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INTRODUCTION the funding source that pays for the device. All these
interested parties will benefit from the development of

Assistive technology, specifically in the area ofwheelchair-cushion standards with the consumer benefit-
wheelchair seating, has advanced tremendously in tling most directly by obtaining the proper cushion. Based
past decade. Over 200 wheelchair cushion models aon figures from the National Health Interview Survey in
commercially available. This increased selection bring1994 and 1995, Kaye, Kang, and LaPlante (1) estimated
greater options to the end user. However, having mothat 1.68 million people used wheelchairs as their prima-
options places greater importance on the ability to makry means of mobility, including 1.5 million manual-

a correct cushion selection; thus, the ultimate goal is ewheelchair users, 155,000 powered-wheelchair users and
informed decision. Currently, no system or process exis142,000 scooter users. The overwhelming majority of
that allows for an objective comparison of cushionthese wheelchair users are also users of wheelchair
across manufacturers. cushions.

The burden of making an informed decision is Cushion selection is not a trivial matter for many
shared by many persons, but ultimately, impacts thwheelchair users. The loss of motor and/or sensory func-
wheelchair user alone. The medical model of assistivtion represents significant risk factors for pressure ulcer
technology (AT) service delivery involves at least fivedevelopment. Selecting a cushion with adequate support-
parties, the consumer, his/her clinician, a vendor that selive properties is equally important for obtaining an opti-
the technology, the manufacturer of the technology, armal seated posture, with regard to function and

prevention of orthopedic deformities. Therefore, the
This material is based upon work supported by the Paralyzed Veterans of Imp_ort?'nce OT maXImIZ_mg the qua“ty of resources to
America Spinal Cord Research Foundation and the New York State asSiSt in cushion selection cannot be overstated.
Department of Health. _ _ A system of independent standards for characteriz-
s o conesponence s eduests or eprins bo Stephen SPrde Ping and testing wheelchair cushions would improve the
9W, West Haverstraw, NY 10993; email: gogators@compuserve.com. process of cushion selection and procurement. The
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creation of ANSI/RESNA wheelchair standards has narthe Paralyzed Veterans of America. These standards con-
rowed the information gap between manufacturers, velsist of 18 test procedures describing how to measure and
dors, clinicians, and consumers. Disclosure of standartest manual and power wheelchairs in a standardized
results is straightforward, no-nonsense advertising in iffashion. As described by Axelson et al. (2), the test pro-
purest sense. Standards are consumer-responsivenescedures provide either a disclosure of the actual results,
its finest, and they should not stop at the wheelchaior suggest minimum performance criteria. Disclosure of
rather, they should also include wheelchair cushions. the test results allows for a comparison of wheelchairs
The development of wheelchair-cushion standardacross manufacturers, while minimum performance crite-
will include means to measure and describe both cushiria provides additional feedback to the manufacturers
characteristics and performance. This project concentrewith regard to improving their product.
ed only on the former, cushion characteristics. A cushio Virtually all wheelchair users sit on a wheelchair
characteristic can be loosely defined as a distinguishircushion that plays an important role in comfort, stability,
physical feature or attribute. Cushion performancepostural support, and pressure ulcer prevention. Yet, the
rather, relates to the manner that a cushion functions in isame advancements in standardized testing have not been
role as a support surface. Standards addressing both ckrmade for wheelchair cushions as have been established
acteristics and performance are critical, and this projefor wheelchairs. Cochran and Slater (3) first identified the
resulted in a draft of the former and laid groundwork foineed for cushion standards and published a pilot study
the latter. regarding an experimental testing scheme for cushions.
For the sake of this project, cushion characteristicFurther development and implementation of test methods
includedmaterials and construction, physical character-by Cochran and Palmieri (4) included testing 24 com-
istics, cushion cover material, mass or weight, dimenmercially available cushions and comparison to a 4-in.
sions, unloaded or initial contour depth, and loadedpolyether foam reference cushion. Testing included mea-
contour depth. sures of deflection, vertical and horizontal stiffness, and
heat retention. Whereas this work deserves high acclaim
for representing the only attempt to develop comprehen-
GOAL sive standards for wheelchair cushions, it has several lim-
itations for application to today’s market. Most
The goal of this project was to develop uniform ter-importantly, not all of the test procedures are applicable
minology and test methods to describe the physical cheto contoured cushions, which represent a significant num-
acteristics of wheelchair cushions. ber of cushions available today. Of equal importance is
the authors’ conclusion that further clinical work was
needed to determine the practical importance of each test
LITERATURE REVIEW parameter. Without determining clinical relevance, e.qg.,
how these standards can benefit the end user, much of the
Health care in the United States is undergoing evcincentive to carry out this type of research is lost.
lutionary change. Continual advances in technology Cochran grouped cushions into four major cate-
countered by relentless efforts to contain costs, are sigories: foam, viscoelastic foam, gels, and fluid floatation.
nificant players in this evolution. Establishment of guide-These categories plus the addition of viscoelastic fluid
lines is key to balancing the system of providingdescribe the components of nearly all currently available
high-quality durable medical equipment at affordablecommercial cushions. Existing industry standards cover-
third-party-payer costs. Within the area of seating aning these materials provide a significant foundation for
wheeled mobility, efforts have been made to establisdevelopment of cushion test standards. Although limita-
such guidelines. Perhaps most significant are thtions were identified, Cochran and Palmieri utilized
ANSI/RESNA wheelchair standards, established througAmerican Society for Testing and Materials (ASTM)
the efforts of a committee formed by members of thistandards for foams (5,6) as a starting point. The current
American National Standards Institute (ANSI) and theproject drew upon foam and other standards to form pre-
Rehabilitation Engineering and Assistive Technologyliminary guidelines for cushion-material testing.
Society of North America (RESNA) that was funded by The International Standards Organization (ISO) has
the U.S. Department of Veterans Affairs and supported kestablished a workgroup to develop wheelchair-seating



