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ABSTRACT

Prolonged mechanical loading can lead to the bimaikdf skin and underlying tissues which can, in
turn, develop into a pressure ulcer. The benefifwessure relief and/or redistribution to minienis
risk have been well documented. Manufacturers kdaveloped alternating air pressure mattresses
(APAMS) to provide periodic relief for individuats prolonged bed-rest. The present study describes
the development of a control system, termed PnearEtnager which can vary the signature of an
APAM, namely its pressure amplitude, cell profitedaycle period. An experimental array was
designed to investigate the effects of varyingehgsrameters, particularly with respect to itsigbil

to maintain skin viability in a group of five helajt volunteers lying in a supine position.
Transcutaneous gas.PO/T.,PCQ) tensions at the sacrum were monitored. In addifioessures

and microclimate parameters at the loaded suppierface were also measured.

In the majority of test conditions the alternatsupport produced sacralPO, values, which either
remained relatively high or fluctuated in conceittweycle period providing adequate viability.
However, in 46% of cases at the extreme pressupditade of 100/0 mmHg, there was compromise
to the skin viability at the sacrum, as reflectedi€pressed PO, levels associated with an elevation
of T.PCG; levels above the normal range. In all cases, @thtimidity and temperature levels
increased during the test period. It is interestingote that interface pressures at the sacruetyrar
exceeded 60 mmHg. Although such studies need &xtemded to involve bed-bound individuals, the
results provide a design template for the optimuesgure signatures of APAM systems to ensure
maintenance of skin viability during pronged loadin

Key Words: Pressure ulcers; Tissue viability; Alternating Brae signatures; Supine lying;
Microclimate

Highlights

» A control system has been designed to vary thespreselief features in an APAM system

» The magnitude of pressure amplitude influencephbysiological response of sacral tissues

* Optimum design features of APAM systems should m#te individual response



1. Introduction
Prolonged mechanical loading of skin and underlyisgues can lead to a reduction in perfusion and
subsequent delivery of vital nutrients to localgelhich affects tissue remodelling and can rasult
the development of pressure ulcers (PUs) [1]. biitamh to local ischaemia, research has revealed
other mechanisms associated with pressure ulcgratayrn namely, impaired lymphatic drainage,
reperfusion injury and direct cell damage resulfiogn high deformations [2]. This disabling
condition, which has been implicated as a key micof Patient Safety and Quality of Care,
particularly affects immobile and insensate indixts who spend much of the day bed or chair-
bound. The benefits of pressure relief and/or taligion have been documented in international
guidelines for the prevention and treatment of guess ulcers for many sub-groups of patients deemed
to be at high risk of developing PUs [3]. Thus anbber of management strategies are available
ranging from regular turning of the patient, whishabour intensive and not always strictly adhered
to [4], to active support surfaces including a nemitf commercial alternating pressure air mattesse
(APAMS). These systems tend to be prescribed to hg individuals to reduce the effects of
prolonged load-induced ischaemia on vulnerabletssities overlying bony prominences, typically at
the sacrum and heels. The main evidence for tffeicteveness derives from a large cohort study in
which their use reduced the number of PUs at tleéstvehen compared to a control group supported
on a viscoelastic foam mattress [5]. In order wvjate sequential offloading of vulnerable tissues
manufacturers of APAM systems utilise pressureil@mfwhereby the cells within the device inflate
and deflate to a prescribed internal pressure aldferent zones of the support surface. However,
there is considerable variation in the pressurélpsoor signatures adopted in commercial APAM
systems, the characteristics of which have beausis®d in a consensus document [6]. These are
often determined by practical issues, such ashbeacteristics of the incorporated pumps, as opose
to considerations related to maintaining tissuéilitg or status of the supported individual.
Only a few studies have evaluated the featureshwdetermine the pressure signature associated with

APAM systems. In one such study, the effects dedit pressure relief profiles (pressure range of



