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Before the advent of modern medicine, pro
gressive weakening of the musculature was 
thought to be due to disorders of the nervous 
system. Early researchers thought the problem 
was with the nerves somehow being unable to 
activate the muscles, which in turn caused the 
muscles to atrophy. It wasn't until the late nine
teenth century that researchers began to under
stand that these problems were due to the 
muscles only, without involvement of the 
nerves. 

In 1861 Guillaume-Benjamin-Amant Du
chenne, a Bolognese sea captain's son, pub
lished the first description of the severe child
hood form of muscular dystrophy now known 
by his name. Specifically Duchenne noted that 
the disease ran in certain families, and he 
clearly defined pseudohypertrophy (false over
development) of the calf muscles as one of the 
disease's symptoms. It was thirty years later 
that Wilhelm Erb described the underlying 
clinical features of the various forms of pro
gressive muscular dystrophy and outlined four 
subvarieties. "Some of the observed features 
included symmetrical muscle wasting, progres
sion, abnormal gait, a development of charcter-
istic body deformities. Erb was the first to see 
that these symptoms were disorders of muscle 
tissue, not of nerves, and he hazarded to guess 
that they were due to a complex nutritional dis
turbance." 1 

Over the last few decades, many categories 
of muscular dystrophies have been designated. 
Some, such as Myasthenia Gravis are control
lable with simple medication, and do not re
quire special devices other than lightweight 
orthoses. Others such as Duchenne muscular 
dystrophy, are progressive and require in
creasing amounts of specialized equipment to 
make the disability as manageable as possible. 

In this paper, the development of specialized 
seating for clients with muscular dystrophy, as 
well as new systems on the market today, 
which can help to make these clients remain as 
functional as possible for as long as possible, 
will be reviewed. Below are listed some of the 
major types of muscular dystrophy whose treat
ment will often require specialized seating. 

Duchenne 
(Pseudohypertrophic) 

Rapid, ultimately involving all the voluntary 
muscles. Death usually occurs within 10-15 
years of clinical onset. 
Werding-Hoffmann 
{Infantile Spinal muscular atrophy) 

The earlier the onset , the more rapid the 
course. Respiratory failure and/or infection 
usually cause death. 
Kugelberg- Welander 
(Juvenile spinal muscular atrophy) 

Variable, but usually very slow. Most patients 
live to old age. 
Amyotrophis Lateral Sclerosis 

Rapid, leading to death usually within three to 
five years. 2 

There are no easy rules for seating the client 
with muscular dystrophy. The pattern and se
verity of weakness varies from client to client, 



and is usually changing so that each client has 
to be looked at for his individual needs. With 
the early onset of Werdnig-Hoffmann, special
ized seating can be used to help with the pre
vention of deformities. These children tend to 
be very floppy. The positioning system will 
make them easier to handle and put them in a 
position where they can use their arms and 
hands to explore the world around them. 

The pre-adolescent onset of Duchenne mus
cular dystrophy will often times lead to extreme 
curvatures of the spine unless the client is prop
erly managed in a pos i t ioning system or 
orthosis. The advantage of using a positioning 
system in place of an orthosis is usually that of 
comfort. The positioning system should pro
vide greater comfort to its user than the use of 
a wheelchair with a sling seat and back. The 
orthosis can be a source of discomfort to the 
user, and for this reason is likely to be left in 
the closet. "This tendency for the brace to be 
uncomfortable is understandable because of de
formity is a collapsing type of scoliosis and the 
patient lacks the muscle power to pull away 
from a painful pressure a rea . " 3 With degenera
tive forms of muscular disease, the most im
portant thing a positioning system can do for 
the client is to aid in increasing his function, 
allowing him to continue with normal activi
ties of daily life for as long as possible. 

The client with Amyotrophis Lateral Scle
rosis (ALS) presents a whole new set of 
problems for the clinician. Because of the age 
of onset and rapid progression of the disease, 
the clinician does not usually have to worry 
about the prevention of deformity. But these 
same problems make it nearly impossible to de
sign a positioning system that will provide 
these clients with comfort and function for any 
reasonable length of time. Clients with ALS 
tend to prefer less contoured systems, and re
quire adjustable reclining mechanisms for com
fort. 

