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Abstract

Head of bed elevation is used to manage some medical and surgical conditions

however this may increase a patient's risk of sacral pressure injuries. Novel

point-of-care technologies that measure subepidermal moisture can identify

changes in localised subepidermal oedema and potential pressure injury risk.

This prospective exploratory study investigated variations in sacral subepider-

mal oedema in healthy adults during 120-min of 60� head of bed elevation.

Sacral subepidermal oedema was measured at 20-min intervals using the

Provisio® subepidermal moisture scanner. Descriptive analysis, one-way

repeated measures analysis of variance and an independent t-test were con-

ducted. Slightly more male volunteers (n = 11; 55%) were recruited and the

sample mean age was 39.3 years (SD 14.7) with an average body mass index of

25.8 (SD 4.3). Little variation in the mean sacral subepidermal moisture of

healthy adults was observed. There was a statistically significant difference in

the mean sacral subepidermal moisture measurements between males and

females (Mean difference 0.18; 95% confidence intervals: 0.02 to 0.35; P = .03).

Healthy adults can tolerate prolonged 60� head of bed elevation without devel-

oping increased subepidermal sacral oedema. This warrants further investiga-

tion in other populations, in various positions and over different time periods.
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Key Messages
• prolonged head of bed elevation is used in the management of medical and

surgical conditions, but it increases the risk of sacral pressure injuries due to
raised tissue loading

• the effect of prolonged head of bed elevation on sacral subepidermal
oedema, and subsequent pressure injury risk in any population is unknown
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• overall healthy adults showed little variability in the sacral subepidermal
moisture measurements however, females were observed to higher average
sacral subepidermal moisture measurements compared with males follow-
ing 120-min of prolonged 60� head of bed elevation

1 | INTRODUCTION

Pressure injuries (PI) are localised skin and tissue injuries
that often develop over bony prominences following
shear, friction or 1–6 h of unrelieved pressure when
patients are laying down or sitting.1,2 This injury initiates
a microscopic inflammatory response causing increased
microvascular permeability resulting in localised subepi-
dermal oedema.3,4 Subsequently, cell death ensues pro-
ducing tissue pH deviations which can lead to further
subepidermal oedema and additional cell death.3,4 If pro-
longed, this microscopic damage produces the first signs
of a PI including visible skin discolouration (erythema)
and localised palpable heat.5

Hospitalised patients are at increased risk of develop-
ing PI,1 with a 2020 meta-analysis of >680 000 patients
reporting a 12.8% (95% Confidence Intervals: 11.8–13.9)
prevalence and a pooled incidence rate of 5.4/10000
patient days.6 The body locations where hospital-
acquired PI frequently develop include the sacrum
(37.3%), heels (29.5%) and hips (7.8%).6 PI can cause
patients considerable pain,7 increase their hospital length
of stay and result in greater clinical workloads for clini-
cians.8,9 Finally, PI are expensive, with an estimated
annual cost to healthcare systems of £1.4–2.1 billion in
the United Kingdom,10 USD26.8 billion in the
United States8 and AUD$9.11 billion in Australia.11

Several factors increase a patient's PI risk including
advancing age, reduced mobility, poor nutritional status,
and prolonged head of bed elevation (HOBE).1,12,13 For
hospitalised medical and surgical patients, being nursed
in various degrees of HOBE between 30� and 90� is nec-
essary to prevent complications such as pneumonia.14

However, prolonged HOBE raises external tissue pressure
or loading on the sacrum and heels, increasing the risk of
PI.1,13,15,16 While international clinical practice guidelines
for PI prevention recommend a ≤30� HOBE to reduce
the patient's PI risk,1 for some patients this is not compat-
ible with their clinical needs.14,16,17 Interface pressure
studies have been conducted on the effect of seating posi-
tion18 or repositioning19 and PI risk in hospital patients,
and HOBE in healthy volunteers.20,21 However, data on
the angle of HOBE or the length of time prolonged pres-
sure can be tolerated is less well known.2