451

SPRIGLE et al. Wheelchair cushion characteristics

standards. In the United States, ANSI/RESNA committement were disseminated during ISO and ANSI/RESNA
members support this effort. Draft standards documenstandards meetings, and feedback was again solicited.
have been developed for common terminology, descrif
tion of posture and body orientation, postural suppol
devices, and tissue integrity devices. These standarRESULTS
efforts are the result of voluntary contributions from
many scientists, clinicians, and wheelchair users. All doc Over 75 standards and 100 manuscripts and other
umentation is available for public review and commendocuments were obtained and reviewed. Terminology
(7). and definitions relating to cushions and seating were
identified, tabulated, and referenced. A second document
identified all devices used to test cushions, support sur-
faces, and materials. These two documents formed the
basis for developing terminology and test methods to
describe wheelchair cushion characteristics.

The compilation of this information resulted in the
production of a document, “Defining and Describing
Cushion Characteristics.” This document contains termi-

METHODS

The employed methods included a combination o
literature and standards review, and analysis and ben
testing to ensure that test methods were applicable acrc
cushion design. The resulting test methods were the
applied to all wheelchair cushions that were commercia

ly available in the United States. Only static or nonpowgt?:fc%i):)r?ndhti?éarr]fr:g?;;;:;;ticid(cj:lrjﬁ:r??:Iosgrdn?aotg_rial
ered cushions were included in this survey and testini » PNy ’ :

. . . . mass or weight, dimensions, unloaded contour depth, and

This methodology can be divided into four tasks: loaded contour deptht is reproduced below with ratio-

1. Identify consistent terminology and definitions tonale added in certain sections for clarification purposes.
describe wheelchair cushions and their covers, incluc  \Wheelchair cushions were requested from all U.S.
ing materials and components. Terms and definitionmanufacturers and distributors. Identification of these
were obtained from literature, published standardssources was made through trade journal “buyer’s guides”
trade association literature (such as the Polyurethaiand advertisements, Internet searches, and Abledata.
Foam Association), and scientific text. Samples of all cushion models were requested. The size

2. Collect and analyze current standards that are applic’'3> requested by asking for t_he cu_shlon “de5|gned 0 f't

ble to wheelchair cushions to initiate the process cmtoastandard "."du“ wheelchalr (18 |n._W|de, 16 in. deep).

