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Comparison of Inferface Pressures
in the Pediatric Population Among
Various Support Surfaces

Kathleen M. McLane, MSN, RN, CPNP. CWCN, COCN, Thomas A. Krouskop, PhD, PE, Shannon
McCord, MS, RN, CPNP. CCRN, CNS, WOCN, and J. Ken Fraley, MPH

Objective: The purpose of this study was fo evaluate the interface pressures under the bony promi-
nences of children on several support surfaces to evaluate benefit, in terms of the lowest Inferface
pressures, and cost-effectiveness.

Design: A descriptive study design was Used.

Sefling/subjecls: A convenience sample of 54 heailihy children from the community ranging In age
from infancy through 16 years was enrolled through advertisements In the hospital newsletier, The
study was conducted in the General Clinical Research Center locafed within Texas Chiidren’s Hospi-
tal, Houston, Texas,

Insiruments: The instrument used to measure the interface pressures was the Minl-Texcs Interface
Pressure Evaluator.

Methods: A comparison was done to evalucte inferface pressures under the occiput for infanis to
children younger than 6 years of age and undsr the occlpul, coccyx, and heel for 6- fo 18-yearolds.
Five surface combinations were used for measurements: a standard hosplial bed or crib mattress;
mattress with Delta foarn overlay; a mattress with o Gel-F-Donut pillow; @ mattress with a Delfa foam
overlay plus Gel-E-Donut pillow; and an Efica low-air-loss bed.

Resulfs: The standard hospital mattress yielded the highest inferface pressures. The Delta Foam over-
lay alone or in comblination with the GelE-Donut pllow produced the lowest occlpifal pressures in all
age groups. The Delta foam overlay produced comparable pressures to the Efica low-alr-loss bed
when measuring the coccyx and heel Interface pressures.

Conclusions: The Delfa Foam overlay dlone or in combination with the Gel-E-Donut plilow Is o cost-
effective and therapeutic chaice for pressure reduction as demonstrafed In this study of healthy chil-
dren. (J WOCN 2002:29:242-51.) .

any critically ill infants and children are at risk

for skin breakdown and acquire pressure ul-
cers, Choosing the best support surface for these in-
fants and children can be difficult and challenging.
Many of the commonly available support surfaces—
low-air-loss beds, foam overlays, and gel pads—have
only been studied in the adult population. In the in-
vestigators” pediairic institution, several surfaces and
products are being used alone and in various combi-
nations to try to achieve the best surface possible. The
purpose of this study was to evaluate the interface
pressures under the bony prominences of children of
all ages and sizes (weights) on several support sur-
faces to determine benefit and cost-effectiveness.

LITERATURE REVIEW
Préssure ulcers are a prevalent problem not only in
the adult population but also in the pediatric popula-

tion. The high-risk pedialric group consists of critically
ill infants and children who are immaobile, experienc-
ing respiratory compromise, and in need of nutritional
support. Caring for these children can be challenging
because risk factors are not well defined, although new
risk assessment tools are being developed.! It is known
that children acquire pressure ulcers in different loca-
tions than do adults; thus, they need a support surface
that reduces pressure where they most need it, at the
occiput. A child’s head is much larger in proportion to
the rest of his or her body surface area, which places
the occipital region at risk for skin breakdown? Sev-
eral support surface products are available for children
at rigk for skin breakdown, but it is uncommen to find
a product with research to support its effectiveness.
For the majority of available support surfaces, there is
no research to demonstrate the efficacy of the product
with pediatric users.
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A review of the adult literature revealed several
studies investigating support surfaces that de-
crease interface pressures and are therapeutic for
pressure ulcers.>10 No one surface has been found
to consistently excel above all others under all cir-
cumstances.l! A variety of factors need to be con-
sidered when selecting a support surface579-12 Iy
1987, in their conceptual schema for the etiology of
pressure ulcers in adulis, Braden and Bergstrom13
described 2 ¢entral criteria that lead to pressure
tlcer formatior: the intensity and duration of pres-
sure and tissue tolerance, Subfactors that affect the
2 main eriteria include decreased mobility, activity
and sensory perception, the presence of moisture,
friction and shear forces, decreased nutrition, in-
creased age, and decreased arteriolar pressuze. The
Braden Scale is a well-known risk assessment tool
used in the adult population.

Testing Effectiveness of Support
Surfaces

Most support surfaces are tested for their effec-
tiveness by obtaining a pressure measurement
under a bony prominence, such as the occiput or
heel, when the person is lying on the support sur-
face 346814 By measuring the interface pressure
under a bony prominence, it is possible to deter-
mine the pressure gradient in the tissue. The pres-
sure gradient is what drives fluid from areas of
high pressure to lower pressure, The loss of inter-
stitial fluid in a region of tissue has been hypothe-
sized to be a major factor in the development of
pressure ulcers.1517

Thirty-two mm Hg is often quoted as the ideal
interface pressure for support surfaces to prevent
pressure ulcers. This mimber was originally deter-
mined in the late 19th century when Starling and
other cardiovascular physiclogists were develop-
ing our understanding of the cardiovascular sys-
tem dynamics. The number 32 mm Hg is an average
from the data of interface pressure measurements.
Because this research was done with adult men,
the results must be interpreted cautiously when
working with the pediatric or gerfatric population.
Because the capillary closure pressures change
with posture, age, and disease or disability, there is
no specific number that will ensure that the tissue
will remain viable when subjected to mechanical
forces. What is desired is the lowest possible pres-
cures so that the pressure gradients will be low and
the window available to provide care is as long as
possible, 1516

