fail to
maximize the child’s function, Carrying sta-

John Lonstein, M.D.; Karen ). Beck, R.IT .

180

David . Wilkie, B.F.A.

bility too high will deprive the client of his (ull
voluntary movement capability.

Since “‘normal’’ sitting postures are so vari-
able and changeable, we cannot relate sup-
ported sitling postures to a specific normal pos-
ture. We must reason and choose a sitling pos-
tur¢ which has the most advantages, and
propase it as 4 ““standard.™

We choose the “sitting at attention™” sagittal
configuration (Figure 2}, because il represents a
mid-range spine configuration, it allows signit-
icant weight bearing on the proximal thighs as
well as the bottom of the pelvis, it is 4 cosmetic
posture (chest and head upright, lacing out-
ward), and it is a functional posture (head in a
position to observe und thorax and shoulders
forming a secure base lor the neck and arms to
move). In the sagittal plane, the sacrum is Lilted
anteriorly a moderate amount. There is mod-
erate lumbar lordosis, thoracic kyphosis, and
cervical Jordosis. We would further propose
that the **standard’’ posture consists of a pelvis
level and the spine straight in the frontal plane.
When the left side of the pelvis 1s elevated, the
pelvis is said to be “‘tilted rightward,” and
when the right side is clevated, itis “tilted left-
ward”” (Figure 3). Likewise, in the sagittal
view, the pelvis is “flilted posteriorly™ or
“tilted anteriorly™” depending on which diree-
tion the upper parts of the pelvis are oriented
relative 10 *‘standard™” (Figure 4). In the trans-
verse plane, if the right side of the pelvis is ro-
tated forward relative to the shoulders, we
would say the pelvis is ““torqued leftward. ™
We do not present this nomenclature as the
mast correct, but offer it for use in the absence
of standard nomenclature.

Cerebral palsy is a discase that expresses it-
self in a wide variety of static and dynamic pat-
terns, and we cannot go into the mechanics of
all thase variations. We will limit ourselves to a
discussion ol what, in our cxperience, is the
most comman combination.

Fortunately, even some ol the children with
severe cerebral palsy do not have a significant
deformity or collapse in the frontal plane. This
s not to say. however, that scoliosis is rare in
this group. Scoliosis is quile common, and we
sce very severe cases. When we examine a
child with scoliosis, we should cvaluate
whether or not the scoliotic collapse 18 aggra-
vated by asymmelric trunk muscle spasticity.
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Figure 8. Photos of x-rays
taken before (left) and just
after (right) the child’s
pelvis was leveled in the sil-
ting support orthosis illus-
trate the stabilizing benelif
of pelvic control,

Figure Y. Left and cenler x-rays show the deterioration which occurred during a time period when the
pelvic leveling procedure was not used. The x-ruy on the right shows the immediale effect of leveling (1o
the extent then possible) and controlling the pelvis,
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Figure 10a. 5.'1.. a 12 year old boy with Du-
chenne muscular dystrophy, seated as he was
presented 1o us,

We can expect to be much more effective at
controlling a scoliosis deformity when asym-
mctric trunk muscle spasticity appears nof to be
a signilicant factor.

One of the usual characteristics of scoliosis
i neuro-muscularly impaired sitters s lateral
tilting of the pelvis 1o the direction ol the con-
vexity of the major scoliosis curve (Figure 5).
This is not surprising when we consider that
pelvic orientation is usually not under voluntary
control. This characteristic will become more
interesting later as we discuss the various
nicthods for generating spine stability.

There are several distinet biomechanical
schemes for providing spine stability to resist
scoliosis. These schemes do not, of course,
operate cxclusively in the frontal plane. Also.
the employment of one scheme does not pre-
clude the simultancous employment of one or
more other schemes. The tirst and most ta-
muliar of these 15 ““three-point-Torce.”” We need
not explain the principles of this scheme since
they are so well known. However, it 1s appro-
priate 10 note that three-point-foree schemes are
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Figore LOL. 5.°T. in the sitting support system we
provided.

much less cffective at stabilizing & multi-joint,
muiti-axis system such as the spinal column,
than stabilizing a single-joint system such as
the ¢lbow or knee. The application of the three-
point scheme in a spinal support system, which
includes a scat, has some advantage over a tra-
ditional spinal orthosis in that the most infertor
force can be located at greater distance from the
more superor lorees to give a longer moment
arm. Howgcver, the more the client funclionally
maves i his seated position, the less the seat is
able to apply three-point support, because it
doesn’t move with the chienl. Furthermore, a
spinal orthosis can be worn 23 hours per day. il
necessary. These latter considerations make the
spinal orthosis a stronger orthotic treatment of
progressive spine deformity.