developing standards of wheelchair-cushion perforover 225 cushion models were obtained. All requested

mance Standards from ASTM. 1SO. and SAE Wer(cushions were acquired either through donation or loan.
searchéd with the use of keywo’rds Sl,.ICh as foam eleFrom this pool, 210 cushion models were tested. Untested

tomer, seat, cushion, furniture, etc cushions included 'Fhose that were n_ot design_ed for wheel-

chair use and duplicate models of different sizes. Another

3. Identify specific, standardized test procedures tdocument listing the characteristics of these 210 cushions

describe wheelchair-cushion characteristics, such awas also produced. Space limitations obviate the ability to

overall dimensions, weight, amount of precontour, anreproduce it in its entirety, but a small sample of cushion
properties of the materials. results can be found in the table on page 460.

4. Complete a survey of wheelchair cushions available c

the market today. DEFINING AND DESCRIBING CUSHION CHAR-

A draft cushion characteristics document was deve ACTERISTICS
oped based upon literature review and preliminary testini
The document was disseminated for review to 10 cliniciara . Material and Construction
and scientists working in the area of wheelchair seating. A
feedback was tabulated and changes were made to the d
ument when appropriate. Tabulated feedback and tffoam: a lightweight cellular material resulting from the
respective responses were sent back to the review grointroduction of gas bubbles into a reacting polymer,
Subsequent iterations of the Cushion Characteristics docdescribes most elastic or polyurethane foams employed in

1. Cushions Using Cellular Materials:
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support surfaces. Foam can be open (polyurethane, latdoaded contour depthmaximum depth of contour

or closed cell (Ethafoam, MiniCell, ConstructaFoam).  resulting from load on the cushion’s surface at the site
designed for buttock support; measured 150 + 25 mm
from rear edge of the cushion using a Cushion Loading
Indentor (CLI); the loaded contour depth of flat cush-
viscoelastic foam or matrixfoam or flexible matrix ions equals the deflection or displacement under load.
material that has both elastic (displacement-dependerFor contoured cushions, loaded contour depth equals the
and viscous (time-dependent) properties. Since the viamount of unloaded contour depth plus contour after
cous properties differentiate these materials from regulioading in comparison with the lateral rear border; the
or elastic “foam,” viscoelastic foam is defined by time-magnitude of load depends on the size and type of the
dependent behaviors such as stress relaxation, creep, iCLI and is based upon a 77-kg person. (See the diagram
hysteresis (T-Foam, Sunmate, and Tempur-Med). of cushions on page 455.)

flexible matrix cellular, flexible matrices employed in
support surfaces (e.g., Supracore).

nondeforming foam or matrisupport material that does contour cushion’s surface that is shaped to fit or reflect the

not deflect or deform under clinical loads; often used itform of the human body, most specifically, the buttocks.

cushion bases (Freedom Designs, Jay) and characterizCushions may be contoured to a general or nonspecific
by high stiffness. shape or custom contoured to a particular user’s shape.

2. Cushions Containing Fluid: cut-out cushion’s surface having a disruption or removal

viscoelastic fluid relatively incompressible substance thai®f Material to alter the load-bearing characteristics of the
can flow under small stresses and exhibits both e|astsurface or to create room for an insert of material; a cut-
(ability to store energy) and viscous (resistance to flowCUl: by definition, does not reflect the form or shape of
properties. (Cloud and FloFit use viscoelastic fluids.) ~ he human body (Isch-Dish, Tender-Care).

segmentedmaterial whose surface is divided into sepa-
rate and distinct segments of grid top design; (e.g., Val-

Med; Bioform).
water cushiona cushion with an impermeable membrane

containing water (Lotus).

air cushion a cushion with an impermeable membrane
containing air (Roho, BBD).

convoluted foamcushion surface composed of convex
_ protrusions separated by depressions or sulci; often called
3. Other Construction: “egg-crate” but includes checkerboard and other designs.

solid elastomer and solid gedolid rubber-like, relative- The specifications for convoluted foam generally include the
ly incompressible polymer that resists and recovers froitotal thickness of the pad and the thickness of the base (mea-

deformation. (Akton pads are an elastomer, while AlimeSured from the bottom to the lowest point of the valley).
uses gel.) 2. Features

cushion with displacing solid elements cushion made Pprejschial support bar/ridge or area of contour placed

of solid, relatively incompressible components that disanterior to ischial tuberosities and intended to inhibit for-

place under load (e.g., Vicair). ward movement of the ischial tuberosities and pelvis;
antithrust seat.