0-20 and 10-20 mmHg for cycle times of 5, 10 anchi2d@ites) were evaluated by monitoring skin
blood perfusion in the heel supported by a singleel of an experimental mattress [7]. Their
findings revealed that the average skin perfusmidbe maintained with the pressure relief prefile
for healthy subjects. Using a similar approachp€dens and Rithalia [8] examined the performance
of three APAMSs (peak internal pressures ranginf&8-49mmHg for cycle time of 10 minutes) and
indicated differences in physiological responsesassessed by gas tension recovery and tissue
perfusion, at the heel of an able-bodied cohorivéier, no statistical differences in maximum
interface pressures between the three APAMs wesereed. In a recent study the present authors
evaluated the performance of a prototype APAM within-built pressure sensor, where the internal
pressures of the sacral section could be adjustediiject morphology and BMI [9]. Internal mattress
pressures and transcutaneous gas tensl@®® and TcPQ) at the sacrum and a control site, the
scapula, were monitored. The skin response tonaltieig support pressures in a cohort of healthy

volunteers were divided conveniently into thredidct categories (1-3), as defined in Table 1.

Insert Table 1 here

In the majority of test conditions the internal papg produced sacral.PO; values which provided
adequate viability, either remaining similar togkat the control site (Category 1) or fluctuatimg
concert with the cycles of alternating support puess (Category 2). In both cases, the associated
T.PCQ levels remained within the normal range of 35-45khgnf9-10]. However, in a few cases
when the head of bed (HOB) was raised (»4here was compromise to the skin viability a th
sacrum, as reflected in depressgé( levels associated with an elevation gPTQ; levels above the
normal range (Category 3). In all cases, interfaessures at the sacrum rarely exceeded 8kPa (60
mmHg). The transcutaneous categorisation was digpted in a recent publication examining the
differences between lateral rotation provided byetive mattress system and the manual
repositioning performed by a clinician [4]. Recsntdies evaluating support surface performance

have also incorporated temperature and humiditgisgril11], motivated by the increasing evidence



that thermodynamic conditions within and aroundhdigsue strongly influence the susceptibility of
skin to pressure ulcers [12]. As an example, etaaiterface temperatures increase the metabolic

demands of the tissue and excessive moisture adrtdeskin maceration.

The relative paucity of literature provides motigatfor the present study, which examines whether
there is an optimal internal mattress pressureasiga, which maintains tissue viability of indivila
supported on an APAM system. This is achieved thighfollowing objectives, namely to,

i) Design and develop a versatile controller for a c@rcial APAM system.

i) Design an experimental test matrix, which enablesmaparison of pressure signatures imposed
on a small cohort of young healthy volunteers.

iii)  Evaluate a range of test conditions on the phygiod responses, interface pressure and

microenvironment at the subject support interface

2. Material and Methods
2.1 Control of Support Mattress
The alternating pressure air mattress used irsthidy was a commercial system, Model Duo 2,
which was loaned by the Research and Developmepareent of an international support surface
manufacturer (HillRom, France). The system hasfaulteoperation in which the two distinct sets of
cells along the long axis of the mattress areradtgrely inflated and deflated (Table 2). The puess
signature associated with the APAM support systeamsbe defined by a number of variables, as
discussed in a consensus document [5]. Their auatibh will determine the nature of the support
afforded to the lying individual. The present stiekgmined the influence of three of the critical
parameters, namely pressure amplitude, cell prafittcycle period (Table 1).
The various configurations were achieved with @aauasmade control system, termed Pneumatic
Manager. To control the inflation phase, three-wagumatic solenoid valves (Type 141, Hycontrol,
Redditch, UK) were used to control air into thdélom a compressed air source. In the deflated
state the cells were exhausted to atmosphere @uiT o control the pressure difference between

inflated and deflated cells, the pressures of theaaurce and the exhaust manifold were each



manipulated via means of a variable pressure raguf@ype 700 high flow, Control Air, US). The
time-based functions and multiple outputs of adagintrol unit (Millennium Il Plus, Crouzet,
France) were employed to inflate and deflate thiévidual cells in different configurations, at
specified cycle periods. The cyclic timer prescsibige period at which a particular cam stage was
maintained. The cam prescribed the cell profilargement (1:2 or 1:4) for each stage for the

solenoid valves.