Low-ciir-loss Beds

The research on Iow-air-loss beds in children
who are at risk for skin breakdown is sparse; the
research in adults reflects the effectiveness of the
low-air-loss beds in lowering interface pressure
a:d treating pressure ulcers3521218 Ryan and
Byme3 conducted a study in 1989 with 5 healthy

adults and found that all 3 specialized beds stud- ..

ied, including a water bed, a low-air-loss bed, and
an air-fluidized bed, had some benefit over a stand-
ard mattress. However, the low-air-loss bed did
not achieve very low pressures under the occipital
area, which has implications in pediatrics. Coun-
sell et al® compared 4 support surfaces with 15
healthy adults with use of the Texas Interface Pres-
sure Evaluator (TIPE} and found that the best sur-
face that yielded low interface pressures was a
low-air-loss bed.

Specialty Bed Research

Pediatric research by the specialty bed- compa—
nies may be lacking because the number of low-
air-loss beds used for pediatric clients is very small
compared with the adult consumer market. The
beds are designed for the adult by altering pres-
sure within the bed sections that are divided ac-
cording to an adult’s body proportions. Some of
the computerized low-air-loss beds that require
the input of a height and weight do not have ap-
propriate numerical options to accemmodate pe-
diatric patients. When a young child below the
mininumm weight is placed on the low-air-loss bed,
the result may be that the child “sinks” into the
cushions, which can only be corrected if a higher
artificial weight is recorded into the bed computer
system to inflate the cushions. The effectiveness of
this compensatory strategy has an undetermined
effect on the pressure-relieving capability of the
bed. Low-air-loss beds are used in several pedi-
atric facilifies, often for critically ill children who
cannot be turned and who may already have skin
breakdown and/or pressure ulcer development.
This can be a very expensive therapy depending
on the effectiveness of the bed and length of time it
is required for the patient.

Focam Qverlays

Foam overlays have also been studied predomi-
nately in adults and found to be as effective as sev-
eral other support surfaces, including low-air-loss
beds 478 Foam overlays are an inexpensive and ef-
fective therapy to reduce interface pressure.
Krouskop et al! evaluated 7 surfaces with 30 adult
rehabilitation patients and found that all of them
were equally effective in reducing pressure under
bony prominences compared with the standard
mattress. Hover and Krouskop® compared an ex-
perimental foam overlay, the Delta foam overlay
by Span-America Medical Systems (Greenville,
8C), to 5 other surfaces with healthy adult subjects
using the Mini-Texas Interface Pressure Evaluator
{Mini-TIPE). They found that the experimental
overlay’s design enhanced pressure reduction and
effectively produced lower interface pressures
than did the other 5 surfaces. One of the few stud-
ies evaluating interface pressure with children was
done in 1988 by Solis et al,? who studied children
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between the ages of 10 weeks and 13.5 years. They
measured interface pressures under bony promi-
nences of the occipital, scapula, and sacral-coccy-
geal area while the subjects were lying on 2-inch
and 4-inch convoluted foam overlays. The highest
pressures were found under the cccipital areas and
sacral pressures in older children. The study sup-
ported the effectiveness of either a 2- or 4-inch con-
voluted foam overlay to decrease the interface
pressure and redistribute weight away from bony
prominences. Foam overlays are commonly used
today to reduce pressure for children who have
limited mobility and /or sensation.

Gelfilled Pillows

Gel-filled pillows and pads are commonly used
in pediatrics, especially for the critically ill infants
and children who are imnmobile in the pediatric
and necnatal intensive care units. A search of the
published literature did not reveal any studies per-
taining to this therapy related to pressure reduc-
tion in adults or children. The Gel-E-Donut pillow
by Children’s Medical Ventures, Norwell, Mass,
has known beneficial effects on head molding in
neonates, but many health care professionals also
use the pillow as a positioning support and pres-
sure-reduction device under the occiput and heels
to prevent pressure ulcers. In 1993 Gershan and Es-
terly!® evaluated the use of a Spenco gel pad
{Spenco, Waco, Tex) in the neonatal at-risk popula-
tion receiving extracorporeal membrane oxygena-
tion (ECMO) along with a positioning schedule
and found during a 6-month period that pressure
ulcerations were eliminated. Gel pillows are a
great alternative to “home-made water pillows”
that consist of ice bags filled with an undetermined
amount of water and used for positioning. The gel
pillows are easy to use and inexpensive. Addi-
tional research is still needed to determine the ef-
fectiveness of the gel-filled pillow as a pressure re-
duction device.

RESEARCH QUESTIONS

The goal of this study was to evaluate several
support surfaces and/or combinations of surfaces
with children of all age groups and weights by
measuring the interface pressures under the bony
prominences {occiput for children younger than 6
years; occiput, coccyx, and heel for children 6 to 18
years of age). A low interface pressure would indji-
cate a decrease in risk for pediatric patients to de-
velop skin breakdown or a pressure ulcer. This
study addressed the following questions:

1. Which support surface or combination of sur-
faces would provide the lowest interface
pressures under the bony prominences of the
children?