B. Physical Characteristics

_y Lateral pelvic supportpad or other contact to the region
1. Surface Characteristics X pportp 9

defined by the posterior buttocks to slightly distal to the
unloaded contour deptlihe depth of contour at the site greater trochanter and intended to prevent lateral move-
designed for buttock support in relation to the suppoiment of the pelvis; hip pad, block, or guide.
surface thickness; measured 150 + 25 mm from rear ed
with no load applied. To determine the appropriate suy
port surface height, this measure is taken either midlin
(flat and convex cushions) or at the lateral border (cor
toured cushions). An example can be found in the dicLateral thigh supportpad or other contact to the lateral
gram of cushions on page 455. region of the thigh distal from the greater trochanter to

Medial thigh supportpad or other contact to the adductor
region of the thigh provides stability to the lower extremi-
ties; abductor pad or support pommel, leg-dividing support.



453

SPRIGLE et al. Wheelchair cushion characteristics

the femoral condyle; provides lateral stability to thewith the use of a circular foot and to the nearest one-half
lower extremity. cm (see below for cushion loading device); three mea-
3. Other sures are taken, With the median recorded; for contoured

cushions, measure is taken at the lateral border; for flat
bonded adhesion of material by any means (heat, gluecushions and those with slight convexity, measures are
etc.) (Infinity, UltiMate). taken at midline; please refer to figure of cushions on

compartment or chambesection or partition of a mate- P2g€ 455 for examples; thickness reflects the available
fial; often applied to air or other fluid cushions; cushionSUPPOrt surface thickness and does not include nonde-

can have single, dual, or multicompartments or Chanforming space or sling-filler material used in cushions
bers: may be adjustable with curved bases; additional information on curved-base

cushions is provided belowrigure 2). If different, the
stiffness the degree of firmness of a foam or flexiblecyshion’s overall thickness is also recorded.

matrix determined by measuring its force-deflectior _ , . . ,
response; reported as Indentation Force Deflection (IFD4' Thigh thickness: the thickness of the cushion at the front

if known: examples include “single stiffness cushion"edge' midway between lateral edge and midline, while

(Skil-Care, Hermell) or “bonded multistiffness foam 2PP¥ing 517 mmHg pressure (0.1-0.3 PSI or 0.7-2.0 kPa)
cushion” (ProFoam, Seat Buddy). using a circular foot and to the nearest one-half cm; three

measures are taken, with the median recorded. Heights
flat base or curved baselescribe the cushion’s bottom of medial and lateral thigh supports key off of this

surface. A “curved base” is typically designed to accommeasure.
modate for sling upholstery. See below for special me:

suring instructions for curved-base cushions. 5. Medial thigh support height: height difference between

the front midline section and the thigh thickness. The

C. Weight or Mass height of the front midline se?tion is measured while apli)ly—)

. . .., ing 5-17 mmHg pressure (0.1-0.3 PSI or 0.7-2.0 kPa

Z\éeclggclj \r,ﬁfﬁi;dgg ;o(?ggﬁ;a)rest 0.05 kg (0.1 Ib) with ausing a circular foot and to the nearest one-half cm; three

' ' measures are taken, with the median recorded.

Rationale: Most standards call for an accuracy of 1 pe

cent of desired value (most standards utilize standal

specimen sizes); the value limits above represent an acc

racy of 1 percent and a precision of 2 percent in a 5-|
cushion.