Insert Figure 1 here

Values for the three variables were selected basednumber of factors, including compatibility
with existing commercial APAM systems, as well asgtical time considerations for individuals

involved in the testing. Accordingly, values wessigned to each variable, as summarized in Table 2.

Insert Table2 here

2.2 Subject Group

The study was approved by the local Ethics commitfeQueen Mary University of London (QMUL)
(Ref no. QMREC 2009/43) and informed consent waained from each subject prior to testing.
Exclusion criteria included any history of skinatdd conditions. The study recruited five healthy
participants (4 male, 1 female) from the local Wmsity student population. Participants were aged
between 20 and 26 years of age with a mean heigh¥8m (range 1.64 -1.81m), a mean mass of
68.6kg (range 55-80 kg) and a corresponding meahd@2.9 kgni (range 18.9 — 27.0 kgfh All

tests were performed in the Biomechanical Perfoomadraboratory at QMUL, which was maintained
at a temperature of 26 + 2°C. The participants wested on separate occasions for each of the three
pressure amplitudes, allocated in a random ordeedgh occasion 2 cell profiles and 3 cell periods

were tested resulting in a total of 18 test condgi(Table 2).

2.3 Test Protocols



During the set-up phase, the support surface wastaec with Pneumatic Manager. A transcutaneous
gas electrode (Model 841, Radiometer, Denmark)atsatemperature of 2@ to ensure maximum
vasodilatation [10], was attached to the mid-regibthe sacrum. The volunteers adopted a sitting
position during an acclimatization period to edttbbasal unloaded tissue gas values
(TPOSTPCG) prior to them assuming a supine position on thppert surface. A thin sheet
incorporating a 96 cell array positioned on thegogace of the mattress was used to measure
interface pressure via a monitoring system (MakKTialley Medical Group, Romsey, UK). This
pressure mapping array included two 12-sensor syrfagated under the sacral and the left heel, at a
corresponding spatial resolution of 30 mm in bathdions. The remaining 72 sensors were
positioned along the body with a spatial resolubd60 mm across the body width and 120 mm
along the body length.

The interface pressures were recorded over thidessyeach of approximately 4 minutes duration,
before and after each of the 30 minute test phd$esinternal pressures within the four cells (R}-P
of the mattress and transcutaneous gas tensigR®AT PCQ,) were recorded continuously
throughout the test period. All outputs processedgiappropriate PC software.

Sensors were used for microclimate measuremettte aubject-support interface. Both the humidity
(HIH-4000-001 Honeywell Inc.) and temperature (Thecouple-type) sensors were incorporated in
two perforated stainless steel cages, one locatibeg dacrum and one at the heel. Outputs from the
sensors were recorded by the data logger and gesptan a computer (Pico Technology Ltd.,

Cambs., UK)

2.4 Data Analysis

The skin response in terms of transcutaneous gawtes (TPO/T,PCQ), to alternating support
pressures were divided into the three distinctgmates, which have been previously established by
the authors [9] and defined in Table 1. The meatandard deviation of peak interface pressures
values at the sacrum were estimated for each df8hest conditions. Chi squared analyses were

conducted on the pooled transcutaneous categoes@bnses to compare between the pressure



amplitudes (100/0, 60/40 and 30/20mmHg). Transadas categories during the two cell profiles
(1:2 or 1:4) were compared using a Wilcoxon Rask # level of 5% was considered statistically

significant (p=<s 0.05).

3. Results
The performance of Pneumatic Manager was deemmatich design requirements, as indicated in a
typical temporal response for a pressure ampliaid®0/0 mmHg with a cell profile of 1:4 in Figure

2.