2. Which support surface or combination of sur-
faces would be the most cost-effective for the
children?

J WOCN JWOCN
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METHODS Tex). The
Sefling/design interconme
This study was conducted in the General Clini- tomeric s
cal Research Center located within Texas Chil- cell. The p
dren’s Hospital in Houston, Texas. Initially, the in- activated :
vestigators had planned to conduct this study in light-emit
the pediatric intensive care unit (PICU), but when TIPE is o]
they identified all of the different support surfaces lated, so t
and combinations of products that were currently The tec
used, it became apparent that an experimental de- ducer ust
sign would not be feasible. A critically ill child and relial
could not be moved to several different support veloped i
surfaces for testing purposes. This deseriptive tests wer
study was then developed as a pilot to assist the the trans
researchers in determining a sample size and se- weight a
lecting a few support surfaces with the lowest in- readings
terface pressures for a future experimental study different
design. This study would assist WOC nurses and tors. The
other health care practitioners in identifying an ap- ment wa
propriate support surface that is therapeutic and load that
cost-effective for the pediatric population. ings talke
by £3 m
Subjects readings
The reseazchers decided to do an initial pilot most tes
study using healthy children from the community the instr
who would represent a sample of children admit- This sen
ted to the hospital. Approval for the study was on liviny
received from Baylor College of Medicine’s Institu- cause of
tional Review Board. A random number of 50 sub- port sur
jects was selected, because no previous studies had soft tisst
been done that could be used for a power analysis. a series
These healthy children would each be placed on all ducer ir
of the selected surfaces that were used in the pedi- ducer sl
atric intensive care unit. By analyzing the children collecte
on all of the surfaces, the investigators could deter- recorde:
mine if age or weight was pertinent in the perform- interfac

ance of the surface and select the 2 best surfaces

that provided the lowest interface pressures. These Proce
2 surfaces could then be randomized in a future Ona
study in the PICU with critically ill children. and the
A convenierce sample of healthy children be- plained
tween the ages of infant to 18 years was selected sent. T]
from the community. An advertisement for subjects sign th
was placed in the hospital newsletter. To ensure an ate exp
equal distribution of ages within the total sample of the intt
children, 10 to 15 children were assigned to each of obtaine
the following 5 age groups: infants to younger than childre
2 years; toddler/child (2 years to <4 years); child (6 Afewe
years to <10 years), preteen (10 years to <14 years); the stu
and adolescent (14 to 18 years). This age distribution includ
was derived from the study of data related to how into he

body mass distribution changes with age.20 The socks.
children were assigned to 30-minute time slots to were t]
allow enough time to move each child io 5 different Eac!
surfaces or combination of surfaces and collect 3 in- the m
terface pressure readings on each surface. surfac
matel:

Instrument presst
To obtain the interface pressures, the Mini-TIPE stand:
was used (Tee-Kay Applied Technelogy, Stafford, routin
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Tex). The Mini-TIPE consists of a display unit, an
interconnecting cable, and a 5.5-inch x 5.5-inch elas-
tomeric sensor pad or a single pressure-sensing
cell. The pad contains a matrix of 16 pneumatically
activated switches, each of which is connected to a
light-emitting diode in the display umit. The Mini-
TIPE is operated with a 9-volt battery and is insu-
lated, s0 there was no electrical shock hazard.

The technology for the interface pressure trans-
ducer used in this study was tested for validity
and reliability when the instrument was first de-
veloped in the early 1970521 In these experiments,
tests were conducted to determine how accurately

-the transducer was accounted for the applied

weight and how much variation there was in the
readings when the test conditions were repeated at
different points in time and with different opera-
tors. The results of the tests showed that the instru-
ment was able to account for more than 97% of the
load that was placed on it and that multiple read-
ings taken under the same test conditions varied
by #£3 mm Hg. In the worst test conditions, the
readings varied by less than 2 mm Hg. Under
most test conditions, the tests demonsirated that
the instrument could defect changes of 1 mm Hg,
This sensitivity could cause repeat readings taken
on living subjects o vary by up to 8 mm Hg be-
cause of changes in posture, wrinkles in the sup-
port surface covering, and shifts in the position of
soft tissue that occur when a person moves. Thus,
a series of 3 readings was taken with the trans-
ducer in the “same position,” and then the trans-
ducer shifted and another series of readings was
collected to ensure that the highest pressure was
recorded. The highest reading was recorded as the
interface pressure at that site.?!

Procedure

Orn arrival at the Research Center, the children
and their parents were met by a researcher who ex-
plained the study in detail and reviewed the con-
sent. The parents were allowed time to read and
sign the consent. Developmentally age-appropri-
ate explanations of the study’s purpose and how
the interface pressure measurements were to be
obtained were discussed and demonstrated for the
children of appropriate age i obtain verbal assent.
A few of the toddlers did not agree to participate in
the study after the explanation and thus were not
included. The children were then asked to change
into hospital scrubs and remove their shoes and
socks. Measurements of their height and weight
were then obtained.

Each child was placed in a supine position for
the measurements on a maximum of 5 support
surfaces or surface combinations for approxi-
mately 3 to 5 minutes each while the interface
pressure readings were obtained. The crib and
standard matiress were the hospital mattresses
routinely used at Texas Children’s Hospital in

Houston. The crib foam overlay and bed foam
overlay were the Delta 120 2.75-inch cril, 3.5-inch
bed by Span-America Medical Systems. The gel
pillow was the Gel-E-Donut in infant or adult sizes
by Children's Medical Ventures. The low-air-loss
bed was the Efica by Hill-Rom, Batesville, Ind.