"The second scheme we will discuss has 1o do
with the Valsalva manguver, given earlier, in
which the abdominal and costal muscles fune-
tion 1o relieve the spinal column of compres-
sion and bending loads. No malter what exuactly
happens during the Valsalva maneuver, the
Morris explanation is a valid biomechanical
analysis of how a soug corsel contributes to



Figure 10c. Spine x-ray of 5.1, sitling unsup-
ported as presented, showing a scoliosis of 65°
and a lateral pelvic tilt of 30°.

trunk/spine stubility in (he presence ol (laceid
paralysis of abdominal and costal muscles. Ln-
gincering analysis and empirical evidence indi-
cate that when we passively apply circumleren-
tiul abdominal constraint (ic. a snug corset), a
hydraulic load bearing column is created and
we reduce the magnitude of tlexible collapse
(Figure 6). In our cxperience, the corsel s
seldom used for children with cercbral palsy,
but is virtually always useful for childreo with
muscular dystrophy.

The third scheme for enhancing spine sta-
bility derives from the fact that the sacro-pelvic
complex forms the foundation on which the
flexible spimal column rests. Voluntary pelvic
control is an important component of spine sta-
bility in the unimpaired trunk. 1f, by a con-
forming design about the pelvis and a proper
donning procedure, we can increase the foun-
dation (bottom cnd) constraint conditions,

much is added 1o spinal stability. The pair of

diagrams on the left side of Figure 7 tustrates
the similarity hetween the spinal column in the
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Figure 10d. Spine x-ray of 8.T. sit-
ling in the support system we pro-
vided. The scoliosis is reduced to 35°
arm the lateral pelvic tilt to 14°,

case ol an uncontrolled pelvis and the slender
column pin jointed {{ree to tilt) at its lower end.
The two diagrams on the right in Figure 7 illus-
trale the similarity between the controtled
pelvic case and the built-in base end condition.
Elastic column buckling equations for the two
beams indicate that the built-in beam will with-
stund almost twice as much load as the other
before buckling.* To achicve this end condition
stability, we need a well made seat, as well as a
procedure w level the pelvis each time the child
is scated.

To fully appreciate the strength of this
scheme in practice, compare the two x-rays in
Figure 8. Figure 8a is the x-ray taken just be-
fore the pelvie leveling procedure was per-
formed and Figure 8b is the x-ray taken a few
minutes laler, after the pelvic leveling proce-
dure was performed. The Cobb angle is re-
duced from 36 degrees 1o 20 degrees by this
guick procedurc, which s normally performed
as a routine part of positioning lhe child in the
sitting support orthosis, These x-rays arc of a
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Figure 1la. 'This x-ray ol J.S5., a 14 year old girl
with cercbral palsy, presented with a pelvic right-
ward tilt of 3% and a convex-right thoraco-lumhar
scoliosis of 38°. Her shonlders were tilted 13° de-
grees toward the lefl. Her clinical appearance
verified the features noted on the x-ray. She occu-
pied her right arm almost constantly as a lateral
prop.

boy wilh Duchenne muscular dystrophy; he
wils not wearing a corsel.

A second example is given n Figure 9. The
left and center x-rays show the progression
which occurred in the cight months following
fitting. During this period. the parents did not
use the pelvic leveling procedure. The x-ray on
the right was taken a short time afler the center
x-ray, with the only difference being the pelvic
leveling procedure was performed before the
last {ilm. Note: once a spine deformity has be-
come partially structural, the pelvis can be lev-
cled only to the degree that the deformity is still
tlexible.