Insert Figure 2 here

In the sacral region, simultaneous measurementamgcutaneous gas tensions were performed for
all test conditions. A typical set of data for angbject (male, BMI = 25.1 g/nis presented in
Figures 3-5, which includes both the four intemmalttress pressures (P1-P4) and the oxygePd)y
and carbon dioxide (PCQ) values at the sacrum over the monitoring petliogas evident from
each response that after a period of time thenatqressures stabilise at the prescribed pressure
amplitudes for each of the pressure profiles. & aigo evident that the gas levels vary synchrdgpous
with the cycle periods for each of the pressurelinges. Nonetheless, the tissue response was
variable in nature. In some cases, tge@; changes minimally over the period (e.g. Figureviaile,

in other cases, the.FO, fluctuates at a similar temporal profile to theeimtal mattress pressures (e.g.
Figure 5a). In a few cases, thg°D; is depressed for a large proportion of the momitpperiod (e.qg.

Figure 3c), with a corresponding increase iIRTQ, levels above the normal range.

Insert Figures 3,4 and 5 here

The complete series of responses in terms of Caésgb-3 (Table 1), are summarized in Table 3.

There were significant differences in the sacsaue responses when comparing the pressure



amplitude configurations during both 1:2 (p=0.08&) 1:4 (p=0.004) cell inflation profiles. In
particular, in 14 of the 17 cases where a Categagsponse occurred, the support surface was
prescribed a pressure amplitude of 100/0 mmHg (Ei@). By contrast Category 1 responses
occurred more predominantly with a cell profilelo# with either pressure amplitudes of 60/40
mmHg (7/15 cases) or 30/20 mmHg (8/15 cases). pidide in which the cells were inflated (1:2 vs.
1:4) did not elicit a statistically significant alige in category responses from the participants {Z

1.807, p = 0.071).

Insert Table 3 here

The mean peak values of the interface pressuresafdr of the 18 test conditions indicate clear
variations, as detailed in Table 4. In particulbe mean peak values are higher for the pressure
amplitude of 100/0 mmHg when compared to the vateesesponding to the other two pressure
amplitudes, particularly 30/20 mmHg in the 1:4 getfile, with a reduction in pressure of 30% or
greater (p>0.05). A similar trend was observedliergroup means of the heel pressures (data not
shown), although the differences were again nésstally significant (p>0.05 in all cases). Close
examination of the data revealed no consistendsr@nthe values of sacral or heel pressures with

reference to changing either cell profile or cymégiod of the APAM (Table 4).

Insert Table4 here

The corresponding data for the humidity and tentpeedevels at both body sites for each subject
were fairly consistent across the test condititmserms of relative humidity, the values increasad
initial contact with the support surface from théial ambient values of between 20-40% RH,
followed by a slower increase. With many conditioredues reach 100% RH at the sacrum, whereas
the humidity values at the heel more generallyirsgthmaximum values of between 60-80% over the

test period. In a similar manner, the temperatatémth sacrum and heel increased dramatically and



then slowly reached a steady state value of bet@8é&hand 37C. A typical result for one subject

(male, BMI = 25.1 g/rf) is presented in Figure 6.

Insert Figure 6 here

4. Discussion
This study incorporated the design of an experialentay to investigate the effects of varying ére
key parameters controlling an APAM support surf@cble 2). A cohort of five healthy subjects was
tested in the supine position on three separatesomts. A series of measurements was conducted to
assess the physiological tissue response, in tefriefsanges in transcutaneous levels of oxygen and
carbon dioxide (Table 1), the interface pressunelstae microenvironment (temperature and

humidity) at the subject support interface.