6. Lateral thigh support height: height difference between
the cushion’s left and right lateral front sections and the
thigh thickness; the height of the lateral front sections is
measured while applying 5-17 mmHg pressure (0.1-0.3
PSI or 0.7-2.0 kPa) using a circular foot and to the near-
D. Dimensions est one-half cm; three measures are taken, with the medi-

1. Support surface length and width: overall dimensions (an recorded.

the body support portion of the cushion; measured 10 tfRationale: Many standards use specified samples so stat-
nearest one-half cm (or one-quarter in.); three measured dimensions and measurements simply confirm that the
are taken, with the median recorded. (Biggire 1.) proper size is used. Load is typically applied when mea-
2. Footprint length and width: certain cushions have SUring thickness to ensure seating of the jig. The ranges
footprint or base contact area different than that of thOf this load vary from 1-10 mmHg (0.02-0.2 PSlI)
support surface. For example, a beveled cushion hasdepending on the standard and material (ASTM_ D3574
footprint that is less than the support surface dimension(8): SAE, J388 (9), _SAE J1051 (10), _DOW Corning Gel
Dimensions are reported only if footprint differs from Penetration (11), with the lower magnitude used for soft

overall dimensions. Three measures are taken, with 9! materials. Testing showed that pressures of 17 mmHg
median recorded (0.3 PSI) do not deform cushion materials and can be

used as an upper limit for wheelchair-cushion testing.
3. Support surface thickness: measured 150 + 25 mm fro Thickness measurement taken 150 + 25 mm from
the rear border of the cushioRigure 1) while applying the rear border of the cushion is consistent with 1SO 4253
5-17 mmHg pressure (0.1-0.3 PSI or 0.7-2.0 kPg12) and ISO 5353 (13). This distance is used to ensure
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of the cushion. They also may impact performance The foot is mounted to a ruled vertical rod that slides
Contoured cushions (those with an unloaded contowithin a bearing. The bearing housing slides along a
depth) and the depth of that contour affect positioning chorizontal track to properly position the foot to the area of
the user on the surface and can impact transfers on ainterest Figure 4). This fixture can also be fit with the
off the cushion. Additionally, the increase in contourindentor jig for the loaded contour depth and overload tests.
depth under load (loaded contour depth) can also impa As described above, cushion thickness is taken 150
transfers and other clinical considerations. + 25 mm from the rear edge of the cushion. In order to
Thigh support heights and unloaded contour deptdetermine the appropriate support surface height, this
can be considered as an indication of the positioninmeasure is taken either midline (flat and convex cush-
capability of a cushion. Certain cushions are designed fions) or at the lateral border (contoured cushions). Please
postural control whereby cushion material contacts bodrefer toFigure 5.
parts to encourage proper alignment and stability. The fluid in certain cushions should be leveled prior to
measurement. Some of these cushions have a convex
E. Method for Measuring Width and Length

Measurement of support surface and footprint lengt /B'ﬂckwﬂhheaﬁne
and width is done using a platform as showRigure 3. . |Jl| r_
The cushion is seated between the platform’s rear and I Bin
eral fences. The platform is ruled to permit reading of th & i hillatabas

dimensions. A transparent panel is slid into contact witl
the cushion, and dimensions are read. The panel is sea
against the cushion to take up any slack in material and
increase repeatability of the measurement. Three me
sures of length and width are taken, with the media’ '
recorded to the nearest one-half cm.

Base for cushion

Figure 4.
Thickness and loaded contour depth fixture.
F. Method for Measuring Thickness

A 50-mm diameter circular indentor foot is used to Lateral border
measure thickness dimensions. Applying initial pressur

(5-17 mmHg; 0.1-0.3 PSI; 0.7-2.0 kPa) to measur V i
Support surface

thickness is done to ensure that the tool is seated prop

Contoured cushion thickness
ly. Values are recorded to the nearest one-half cm. ]
1" Piywood l )
ll"'-.‘_ % I ;uppuln surface
B e - ; Flat Cushion thickness
Py fL S/ - l ) ]
L3 - - - -

r=] s
r &
/N Sk
# F
5 ’

; V=i .
FLF DAY, QP ARGl A A T Ch
A e F
It e L Suppor surface thickness measured afler
Y / placement of plank to level fluid/material
| #

S A |

Support surface
thickness

Convex Cushion

Figure 3. Figure 5.
Cushion dimensioning fixture. Locations from which to measure thickness.
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surface. Place and level a board, approximately A4 ib8  both the initial contour and contouring produced by

in. across the cushion, 150 + 25 nfimm the rear of the loading.

cushion. Record cushion thickness at midline, remembe

ing to subtract the board thickness if it remains in placl. Overload Test Method

during the measurement. A cushion is considered to be “bottomed-out” when
an increase in load does not impart an increase in deflec-