In summary, maintaining a level pelvis
makes 1t easicr W control the spine. Pelvic con-
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Figure 11b. I.5. was provided with a sitting sup-
port system consisting of soft corset worn under
her clothing and a somewhat abbreviated §.5.0.
Her system was almost identical to that provided
to S.T. (see Figure 10b). This x-ray shows a pelvic
tilt reduced to 2°, the scoliosis curve reduced to
22°, and her shoulders level. She liked the system
hecause her hands were Iree and she found
breathing easier.

irol and oricntation in the frontal plane also re-
lates strongly to the unilormity of pressures in
welpht bearing arcas and minimizing the pro-
gressive deterioration ol sitting comlort.

Let us now look at two examples where these
stubilizing schemes bave been simullancously
applied. Figure 10a is a photo of a 12 year old
boy with muscular dystrophy, sitting as he was
presented (o us. Figure 10b shows the sitting
support system properly applicd. The corsct is
entirely independent; it is not altached to the
scat. Figures 10c and 10d compare his A-P
spine X-rays with and without the orthotic
system. The lateral tile of his pelvis is reduced
from 30° to 14°. The Cobb angle of his sco-
liosis wus reduced Irom 657 to 357, Curve con-



Figore 12. Example of a Sitting Support Orthosi
designed to accommuodate a right hip extension
contraciure.

Vigare 13. A diagram of a sitting posture caused
by overactive hip extensors and inadequate tho-
racic extensors.
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trol of this magnitude 1s not vnusual as long as
the deformity 1s still flexible. Figure 1la is the
x-ray of LS., a 14 year old girl with cerebral
palsy. She presented a right thoraco-lumbar
scoliosis of 38" and a rightward pelvic tilt of
cight degrees. Her shoulders were tilted 137 10
the lefl partly because she used her right arm
for propping to avoid falling 1o the right. We
provided her with a soft corsel and the Gilletie
Sitting Supporl Orthosis. The Sitting Support
Orthosis was o provide pelvie control and bi-
lateral *“propping”” support. It had no head rest
or anterior support. The x-ray taken just after
fitting shows pelvie Glt reduced to two degrees
(Figurc [1b), the Cobb angle of the scoliosis
reduced to 227, and shoulders leveled. Both
hands were free to function. and she said she
could breathe decper.

Figure 14. A diagram showing the thigh, pelvic,
and lumbar forces cssential to flex the hips, re-
duce pelvic posterior tilt, and restore lumbar lor-
dosis. It also shows a fourth force, al the upper
thorax, sometimes necessary to aid thoracic ex-
tension.
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Figure 15, This diagram illustrates the skeletal
alignment which actually occurs when someone
with over-active hamstrings sits on a horizontal,
lightly padded seat.

L

Figure 16. A depression under the pelvis is neces-
sary to maintain horizontal thighs.
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Figures 172 and 17b. These diagrams illnstrate hoth the pelvic depression and the incline frequently
peeded in, (a) an uphaolstered seat and, (b) a contoured seat,

In cerebral palsy. we occasionally see a case
of lateral pelvic tilt and scoliotic posture see-
ondary to a unilateral hip cxtension contracture.
A right hip extension contraclure, il not accom-
modated, will cause the right side of the pelvis
to be elevated. The pelvis will be tilted lettward
and a compensatory convex lelt scoliosis will
be produced. When we see this problem, it is
usuaily an older chiid or adule. Figure (2 is an
example of a rather extreme case ol how the
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deformity was accommodated to minimize
pelvic and spinal malalignment and stress.

In the sagittal view, we commonly sec a pos-
ture dominated by the powerful. very aclive
hamstring muscle group. The gluteals are often
helping to resist adequate hip Mexion for an
ideal sitting alignment. To a greater or lesser
degree, the pelvis is maiotained 10 a postenior
tilt position with weight bearing shifted posteri-
orly toward the sacrum. This pelvic alignmen?



Figure 18. A diagram of the contoured plastic
shell Silting Support Orthosis (8.5.0.)

tends to reduce lumbar lordosis and convert it
to a kyphosis (Figure 13). The loss of lumbar
lordosis makes it more difficult for the thoracic
extensors 1o maintain a vertical upper thorax.
This explains why a {lexible spine, maintained
with a pelvic belt und lumbar bolster to restore
lumbar lordosis, often produces better active
alignment of the upper thorax and head. (We
would caution you that different solutions are
necessary for people with npid hyperkyphosis.)