The system, termed Pneumatic Manager, was destgremtrol the characteristics of a commercial
APAM mattress (Figure 1). It proved successfuldnteolling three important parameters, namely
pressure amplitude, profile and cycle period, aased with the pressure configuration within the
APAM (Table 2). Close examination of the 1:4 prefibr the 100/0 mmHg setting revealed a small
transient decrease in pressure magnitude duringfliaéion phase, for each of the separate internal
pressure measurements (Figure 2). This behaviaitriuted to the principles underlying Pneumatic
Manager, which determines that when a cushionftetés from a deflated state, the solenoids permit
its connection with the other two inflated rows,igfhremain inflated during the next phase of the
cycle. The difference in pressure between the thows of cells initiates a transient period in whic

air from the previously inflated cells supplies tteflated row in addition to the normal air supply.
This transient behaviour is soon restored to teegibed inflated maximum pressures (Figure 1).
This feature was consistent in the 1:4 cell profilet was not observed for the 1:2 cell profile eneh

cells are either in an inflated or deflated state.



A number of researchers have used transcutanesunagmgsurements to estimate the viability of
loaded tissues for both able-bodied and individuétls chronic conditions. Although the techniques
necessitate an elevated electrode temperature€’©f #4s generally accepted that temporal
monitoring of T.PO, and TPCG; reflect relative changes in tissue viability [4, Bhe present

findings reveal a range of responses dependertsointernal characteristics of the mattress and, to
lesser extent, on the individual subject. Howef@r81% (i.e. 73/90) of the individual test
conditions, the JPG;levels either remained fairly stable during thedied period or fluctuated at a
periodicity equivalent to the cycle period of thBAM system (Table 3, Figure 5). In these cases, the
TPCQ levels remained within the normal range of bashlas By contrast, in the remaining 19% of
test conditions, there was a significant comprortostae TPG, levels during the loaded period,
which was associated with an increase dadG; levels (Category 3). The majority of these cases
(82%) coincided with an internal pressure amplitati200/0 mmHg (Table 3), with significantly
more Category three responses observed duringxtrsme pressure amplitude. Close examination
of the inter-subject data revealed that 41% ofdlases (7/17) coincided with the response from
subject 3 who presented with the lowest BMI (1&87K). This corresponds with previous research
by the authors in which individuals with low BMItefi present with a Category 3 response to
sustained lying postures [11]. This suggests iddiais with reduced tissue coverage over body
prominences may be at increased risk of tissuaé&uia. It is important to note that oxygen debt pe
se, as in the case of a Category 2 response, doesflect continued compromise to tissue viahility
Indeed, it has been reported that there is a thleéd#vel of tissue oxygen, representing a 60%
reduction from unloaded basal values, below whieé an accumulation in carbon dioxide levels
within the loaded tissues [13]. In a recent papeolving a review of studies at different hierazhi
levels, the authors have highlighted the importasfagarbon dioxide levels and associated
concentration of other metabolites, such as laetatepurines, in tissues subjected to prolonged
mechanical-induced loading and subsequent reperfii$#]. The authors reveal threshold levels of
carbon dioxide, which might be indicative of edisue damage during both mechanical-induced

ischemia and subsequent reperfusion and suggesééukfor a tissue sensor to monitor this process.



Interface pressure measurements were performée and of the acclimatisation period and
immediately after each of the test phases. There wlear inter-subject variations in peak pressures
at the sacrum (Table 4). When pooled, howeverdbelts were consistent in revealing that the
highest mean peak pressures coincided with theaiteressure amplitude of 100/0 mmHg for both
cell profiles. By contrast the configurations asatad with the other two pressure amplitudes, yeld
lower mean interface pressures at both sacrum eglgiinore equivalent to those values measured
with continuous low pressure air mattress [7]s ltampting to relate the higher interface pressures
associated with the maximum pressure amplitude/QL®MnHg) with compromised tissue viability
(Figure 3). However, there is considerable evideaciggest that interface pressures per se cannot
reliably assess individual risk of tissue compranjig, 13, 15]. Accordingly the authors questioa t
common practice, particularly in the commerciaritture, to describe the performance of APAM

systems in terms of pressure distribution datanglespoint in time.

