Advantages of Water based gel ( WBG)

. More effective pressure distribution.

Due to the dynamic properties of gel, the fluid contours to the shape of the
subject which maximizes the interface area. Since Force=Pressure/area, as
the interface area increases, the force decreases.

. Dynamic properties of WBG provide a changing force field which doesn’t
allow one force point to be constant. This prevents a high pressure point to
be maintained for a continuous extended period. One must remember that
the pressure sore formation is dependent on a time force equation. That is,
the longer the high force is present, the greater the probability of pressure
sore formation.

. Cooling effect on skin.

To quote the forwarded articles “ It is known that soft tissue breakdown
occurs when some critical pressure —time relationship is exceeded. But in
addition, there are other contributing causes....in particular, an increase in
skin temperature is undesirable because there is an accompanying increase
in metabolism, which will increase the oxygen requirements in an area of
tissue already suffering from poor circulation due to pressure.”

. Improved longevity of the cushion

When one sits on foam there is a concentrated force, generally in the coccyx
area which forms a permanent indention overtime thus making the foam
ineffective. With a water based gel overlay, the forces are distributed and
therefore the foam remains intact.
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Wheelchair Cushion Effect on Skin Temperature,
Heat Flux, and Relative Humidity

S.F.C. Siéwart, M Eng, Vincent Palmieri, BS, George Van B, Cochran, MD

Wheelehair cushion efféct on skin temperatire, heat
Aux, and relative humidity. Arch Phys Med Relahil
,61:229-233_1930. :

= For patients subject to decubitus ulcers, wheelchair
cushions should be prescribied with knowledge of the
cushion’s effect on, the thermal asg well as mechanjeal

( ABSTRACT. Stewart SFC, Palmieri V, Cochran GVB:

: _élili[‘iih_'ﬁn:iegl';_g'_ of the skin. ‘To_define thermal effects

that may- be encoiintered during routine use, tests were

made; oi 24 commercially ‘availablé cushians:: Skin

clemperafure, heat flux and relative Fumidity  were
: '@éb}dr‘ed:- under: the ischial tuberosities of, 2 normal
24-year-old man during a I-hour period of sitting on
cach” cushior 2

ishion. - After 1 hour, “skin- temperatures in-
&by means -of 3.4C" and 2.8C on foams and

gy

i -_::ié.la'siﬁﬁc;__fi:_ra'r_ri.s' and tlaere'__-:ﬁr;:ﬂ._nﬁg'ﬁ't:'_ﬁt}g!é_il__ugg in

heat flux as compared with control valies in air, On

gels, skini temperatures remained. constant 'iri{'l_".'"]i;ent
Mux.increased; while water “floatation” pads catsed a
ecreased of 2.7C along with
a marked increase in Teat flux. Relative humidiiy at
‘the skin cushion intérface increased by 10.4%, 22.3%
and 19.8% on foams, gels and water flogtation pads,
as compzred with room air values. Representative
cushjons frém cach of the general types (foam, visco-
elastic foam, gel and water floatation) also were sub-
jected to Z-hour tests which indicated the measured
parameters continued to changs asymptotically.

. Protection of soft tissue over the butlock areas is

-a vital concern to patients who spend many hours daily

in a wheelchair. The prevention of decubitus ulcers is
essential to the physical and psychological health of
the handicapped and is of significant economic impor-
tance to the community. Prevention of soft tissue
breakdown can be aided by applying knowledge of the
causative factors to the care of susceptible PETsONS,
Choice of a wheelchair cushion is espécially important
and can be made only with an understanding of the
interaction between a cushion and the skin, This study
deals specifically with one aspect of this interaction:
the thermal éffects ol cushions on tissues.

It is known that soft tissue breakdown oceurs when
some critical pressire-time reiationship is exceeded, i
But, in addition, thers are othér contribuling causes:
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the importance of factors such as shear stress, friction,
abrasion, temperature and moisture should not be over-
looked in the development of pressure sores.