The three torces needed to maintain the posi-
tion ¢f the pelvis and lumbar spine are the thigh
support, lap belt constraint, and lumbar support
{Figure 14). Attention must be given to prop-
erly provide all three. The seat bottoms must be
configured specitfically to provide optimum
thigh support. A flat horizontal scat botlom will
never maintain hip flexion against active exten-
sion (Figure 15). The anatemy itsel culls Tor a
depression under the pelvis to bring the femurs
to a horizontal position (Figure 16). More im-
portantly, the hip flexion required to *hreak
through’ the cxtensor spasticity varies from
child to child, but we usually find that some
degree of scat bottom incline (pelvis to knees)
is necded for the more severely involved chil-
dren (Figures 17a and 17B).

187

Scating for Children and Youny Aduls with Cerebral Pulsy

Figure 1Y, Anterior view ol the child in his 5.5.0.
This photo illustrates how the thin polypropylene
shell can achicve high bilateral thoracie support
without interfering with arm puosition,

The pelvic belt foree is perhaps the most erii-
ical. The pelvic belt must be perfectly an-
chored: close w the body posteroluterally for
good “*wrap around”” and at the correct level to
achicve a good downward force component
(Figures 18 and 19). The most common mis-
take 1s 1o anchor the lap belt too high, We have
never seen one anchored too low. (We must re-
member that none of the hip/lumbar support
forces function properly in service unless the
carctakers know why and how o put the pelvis
i posttion and snug up the pelvic belt. Without
cducation and training of the users. our designs
arc worthless, We must train and retrain on
every retum visil.)

A fourth support loree 1s sometimes needed
in the area of the upper thorax or shoulders to
maintain adequate thoracic extension. This is
accomplished with a vest or shoulder straps
which must be adjustable Tor grading the
amount of support to {it the need, which may
vary through the daily routing of activities.

Scating misalignment and deformity
problems in the transverse plane are not un-
common among the severely involved cerebral
palsy population. The problem consists of the
pelvis being torqued right or left by deformities
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Figure 20a. Top view of a Sitting Support
Orthosis for B.K., who, with a diagnosis of cere-
bral palsy, has a **windblown hips’ deformily.

of onc or both hips. A severe adduction con-
tracture of the right hip will, for instance, cause
a scated misalignment which includes leftward
direction ol the thighs (with respect to the
pelvisy, a rghtwardly torqued pelvis, and an
apparently (not actually) short right femwur. This
misalignment has been well diagrammed in an
article by Mercer Rang, et al.” A severe abduc-
tion contracture of the left hip will cause a sim-
tlar misalignment. These deformities are olten
referred to as “wind blown hips.”” We can sce
that when such a condition exists, forcing the
thighs (o be aligned straight forward will obli-
gatc the client to sit facing to one side. or the
spine will be continuously twisted. 1ln most
cases, the dircetion of the thighs may be altered
enough to avoid much of the spinal twist.
Figure 20a 1s a photo of a top view of a Sitting
Support Orthosis we provided for such a client.
Figure 20b is the same view ol the client o the
orthosis.

It is of utmost importance, as we treat these
clients, that we keep function and quality of life
issues uppermost in our mind. Biomechanics
and deformity prevention ideals often must be
compromised to avoid unduc impingement on
any aspect of the child’s development or func-
tion.
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Figure 20b. Top view of B.K. sitting in the
orthosis. Direction of the thigh section is designed
to minimize the rightward torque of the pelvis
and the corresponding spinal twist.

Client Evaluation

Seating evaluations at Gillette alwuys -
clude an orthotist, a therapist, and a physician
n addition to the client, parents or caretakers,
and, 1t available, a communily therapist, The
physical evaluation includes an asscssment of
orthopedic deformitics, spastic reflex patierns,
voluntary sitting capability, and other lurc-
ttonal abilities. To assess sitting ability, (wo
pcople manually control the child’s thighs,
pelvis and lower trunk . If, with this amount of
stabilizing assistance, the child <!l cannol
manage an upright sitting posture, we would
grade voluntary sitting capability al non-cxis-
tent to poor. Il the child can, with thai assis-
tance, struggle to an upright sitting posture and
maintain it for fitftcen scconds, we would grade
voluntary sitling capability at poor to fair.
Better performance would be graded accord-
ingly as better than tair.

