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A deeper lnok ino
the R&D of seating
surfaces mada to
prevent pressure
sores reveals high-
tech testing mathods
hal examane the
effectiveness of
iniial concepts. By
uzimg the data
collected, designers
can constrsct these
cushion colls to
redirect air flow and
imitate the buoyancy
effects of seawater.
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atients with paralysis or other disabling dis-
eases are often forced to sit or lie for long pe-

| ricds and can't adjust their posture when

26 |

they become uncomfortable, On the other
hand, able-bodied, sensate patients regularly
1"'I'I-'I]'I_|.'|'c" their hi.llll'l[.'.: ]II':-.‘-.“ lom Lo hl:li_l blood
Mlow to areas of discomfort. Maintaining
healthy skin tissue at the interface between a
disabled patient’s body and the supporting
surfaces, such as a wheelchair cushi
on or mattress, is a major concern of health-
care clindeians,

The Jouwrnal of Enterostomal Therapy pub-
lishied a strategic planning report in 1988 that
labeled the US dermal wound care market as
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a 32 billion business, covering nearly 26.5 mil
lion wounds, ulcers, and burns. It also
claimed another $ billion is spent each year
on the treatment of pressure ulcers, while 33
billion goes for skin care products used i
nursing homes.

To cut these health costs and make patients
more comiortable, the company develops
pressune-reducing support surfaces and tis
sue-interface |:-r'|:-1|||1'l.-: []L'H:IH_HE"F\- continually
try many different technigues to improve
these products while ensuring that the new
ideas are relevant to theis |:q.'1ri1*I|I.-:' |L|'|r|||-|-|||--

Clinicians place a lot of credence on inter
faco Pressune measurement as a means ol
evaluating the comfort of seated or lying po
tients. Although the real value of pressurn
measurement as an indication of tisswe defo
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is always in question, designers have
Bure-mapping svstems to evaluate the
ance of design concepts and to
itrate the efficacy of these concepts

Bure mapping systems use multiple
‘points on a mat that drapes over a sup-
irface and resis between that surface
5 of a human body, such as a seated
'8 buttocks. It indicates the distribu-
Bl pressure across the surface. Areas of
pressure are displayed as color changes
pd peaks on a 30D image. When hot spots or
high pressure points are observed, it is symp-
tomatic of a poor ft to the buttocks” contoor,
It does not indicate what the effective shape
should be, only that the fit is inappropriate,
Monetheless, pressure mapping is a useful
tool in guiding the designers,

Cther techniques are being developed that
measure the effectiveness of a surface con-
forming to a body contour without deforming
human tissue. This kind of indent instromen-
tation is designed to represent the behavior of
tissues when loaded onto a paricular surface.
It evaluates the cause of tisswe deformation,
not the symptom. Designers will be able to
evaluate the concepts and produce internal
design standands.

Measurements of both pressure and shape
matching is carried out alter a conceptual
model has been produced. To guide the de-
signer before he fires up the solid modeling
software or puis the machine shop to work,
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Medical device designers
are taking advantage of

advanced materials,
components, tools; and
manufacturing methods to
make home healthcare
products measure up to
hospital standards.

mprovements and
Renovations

researchers are collecting buttock contours
froan several dizsabled and able-bodied patient
groups to look for generic trends. Test sub-
Jects sit on shape sensing instrumentation amnd
their body contours, at the point of contact
with the instrumentation, are recorded as 3D
data points, providing visual and quantitative
information.

The challenge for |8
designers becomes P
the analvsis of the
data and extracting
meaningiul informa-
tion. This will enable
them to construct
ideas that are more
relevant to the best
seating solutions
before  projecis
reach the concept
or prototype (esting
phases. The ultimate

goal is a better un-
derstanding of needs and a more effective and
efficient product development process.
Design teams are multidisciplined and
bring together clinical knowledge, design en-
gineering, marketing, and manufacturing dur-
ing applied research projects and throughout
the subsequent product development
process, These teams are better equipped to
experiment with the trade-off between shape
conformity, stahility, and postural position-
ing. Ultimately, they are better able to develop
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The Xsensor pressar
mipping system s a
climical tool that
measures interface
pressure behween the
patient's skin and contact
surfaces. As & eapacitive
sensor system, it is usefal
in comparing alternative
praducts used in seating
and support surfaces.
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support surfaces with performance charae-
teristics that fit a variety of patients’ needs,