Once the decision has been made that a posi
tioning device may be beneficial, certain ques
tions must be considered and information about 
the clients' family and home environment must 
be obtained. Then methods of transportation 
must be looked into. What is the prognosis of 
the clients condition? Is the client out with the 
family occasionally or most of the time? Are 
the outside conditions rural or urban? What are 
the client's favorite activities? What are the 

families needs? Does the family have, or will 
they be getting a van which would allow the 
client to be transported in his or her positioning 
system? How close is the roofline to the clients 
head while seated in their standard wheelchair? 
Is powered mobility needed now, or in the fu
ture? 

An overall clinical evaluation should be 
made and the results of these tests should be 
available before any positioning decisions are 
made. A complete physical and functional eval
uation of the client is necessary to determine 
the extent of the weakness and whether there 
are any contractures present. Orthopedic con
siderations add another dimension and may re
quire the input of a surgeon to determine if re
leases are possible to aid in good long-term po
sitioning. (A consideration with Duchenne 
muscular dystrophy is the question of a pos
sible spinal fusion.) Any deformities which are 
present must be noted, as their severity will 
help further narrow the options for positioning 
the client. Slight flexion contractures of the 
hips or knees should not pose a problem for a 
successful positioning system. However, ex
tension contractures of the hips or ankles could 
be more of a problem. Remember that a posi
tioning system can serve a preventative role in 
reducing the formation of contractures and de
formities, but the positioning system cannot be 
used to correct these situations. If correction is 
needed, it is best done on the operating table 
before the seating system is provided. 

The seating system should allow the client 
enhanced abilities when using the system. The 
extremities also need to be looked at in relation 
to function. Arms must be free if independent 
mobility is possible; strength must be tested to 
determine if ultralight bases would be of ben
efit. The wheelchair is as much a part of the 
seating system as a headrest or foot support. 
There are many types of wheelchairs on the 
market today and the initial evaluation is crit
ical in determining what type wheelchair would 
best serve the client. For the purposes of this 
paper, we will concentrate on positioning solu
tions only. 

When deciding on the best position in which 
to seat a client with muscular dystrophy, it is 
necessary to start with the pelvis and achieve a 
neutral position to provide a stable base of sup
port. Standard sling seats provide an unstable 
surface for sitting, as the pelvis will not sit 



level and forces a lateral compensatory curve 
up the spine (Figure 1). The pelvis should be in 
midline and should not be allowed to slide lat
erally by blocks built into the posit ioning 
system. A 90 degree position of hip flexion is 
desired, and in some cases a back-to-seat angle 
of less than 90 degrees may be beneficial, 
especially when introducing increased lordosis 
into the spinal section. An anteriorly wedged 
seat will help to achieve a proper hip angle, 
while assisting to maintain the client in the 
seating system. The object is not to immobi
lize, but to stabilize the pelvis. 

To complete the base of support for the 
upper body, the clinician must properly posi
tion the lower ex t remi t ies . An abductor 
(wedge) will help to position the legs slightly 
apart giving a wider base of support (be careful 
not to bring the legs any wider apart than the 
diameter of the hips.) When using an abductor, 
keep it away from the groin and make sure it is 
of the flip-down or removable variety if a urinal 
is being used. Sometimes the clinician may 
wish to use an abductor as a reminder of the 
proper placement of the client in the posi
tioning system, especially when there may be 

Figure 1. A person with abnormal tone becomes 
more a asymmetrical when seated on a hammock 
type surface. (A. Bergen and C. Colangelo, "Po
sitioning the Client with CNS Deficits," 1985, 
p. 7) 

Figure 2 . A firm sitting surface provides a base 
for symmetrical sitting. (A. Berger and C. Colan
gelo, "Positioning the Client with CNS Deficits," 
1985, p. 7) 



multiple care givers. The knees and ankles 
should be at 90 degrees unless contractures are 
present. In many cases the knees may have to 
be extended slightly in order to clear the front 
casters of the wheelchair. The feet should 
always be supported so as to complete the 
stable positioning of the pelvis. As you can see, 
a great improvement in seating can be made 
just by replacing the sling seat upholstery with 
simple plywood and foam componentry (Fig
ure 2). 