Alternative devices: Thickness may be measured with tition. One means to measure this situation is to increase

use of other techniques as long as the initial pressure arload from the “loaded contour” test and determine if an

accuracy limits are achieved. Other devices includdncrease in deflection results.

calipers, tape measures, and rulers. The Overload test requires that a cushion will
deflect a minimum of one-half cm when loaded by

G. Method for Measuring Unloaded Contour Depth 33 percent over that of the Loaded Contour Depth test.
The Overload test can be run immediately after the

Definition: The depth of contour at the site designed foLoaded Contour Depth test by adding the appropriate

buttock support in relation to the support-surface thick-amount of weight. Deflection is recorded after 1 min of

ness; measured 150 + 25 mm from rear edge with no losoverload to the nearest one-half cm.

applied. PVA loading jig: 31 Ib (or 137 N) is used for loaded con-

A circular indentor foot of 50-mm diameter is usedtour’ so 10.25 Ib (Or 45 N) will be added for 33_percent
to measure depth of contour. To determine the appropigyerload.

ate support-surface height, this measure is taken eith

midline (flat and convex cushions) or at the lateral borde|SO puttock model: 112 Ib (or 505 N) is used for loaded

(contoured cushions). Contour depth is determined icontour, so 37 Ib (or 165 N) will be added for 33-percent
relation to this measure of support-surface height. Thregyerload.

measures are taken, with the median reported. Values Rationale: One means to measure this situation is to
recorded to the nearest one-half cm. The alignment of thncrease load from the “loaded contour’ amount and

loading jig should reflect the design of the cushion. Mandetermine if an increase in deflection results. An over-
wheelchair cushions have contour or indentation in thjpaded condition mimics several clinical situations that

area intended for buttock loading. By definition, flat ancunderscore a need to avoid a bottomed-out condition.
convex fluid cushions will have an unloaded contoul For example, A person should not “bottom-out” his

depth of O cm. or her cushion when seated in a typical posture; this situ-
_ ation would lead to high interface pressures, because the
H. Method for Measuring Loaded Contour Depth cushion could not adequately support the body.

Furthermore, a cushion that is bottomed-out in a typical

Definition: Maximum depth of contour resulting from posture could not accommodate to the slight weight shifts
load on the cushion’s surface at the site designed for buexperienced during sitting, thus further elevating the
tock support; measured 150 + 25 mm from rear edge ctissue-interface pressures. Certain functional movements
the cushion; the magnitude of load depends on the sisuch as leaning and reaching effectively overload an
and type of the CLI and is based upon a 77-kg person. aspect of the cushion. These transient events overload a

Prior to testing, the cushion is preloaded twice to 13cushion and may lead to a bottomed-out condition. The
percent of the test load. Each preload is held for 60 amount of overload is related to the magnitude of the pos-
Loaded contour is measured by applying 137 N if usintural sway (an extreme lean would overload a cushion
the PVA loading jig or 505 N if using the ISO buttock more than a slight lean).
model (see next section). Values are recorded after 5 r Ensuring that a cushion does not bottom-out during
of loading. The magnitude of loaded contour depth equaoverloading adds assurance that the cushion can weather
the height difference between the inferior aspect of thnormal fatigue without becoming dangerous. Many new
CLI and the support surface height (as described abovematerials have a “break-in” period during which they
Three measures are taken and the median is reportedsoften up when being stressed for the first time. After this
the nearest one-half cm. Loaded contour depth describbreak-in period, cushion stiffness will remain fairly con-
the cushion’s capability to contour and takes into accouistant until material fatigue occurs (development of
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fatigue will vary across cushion design). Testing a custISO Buttock Model: The buttock model described in
ion with a nominal overload helps ensure that the cushiclSO7176 (16) can be used for testikgglre 7). It shall

will not “bottom-out” during the initial break-in period be mounted to the testing apparatus with a 5° rearward
and will not bottom-out at the early stages of fatiguetilt. The buttock model shall be positioned over the test
Basically, an overload test helps ensure a longer usefcushion so that the area of the cushion designed for the

cushion life. ischial tuberosities can be aligned with the analogous
part of the buttock model. This location is approximately
J. Cushion-Loading Indentors 150 £ 25 mm from the rear edge of the 1ISO model.