The support surface combinations included in
this study were as follows:

* Set 1: Crib matiress

* Set 2: Crib matiress with 2.75-inch Delta foam

overlay
* Set 3: Crib mattress with Gel-E-Donut pillow

* Set 4: Crib mattress with 2.75-inch Delta foam .-

overlay and Gel-E-Donut pillow”

* Set 5: Efica low-air-loss bed

* Set 6: Standard matiress

* Set 7: Standard mattress with 3.5-inch Delta

foam overlay

* Set8: Standard mattress with Gel-E-Donut pillow

¢ Set 9: Standard mattress with 3.5-inch Delta

foam overlay and Gel-E-Donut pillow

The 5 age groups were each evaluated on 5 sur-
face set combinations:

Measuring occiput site only:

* 0 to <2 years: Evaluated on sets 1-5 (using in-

fant-size Gel-E-Donuit)

* 2 to <6 years: Evaluated on sets 5-9 (using

adult-size Gel-E-Donut)

Measuring occiput, coceyx, and heel sites:

* 6 to <10 years: Evaluated on sets 59 (using

adult-size Gel-E-Donut)

* 10 fo <14 years: Evaluated on sefs 59 {using

adult-size Gel-E-Donut)

* 14 to 18 years: Evaluated on sets 5-9 {using

adult-size Gel-E-Donut)

One person trained to use the Miri-TIPE placed
the sensors under the child’s occiput, coceyx, and
heel (depending on age group) to obtain a reading,
The second person recorded the reading on a data
collection log. The sensors were disinfected be-
tween uses with a hospital-approved cleaner (eg,
isopropyl alcohol). A Child Life Specialist was en-
listed to assist with distraction and entertainment
for the younger childrer. during the measure-
ments. On days that the Child Life Specialist could
not be present, a box was provided with toys and
bubbles for the researchers to use to keep the
smaller children occupied and assist them in re-
maining still for the measurements.

Data Analysis

The Mini-TIPE instrument provided readings to
the tenth decimal; however, the recorded interface
pressure scores were rounded to the nearest whale
number, If the Mini-TIPE provided a reading of
>100 mm Hg, which was common when measur-
ing the peripheral heel, a 100 score was used in the
analysis. If a reading of <10 mm Hg was obtained,
which was common when measuring under the
Coceyx, a score of 10 was used in the analysis. The
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Table 1. Patient characteristics (N = 54)

Mean age = SO Mean weight + SO Mean height # S&:

Age group No. in group ) (kg) {cm)
0-<2y 13 9.9 mo = 5.6 92+23 725+ 103
2-<by 8 3409 161225 100273
6-<10y 16 78=158 09 x11.6 130.2+ 104
10-<14y 10 N7x£1.2 49,6 +104 157.3+75
14-18y 7 14.7 1.0 69.7 = 19.4 169 £ 9.9

Table 2. Infant (0«2 y) occipital pressures of 5 bed surfaces (N = 13}

Surface Mean * SD (mm Hg) - Range (mm Hg)

Standard crlb matiress

Delta foam overlay

Gel-E-Donut pllkow

Delia foam overlay + Gel-E-Donut pillow
Eica low-air-loss bed

61219 35691
26wb 15-34
3210 22-58
269 13-44
3213 13-89

data measurements were analyzed with the analy-
sis of variance (ANOVA} methed for repeated
measures (Analysis of Variance and Covariance
with Repeated Measures, BMDP Statistical Soft-
ware, Inc., Los Angeles, Calif) to determine if one
or mere interface pressure differences between the
surface types were statistically significant. If signif-
icance was revealed by ANOVA, paired £ tests be-
tween all the support surface types were per-
formed to identify which specific differences were
significant. A Bonferroni adjustment was made to
accommodate for the multiple comparisons of the
5 different surface types for each subject. The P
value of each post hoc comparison was multiplied
by the number of comparisens. Thus, for 5 support
surface comparisons for each subject, the P value
was multiplied by five. 22

RESULTS

Descripticn of Sample

The children in this study were recruited from
the community as healthy volunteers. The children
were categorized by age into 5 groups: infants {0
<2-years, 2 to 6 years, 6 to 10 years, 10 to <14 years,

‘and 14 to 18 years. The total sample size consisted

of 54 children: 24 girls and 30 boys. Their ages
ranged from 3 months to 16 years. Their weight
ranged from 6.43 kg to 98.1 kg, and their height
ranged from 59.5 cm to 185 em (see Table 1). The
actual time it took for each child was approxi-
mately 15 to 20 minutes. The infants and toddlers
took the most time because of the need for more
explanations and distraction methods to keep
them still for the pressure readings.

The first research question focused on the sup-

_ port surfaces that provided the lowest interface

pressures under the bony prominences of children.
The children in each age group were placed on 5

support surface combinations and interface pres-
sures were measured. If the children were younger
than 6 years of age, only the occipital interface
pressures were measured because this is the
largest surface area of their body and the most at-
risk area for pressure mass.”0 For children 6 years
and older, interface pressure measurements were
taken under their occiput, coccyx, and heel.

Comparison of 5 Support Surfaces:
Occipital interface Pressures (Infants
to <2 Years of Age)

* Surface 1: Crib mattress

» Surface 2: Crib mattress + 2.75-inch Delta foam

overlay

o Surface 3: Crib mattress + Gel-E-Donut pillow

(infant size)
» Surface 4 Crib mattress + Delta foam overlay
+ Gel-E-Donut pillow

* Surface 5: Efica low-zir-loss bed

Resulis of the repeated measures ANOVA re-
vealed significant pressure differences, [F (4,2809.7}
=24.8; P < 001] between one or more groups. The {
tests for pair-wise differences revealed that all 4
modified surface types had significantly lower pres-
sures than did the crib mattress (P < .001). The Delta
foam overlay produced a lower pressure under the
occipital area thar did the Gel-E-Donut pillow (f [df
12] =2.75; P = .018) and the Efica (t [4f12] = 2.08; P =
059). A similar difference was also found in the
Deliz foam + Gel-E-Donut group rather than the
Gel-E-Donut by itself (i [df 12] = 1.95; P = 075).