Now the clinician is ready to work his way 
up the spine. The trunk must be held in mid
line, as close to natural shape as possible to 
allow better head control. In older clients the 
natural shape of the spine includes forward 
curves at the neck and lumbar region of the 
spine. For the floppy client, as well as those 
with a scoliotic deformity, lateral trunk sup
ports are usually required. Usually with sco
liosis, the pads are placed under the apex of the 
curve on the convex side, and under the axilla 
on the other side. The third point of the pres
sure system is the pelvic held in with good lat
eral positioners (Figure 3 ) . 4 

With clients who have flexible spines, many 
different approaches to positioning are used. 
For the small child with spinal muscular at
rophy, allowing the spine to shape into a gentle 
C-curve may promote the best head position. 
Increasing the lordosis with these clients may 
help to push them out of the chair, and cause 
their heads to fall backward. In the case of ado
lescent clients with Duchenne muscular dys
trophy, increasing their lumbar spinal extension 
may actually help with the prevention of lateral 
curvature, as well as promote good head posi
tioning. To understand this idea, one must first 
understand the mechanism of the spinal col
lapse in the client with Duchenne muscular 
dystrophy. 

The first sign of spinal instability as demon
strated by roentgenograms (x-rays) is the ap
pearance of a long thoracolumbar curve of less 
than 10 degrees sent in patients who are ambu
lating with the aid of long leg braces. During 
the early wheelchair bound stage, the curves 
lose their flexibility and they involve fewer 
vertebral segments, primarily in the lumbar 
spine, without axial rotation in curves of less 
than 20 degrees of lateral curvature as mea
sured by Cobb's method. Rotation in the upper 
segment of the curve, which generally extends 

over the bodies of T10 to L3, is followed with 
maximal rotation at L2 of an estimated 5 de
grees. Vertebral rotation then increases at a 
faster rate than the lateral displacement; and 
once rotation reaches 15 degrees and the lateral 
curve 30 degrees, both parameters increase rap
idly. 

Mr. Jan Koreska and his group at the Hos
pital for Sick Children in Toronto, Ontario 
have done many studies of the spine which 
suggest that if lateral displacement of the 
lumbar spine is not prevented, axial rotation 
follows, and by this time conservative bracing 
is unlikely to succeed since structural failure 
has already occurred. 5 They also found that the 
posterior facets and ligaments of the lumbar 
spine appear to be responsible for the linear 
alignment of the lumbar spine. The influence of 
the posterior facets on the upper lumbar spine 
appears to be less significant, because their re
sistance to axial rotation is reduced. 

"Some 80 percent of the children develop a 
collapsing type of scoliosis." The observation 
of 62 spines of boys by the Hospital for Sick 
Children yielded consistent results. " A few pa
tients' spines gradually became very stiff and 
somewhat hyperextended over a period of 

Figure 3. Transverse loading in seating the pa
tient with scoliosis (rear view). 



years. When this happens, the patient will be a 
good sitter for a long time. The more usual 
pathway involves moving gradually from a 
straight spine, to a rapidly steady progression 
into a severe kyphoscoliotic." 6 

The first seating system developed specifi
cally for prophylactic use by clients with Du
chenne muscular dystrophy was developed in 
the mid 1970's. This specially designed seat 
was effective in limiting the progression of 
spinal curves to less than one degree per month 
in 13 out of 16 patients. The thought was, if 
spinal deformity could be maintained until skel
etal maturity was achieved, good spinal align
ment could be maintained. Clients whose 
curves progressed to greater than 35 degrees 
would usually ultimately require surgery. 

The Toronto Spinal Support System (Figure 
4) is made of a fiberglass shell, lined with 
custom carved ethafoam, upholstered with a 
modified urethane foam and a tricot double knit 
covering. Headrests, arm rests and leg supports 
are attached to the fiberglass shell. The unit is 
meant to be inclined backward a minimum of 
15 degrees. The pelvis is snugly fitted and the 
thoracolumbar junction extended, while the 
back has lateral guides to promote midline sit
ting. "The snug fit gives the spinal column a 
stable base (the pelvis), and the extension of 
the thoracolumbar region reduces the mobility 
seen when the interarticular facet joints at this 
level are opened up in flexion. The 15 degree 
backward tilt reduces the load on the spine 
every time the patient leans back, while the 
foam lining makes it comfortable and accept
able to the pat ient ." 7 

Conclusions from the group in Toronto over 
the last few years show that although spinal de
formity is not absolutely prevented, develop
ment is s lowed, prolonging the period of 
trouble free sitting. This slowing down of the 
development of the spinal deformity takes place 
at a time when spinal growth is rapid, making 
the introduction of the system at a young age 
before puberty of utmost importance. A 10 year 
follow-up to the development of the Spinal 
Support System (SSS) sponsored by the Mus
cular Dystrophy Association of Canada was 
completed in late 1983. Following are some of 
the more significant findings. 