A thorough interview of puarents and others
with the child s immensely valuable, We want
to find out about the child’s daily rouline, mode
ol family transportation, what they tecl are pos-
itive and negative featurcs about their present
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Figure 21, The current design for the Upholstered Sitting Support Orthosis combines an ABS frame and

removable, firm upholstered components.

y

Figure 22. This photo shows the hilateral pelvic
growth pads which cun be removed later to ac-
commodate an increased pelvie width,

equipment and routine, and the child’s usual
status compared to what we arc ohserving. We
also seek all concerns and 1deas they may have
for optimum seating. ‘The interview should
gradually become more of an educational ses-
sion and finally a discussion of options. The
child and parcnts or caretakers should, as much
as possible, fecl they were heard, were edu-
cated, and bave participated in the decisions
made on the seat, mobility basc, accessories,
etc.

Seating Design

We currently solve the majority of the
seating problems we encounter with variations
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across chest

Figure 23. This diagram shows both right and
wrong ways to render a vest snpport. Inciden-
tally, Figure 29 is an example of a vest too snug
across the mid-thorax.
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Figurc 24. This is an example of an 8.5.0, design
wiilizing the shoulder sirap type anlerior support.
This 5.8.0. also has a removeable pommel for
casicr enlry and exit. [t also has modifications to
the base {or recessing into the wheelchair.

on two basic designs. Both are custom made.

Although there have been many very signifi-
cant design changes along the way, the Gilletie
style Sitting Support Orthosis (5.5.0.) has
continued, rom 1974 to the present, as a por-
table system utilizing a custom moelded un-
padded plastic shell mounted in a plastic foam
base (ligures 18 and 24). We have provided
approximately 110G of these Sitting Support
Orthoses. Our present rate of §.5.0. produc-
tion is about 140 per year.

In the carly vears, we also constructed
upholstery und plywood seats. In 1983, we
converted that rectangular design 1o one that
uscd upholstered removeable components al-
tuched to the inside surfaces ol o plastic seal
frame as shown in Figure 21, (We first saw a
design similar to Figure 21 at the Royal Ottawa
Rehabifitation Center. [n addition to our own
changes, the present design incorporates fea-
tures also learned trom the Rehabilitation Engi-
neering Center at Children’s 1lospital at Stan-
tord.) To distinguish this design from the con-
toured plasiic shell ype $.5.0., we call it an
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Figure 25, This diagram illustrates the difficulty
in safely supporting spinul deformity promi-
nences and how a denim fabric panel may be in-
stalled to provide a “*wrapping-around™’ support
which is more conforming, The flexible panel also
accommodates some positioning errors and some
moverments without increasing the support pres-

SUres.

Figure 26. We call this the “over-shoulder, bend-
down’’ type head rest. 1t is especially helptul for
these children who consistently pull o one side as
the head falls forward. Later, when they volun-
tarily extend the neck again, the extension is in
place to guide the head toward mid-line,

Upholstered Sitting Support Orthosis
(LUU.5.5.0.). We currently construct and fit
about 200 of these units annually.

A more specilic discussion of the design of
the 5.5.0. must start with noting that the main
structure is an unpadded, thin plastic shell. Be-
cause of the thinoess of the supporting shell,
the seat is less bulky. less visible, and lighter



than other seats. It allows us to provide close
thoracic support up w the axillary level and
wrap around the thorax, between the arms and
chest, and well past mid-line, withoul im-
pinging on the anns (Figures 18 and 19). When
properly contoured, the shell can be lett almost
totally vnpadded. The unpadded shell is casier
e clean and reguires less maintenance. The
pelvie portion is contoured and sized to {it the
hip/pelvic arca quite close, but not snug. At fit-
ting time. we leave adequate space o push our
{ingers between the gliuteus medius and the scat
bilaterally. About 18 months ago, we began
providing room in the shell to install bilateral
pelvic growth pads (visible in Figure 22),
which are removed later as the pelvis grows
wider.