In particular, an increase in skin femperature iz
undesirable because there is an accompanying increase
. in metabolism,® which will increase the oxygen re-
quirements in an area of tissue already suffering from
poor circulation due to pressure.? Also, at elevated
skin lemperatures, the rate of sweating increases? and
will create additional problems in maintaining a dry,
cushion-skin interface. The detrimental effect of an’
increase in moisture content adjacent to the surface of
the skin has been shown by tensile tests on excised skin
strins in a controlled humidity environment, wherein
the tensile strength of the strips decreased 75% with
an increase in relative humidity from 10% to 98%.%
Skin with such reduced strength may also be more
prone to mechanical damage from shear stress or
abrasion. In addition, dry skin offers less risk of
miection, Long experience in nursing care has led to
the empircal rule, “Keep the patient dry.”

Despite these observations, little Information on
temperature and humidity effects of commercially
available wheelchair cushions is available, In a recent
study, Fisher and associates® conducted sitting experi-
ments measuring temperature only on 5 cushions, but
duration was limited to 30 minutes, a short periad
of time in comparison with a typical period spent in -
a wheelchair. In an earlier investigation by Brattgard,
Carlso6 and Severinsson,® temperature and humidity
were measured over periods of 90 minules on com-
binations of cushion and cushion covering materials,
but specific commercial cushions were not tested.

The purpose of thiz investipation was to evaluate
selected types of commercial cushions for their effect
on skin temperaturé and humidity while sitting. In
addition, héat flux was studied as a correlator for
ie.mpe:ature.

METHODS

Sitting tests were performed on 24 commercially

available wheelchair cushions. The cushions were used
with the covers supplied by the manufacturer. A 24-
year-old, 60kg man in good health served as the normal
subject [or all tests, As this individual provided a good
repeatable baseline, it was believed that the investi-
gators® efforts could be applied best in obtaining com-
parative data from larger samples of cushions over
longer periods than in dealing with multiple subjects.
Loose-fitting cotton hospital trousers were worn, to
approximate clothing in a reproducible manner.

Each cushion was used im a |-hour test, In addition, -

a separate 2-hour test was performed on representatives
of gach of the 4 basic types of cushions (foam, visco-
elastic foam, gel and water “floatation™).

Skin temperatures were measured under the left and
right ischial tuberosities with thermocouples® attached
to the skin with a single strip of surgical tape, A con-
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trol thermocouple was taped to the skin at the right
hip, over the greater trochanter. The temperaturcs
measuced under the tuberositics while seqted were
referenced against the control sensor temperature
corrected for the mean normal difference in temper-
ature existing between hip and buttock in air, This
correction factor (hip temperature x 0.965) was de-
termined by recording the temperatures at the tuberos-

ities and hip while the subject was standing, with both -

areas in free air for 30 minutes. Skin temperatures
and room temperature were monitored continuously
with a 24-channel multipoint recorder.? Room temper-
ature was maintained at 21.5C £ 1.0C.

Heat flux from the skin to the cushion was
measured with a heat flux transducer® taped as near as
possible ‘to the temperature sensor under the left

ischial tuberosity. Readings were laken at 15-minule-

intervals with a digital voltmeter. The heat flux trans-
ducer is a factory calibrated, differential temperature
sensor that generatles an output voltage thal varles ;'ith
the temperature gradient, proportional to the heal
flux. Changes in this parameter while sitting were
referenced against an average value of heat [lux from
the skin to be the surrounding air (15kealfsym/hr) de-
termined while standing for 30 minutes with the trans-
ducer taged in place, the same procedure as for skin
temperature.

“7 Relativé humidity (RII) of the skin environment
was monitored with an electro-humidity sensor,? taped
near the temperature sensor under the right ischial
tuberosity. This sensor was mounted in a ventilated
plastic housing to prevent conlamination from the
skin. The sensor element consists of a small styrene
block with an electrically conductive ‘surface layer
whose impedance is related to moisture absorption,
The element is driven by a constant voltage AC circuit,
the current through the element being measured by a

.digital voltmeter and readings compared to a calibra-

Transducers used in the study: a) thermocouple; b)

hieat flux sensor; c) exploded view of Humidial

humidity sensor—foam ring, Humidial disc, filter dise,

foam ring; d) electrohumidity sensor; e) electrohumid-
ity sensor in protective housing.