1. The Spinal Support System has made a 
significant contribution to the manage

ment of individuals with Duchenne mus
cular dystrophy across Canada. Improve
ment of user comfort is the attribute most 
consistently stated. The SSS development 
has been particularly well received by 
parents. 

2. The SSS in its originally conceived de
sign does not arrest the progression of 
spinal deformity. However, reduction in 
the rate of progression of deformity (1/3 
to 1/2) was reported by the participating 
clinics. 

3. From the clinical data available, it was 
not evident that any one single feature of 
the SSS is the key to the improvement of 
spinal management; but rather suggests 
that there is a combination of multiple in
terrelated factors involved. 

4. There is no clear evidence supporting the 
hypothesis that extension of the lumbar 
spine is the key contributor to the lateral 
stabilization of the spine. 

5. Lack of easy adjustment for growth or 
change of spinal alignment creates se
rious delays, or the postponement of the 
necessary revisions. 

6. Although biomechanically advantageous, 
the 15 degree recline of the backrest ne
cessitates that the child lean anteriorly 

Figure 4. The Toronto Spinal Support System. 



and away from the posterior supporting 
surfaces when participating in functional 
activities or seeking head stability. Only 
rarely were children observed or reported 
as using the back and head rest as in
tended by the designers. 

7. The use of prefabricated modular compo
nents which results in relatively easy as
sembly is viewed as a very positive fea
ture of the design concept. 

The overall experience with the Spinal Sup
port System was pretty well summed up in a 
follow-up study completed by a review com
mittee in 1983. "Most of the principles ob
tained from the SSS study in Toronto have in
cluded the importance of the incorporation of a 
lumbar lordotic pad to maintain the lumbar and 
thoracic spine in a lordotic position. The con
cept is, if the spine is going to become fused, 
or rigid spontaneously, it will adopt a stiff ex
tended alignment rather than collapsing kypho
scoliosis. However, this is the exception rather 
than the rule. There is no orthotic or seating 
system in use today, including the Spinal Sup
port System, that will prevent the majority of 
these children (approximately 90 percent) from 
developing a collapsing kyphoscoliosis. Even 
in the few cases (perhaps 10 percent), in which 
the result is a stiff extended spine, the contribu
tion of the seating system towards that outcome 
is probably only minimal. Surgery is serious; it 
must be offered to the patients and parents with 
full knowledge of potential complications. The 
patient's pulmonary reserve must be sufficient 
to withstand the surgery, and hence the disease. 
The rationale for surgical intervention may be 
difficult to accept by the parents when the ef
fects of non-surgical intervention are not yet 
readily evident. If successful, the surgical in
tervention will stabilize the spine, making the 
seating problems easier for the management 
team. However, even when surgical stabiliza
tion is undertaken, appropriate seating systems 
are required, since the patient still requires 
pelvic support, upper and lower limb alignment 
and support, head support and mobility. Gener
ally, the Spinal Support System has addressed 
the problem of development of scoliosis in 
muscular dystrophy patients. It has decreased 
the rate of progression, as shown in several 
studies. However, this may be detrimental to 
the patients general health because of the pro

gression of the decreased pulmonary reserves. 
That is, the management team may be lulled 
into a "wait and see mode , " only to find out 
later that the reduced vital capacities have 
shifted the balance of risk towards non-surgical 
management, whereas early surgical interven
tion would have been the treatment of prefer
ence. The use of the modified Spinal Support 
System in conjunction with early surgical stabi
lization of the spine may be useful. 8 

The Spinal Support System was a pioneering 
development at a time when there were vir
tually no commerc ia l ly avai lable seat ing 
systems or components. Today, the interest in 
specialized seating is booming, and commit
ment by manufacturers has led to a variety of 
systems and components. In this next section, 
some of the newer systems on the market and 
how they are used as tools for positioning dif
ferent types of clients will be reviewed. Also, 
current methods of seating and their ability to 
correct a corresponding level of orthopedic de
formity will be considered. 

In a case where there is no orthopedic de
formity, or very little orthopedic deformity 
which does not present positioning problems, 
the standard wheelchair should still be modified 
with a rigid seat insert, or off the shelf wheel
chair cushion over a rigid base. The normal 
folding wheelchair with a sling seat and back 
does not provide a stable base of support for the 
pelvis. It is alright when used temporarily, but 
if it is to be used for any length of time, a firm 
seat insert is mandatory. Sitting on a sling seat 
causes the hips to internally rotate, contributes 
to abduction and usually an oblique pelvis, 
which in turn causes a compensatory spinal 
curve. The client with muscular dystrophy will 
have differential muscle weakening in the 
spinal musculature, and will almost always as
sume this position in due time. Therefore, for 
anyone sitting in a wheelchair for more than 
just quick trips, the addition of a rigid seat is 
mandatory. 