There is complete freedom within the design
to reduee the level and amount of support to
match the client’s need: it may not include a
head support. vest, or shoulder straps, and bi-
lateral thoracic support may be terminated at a
lower evel and lcave more room for movement
as appropriate.

Aunterior upper thoracic support is provided
by either a special vest (Figure 23) or shoulder
straps (Figure 24). The shoulder straps are
more cllicient at keeping the thorax in an ex-
tended, vpright posture. However, when the
child has some arm function. we prefer Lo use
the vest because it can be contfigured to im-
pinge less on the antenor deltoid muscles. Note
that the Tower altachment points for the vest or
shoulder straps should be in the sub-axillary
area to provide gpood wrap-around and a poste-
niorly direeted holding vector. Some commer-
cially available seats anchor the shoulder straps
to the fap belt. That design is seriously flawed
because the shoulder strups then pull the lap
belt up out of proper position and pull down on
the shoulders.

When the 5.5.0. is uxed for people with se-
vere scoliosis or hyperkyphosis, the polypro-
pylene shell accommodates to the contours ol
the deformity. However, sometimes our best
efforts (ail to create sutficiently precise con-
touring to spread pressure cvenly over the en-
tirc rib prominence. Figure 25 diagrams how
we sometimes solve that problem: an adjustabic
denim cloth panel is installed through vertical
slits in the shell. The panel wraps around the
prominence, conforming to the contour,

Head support varies from notiung to a simple
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variation which incorporates
a cranial support above the ear lor greater le-
verage if there is more forceful tendency to later-
ally flex the cervical spine.

Figure 27, This is a

Figure 28. If there is a tendency for the child’s
head to drop forward and she has very little or no
ability to bring it back up, a firm, padded neck
collar can sometimes give significant improve-
ment. The collar is sometimes anchored to the
85.5.0. behind the neck.

oceipital prop to a variety of designs, de-
pending on the particular challenge presented.
A few of the muny designs we have contrived
over the years are shown in Figures 26, 27, and
28. We do not have a good solution for the
child whe persists in actively bringing the head
forward and down. [n scating children with hy-
drocephalus, the sheer weight of the head
presents special safety and weight bearing
problems (Figures 29 and 30).
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Figure 29. This headrest for a hydrocephalic child
has a safety har which hinges upward tor cn-
trance and exit.

Figure 30. This eradle type headrest is mounted
so that it can be pivoled by means of & small
wheel-crank. The child turns the wheel-crank to
change weight hearing areas and (o change the
direction of her gare.
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We haven't the space to show and explain
the wide variety of accoutrements which are
vunously added for shoulder protracuon, arm
posttioning, cle. We work closely with the
therapists =0 that they can help desipn tw final
configuration lor best Tunctional positioning

As emphasized carhier. a scating program
must consider the sirting functional environ-
ment. The sciting orthoses we produce are re-
moveably mounted in whecichairs, strollers,
buggies, and other bases as the circumstances
indicate. Being portable, they are also utilived
as car scals, or to piace the child very near the
floor o fucihitate peer interaction (Figure 31).
We have tound that a sealing program. to he
ellective, must address the fell spectrum ol life
activities. It must also address related equip-
ment i the sitling environment. Footrests,
wheelchair upholstery, laptrays. and control
boxces are some of the most common things
which must be modified. moved. or completely
replaced with special designs, It seems o us
that the **standard™ wheclchair was designed to
he “slouched™ e (Figure 32) rather than to
be sat crect in. Those chairs are not adeyuate,
as manufactured. for extended use by anyone.
I spiie ol the newer, more enlightencd designs
coming along, those ““standard™™ wheclchairs
are still pact ol the scene and must be deult
with. When we sit a client erect on a lirm scar,
and then place that seat in o wheelchar, the
client’s shoulders are lur from the center of the
drive wheels (Figure 33). For clicnts who seli-
propel, the seat must be sized or shaped o sit
between the upholstery mounting bars. The
stundard upholstery must be removed and re-
pluced with straps so that the seat can be re-
cessed down and back between the bars
{Figures 34 and 35).