For example, the design brief behind the
first cushion called for a support surface ca-
pable of conforming to the contours of any in-
dividual's seated or lyving position with mini-
mum disruption to the soft tssues that cover
the human body. In addition, the cushion
should conform, irrespective of posture or
frequent changes in posture,

When the natural contours of the body are
deformed by poorly fitting surfaces, localized
areas of contact pressure increase and trans-
fer to the underlying tissues. These ineci-
dences often appear where bony promi-
nences reside beneath the skin, such as heels
and parts of the pelvis, If these increased
pressures occlude the supply of oxygen-rich
blood to the tissue for long periods, the tissue
eventually dies and falls away. The develop-
ing wound is commonly referred to as a pres-
sure sore or ulcer.

During ongoing research, a surface was de-
veloped to package the buoyancy and con-
forming char-

Thi Nexus Spirit cushion is a modular system that combines &
comoured polysrethane foam base with a dry Natation support
pad. The foam base comes with built-in leg troughs that
improve midline positioning of the femurs,

acteristics of
a Muid, After
studying sea
mammals and
their ability to
withstand
high pres-
sures in the
ooean, the die-
signer of the
orginal
ROHO cush-
ion developed
what they call
Synthesis of
! Floatation
Technology
{SOFT). By
caonlaining an
adjustable
: valume of air
|in a matrix of interconnected air cells, the
| Mow of air within the surface forees it to be-
| have the way seawater envelops and sup-
| porls a sea mammal. Since pressure equals
force over arca, the greater area leads to
lower pressure for a given force. The envel-
opment of water distributes forces over the
greatest possible area, producing a perfect fit
that doesn't deform the tissues and doesn't
ccclude blood Mow.,

The volume of air within the cushion is ad-
Justed to immerse the patient to an optimuam
depth and expose a maximum load-bearing
contact area The design of the surface struc-

=
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ture ensures that the cells synthesize the be-
havior of a fMluid. As the load on the cell in-
creages, the volume of air within the cell is
forced into adjoining cells until the air pres-
sure across the matrix equalizes. The resolu-
tion of cells at the surface was selected to best
describe the curve of the buttocks. To in-
crease the surface contact area, the elastic
properties of the material and the geometric
shape of the cells expand under compression
and bridge the spacing between the cells.
Then, in conirast, the tops of the cells crinkle
a5 they deform and subtly break up the con-
tact surface, providing ventilation between
the skin and cushion.

Although the cells offer minimal resistance
to changes in the seated position and dynami-
cally conform Lo patients, two major factors
also contribute to effective seating. For in-
stance, cells that move and fow offer limited
positioning and stability.Designers are chal-
lenged to develop surfaces that provide a bal-
anced program for conformity and stability,

Building on the foundation

Although a stable sitting position begins
with a firm foundation under the seated area,
back support is also a contributing factor.
Most commercial back supports take the form
of single planar surfaces. Supports, providing
an intimate fit, usually are custom molded to a
patient’s shape.

Molding a seated position is a snapshot in
time. A clinician poses an individual in an op-
timal seated position while a technician be-
gins thie shaping and measuring operation. Al-
mast artistic in nature, the technician must do
it right the first time. Modifyving the solution is
difficult and the molded body shapes are of-
tem comples.

Disabled patients requiring postural sup-
port often have spinal deformities caused by
poar posture or severe imbalance in the mus-
cles that support and control the trunk and
hips. These patients need support that main-
tains or cormects their posture, Since weight
bearing is greater through the buttocks and
thighs than the backrest, tissue integrity s not
the overriding factor when preseribing or de-
vieloping a solution.