The mean pressures did not differ between the 2
surfaces with the lowest pressures (Delta foam and
Delta foamm + Gel-E-Donut, f [df12] =0.21; P = .834).
Individual subject level differences between these
2 surfaces showed a range of 16 units in either di-
rection (see Table 2).
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Table 3. Occipital pressures of & bed surfaces for children 2-16y (N = 41)

Surface

Mean % SD (mm Hg)

Range (mm Hg)

Standard bed mattress

Delfa foam overlay

Gel-E-Donut plliow

Delta foam overtay + Gel-E-Donut pillow
Efica low-airloss bed

53+ 27 0100
2814 0458
2410 0x=39
2612 055
3217 0x68

Table 4. Coccyx pressure of 3 bed
surfaces for children 6-16 y (N = 33)

Table 5. Peripheral heel pressure of 3
bed surfaces for children &-16 y (N = 33)

Mean +SD Range

Mean  SD * Rarige

Surface (mm Hg) (mm Hg) Surface (mm Hg) (mm Hg)

Standard bed 8+9 0x30 Standard bed 81 =22 18 £ 100
martiress rattress

Delta foam overlay 68 0+30 Delta foam overlay 71x17 37 £ 100

Efica low-dir-loss 657 028 Efica low-cir-loss 66+ 20 26+ 100
bed bed

Comparison of b Support Surfaces:
Occipital Interface Pressures (Children
2-16Years of Age)
* Surface 1: Standard mattress
» Surface 2: Standard mattress + 3.5-inch Delta
foam overlay
= Surface 3: Standard mattress + Gel-E-Donut
pillow (adult size)
* Surface 4: Standard mattress + Delta foam +
Gel-E-Donut pillow
» Surface 5: Efica low-air-Joss bed
In this analysis, the participants were grouped info
the 4 age categories to test if surface pressure might
also be affected by age, and therefore weight or size.
Age had no effect on pressure, nor was an interaction
between age and surface type found. Significant str-
face type differences were revealed, and all pair-wise
comparisons were performed as indicated previously.
As with younger participants, all surface types
showed significantly lower pressures than the
standard mattress [F (4,5061.9) = 26.3; P = 000]. In
addition, the Gel-E-Donut by itself or with the
Delta foam overlay had significantly lower occipi-
tal pressures than did the Efica bed (£ [df 40] = 2.62;
P =.012 and t [df 40] = 2.25; P = .032, xespectively).
The Delta foam overlay showed a difference of 4
mm Hg from the Efica bed (¢ [4f40] = 1.80; P = .78).
There were no detectable differences among the
Delta foam overlay, Gel-E-Donut, and Delta foam
overlay + Gel-E-Donut (see Table 3).

Comparison of 3 Support Surfaces:
Coccyx and Heel interface Pressures
(Children 6-16 Years of Age)
o Surface 1: Standard mattress
» Surface 2: Standard mattress + 3.5-inch Delta
foam overlay

» Surface 3: Standard mattress + Gel-E-Donut

pillow (adult size)

* Surface 4: Standard mattress + Delta foam

overlay + Gel-F-Donut pillow

* Surface 5: Efica Jow-air-loss bed

Coceyx pressures on 3 support surfaces (Efica,
standard matiress, and Delta foam overlay) were
measured on 33 participants between the ages of 6
and 16 years. Repeated measures ANOVA did not
reveal any significant differences between these
surfaces [F (2,50.19) = 1.89; P = .159] (see Table 4).

Perpendicular heel interface pressure measure-
ments showed significant differences between the
surfaces [F {2,2062.8) = 6.43; P = 003]. Pair-wise
comparisons demonstrated a significantly lower
pressure in the Efica bed and Delta foam overlay
groups than with the standard mattress (f [df 32] =
3.38; P =.002 and ¢ [df 32] = 2.60; P = .014). The
Ffica-Delta foam difference was not significant
{see Table 5).

Oblique lateral heel pressure measurements were
performed on only 20 of the subjects to compare
them with the perpendicular heel measurements.
The Delta foam overlay mean pressure is 16 mm
lower than the standard mattress pressure, which is
a significant difference (f {df 19] = 2.09; P <.05). The
Delta foam overlay, on average, is 11 mm of pres-
sure lower than the Efica bed, but the difference was
not significant (¢ [df 19] = 1.14; P = .084). These anal-
yses were done for the set of persons {n = 20) who
had all 3 surfaces measured. A pair-wise deletion of
cases was also performed, but there were no quali-
tative differences. The Delta foam overlay and the
Efica bed were effective in providing similar low in-
terface pressures under the heels (see Table 6).