Loaded Contour and Overload tests are simulatio,  -02ding of the model is based upon a 77-kg person
tests that use models to represent the human buttocI(WorIdW'de average plus 10 percent to account for vari-
These tests utilize a CLI to impart load onto aability) and the fraction of the buttocks represented by the

cushion jig. Values rounded to integers.
' upper body weight on buttocks 66 percent of body

PVA Loading Jig: A loading jigHigure 6) was designed to weight or 51 kg or 505 N

represent buttock loading. Overall dimensions are based upy Method to Support Curved-Base Cushions
anthropometric data. Ischial tuberosities are modeled by tw Cushions with a curved base must be stable during
50-mm-diameter indentors, spaced 12 cm apart; trochante yimension and contour measurement testing. One
are modeled by 25-mm-diameter indentors at 38-cm spacingnnroach to support cushions with curved bases involves
the vertical 'helght difference between the tuberosnles"arthe use of bags or bladders filled with polystyrene pellets
trochanters is 40 mm. A 50-mm-wide strap spans the jig (Figure 8). The cushion is placed upon the testing sur-
impart a more continuous load typical of sitting. The spacinface. and a level is positioned on the top surface. The
described above approximates those of a person who use«pean bags” are then slid under the edges of the cushion
standard adult wheelchair (18-in. seat width and 16-in. seégnd conform to the specific shape and slope of the curved
depth). Jig dimensions for other users will vary. base. When correctly placed, the centermost portion of
Loading of the jig was based upon a 77-kg persothe cushion bottom will remain upon the test surface with

(worldwide average plus 10 percent to account for varithe bean bags filling the lateral edges; the cushion should
ability) and the fraction of the buttocks represented by thpe |evel and should not move during testing.
jig. Values rounded to integers.

upper body weight on buttocks 66 percent of body Test Method Validation

weight or 51 kg During development, all test methods underwent
buttock depth averages 7.4 in, therefore a 2-in strerepeatability testing. In addition, loaded contour depth
represents 27 percent of buttocks measurements underwent cross validation with values

51 kg X 27 percent 14 kg-for 31 Ib or 137 N reported in the literature.

/ur
Zbmm dia.
indentor \
/ 20mm wide strap
50mm dia. indentors
12cm spacing
Figure 6.

Loading Jig: Modeling ischial tuberosities and trochanters.
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Figure 1.
Cushion dimensions.

Support surface {1 Deforming material

thickness
MNon-deforming
material
{::I Deforming material
Support surface ’
thick i '
ickness {::l Deforming material

Figure 2.
Support surface thickness of curved-base cushions.

thickness is measured in the load-bearing region of tr Rounding width and length to 5 mm can produce an
cushion. error of #£2 mm, which is well within the accuracy of
Dimension accuracy also varies across standardASTM 1667. Rounding thickness to the nearest 5 mm can
including: £1 mm for 25 mm and +2 mm for 38-mm spec-result in an error of 2 mm, or a 4-percent error in a
imens in ASTM D-412-87 (14); £3 mm for thickness mea-50-mm cushion. Both errors are within the guidelines of
sures of specimen >40 mm, £10 mm for length and widtother ASTM standards.
measures from 150 mm to 300 mm and a 3-percent acc Unloaded and loaded contour depths are considered
racy allowed for specimens >300 mm in ASTM 1667 (15)characteristics because they are features that impact use
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jects with SCI and had a 66—75-kg range in mass. The
Loaded Contour Depth test was run using both the
PVA and ISO CLIs that are modeled on a 77-kg person.
Two cushions, foam and Roho, comprised Chung’s
data and a single foam cushion comprised Sprigle and
colleagues’ data. Given the different measurement
methods and variability within and across subject

groups, the data similarity is evident.
w L J Reliability of the loaded contour depth across CLI
was performed using five cushion3aple 2). The

cushion selection varied considerably in construction
and surface characteristics and included block foam
(45 and 70 ILD), contoured foam (Fundamental and
No Sorz), a combination contoured foam and viscous
fluid cushion (Personal Seat), and a segmented air
Support Surface cushion (Roho).
Reliability of the measurements across time and tester
was done using two investigators who each measured a
sample of cushions at two separate times. Over 25 cush-
ions were measured in this manner using the PVA jig. The
overwhelming majority of measurements matched with
rounding error attributed for all discrepancies. Thus, the
measurements were all within one-half cm.