Most wheelchairs can be ordered from the 
factory with a rigid seat of either the drop-hook 
variety, or attached with a special folding 
mechanism. A firm seat can also be made as a 
separate piece meant to be placed on an ex
isting wheelchair seat. Those wheelchairs with 
attached non-removable rigid seats tend to 
make the folded chair unruly and increase the 
weight. The separate variety is preferred, but 



because it is removable, it is often left behind. 
This problem is usually alievated with the 
drop-hook seat. After removing the seat uphol
stery, these cushions have special hooks which 
clip on to the seat rails with clamps. (The 
wheelchair then can not be used if the seat is 
left behind.) 

The base of the seat cushion is usually ply
wood, at least 3/8". On top of the wood, dif
ferent foams can be used, preferably a high 
density urethane which will not bottom out 
over time. In Chicago, we make three or four-
inch cushions of two different types of T-foam 
or Sun-Mate foam which have special weight 
distribution properties. On the first layer, we 
use one to two inches of firm Sun-Mate for the 
base and two inches of medium-to-soft foam on 
top of that. The cushions are then upholstered 
with a thin flexible vinyl surface. The vinyl 
takes away some of the properties of the Sun-
Mate foam, but protects the open cell structure 
against water damage. 

Where problems with either boney promi
nences or an already oblique pelvis are envi
sioned, the Jay Cushion will provide a stable 
surface while accommodating these defor
mities. The Roho cushion provides excellent 
pressure relief, but may not provide enough 
stability and encourage leaning. The Roho is 
best used where pressure relief is the main con
cern and stability is not a problem, as with 
paraplegics. This is why an overall clinical 
evaluation is important as well as an under
standing of available products. There are many 
other commercially available seating cushions 
on the market, and they must be in stock and 
tried on the client to determine if one will better 
fit the clients needs than another. A good place 
to see all of what is commercially available in 
this field is at the National Home Health Care 
Expo in Atlanta. 9 The show is always in late 
fall or early winter and is free. 

For the moderately involved clients with 
muscular dystrophy, there are also many 
choices available. More likely they are the type 
of clients seen. These clients spend almost all 
of their time in a wheelchair when not in bed, 
and are in the early to moderate stages of de
formity or contracture. Moderate levels of de
formity or contractures are measureable, but 
not enough to create seating or functional 
problems. 

The most widely used method of manufac

ture for seating devices today is using plywood 
and foam technology. Here there is a seat and 
back section, with body supports, pelvic sup
ports, and leg supports bolted on. Many clini
cians combine the linear plywood technology 
with custom carving of blocks of foam (usually 
ethafoam) to give a custom contoured look. 
The advantage of the contoured system is that 
they provide a larger area of contact between 
the seating system and the client. The Toronto 
Spinal Support System mentioned earlier is just 
an advanced version of this method, utilizing 
component parts such as a preshaped fiberglass 
shell instead of plywood. It was also one of the 
first systems to have head rests, arm rests and 
leg supports specially designed as part of the 
seating system. 

Today it really makes little sense to make an 
entire seating system from scratch with so 
many commercially available components on 
the market. Many companies will actually 
make the entire seating system based on mea
surements of the individual client. For com
ponentry and/or complete systems of the non-
molded variety, some of the leading systems 
include those manufactured by Scott Thera
peutics, Freedom Designs, Mil ler ' s , CRD, 
Gunnell, and CP seat by Pin Dot Products. Of 
the contoured modular systems, there is the 
Winnipeg sys tem, the Otto Bock MOSS 
System (Figure 5) and the Pin Dot Modular 
Seating System (Figure 6). 

These systems are all designed for "moder
ately involved" clients who have minimal de
formities only, with no rotational deformities. 
Rotational deformities become more and more 
evident as lateral deformities increase, and the 
linear systems (or those contoured with pre
formed cushions) becomes less and less effec
tive. 