Building a backrest system has been a spe-
cial learning experience for the company. The
system had many potential Failure modes that
engineers and designers evaluated while con-
cepls and prototypes were tried. The torsion
and bending forees an individual can inflict
upon various areas of the back were investi-
gated and incorporated into a formal process
of failure-mode effects analysis and system ef-
fectiveness. The complex development
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process of this product was a research tool,
providing engineers and designers with
knowledge beneficial to future development
]|||.|_|I'I"|."|-

Tradit il:l]'l:'l“_'.', backrest svaiems h|,|[r|urr|_l_-|,|
the human spine as though it were a uniform,
homogenous rod. Some of the spine's behav-
o can be deseribed as an elastic pod, bat it is
an oversimplification of this nonuniform
strscture. The concept of the Symmetrix back
began with an examination of the underlying
biochemical nature of the spine and postural
stability. This physical reasoning lead to an
approach using independent support pads at
crucial levels of the spine, reinforcing maxi-
mum support at these points. The design team
concluded that in its simplest form, a backrest
system needs to offer three poinis of contact
io the spine, By accurately positioning and
orienting the supporis al appro-
pnate locations along the spine,

disabilities.

The Quadtro Solect cushion with ksoflo contral is
& progressive positloning system that eases
stability and positioning adjustments for users
and clinicians. It uses air to lock into postion and
can b adjusted over time. The cushion cormects
or counleracis seating and stability problems
associated with & variety al delormities or

tension. As a resull, a single hinge with one
degree of freedom represents this region.
Above vertebral disc T1, the cervical spine
provides considerable Oexibility. It is repre-
sented by a ball and socket joint providing
three degrees of freedom. After the essential
movements of the spine are identified, the na-
ture and position of the suppont pads became
apparent.

Positioning the support points

The first level of support provided is the
sacral pad. This pad moves with six degrees
of frecdom and is positioned Lo support ex-
treme sitting asymmetry. The sacral pad con-
irols the pelvie tilt in an anterior-posterior di-
rection, I allows the pelvis Lo be stabilized be-

its surface can be shaped to fit a
person without any additional
resources or complex forming
techniques, Therefore, an inti-
mate fil is done with a one-step
process that can be modified or
easily changed at any time.

The most Mexible areas of the
spine are described in terms of
appropriate mechanical joints
The lower thoracic area of the
spine, between vertebral discs
T10 to T13, has a relatively high

degree of Mlexion and rodation. A
ball and socket joint with three
degrees of freedom represent
this area. Ribs stiffen the tho-
racic region and limit rotation

but allow some Mexion and ex-

The standard 3-tier
Symmetrix back system
will accommodate growth
and changes in posture,
eliminating the need lor
purchasing multiple back
sysiems, i has mounting
attachments for a wide
wvariety of manual and
power chairs, as well as
laterals and a headnes
option for additional
postural support. Changes
in trnk weidth, sitting
haeight, recline
requirements of 30
foreenrd and backward,
and seat depth wp 1o 10 6n
can be done while the
patient i im the chair,

whahey mihicallesgnrmes oom

Soptembar/Ociober 2001 * Medical Design Mews | 20


http://www.medicaldesignnews.com
http://www.therohogroup.com/medical/quadtro.asp
http://www.therohogroup.com/medical/symmetrix.asp

fore the rest of the spine is addressed.

The lower trunk pad fits over the lower ribs
and thoracic spine to provide the initial stabi-
lization of the trunk. This pad sets the angle of
the spine with respect to the pelvis. If the
spine is Mexible, the relationship between the
anterior pelvic tilt (set by the sacral pad) and
the lower thoracie spine will alsa initiate lor-
dosis of the lumbar spine.

A third tier of dual pads is located between
the sacral pad and the lower trunk pad. The
clinician's hands move these pads into place,
They coax the lumbar curve of the spine into a
position of stability and provide limited lai-
eral positioning. The pads are particularly ef-
fective when positioning and stabilkzing mild
spinal deformities. A fourth and fifth tier as
well as peripheral supporis can be added to
the system when the seating problems are
more complex. Various hinge and locking
mechanisms let the pads move through six de-
grees of reedom. m
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