.""—-" ]



32
Table 2: Meaan Absolute Differences in
Thermal Parameters Between
Majiar Types uf Cushions After 1 HourT
Cushion types Temperature Hr:at flux Relative
e C kealfsqmhr humidity
Fonms - ¥§ Viscoelastic 0.5* 4.0 5.4*
foams
Foams vs Gels 3.7 50 12.4
Foang v Water a.1 6% 9.4
flotation
Yiscoelastiovs Gels 3.1 45 17.3
foams .
Viscoelasticvs. Water 5.5 55 14.8%
. foams flotation .
Gels va Water 2.4 12 3.0
L flotation

O e

*Nat significant

In all cages, cushion types in column A were warmer then
those in column B, but those in B had higher heat {Tux values
to account for the lewer temperature, Foam cushions ususlly
demonstrated lower humidity than other types.

- the differences in means between types for skin temp-
erature, RH and heat flux are’summarized in table 2.
These differences were caleulated with a tfest at a
99% conlidence level,

In general, the foams and viscoelastic foams I:HJJ-_SE.I:?
significant increases in skin temperature with a mean
change of 3.4C over the initial control reading in air
for the foams, accompanied by a reduction in heat fux
of 9 kealfsqgmfhr. On pel cushions, temperatures re-
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* noled on foam CUSE'I!.UT!S, but incresses Eh‘ﬁfﬂgiﬂg 3%

occurred on gels and 209 on water cushions.

In the 2-hour tests, the findings of the 1-hour scries
were confirmed and trends established during the Ist
hour tended to continue, although the rate of change
diminished. Changes in the measured paramesters aver a
2-hour test period are shown for representative cushions
of each major type in table 3.

DISCUSSION

This * study has highlighted marked dilferences
among cuslions in terms of their ability to handle heat
and humidity beneath seated patients. Naturally, the
behavior of each cushion is influenced strongly by the

mained relalively constant while heat flux increased
a mean of 41 kealfsgm/hr over the initial air value,
Water floatation pads caused significant drops in tem-
pérature at the skin with a mean of 2.7C below the
control accompanied by a mean increase in heat flux
uf 60 keal{sqm/lir. Increases’in refative Numidity at the
sskin interface ‘averaging 10% over room values were

_covering uged as well as by the primary structural
material.

In terms of cushion proups, foams and viscoelastic
foam tend to be hot, to increase the skin temperature
by several degrees because the foam materals them-
selves and the air entrapped within tend to be pouor
absorbers and conductors of heat. In fact, the heat
flux at the interface is lower than in air. As the body
Keat is not removed ftom the interface, the temper-
ature rises. On the other hand, humidity does not rise
as much on most foam cushmns with a porous cover,
because the open cell structure- of the foams tesled
provides a pathway through which moisture can diffuse.
Movements of a patient while sitting would tend to in-
crease this action. The enly foam cushion that dis-
played a relatively large increase in relative humidity
was one that had a vinyl cover, The fvam cushions
demonstrate that there is not necessarly a clear re-
lationship between skin temperature and the moisture
conternt of the skin's environment.