The microenvironment measurements revealed inaldasels of humidity often reaching saturation
(100% RH), particularly under the supported sacriama significant proportion of the monitoring
period. This was associated with enhanced temperasilues at the sacral region, often exceeding
35°C, for each of the pressure signatures (e.g. Figuréhere was, however, no systematic trend
evident in this response with respect to the thressure signatures. Indeed, there is increasing
evidence that thermodynamic conditions within araiad skin tissue strongly influence the
susceptibility of skin to pressure ulcers, culmimgin the use of the term “microclimate” to deberi
the local temperature and moisture conditionsetdhded skin-support interface [12, 16]. This has
motivated the recent interest among support surfaneufacturers to address this issue by designing
mattresses and cushions which regulate the mionatdi. As an example, technological advances in
woven manufacturing techniques have given riseet® 8D spacer fabrics, which can be incorporated

as overlays within support mattresses

It is clear that the study is limited by the snmalmber of participants, all of whom were young and

healthy. Certain questions were not addresseckiptésent study, for example, whether the support



offered by continuous low air pressure might hana/en sufficient to maintain tissue viability with
no additional need for alternating air pressuregpsup In addition, the effectiveness of different
pressure configurations in the APAM system needsetexamined for bed-bound subjects, who may
be particularly susceptible to the developmentregure ulcers. It is evident that existing mastees
incorporating a single pressure profile will noc@mmodate the inter-subject variability with redgpec
to morphology, BMI and other intrinsic factors [Fhe present approach offers the potential for a
personalised support surface whose charactercsiitde adjusted according to the needs of an

individual morphology to maintain skin health dgyiprolonged periods of bed-rest.

There is still much debate as to the comparablésmarAPAM and continuous low pressure
systems, with proponents of each in the clinictilrsgs. The present work reaffirms that the suppor
surfaces which incorporate alternating pressuaashave a major influence on both the physiological
response of skin tissues, the interface biomechkaarid the microclimate. However, the pressure
amplitudes within APAMs are critical in determinitigese responses. Findings from the present study
indicate that small variations in pressure ampégjdamely 10 -20mmHg, generally provide
sufficient pressure relief to maintain tissue Vi#piBy contrast, when the pressure amplitudes are
large as, for example, in the case of the 100/0 mntiiven there is a tendency towards compromised
tissue viability even in able-bodied subjects. Eisdings should be considered in the light of
previous recommendations based on a RCT suggeakanhgoth low pressure multi-stage and single
stage inflation and deflation APAMs are equallyeefive in reducing the incidence of pressure ulcers

to below6%[3, 17].

In conclusion, the study describes the developmkatversatile controller, which adjusts the pressu
signatures of a commercial APAM system. The effeftvarying pressure amplitude, cell profile and
cycle period of the APAM device were demonstratsidg physiological responses, interface
pressures and microenvironment parameters at gpodLinterface with a small cohort of able-
bodied subjects. Results indicated that the pressmplitude had the major effect on the

physiological response such that, at extreme lexfel©0/0 mmHg, there was a compromise to the



skin viability at the sacrum of many of the indivals, as reflected in depressed TcPO2 levels
associated with an elevation of TcPCO2 levels altoeaormal range. The present approach needs to
be extended to patients at risk of developing presslicers. The present methodology provides a
design template for optimising pressure signatafé@s?AM systems to ensure maintenance of skin

viability during pronged loading.
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Table 1. Characterization response of transcutaneous oxygen and carbon dioxide tensions in human

skin exposed to mechanical |oading (Based on [9]).

Category Changes in transcutaneous oxygen(TcPO,) and carbon dioxide

(TcPO,) tensions

1 Minimal changesin both TcPO, and TcPCO, from basal unloaded

values,

>25% Decrease in TcPO, with minimal change in TcPCO,

3 >25% Decrease in TcPO, associated with a>25% increasein

TCPCOZ




Table 2: Variability of pressure signatures with APAM support surface.