The second research question assessed cost-ef-
fectiveness. Cost-effectiveness of support surface

Mclane et al 247



248 MclLane et al

JWOCN
September 2002

7y

The fime if
took fo take 3
pressure
readings on
( nch support
surface varied,
depending on
the age of the
subject,

Table 6. Obligue heel pressures of 3
surfaces for children 6-16 y (N = 20)

Paired

samples Mean * SD

statistics  Surface pairs (mm Hg)

Pair 1 Efica low-airHoss 46 219
Standard matiress 51 +25

Pair 2 Efica low-air-loss 46+ 19
Delta foam overlay 35 20

Pair 3 Standard mattress 5125

Delta foam ovetlay 35+20

therapies has been studied previously with adults
and discussed in the literature. 51018 To determine
the cost-benefit ratio of the therapies used in this
study, a brief cost-analysis of the various support
surfaces was completed. For this example, 10 days
was selected as the average length of time spent on
a support surface. The prices represent the hospi-
tal's cost as of March 2002 at the investigators’ in-
stitution, using 7 days as the time frame that repre-
sented the average length of stay in the PICU.

» Low-air-loss bed: $135/day x 7 days = $945
with scale

* Gel E donut (infant & adult): $7.50 one-time
charge, replace pillow every 3 weeks per man-
ufacturer recommendations

» Foam overlay: $46.08 one-time charge (crib
size) $47 61 one-time charge (bed size)

* Gel E donut + foam overlay: $7.50 + $46.08 =
$53.58 (crib size) $7.50 + $47.61 = $55.11 (bed
size)

In the infant to <2-year-old group, the Delta
foam overlay alone and with the Gel-E-Donut pil-
low achieved the lowest occipital interface pres-
sure measurements but were not significantly
lower than the Efica low-air-Joss bed. Thus both
therapies are effective, but the cost difference is a
one-time charge of $46.08 for a crib size Delta foam
overlay or $53.58 for the Delta foam overlay and
Gel-E-Donut compared with $945 for the Efica

_bed. Based orf this cost analysis and our research
findings, it appears that the most cost-effective
therapy for patients younger than 2 years of age
would be the foam overlay.

In the 2- to 16-year-old group, the Delta foam
overlay combined with the Gel-E-Donut pillow
provided significantly lower pressures under the
occipital area. The coceyx and heel interface pres-
sures were similar when measured with the Delta
foam overlay and the Efica low-air-loss bed. For
children younger than 6 years who are most at risk
for occipital breakdown because of their body pro-
portions, a one-time charge for a Delta foam over-
lay plus a Gel-E-Donut pillow is $55.11 compared
with $945 for an Efica bed. For clder children, the

cost comparison for the therapies evaluated in this
study indicate that the one-time charge of $47.61
for the bed-size Delta foam overlay is more cost-ef-
ficient than the $945 charge for the Efica low-air-
loss bed.

The cost analysis done here demonsirates the
cost-effectiveness of the Delta foam overlay with
and without the Gel-E-Donut. Based on our re-
search, the Efica low-air-loss bed was the most costly
therapy and did not demonstrate the ability to pro-
vide significantly lower interface pressures than the
other therapies in this pediatric study sample.

DISCUSSION

This study was done to investigate several sup-
port surfaces used alcne and in combination with
one another to determine which surface produced
the lowest interface pressures under the bony
prominences of children and which surface was
the most cost-effective. All surfaces studied pro-
vided significantly lower pressures than the stand-
ard hospital mattress, which were similar to results
found in the adult studies. 36911

Children younger than 6 years had only the
occipital interface pressure measurements taken
because of the large surface area of their head, re-
sulting in this area being most at risk for high pres-
sures. In the infants <2 year group, the Delta foam
overlay alone provided the lowest occipital pres-
sures, and for children older than 2 years, the Delta
foam overlay plus the Gel-E-Donut pillow pro-
vided significantly lower occipital pressures. The
Efica low-air-loss bed can not be programmed for
a weight less than 22.7 kg and is not recommended
for children less than this weight by the manufac-
turer. When small children were placed on the
Efica bed, their occipital area fell in the upper mid-
section of the matiress designed for pressure relief
of the trunk of an adult. Thus, the pressures were
not lower than the Delta foam overlay. The Gel-E-
Donut pillow also did not demonstrate consis-
tently low interface pressures in our critical age
groups, who are at risk for occipital breakdown,
when used alone. Therefore, the lowest occipital
interface pressure measurements were found with
the Delta foam overlay alone or in combination
with the Gel-E-Donut pillow.

The children £ to 16 years of age had 3 interface
pressure measuremenis taken, which were under
the ccciput, coccyx, and heel, io evaluate the sup-
port surface. The highest interface pressure mea-
surements that were obtained out of all 3 occurred
when the heel was perpendicular to the support
surface. These perpendicular heel pressures were
significantly higher than at the occiput or the coc-
cyx. The coccyx pressure was the lowest of all 3
pressures measured, which was probably the re-
sult of the normal curvature of the lumbar spine on
the surface. Of note was that heel pressures were
greatly reduced when the heel was repositioned
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KEY POINTS

age.

* The Delta foam cverlay with and without the Gel-E-Donut pillow provided an ef-
fective pressure reducing surface for children, from infancy through 16 years of

* The Delta foam overlay performed simllar fo the Efica low-air-loss bed for providing
pressure reduction under the coccyx and heel of older children,

» The Delta foam overlay and Gel-E-Donut pillow are very cost-effective modalifies,

+ The highest interface pressure measurements obtained in children 6 fo 16 years of
age were under the perpendicular heel. This pressure was greatly reduced when
the heel was repositioned so the ankle was on ifs side in the oblique position.

with the ankle on its side in the oblique position.
This is because of the greatly increased surface
area that is available to support the weight of the
foot when the heel is not perpendicular to the sup-
port surface. As in adults, the legs of these older
children should be positioned to allow the ankle to
rest on ifs side to protect the heel from pressure
damage.