The next group with rotational as well as lat
eral deformities are designated the high mod
erates or low severe. Two new systems devel
oped recently by the University of Tennessee 
Rehabilitation Engineering Program work well 
for this category. The Foam-in-Place seating 
system (Figure 7) uses a plastic module with an 
elastic bladder which fits into the chair, and 
liquid polyurethane foam is measured, mixed 
and injected into the empty bladder while the 
client is properly positioned on a pre-ischial 
strap. The foam rises and within minutes sets 
up and forms a cus tomized seat or back 



cushion. Because the foam takes on the exact 
contours of the individual, it is possible to ac
commodate difficult rotational deformities. The 
difficulties with this system are that the client is 
forced to sit on a 2 inch wide strap, and be per
fectly positioned in a chair while the foam is 
mixed, injected and set up (about 5 minutes). 
Even though the foam can shape to the most 
severely involved, only the high moderates can 
support themselves or be supported in the 
proper position under these conditions. Foam-
in-Place may be better used for seat cushions 
only, as they are easier to form and more con
sistent in their results. 

It is important to remember that all of the 
systems described here should not be thought 
of as complete systems only, but also as 
various components. The best way to produce 
an individualized seating system is to use some 
of the various components of each system in 
the best way possible to give the desired result 
for the individual client. Adrienne Bergen, 
O.T.R., a pioneer in this field, has used the 
word " e c l e c t i c " to describe those devices 
made from a variety of components from 
various companies, and it allows her to best fill 
her clients needs in the most economical 
manner. 

Figure 5. The M.O.S.S. system from Otto Bock. 

Figure 6. Pin Dot Modular seating system. 

Figure 7. Foam-In-Place seating system. 



The Bead Seat is another new development 
from Douglas Hobson's group at The Univer
sity of Tennessee Rehabilitation Engineering 
Program, which uses essentially the same com
ponentry of the Foam-in-Place seating system. 
The difference between the two systems is the 
filling or "s tuff ing" in the cushions. In the 
Foam-in-Place system there is a liquid foam 
which sets up and forms while the person is 
suspended over the empty shell. The Bead 
Seat's "stuffing" is a mixture of a fast setting 
epoxy and polystyrene pellets (Figure 8). The 
epoxy will set up two hours after the introduc
tion of the catalyst, locking the lightweight 
pellets into the form desired. The form is made 
while the whole system is under vacuum using 
the dilation method. 

Dilation is a molding technique used for 
more than three decades, and consists of an air
tight bag filled with pellets and attached to a 
vacuum pump. When the vacuum is introduced 
into the system, the bag compresses against the 
pellets and holds whatever shape it has prior to 
the introduction of the vacuum. To change the 
shape, air is introduced into the bag, loosening 
the pellets' structure and allowing a change in 
shape. 

The Bead Seat system depends on the 
vacuum to hold the shape until the epoxy sets 
up, creating a mechanical bond between the 
styrene pellets. Once the epoxy has set, the 
vacuum can be removed and the positioning 
system completed. The advantage of the Bead 
Seat over Foam-in-Place is that there is more 
time available to mold and remold the system, 
while simulating the finished system, to attain 
the desired shape. The extra time available for 

shaping with the Bead Seat allows it to be used 
with more severely involved clients than Foam-
in-Place. This advantage of extra time is also a 
disadvantage when compared to the Foam-in-
Place system, since it takes longer to produce 
the finished product. Also, when finished, the 
Bead Seat has a harder surface compared to the 
flexible surface of the Foam-in-Place cushion. 
This harder surface may be an advantage with 
positioning, but a disadvantage when pressure 
relief is the objective. Bead Seat, as well as 
Foam-in-Place, will accommodate rotational 
deformities, but may not be durable enough for 
the long-term needs of the larger clients be
cause of the plastic framework. For lighter 
clients (under 100 pounds), the Bead Seat will 
easily accommodate the severely involved. An
other limiting factor of both the Foam-in-Place 
and Bead Seat systems is that only a headrest 
system and a simple 90 degree legrest are avail
able as options for customizing the systems, as 
they are designed to be used with the acces
sories in the existing wheelchair and this may 
not be enough for the most severely involved 
clients. 

When dealing with the severely involved, the 
traditional orthotic approach is the vacuum-
formed plastic or Gillette style seating system. 
Using this system, a mold is taken of the indi
vidual by placing the client, prone on a table 
with the hips flexed to 90 degrees, while a 
mold is taken using either the dilation method 
or with plaster bandages. This method of taking 
an impression is a problem. The mold (or mea
surements) should always be taken while the 
client is simulating the final seating position. 
The effect of gravity on the client cannot be felt 
when the client is molded in a prone position, 
and the client's shape may be completely dif
ferent when upright. It is easy to straighten a 
cl ient 's spine when prone on a table; the 
problem is that the client may not be able to 
tolerate this corrected position for long periods 
of time when upright. This applies especially to 
the client with muscular dystrophy, who may 
not have the muscle strength to pull away from 
a sore area. When one is dealing with a client 
in the severely involved category, the idea is to 
correct as much flexible deformity as possible, 
while making the positioning system as com
fortable as possible so the client will be able to 
use the system for long periods of time during 
the day. 