_Gel pads, as a group, showed a considerably higher
heat flux than [oam, emough to maintain the skin tem-
peratures relatively constant, Here, the effect probably

Tahla 3: Changes in Thermal Parameters for Representatives of Each Cushion Type over 2-hour Test Period

Change in skin
temperaturs
C
Cushion Minutes 30 &0
Foam type
Rogers 1336 1.45 1.6
perforated Foam il 3.3 4.3
Viseoelastic foam type
Alimed 164-3 1.2 2.3
Gel type :
Reslon Flo Pad 1565 =1.5 0.8B5
E & I'WC-17 -1.8 1.4
Waier. MNuotation type
Med Pro Hp O -3.8 -3.9
Spm:[aI‘t‘_r pe .
Roho Balloon 1.65 2.65

- Arch Phys Med Rehabil Vol 61, May 1960

Change in Increase in
heat flux refative humidity
kecalfsqm,hr % RH
120 30 60 120 30 i) 120
34 -1.8 -B.0 g0 - - i5
4.9 -1.8 -1.8 B.O = - 2.5
3.25 5.0 1.3 3.0 . . 17
a.l 51 il 18 13- - ag
0.3 &4 51 43 33 23 47
-3.4 a1 18 58 14 14 36
.75 12 5.0 E 25 i5 34.5
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is due to the relatively high specific heat of the gel ma-.
tegial. The rate of heat transler diminished by the end
of 2 hours indicating that the heat reservoir was hegin-
ning to fill so that skin temperatures might well begin
to rise over longer periods of unrelieved sitting. Humid-
ity values increased considerably on the gels becausa of
the nonporous nature of their construction, Clinically,
gel cushions would be indicated over the foam variely
whenever increases in skin temperature may be con-
sidered inadvisable. In these cases, the patient should
be advised to restrict sitting periods on the same
cushion to a maximum of 3 hours, to permit coeling
of the gel. '

Water floatation pads provided sigaificant drops in,

skin temperature associated with high heat flux. The
primary factor here is high specific heat of water com-
bined with good conduction and mechanical circulation
of the fluid. From a clinical standpoint, some patients
actually describe water cushions as cold, while “water
beds” are known to require heating devices. While
water cushions may be considered when it may be

+ therapeutically desirable to reduce skin temperature,

patient tolerance is a factor that always deserves con-
sideration. The humidity elevations associated with
water cushions again appear to be related to the non-
porous nature of the cushion structure, .

Regarding the 2 cushions that did not fall into a
standard type, the Styrofoam bead-filled unit produced
a rise in skin temperature associated with low heat flux
and increased humidity. Similar effects were produced
by the “balloon’ (airfilled) cushion. In the latter case,
the heat flux probably was restricted by both the low
specific heat of the air and the insulating effects of the
rubber, With respect to humidity, the tufted balloon
construction may allow for some air cireulation while
the patient moves, but the tufts are squeezed together
during sitting so that the effect is the same as sitting
on a cushion of an impermeable material.

The results of this investigation support and extend
the findings of 2 previous studies.5# As with the mech-
anical properties of cushions,®? the thermal properties
vary with the type and specific design of each pad.
Often, a cushion providing desirable performance in |

aspect, such as temperature control, gives inadequate -

performance in another, such as humidity control. For
noncritical applications, the relatively high skin temp-
erature produced by foams can be accepted because of
the relatively low humidity, convenience, low cost and
satisfactory mechanical performance afforded by these
cushions. For critical applications where skin temper-
atures must be controlled, gels are the obvious choice
“although the tendency to Increase humidity becomes
a drawback. As has been supgested elsewhers 32 the
answer_may_lie_in_developing layered, combinatjon
cushions to improve thermal, mechanical or other as.

_pects of performance. THe moisture control properties
of gels might be improved by placing a separate top

* Jayer of porous foam or other material over the gel

oF Tnder The 253

with the whaole enclosed by a_suitable porous cover.
The extra layer necessarily would have to be selected
so that it would.not affect heat flux significantly,
but would permit drying by air pumping and circula-
tion as the patient moved.