Although the Delta foam overlay plus the Gel-
E-Donut pillow produced significantly lower in-

terface pressures under the occipital area, this is.

not the location most at risk for skin breakdown
and pressure ulcers in children 6 years and older.
As school-age children mature, their body propor-
tions are changing, resulting in high-risk pressure
areas at the coccyx and heels. 21 The performance of
the Efica low-air-loss bed and Delta foam overlay
were similar but vary greatly in terms of cost. The
Delta foam overlay is a one-time charge item that
provided adequate pressure reduction for the coc-
cyx and heels of these pediatric subjects.

Strengths

This study had a large sample size of 54 children
with a good representation of age distribution. The
convenience sample from the community por-
trayed children that were in good health and were
of average make-up for weight and height com-
parisons. The sample size provided data results of
significance up to P < .001.

All of the researchers using the Mini-TIPE for
the interface pressure measurements were trained
by one of the investigators (TAK) to decrease vari-
ability in the data collection. At the end of the
training, repeated measures with the Mini-TIPE
were within 5 mm Hg and interrater reliability
readings were within 4 mm Hg,. The interface pres-
sures were measured under each bony promi-
nence 3 times, and the highest score of the three
was recorded. A qualified statistician then ana-
lyzed the data results using the repeated measures
ANOVA for one or more groups and the ¢ tests for
pair-wise differences.

Limitations

The Efica HillRom low-air-loss bed has 5 zones
to independently accommodate body weight and
adjust to disperse pressure. The zones are head,
chest, seat, thigh, and foot, When using the Efica
low-air-loss bed, young children were routinely
placed in the chest/seat section of the bed, as
would have been done on the nursing unit. The
young children fit within these 2 sections entirely
and appear {o be most comfortable and safe. If
their head was placed in the head section, they ap-
peared to be too high in the bed, especially if the
head of the bed was raised. All of the Efica bed set-
tings were the same for any child weighing less
than 50 1b or less than 22.7 kg, because that was the
design of the bed. The bed did not have individual
zone adjustments for children weighing less than
50 Ib. The zone adjustments were recorded for
those children weighing more than 50 Ib.

Variances from research protecol occurred in the
infant to <2-year group, where 2 of 13 children
were measured on the bed-size Delta foam overlay
instead of the crib-size Delta foam overlay and 1 of
13 children had an adult-size Gel-E-Donut used
when their occiput was measured. Also, 2 of the 8
children in the 2- to <6-year group had an infant-
size Gel-E-Donut used when their occiput was
measured.

There was variability in positioning the Gel-E-
Donut pillow under the head of the subject be-
cause of neck position or hair thickness and in po-
sitioning the Mini-TIPE sensor under the bony
prominences of the children, Children with very
thick hair and braids had very low pressure scores,
noted in 2 of the 16 children in the 6- to <10-year
group and 1 of the 7 children in the 14- to 18-year
group. The researchers attempted to decrease the
variability of the positioning of the Mini-TIPE sen-
sor by taking 3 readings under each prominence.

The time it took to take 3 pressure readings on
each support surface varied, depending on the age
of the subject. The estimated time of 3 to 5 miniites
per measurement was generous if the child was co-
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operative. The infants and toddlers had to remain
with their head still for at least 30 to 60 seconds per
surface. This was accomplished by using a variety
of distraction methods, such as blowing bubbles,
using pacifiers, and/or bottle feeding the babies.
The infants and toddlers took 10 minutes or less to
move to the 5 different surfaces and obtain the
readings. It took longer to obtain the pressure read-
ings for the older children because 3 measurements
were obtained under 3 bony prominence sites. The
average time for obtaining the readings in the older
children was 15 to 20 minutes. There was also vari-
ability in interface pressures when the older chil-
dren were lying too rigidly and not allowing their
full weight to rest completely on the surface, In-
struction was given to the children to relax com-
pletely while the measurements were taken.

Tt was also noted that in the clinical setting, the
most common position of children in bed is the
semi-fowler position, which would theoretically
result in higher pressures in the coccyx area. The
healthy children in this study were placed in a
complete supine position, which resulted in a
prominent sacral curve and very low pressure
scores. These results were similar to those found in
adult studies 478

SUGGESTIONS FOR FUTURE
RESEARCH

'This study helped identify a sample size for a fu-
ture study with critically ill children in a PICU. Inad-
dition, the results narrowed the focus of the support
surface combinations to the Efica low-air-loss bed,
the Delta foam overlay, and the Delta foam overlay
plus the Gel-E-Donut pillow. More research is
needed to identify which of these support surfaces
provide the lowest interface pressures in a popula-
tion of critically ill children and skin breakdown
and/or pressure ulcer occurrence in these children
over fime when they are placed on each surface.

SUMMARY

This study of healthy children ages 3 months to
16 years found that the Delta foam overlay pro-
duced the lowest interface pressures under the oc-

‘Tipital area for children younger than 2 years. For

children older than 2 years, the Delia foam overlay
plus the Gel-E-Donut pillow produced signifi-
cantly lower pressures under the occipital area and
performed similar to the Efica low-air-loss bed for
providing pressure reduction under the coccyx
and heel. The Delta foam overlay alone or in com-
bination with the Gel-E-Donut pillow is a very
cost-effective and therapeutic choice for pressure
reduction as demonstrated in this study of healthy
children.