PI risk assessment is reliant on frequent and compre-
hensive assessments, which includes risk assessment

tools (e.g. Waterlow, Braden, Norton) and visual skin
assessment.1 Although deemed ‘gold standard’, the reli-
ability of visual skin assessment to detect the first visible
signs of a PI such as erythema is questionable due to its
subjective nature and high inter-rater variability.22 The
recent availability of objective point-of-care technologies,
including ultrasound, thermography and subepidermal
moisture (SEM) devices,23 can aid in determining a
patient's PI risk.24,25 SEM devices, which include the
SEM 200® and Provisio®26 (Figure 1), are handheld, non-
invasive, point-of-care scanners that measure changes in
localised tissue inflammation and subepidermal oedema
and provide quantitative data on potential underlying
damage.5 The device works by measuring the biocapaci-
tance or electrical properties of the subepidermal tissue,27

with higher values suggesting increased extracellular
oedema and possible tissue damage.28 Recognising their
clinical potential, the use of SEM devices is recom-
mended as an adjunct tool to standard PI risk
assessment.1

There is evidence on the potential benefits of SEM
devices in detecting early tissue damage.4,23,24,29,30 Sev-
eral studies have examined the relationship between PI
development and SEM measurement24 and found these
devices can detect oedema changes up to eight days
before erythema is visible or heat palpable.30-33 However,
limited evidence exists on the effect of prolonged HOBE
and sacral subepidermal oedema in any population.
Hence, the study aim is to explore sacral subepidermal
oedema in healthy adults during 120-min of prolonged
60� HOBE. This exploratory research on healthy adults
will; provide baseline data, inform future PI research

FIGURE 1 Provisio SEM scanner and sacral measurements.

Images used with permission from Bruin Biometrics 2022.
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involving hospitalised patients who require HOBE, and
potentially inform guide clinical practice in relation to
identifying and developing strategies to reduce PI risk.

2 | MATERIALS AND METHODS

2.1 | Design

This quantitative prospective exploratory study was
underpinned by two research questions:

1. What are the variations in sacral subepidermal oedema
in healthy adults during prolonged 60� HOBE?

2. What are the differences in sacral subepidermal
oedema in healthy adults during prolonged 60� HOBE
based on participants' sex, age, and body mass index?

The study was conducted in the clinical nursing labo-
ratory located at a university in southeast Queensland,
Australia. The airconditioned laboratory contained four
electric hospital beds, ensuring a consistent supine posi-
tioning with a 60� HOBE over 120-min. Each hospital
bed had a pressure relieving static foam mattress (Prema
Advanced III) which are frequently used in hospitals for
patients at PI risk.34 Ethical clearance was obtained from
the university human research ethics committee (GU:
2021/515) and the study was conducted in accordance
with the national ethical standards.35

2.2 | Sampling and participants

Using convenience and snowball sampling, our target
study population were 20 healthy adult volunteers who
worked or studied at Griffith University or were their
friends and family members. Due to the exploratory
nature of the study, this sample size was deemed suffi-
cient. During September 2021, a range of campus-wide
participant recruitment strategies were implemented
including the dissemination of posters, newsletter adver-
tisements and staff emails. Healthy adults who expressed
an interest in participating were given a study overview,
their questions were answered, and they were informed
their participation was anonymous and voluntary. Poten-
tial participants meeting the following study criteria were
eligible for recruitment: aged ≥18 years, had capacity to
provide informed consent, and self-reported good health.
Potential participants were excluded if they had sacral
skin breaks, were unable to lay supine in a 60� HOBE for
120-min, had multiple medical comorbidities (e.g., peripheral
vascular disease which increased their PI risk), and preg-
nancy. In total, 20 healthy adult volunteers were approached,

all of whom met the study criteria and agreed to participate
in the study.