Once again, it is clear that no given cushion is ideal
from all standpoints. For difficult problems, the
proper cushion or cushion combination must be pre-

* eeribed for the individual patient. In this process, not

only thermal aspects but mechanical properties as well
should ‘be considersd. Finally, it is imporlant, not to
confuse the results of this study, based on interface
measurements during sitting, with those of thermo-
sraphy which probably reflect primarily the reaction at
skin circulation to sitting forces.
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tion curve lo delermine relative humidity; this sensor
was readable only above 50 RH. .
Relative humidily also was measured with a chem-
ical sensor® taped near the thermocouple under the left
ischial tuberosity, The actual sensor consisis of a
25-cm dise of blotting paper labelled with RH readings
of 20% to 90% in10% increments. Each of the labels is
impregnated with a spot of cobaltous chloride sohition
in a concentration that changes from blue to pink at
the specified humidily. Because a lavender color indi-
cates an intermediate value of relative humidity, this
sensor can be read to the nearest 5%, For use heneath
seated patients, the sensors were prepared according
to Trandel,” who designed a sandwich unit with the
dise placed between 2 latex, open-call foam rings
fabricated from seif-adhesivé electrode pads. A filter
disc® wis inserted between the humidity sensor disc
and the foam ring facing the skin to protect the sensor
from skin contamination. This sensor was read by
visual inspection at the conclusion of each 1 or 2-hour

test. Both types of humidity sensors were calibrated by
suspending. them in sealed containers over distilled
wategfplycerine solutions known to produce specific
partial pressures of waler vapor, Room air humidity
varied in the range of 36%-44% RIT: values far the
seated subject were referenced against the room
humidity on the day of measurement.

All sensors employed in these tests are shown in the
fipure,

RESULTS

Changes in the measured parameters at the end of 1-
hour tests on all the 24 cushions tested are tabulated in
“fable 1. The ischial tuberosity temperature and Hurfiid-
ity readings represent averages from the 2 buttocks. No
statistically significant differences were found between
readings from the 2 temperature sensors, or the humid-
ity readings {rom the 2 different sensors, when evalu-
ated over all the cushion tests at a 99% level of confi-
derice. For compardson of the basic types of cushions,

Tahle 1: Changes in Thermal Pararmeters After 1 Hour®

Change in skin Change in Increase in
temperature heat flux relative humidity
C keal/sqm/hr ) % RIT
Foam type cushions
Rogers 1836 +3.5 <18 41
Rogers 1824 445 -8 3
Rogers- 2330 (zcored) a7 -8 9
F040 i
Rogers 2330 ; 1.8 -3 3
) 300
| Perforated Foom #1 3.5 =16 ]
it Perforated Foam #2 3.8 -16 2
“Egg Crata™ Contour 3.4 -3 . 1a
Seimedics L 3.2 16 6
Scimedics SH .95 7 -3 8
E&l Tri Pad ia =16 7
. Telley Scimedics 2.9 ; -3 9
! Pasture Foam Bk
" MEAN (foam type) 3.4 (£0.7) -9 (26) 104 (6.1)
“Viscoelastic foam™ type cushions
Alimed 164-3 +2.4 -3 +3
Allmed 164-M .15 -8 T
MEAN (viscoelastie foam types) +2.5 (£0.4) NS N3
Gel t¥ype cushions
Reston Flo Pad 1565 -0.25 +33 +16
Bioclinic 516 Flo Pad -1.35 30 15
Slryker Flo Pad -0.3 38 15
Action Flo Pad e -1 51 14.5
E & I We-17 0.8 43 29
Bioclinle Rear Guard 2 -5 38 16
MEAN (gel t¥pes) -0.3 (£0.5) 3 +41{27) +22.B {16.8)
Water Motation type cuzshions
Bipclinio -1.7% +6H2 +17
[ LUEHEK .|"'|.I.'|IJ!-EI1,5¢- — e e gl ] 2 af 17,5
Medpro 1140 T 2 U, 45 : 20
MEAN fwater flotation types “2.7(x1.3) +60(26) +19.8 (£3.0)
Special type cushions
Decubitex (Styrofoam bead-filled) 1.4 -16 0.5
Roho Balloon (multiple air bladder) 2.65 5 15

*The figures shown represent changes in the initial eontral skin temperature in air, heat Mux in air, and room relative homidity
on the day of testing. Standard deviations ara given following the means.
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