Acknowledgment

We offer special thanks to the General Clinical Re-
search Center, the nursing staff at the General Clinical Re-

search Center, Marilyn Hockenberry-Eaton, Viola Velaso,
RN, Jean McCain, RN (Hill-Rom), Paul Daly (Chiidren’s
Medical Ventures), Mark Krouskop, and Texas Chil-
dren’s Hospital for thelr assistance with and support of
our study.

REFERENCES

1. Quigley SM, Curley MAR. Skin Integrity in the pedi-
atric population: prevenfing and managing gres-
sure ulcers. J Soc Pediatr Nurs 1996:1:7-18.

2. Sclis 1, Krouskop T, Tralner N, Marburger R. Supine in-
terface pressure n chilkdren. Arch Phys Med Rehakbill
1988,;69:824-6.

3. Ryan DW, Byrne RA study of confact pressure paints in
specialised beds, Clin Phys Physiol Meos 1989,10:331-5.

4, Krouskop 1A, Willlams R, Herszkowlcz 1, Garber S,
Evaluating the effectiveness of mattress overloys, Rx
Home Care 1985,7:98-103.

5. Day A Leonard F. Seeking qualty care for patlents
with pressure ulcers, Decubitus 1993;6:32-43.

6. Hover AE, Krouskor TA. Pressure relisf characteristics
of a new foam overlay: a prefiminary performance
evaluation, J Enterostfomal Ther 1992;19:42-7.

7. Maklebust JA, Mendoux |, Sieggreen, M. Pressure re-
lief choracteristics of various support surfoces used
In prevention and freatment of pressure ulcers.
J Entarostornal Ther 1986;13:856-9.

8, Counsell C, Seyrmour S, Guin B Hudson A, Interfoce
skin pressures on four pressure-relieving devices.
J Enterostornal Ther 1990;17:15C-3.

2. Goode PS, Allman RM. The prevention and man-
agement of pressure ulcers. Med Clin North Am

. 1989;73:1511-24,

10.8wope C. The team apprecch: using hospital
owned low-airloss beds. Qstomy Wound Manage
1994,40:40-7.

. U.8. Deportment of Heclth and Human Services,
Public Hedlth Service, Treatment of pressure ulcers
clinical practice guideline No, 15 (AHCPR publica-
fion Ne. 95-0652). Rockville (MD): Agency for Healih
Care Policy and Research; 1994.

12. Ferrelt BA, Cstermeil D, Chrisfenson R A randomized
tricl of low cirloss beds for freatment of pressure ul-
cears. JAMA 1993,269:494-7,

13, Braden B, Bergsirom N, A conceptual schema for
the stucly of the eficlogy of pressure sores. Rehakbil
Nurs 1987;,12:6-12,

14. Bobibs CF, Bourland JD, Graber GRJones JT, Schoen-
leln WE. A pressure-sensitive mat for measuring
confact pressure distributions of patients lying on
hospltal beds, Biemed Instrum Technol 1990:
September/Octobendsd-70.

15. Krouskep TA, Garber 5L Reddy NE Nobie PC. A syn-
thesls of ihe factors that contribute 1o pressure sore
formation. In: Ghista DG, Frankel HL, editors. Spindl
cord Injury medical engineering. Springfieid: C.C.
Themas Publisher; 1986. p.247-67.

16, Reddy NR Palmieri V, Cochran GVB. Subcutansous
interstitial fluid pressure during external fissue load-
ing. Am J Physiol 1981;240:R327-R329,

17. Reddy NP Cochran GVB, Krouskop TA. Interstitial
fluid fiow s a factor in decublius ulcer formation-
J Biornech 1981;14:872-88.

18. Verdlery RB. Pressure ulcer prevention with low air-
loss bads, JAMA 1993;270:11%7-8.

—
pu—




JWOCN

Volume 22, Number 5 MclLane et al 251
19. Gershan L Esterly N. Scarring alopecia In neonates 21. Krouskep TA. A cooperative Rehabiliiction Engi-
¢s a consequence of hypoxaemia-hypopearfusion. neeting Center annual report, Houston: Baylor Col-
i Arch Dis Child 1993,68:591-3, lege of Medicine; 1979.
‘ ! 20. Internatlonal Commission on Rodlological Protec- 22, Bland JM, Altman DG, Statistical methods for assess-
tlon Publication 23, Report of the Task Force on Ref- ing cgreement between two methods of clinical
erence Man, Oxford, Englond; The Cemmission: mecsurement, Lancet 1986;1(8476):307-10,
1975.

W in

=]
-

e N THE MOVE?

Send us your new address at least six weeks ahead

:I5
N
fh Don’t miss a single issue of the journal! To ensure prompt service when you change your address,
3 please photocopy and complete the form below.
4+ Please send your change of address notification at least six weeks before your move to ensure continued service.
o We regret we cannot guarantee replacement of issues missed due to late notification.
oi JOURNAL TITLE:
" Fill in the title of the journal here.
g OLD ADDRESS: NEW ADDRESS:
;5‘ Affix the address label from a recent issue of the journal here. Clearly print your new address here.

' Name
mn-
ye Address
1l
o} City/State/ZIP
us
- COPrY AND MAIL THIS FORM TO: ORFAX TO: OR PHONE:
ial Mosby 407-363-9661 800-654-2452
" Subscription Customer Service Outside the U.5,, call

L 6277 Sea Harbor Dr hVA Mosb 407-345-4000 |

ol ) Orlando, FL 32887 \71 V1I0SDY

|