2.3 | Data collection

Quantitative data collection occurred over five consecu-
tive days during October 2021. A data collection meeting
schedule was arranged in advance with each recruited
participant to streamline their clinical laboratory atten-
dance. On arrival to the clinical laboratory, participants
remained standing during the study consent process. Fol-
lowing written consent, participant self-reported demo-
graphic data were first gathered on sex, age, height and
weight (used to calculate body mass index), smoking sta-
tus, diabetes, peripheral vascular disease, heart disease
(ischaemic heart disease, hypertension, heart failure).
Participants were then immediately positioned supinely
on the hospital bed with a 60� HOBE for the duration of
data collection, which was a prolonged 120-min period.
At 20-min intervals (T0 [baseline], T1 [20-min], T2
[40-min], T3 [60-min], T4 [80-min], T5 [100-min], T6
[120-min]), participants were briefly repositioned later-
ally to gather sacral SEM measurements (Figure 1), com-
plete a sacral skin inspection and blanching test, and
assess their sacral pain score (0–10). Our decision to
select 20-min data collection intervals was based on pre-
vious observational work which found hospital patients
repositioned themselves approximately 3.8 times per
hour.36 Coded data were entered into a study specific,
password protected Excel spreadsheet.

2.4 | Instrument and training

The Provisio® SEM scanner (Figure 1) was used to gather
sacral data. This pre-calibrated, non-invasive, hand-held
device measures subepidermal oedema by assessing vari-
ations in the tissue electrical properties or biocapaci-
tance.26 Following the manufacturer's instructions, at
each data collection point, the device sensor was gently
pressed against the sacral skin in a pre-determined
order.26 Six individual sacral readings were taken and
expressed as unitless SEM values between 1.0 and 4.5
(±0.2).26 The device then calculated the SEM delta by
measuring the difference between the highest and lowest
unitless SEM value.26 A SEM delta of ≥0.6 may suggest
the tissue has an increased risk for PI development, while
a SEM delta of <0.6 may suggests a lower PI risk.26,29

Prior to data collection, a study standard operating proce-
dure was developed to ensure standardisation of the
study processes. The research team completed 3-h of
Provisio® SEM scanner training with a Bruin Biometrics

LATIMER ET AL. 3621
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representative. The content included use and function of
the scanner, patient and skin preparation and safety,
operator consistency, documenting the measurements,
device cleaning and storage, and troubleshooting.26

2.5 | Data analysis

Data were entered into the Statistical Package for Social
Sciences (version 28.0)37 then cleaned and checked for
accuracy, with no missing data evident. The study depen-
dent variable, sacral SEM delta, was measured as a con-
tinuous variable. The independent variables of age and
body mass index were continuous measurements, with
sex (male/female) categorical. Box and whisker plots
were used to present a summary of the sacral SEM
delta over 120-min. Descriptive statistics were com-
puted to describe the study sample. Depending on the
data distribution, continuous level data were reported
as mean (standard deviation) or median (interquartile
range). Categorical data were presented as frequencies,
as either absolute (numbers) or proportions (%). Prior
to inferential analysis, the continuous variables of age
and body mass index were recoded (age: younger
[<40 years]/older [≥40 years], and body mass index:
healthy [18.5–24.9 kg/m2]/under or overweight [<18.5
and ≥25 kg/m2]). The assumptions of independence,
normality, homogeneity of variance and sphericity
were checked.38 The following inferential analyses
were undertaken, with a P-value <.05 considered sta-
tistically significant.

1. One-way repeated measures analysis of variance
(ANOVA) test within participants to measure varia-
tions in mean sacral SEM delta of healthy adults dur-
ing 120-min of prolonged 60� HOBE

2. Independent t-test between participants to compare
mean sacral SEM delta of healthy adults at 20-min
intervals during prolonged 60� HOBE based on partic-
ipants' sex, age, and body mass index

3 | RESULTS

The sample of 20 healthy adults comprised of slightly
more males (n = 11; 55%) (Table 1). Participant's age ran-
ged from 24 to 67 years (Mean 39.3 years; SD 14.7) with
the female participants being on average 15 years older
than the males. Participants described themselves as non-
smokers with no self-reported diabetes, peripheral vascu-
lar disease or heart disease. The average body mass index
score was 25.8 (SD 4.3, 95% CI: 23.8 to 27.9) with 70%
(n = 14) of the sample classified as underweight or over-
weight. One participant reported mild sacral discomfort
(2–3/10 pain score) at the 100-min (T5) and 120-min
(T6). No participants developed sacral erythema.