Figure 8. Side view of Bead Seat Technology. 



Other difficulties with the traditional orthotic 
approach include the time needed to fabricate 
the finished system and the inability to adjust 
the system once it is finished. These problems 
are the same as those encountered when 
making a sophisticated seating system out of 
plywood and foam. With the traditional or
thotic approach, the finished mold is filled, 
smoothed and corrected. Over the finished 
mold, a layer of foam is vacuum formed, then a 
layer of polypropylene is added. The plastic 
shell is then trimmed out, set in a box to form a 
base so it sits in the wheelchair at the desired 
angle, and upholstered. Time is valuable, and 
today most private facilities cannot profitably 
produce seating systems in this manner. 

Today, because of the large amount of com
mercially available componentry, systems do 
not have to be made this way. Is anybody still 
hand forging knee joints? Today seating is 
where orthotics was in the late 50's or early 
60's, at the advent of commercially available 
componentry. 

Two newly developed systems work espe
cially well for the severely involved clients; the 
Contour-U seating system (Figure 9) and the 
Matrix seating system. Contour-U utilizes the 
same dilation technology as the Bead Seat, but 
molds are taken on a special ly designed 
molding frame with rubber seat and back bags 
filled with polyethylene pellets. Once a mold 
is taken of the individual in the proper position, 
plaster splints are worked into the mold to give 
a positive impression of the client. The molds 
are then turned into f lexible uphols tered 
cushions on a central fabrication basis, de
signed to eliminate the shop time needed for 
f abr ica t ion . The f in ished seat and back 
cushions snap into aluminum hardware, which 
also has the ability to be angularly positioned 
(both back-to-seat angle and recline orienta
tion), and adjusted for length. This system ac
cepts a wide variety of accessories designed to 
accommodate even the most severely involved 
client properly. The system is not labor inten
sive, but can be expensive, especially when 
used with the many accessories available. 

As clinicians, knowledge of patient priorities 
should be uppermost. Don' t use Contour-U 
when a Bead Seat will do. Don't use a Bead 
Seat where a Jay cushion will do the job. Think 
eclectically for the patient. Contour-U cushions 
with plywood and simple componentry can be 

used to create an inexpensive, custom molded 
seating system. For another client, a Bead Seat 
molded back and a Foam-in-Place seat may be 
the best solution. 

Another advancement in seating developed 
in Vancouver and now manufactured in En
gland is the Matrix system (Figure 10). The 
Matrix takes an altogether different approach 
by providing a flat sheet of locking ball joints 
which can be contoured to almost any shape 
and locked into that position by individually 
tightening the ball joints. 

Essentially, a sheet of material into which 
tucks can be taken and contours formed, Matrix 
can be fabricated to position somebody in any 
position desired. A nice feature of the Matrix is 
that it can be loosened and reshaped when nec
essary. Also, where growth is expected, the 
matrix can be extended by just adding a row or 
two of modules . The disadvantage of this 
system is in the time required to produce the 
finished product. Anywhere from 15 to 25 
hours is necessary, which puts it into the same 
category as traditional orthotic seating systems. 
Fortunately, Matrix fabrication is also available 
on a central fabrication basis. 

Some may consider the Matrix unattractive, 
but its high tech design also makes it airy, 
lightweight, and waterproof. The Matrix fits in 
well with the eclectic approach, as pieces of the 
material may be used for a custom head rest or 

Figure 9. Contour-U seating system. 



arm trough when needed, making a whole 
system out of material unnecessary, unless pre
ferred for the client. 

These are brief descriptions of some of the 
newer systems on the market today. Informa
tion is available from the manufacturers to 
learn the benefits and weaknesses of all these 
systems (see suppliers list). The idea is to best 
provide the client with a product which, indi
vidually, does what is required for the most 
economical price. Having a variety of systems 
at our disposal, as well as the ability to custom 
fabricate components when necessary, will 
allow us to provide the best service to our 
clients and establish our facilities as specialists 
in this expanding field. 