At semi-annual follow-up visits, we accom-
maodate the child's growth by adjusting the size
of the 5.5.0. Thigh length is added as neces-
sury. The bilateral pelvic growth pads are
thinned or removed when appropriate. The
back and sides of the shell can be heated 1o
widen the shell width across the chest. Axillary
cxtensions are welded on as necessary to ac-
commodate increase in thoracic height. Head
rests and the anchor points for vests and
shoulder straps are also elevated as necessary.
Presentlv, the busic 5.5.0Q. shell is serving for
an average of 37 months for children between
three years and 14 years of age. We expect the



use of the pelvic growth pads to push that ser-
vice life even higher. For adults, the average
uselul life of 3.5.0.s is much greater.

We recommend the §.5.0. for children who
have non-existent to poor voluntary sitting ca-
pability. Other factors which would indicate a
need for the .50, in our program, would be
significant orthopedic deformitics (of the hips
and spine) and moderate o severe spastic rellex
patierns. Completed physical growth may also
be an indication for the §.5.0., becavse the
polypropylene shell is very durable. It requires
less repair maintenance than the uphelstered
syslems.

Provision ot a good quality S.5.0. requires a
relatively high level of specific orthotic skill
and practice. This may be considered a disad-
vantage, but we feel the adaptability and
quality which results more than justities the
necessary investment.

The structural compoenents of the Uphol-

stered Sitting Support Orthosis are made ol

ABS plastic. The vpholstered firm inserts are
removable to facilitate cleaning and adjust-
ments for growth. Thoracic supports are thin
(of metal) and can be easily adjusted to change
height and spacing. The pelvie belt is used on
every U.5.5.0. Lumbar bolsters, vests or
shoulder straps. and head rests are used when
appropriate. Figure 31 shows some of these de-
sign features. During therapy sessions, and for
certain daily time periods, therapists or parents
may wish to work specifically on improving
upper trunk or head control. For this reason,
shoulder straps and vests are designed for par-
tial or complete loosening. Head rests can be
casily removed from the unit (true ol the
5.5.0. as well as the U.85.5.0.).

The U.S.5.0. is most appropriate for chil-
dren with poor-to-tair voluntary sitting capa-
bility, minimal orthopedic deformitics, and less
scvere spastic reflex patterns. The easy size-ad-
justability ol Lhis design gives it some advan-
tage over the 5.5.0. for younger, rapidly
growing children. For children under two
years, we¢ often utilize onc of the commercial
infant seat or car seat (rames to which we can
add support bolsters. lap belt, etc. (Figure 36).

Fabrication

Much about the Tabrication of these orthoses
can he inferred from the photos and design in-
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Figure 31. Both types of scating orthoses can be
mounted in this type of base for use at near-floor
levels for greater interaction with other young
children. The bhasc allows a variety of recline
angles, This photo also shows many of the compo-
nents which may or may not be part of a U.5.5.0.
provided for a specific child.

formation given carlicr. Some information on
labrication of the “*Gillette’” $.8.0. has been
discussed in earlier articles on that orthosis.??
However, there arc some serious errors in the
5.5.0. fabrication process we made in the very
beginning. Other orthotic labs might repeat
thosc errors unless we reiterate a couple of the
procedural steps and more clearly cxplain the
rationale for thosc steps.

The polypropyicne shell 1s obtained by cov-
cring a pattern developed from an impression
of the child. To obtain the impression, we posi-
tion the child, on a supporting fixture (Figure
37y in a face-down, hips-flexed, knces-flexed
configuration (Figure 38). We use the weight
relieving (horizontal) trunk alignment, support
under the knees, and a waist belt for the precise
purpose of achicving an impression which doces
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Figure 32, The “*hammock™ style upholstery on
standard wheclchairs eucourages a ““slouched™
sitting posture. Thal posture is almosi necessary
for a good hand-on-wheel power stroke.