\ / Selection of the PVA Jig

Figure 7.
ISO Buttock model.

i el The PVA jig was selected as the loading indentor for
Figure 8. the project. This decision was based upon practical and
Supporting curve-base cushions. philosophical reasons. Neither indentor mimics a human
buttock, since indicators are rigid. However, both are but-
tock models.

Loaded Contour: Validation of the loaded contour The PVA jig uses the ischial tuberosities and

depth test method was done via comparison of valutgreater trochanter as load-bearing sites. All four sites
of human subjects to that from the CLI tefftable I).  5re designed and spaced according to anthropometric

depth as wheelchair users sat upon cushions (17,1€3ccommodation of different pelvic sizes. By changing
Both sets of data used nondisabled subjects and suthe spacing of the ischial cylinders and trochanteric

buttons, one can model wheelchair users with differ-
ent-sized pelvises. The ISO buttock model does not

Table 1. permit a simple means to change size, but the possibil-
Comparison of loaded contour depth to human subject trials.ity exists that a family of buttock models could be
75 mm designed.
45 ILD Roho One benefit of the ISO buttock is that it incorporates
Chung 327 45 an entire b_ut_tock—and—thigh loading area. This incre_ases
(16 SCI & 8 control) its face validity. The lack of face validity of the PVA jig
Sprigle, et. al 37.7 - could also be looked upon as a positive feature. Because
(11 SCI & 6 control) it is a mechanical analog of load-bearing prominences, a
;‘\’/rxt_’_'”ed 53-3 . cushion designer is very unlikely to design to this jig.
Jjig . . . .
1SO model 31 1/2 44 12 Designing to a test is a potential drawback of standard-

ized test methods.
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Table 2.
Comparison of loaded contour depth across CLI.
75 mm 75 mm ROHO Maxus NoSorz E&J Invacare t
45 ILD 70 ILD Fundamental Personal Sea
PVA jig 30 18 45 32 29 69 1/2
1ISO model 311/2 20 44 1/2 34 26 1/2 74 1/2
Cushion Characteristics CONCLUSIONS

Table 3 contains the cushion characteristics of 11
cushions. These cushions comprise a convenient repi This project resulted in the identification of com-
sentation of the entire 210 cushions in that they varmon terminology that can be used to describe wheel-
greatly in construction and characteristics. chair cushion characteristics. The use of common

Not surprisingly, foam and air cushions are muciterms to describe material construction and physical
lighter than cushions with solid gel or viscoelastic fluid. Ondeatures will permit better understanding by and com-
of the listed cushions, the Tem Pro Seat, had a nondeformunication between clinicians, vendors, and wheel-
ing foam base, so both its support surface thickness (7 cichair users. The development of test methods that
and overall thickness (12 cm) are listed. The Quadro cusdescribe cushion characteristics will also be useful to
ion has a border around its support surface, so footprithese groups by permitting better comparison across
dimensions are listed in addition to its support surfaccushion types throughout the wheelchair-cushion
dimensions. Two cushions, Xact-Contour and Saddle, h:selection process.
substantial thigh contouring that resulted in medial and la Because close communication was maintained
eral thigh supports exceeding 2 cm. Five of the cushions with the ISO and ASTM/RESNA standards work-
Table 3are flat (0-cm unloaded contour), and of the six congroups, all terminology and test methods are consistent
toured cushions, three had unloaded contours exceediwith the draft standards under development. However,
2 cm. Loaded contours of the cushions listethile 3var-  certain differences may result as draft standards docu-
ied between 2 cm and 6 cm. Some cushions are designednents are modified during the review and adoption
significantly contour under load, because their loaded arprocess of each respective standards organization.
unloaded contour depths are quite different, whereas otheéEven if minor differences develop, this project pro-
(i.e., Xact-Contour) deflect a lesser amount under load bduced useful information by documenting the charac-
use precontouring to achieve a significant loaded contour.teristics of 210 cushions available in the U.S. market.
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