In Chicago, we have done just this by estab
lishing the Chicago Seating Institute. At the fa
cility, we specialize in proper positioning of 
cl ients , while providing various styles of 
seating systems, wheelchairs, and environ
mental controls. In the future, we hope to ex
pand our field of expertise to include communi
cation devices as well. Over the last few years, 
the development of the specialized seating side 
of our business has increased our volume from 
1 2 - 1 5 clients a year in 1981 to 1 5 0 - 2 0 0 
clients a year today. In no other area of our 
business could we have expected to see a ten 
fold increase in the number of clients seen, 

even with the same commitment made as we've 
done for specialized seating. The field of spe
cialized seating is up and coming, not only for 
the orthotist, but the prosthetist and other allied 
health professionals as well. 

Unfortunately, traditional education for spe
cialized seating is not available. However, 
there are some programs and seminars offered, 
with increasing frequency in the past few years. 
Watch the upcoming issues of the American 
Orthotic and Prosthetic Association Almanac, 
or contact The Association for the Advance
ment of Rehabilitation Technology (RESNA) at 
Suite 700, 1101 Connecticut Avenue, Wash
ington, D.C. 20036; (302)857-1199. Histori
cally, as with orthotics and prosthetics, the best 
and only real way to learn, is to learn by doing. 
See your c l ien t s , and learn from making 
systems for them. This hands-on method is the 
best teacher for seating, because you can watch 
the clients expression to know if they are com
fortable. The "cookbook" approach with easy 
rules just doesn't work here, since people do 
not demonstrate this reflex or that reflex, this 
deformity or that deformity, but a hodgepodge 
of various reflexes, deformities and contrac
tures. Add to this, differing age groups, back
grounds, living conditions, and mental abili
ties, and the cookbook method becomes impos
sible. Have a variety of solutions at your 

Figure 10. Matrix seating system. 



disposal. Think of the client as an individual. 
This education will help you understand your 
clients discomforts and needs, and with the 
help of a therapist, decide on realistic attainable 
goals. With this in mind, there are many ways 
to achieve the desired results of functional 
(where possible) and comfortable (always pos
sible) seating for clients. 
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SUPPLIERS 
BEAD SEAT 

Pin Dot Products, 2215 West Belmont, Chicago, Illinois 
60618. (Developed by The University of Tennessee Reha
bilitation Engineering Program.) 
CP SEAT 

Pin Dot Products, 2215 West Belmont, Chicago, Illinois 
60618. (Second generation of the MPI seating system de
veloped by The University of Tennessee Rehabilitation En
gineering Program.) 

CONTOUR-U SEATING SYSTEM 
Pin Dot Products, 2215 West Belmont, Chicago, Illinois 

60618. 

CRE 
Creative Rehabilitation Equipment, 513 NE Schuyler, 

Portland Oregon, 97212. 
FOAM-IN-PLACE SEATING SYSTEM 

Carapace, Inc., P.O. Box 45040, Tulsa, Oklahoma 
74147. 
FREEDOM DESIGNS 

Freedom Designs, Inc. 18165 Napa # 8 , Northridge, 
California 91324. 
GILLETTE SEATING SYSTEM 

Gillette Childrens Hospital, Orthotic Department, Min
neapolis, Minnesota. 

GUNNELL 
Gunnell Manufacturing, 221 North Water Street, Vassar, 

Michigan 48768. 
JAY CUSHION 

Jay Medical Ltd., 805 Walnut, Boulder, Colorado 
80302. 
MATRIX SEATING SYSTEM 

Pin Dot Products, 2215, West Belmont, Chicago, Illi
nois 60618. (Developed by Clinical Engineering Designs, 
Kingston upon Thames, England.) 

MILLER'S 
Miller's Rentals and Sales, 284 East Market Street, 

Akron, Ohio 44308. 

MOSS (Modular Orthotic Seating System) 
Otto Bock Industries, 4130 Highway 55, Minneapolis, 

Minnesota 35422. 

PIN DOT MODULAR SEATING SYSTEM 
Pin Dot Products, 2215 West Belmont, Chicago, Illinois 

60618. 

ROHO CUSHION 
Roho, Inc. P.O. Box 658, Belleville, Illinois 62222. 

SCOTTIE SEATING SYSTEM 
Scott Therapeutic Designs, 430 Robertson Lane, San 

Jose, California 95112. 

TORONTO SPINAL SUPPORT SYSTEM 
The Hospital for Sick Children, 555 University Avenue, 

Toronto, Ontario. 
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