Representation of the

APAM variable
various states
Pressure
Amplitude e e
100/0 60/40 | 30/20 DD
(mmHQ)
1:2 or 1:4 'ub “'h
Cdll Profile
Cycle Period
Cycle Period ELF—LF
3or 9or 15 E

(min)

e




Table 3: Percentage of subjects which exhibited a tissue response for each of 18 test conditions based

on categorisation of transcutaneous gas tensions (Based on [9]).

Pressure 100/0 60/40 30/20
Amplitude
mmHg
Cycle period 3 9 15 3 9 15 3 9 15
minute
Cell Profile 1.2 1.2 L5
CAT.3 0% 80% | 100 | 0% 0% 0% 0% 20% | 20%
%
CAT.2 80% | 20% | 0% 100% | 80% 100% | 80% 60% | 40%
CAT.1 20% |0% |0% | 0% 20% 0% 20% 20% | 40%
Cell Prafile 1:4 1:4 1:4
CAT.3 0% |40% |60% | 20% 0% 0% 0% 0% | 0%
CAT.2 100 | 60% | 40% | 40% 60% 40% 60% 40% | 40%
%
CAT.1 0% 0% 0% | 40% 40% 60% 40% 60% | 60%




Table 4: The mean values for the peak interface pressures at the sacrum across cohort group

measured for all 18 test conditions.

Pressure 100/0 60/40 30/20
Amplitude
mmHg
Cycle period 3 |19 15 3 9 15 3 9 15
minute
Cédl Profile 1:2 1:2 1:2

M ean Peak 728 | 785 |83.0 |61.0 |61.8 |600 |370 |464 |49.2

SD 216 | 378 220 |74 199 | 258 |50 |50 12.6
mmHg
Cédll Profile 1:4 1:4 1:4

M ean Peak 738 | 70.6 |59.0 |56.6 | 60.8 |652 |545 |50.3 |41.0
SD 240 | 224 |152 |62 |192 |84 |114 |139 |18

mmHg
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Figure 1: (Top row) General assembly and Layout of the Logic controller function for Pneumatic

manager. (Bottom row) Images of logic controller and data logger
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Figure 2. An example of the performance of Pneumatic Manager in controlling APAM support
surface at a pressure amplitude of 100/0 mmHg, a cell profile of 1:4, and acycle time of 9 min. P1-P4

represents the individua internal pressure valuesin a set of four cells.
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Figure 3: A complete data set for one participant (male, BMI= 25.1 kgm™) incorporating six
combinations of cell profile and cycle period with a pressure amplitude of 100/0 mmHg. P1-P4

represents the individua interna pressure valuesin a set of four cells.
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Figure 4. A complete data set for one participant (male, BMI= 25.1 kgm®) incorporating six
combinations of cell profile and cycle period with a pressure amplitude of 60/40 mmHg. P1-P4

represents the individual internal pressure valuesin aset of four cells.
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Figure 5: A complete data set for one participant (male, BMI= 25.1 kgm®) incorporating six
combinations of cell profile and cycle period with a pressure amplitude of 30/20 mmHg. P1-P4

represents the individua internal pressure valuesin a set of four cells.



45 |™¥ Temperature (sacrum)
—— Temperature (heel)
~—4=— Humidity (sacrum)
100
—— Humidity (heel)

80
g
5 z
) 5
o £
] 60 I
H H
&
£ ©
i (4

40

| 20

) /
—
y,
e
20 + + + + + + + + + + + + + t t + + + + + 0
0 5 10 15 20 25 30 35 40 45 50 55

time (min)

Figure 6: An example of the performance of the temperature and humidity changes on a single
subject (male, BMI 25.1 kgm™) supported on the APAM support surface controlled at a pressure

amplitude of 60/40 mmHg, acell profile of 1:4, and acycle time of 9 min.
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