nol possess the poor aligmment characteristics
we are tryimg to avold. The support under the
knees allows us o locate the pelvis as directly
as possible in alignment with the spine. For the
child with Light hamstring muscles, a waist belt
on the fixture helps reduce lumbar kyphosis
and perhaps achicve a little lumber lordosis, 1f
possible. The contrasting diagrams in Figores
392 and 39b ilustrale the cotical role of koee
support. The hip lexion angle of the fixture
can he varted and s adjusted according (0 the
wmnount of hap tlexion we want in the scal shell.
On the positive model, plaster is added to
creale the bulges and contours necded to avoid
pressure on bony prominences (Figure 408,
Plaster is added across the back of the upper
thorax to give room lor extension. Figures 4la
and 41b are posterior and lateral views of a pos-
_itive model fully modified and ready for cov-

ering. The resulting polypropylene scat shell i
moonted in a polvethylene foam base (Figure
42). Final trim lines. lap belt and vest attach-
ment points, head-rest placcment. ete. wail
until the child comes for fitiing.

The mwolded *Chailey Heritage'” supportive
seat,® which also utilizes vacoum dilatancy to
obtain an impresson, creates a positive model,
and vacuum forms the scat materials over that

Figure 33, Il the clicnd sits erect in a seat orthosis
which rests on the upholstery mounting bars, the
shoulders are elevated. The hand-on-wheel power
stroke is unacceplably shortened. Also, the exces-
sively high Torward position of the center-of-
gravity caunses the client/wheelchair combination
t@ be dangerously susceptible for torward upscel.

Figure 34. Diagram showing improvement in
hand-to-whecl accessibility when the orthosis is
recessed into the wheelchair.



Figure 35, This photo shows an example of how to

shape the base of a seat and use straps instead of

standard upholstery to recess Lhe seal into the
wheelchair for better access to the wheets.

Fignre 37. This is the positioning fixture which
helps ws obtain an impression with the alipnment
characteristics we hope to achieve in the finished
5.5.0. The hip tlexion angle can be varied. The
knee supports are maoved to the proper position
for cach child’s impression. The waist belt helps
1o reduce lumhar kyphosis.

Seating for Children and Young Adults with Cerebral Palsy

Figure 36. For children under about two years of
age, we can save expense hy building appropriate
sitting support into one of the commercial infant
or car seals.

Figure 38. When we have achieved oplimum
alignment of the child on the fixture, bony promi-
nences and Jandmarks are covered with masking
tape and outlined with lipstick. A bag of polysiy-
rene beads is packed around the child and when a
vacuum is drawn on the bag it becomes a firm
impression which may be removed and filled with
muolding plasier.
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Figures 39a and 39b. These diagrams illustrate the critical value of proper support under the knees during,

the impression-taking process.

model. With the exception ol those general
similaritics, the procedures, materials, and de-
sign of the Chailey Heritage seat 15 very dil-
{erent from the Sitting Support Orthosis devel-
oped at Gillette Children’s Hospital,

Fabrication of the LG.§.5.0. does not require
a pattern end 1s therefore {ree of the potential
problems inherent in obtaiming and modifying a
model.

Conclusions

This paper has dealt most heavily with bio-
imechanics and design, bul many other pro-
grammatic components have been mentioned.
Devices do nol solve scating problems. A pro-
gram 18 required. A truly successful scaling
program, on¢ that approaches the fundamental
goals discussed at the heginning of this paper.
must contain al least the following components:

1. Involvement of all appropriate and aval-
able professional disciplines.

2. Comprehensive discussion with, and cdu-
cation of, the client (when possible),
the parents and/or other carctakers, and
other available community-bascd profes-
sionals.

3. Attention to finding and solving the
Ffamily-specific functional (including
play, recreation, and transportation)
problems and opportunitics.

4. Provision of effective cquipment with
thorough nstructions on ils use.

5. Tenacious follow-up o uncover and solve
the inevitable problems and opportunitics
brought on by growth and functional
changes; to obtain feedbuck necessary to
the cfficient cvolution of the program;
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Figure 40, Plaster 1s added to the posilive model
as appropriate to provide pressure relief in the
Incations of bony prominences (lipstick marks
transferred from the masking tape to the plaster
vacuum bay were re-marked with indelible pencil
on the bag to get the transfer to the plaster posi-
live}.

and to reinforee, as necessary, (he educa-
tion ol the users.
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