In total, 840 individual unitless sacral SEM values
were taken resulting in 140 sacral SEM delta readings.
At baseline (T0), the individual unitless sacral SEM
vales ranged from 1.6–2.9 with a mean of 2.3
(SD = 0.28, 95% CI: 2.2 to 2.5), while the SEM delta
readings ranged between 0.2–0.6 with a mean of 0.4
(SD = 0.13, 95% CI: 0.37 to 0.49). This mean sacral
SEM delta reading was below the <0.6 cut-off which
may suggest our healthy adults had a lower PI risk
prior to commencing the prolonged 60� HOBE.26,29

Worth noting, 5 (25.0%) participants commenced the
study with a baseline (T0) sacral SEM delta of 0.6
which is the minimum threshold value (≥0.6) for possi-
ble increased PI risk.26,29

Table 2 shows the differences in participant's sacral
SEM delta following 120-min of prolonged 60� HOBE.
Ten participants, of which 70% were male, experienced a
negative change in their sacral SEM delta (�0.1 to �0.3)
from baseline (T0) to 120-min (T6), meaning their loca-
lised oedema reduced following prolonged 60� HOBE.
Two male participants recorded no difference in their
sacral SEM delta. The remaining eight participants, of
which 75% were female, had a positive change in their
sacral SEM delta (0.1 to 0.2), meaning their localised
oedema increased following prolonged 60� HOBE. At
120-min (T6) of prolonged 60� HOBE, 3 (17.7%)

TABLE 1 Sample characteristics:

healthy adults (n = 20).
Characteristic Males Females Total sample

Sex n (%) 11 (55%) 9 (45%) 20 (100%)

Age (years) Mean (SD) 33.5 (13.4) 46.3 (13.5) 39.3 (14.7)

<40 years 9 (75%) 3 (25%) 12 (60%)

≥40 years 2 (25%) 6 (75%) 8 (40%)

BMI score Mean (SD) 26.3 (2.6) 25.2 (5.9) 25.8 (4.3)

Healthy weight (18.5–24.9 kg/m2) 3 (50%) 3 (50%) 6 (30%)

Under or overweight (<18.5; ≥25 kg/m2) 8 (57%) 6 (43%) 14 (70%)

Abbreviations: BMI, body mass index; SD, Standard deviation.

3622 LATIMER ET AL.
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participants recorded sacral SEM delta readings ≥0.6
(0.7–0.8) suggesting prolonged sacral loading may have
increased their PI risk.26,29

The summary data (min, max, median, IQR 25%:75%)
of the sacral SEM delta of healthy adults are presented in
box and whisker plots (Figure 2). The highest median

sacral SEM delta was recorded at 80-min (T4) with the
lowest noted at 120-min (T6).

A one-way repeated measures ANOVA comparing
the mean sacral SEM delta at baseline (T0), 60-min
(T3) and 120-min (T6) was not statistically significant
(Wilks' Lambda = .79, F (2, 18) = 2.37, P = .122)

TABLE 2 Difference in sacral SEM delta from baseline (T0) to 120-min (T6) (n = 20).

Participant Sex Age (years) BMI (score)
SEM delta
baseline (T0)

SEM delta
120-min (T6)

SEM delta difference
(T6–T0)

1 Female 51 21.6 0.3 0.2 �0.1

2 Female 57 26.7 0.3 0.4 0.1

3 Male 27 23.3 0.3 0.2 �0.1

4 Male 27 26.0 0.4 0.3 �0.1

5 Male 30 26.8 0.4 0.6 0.2

6 Female 58 31.2 0.6 0.5 �0.1

7 Female 52 19.1 0.4 0.5 0.1

8 Female 51 26.3 0.4 0.5 0.1

9 Female 29 20.3 0.5 0.6 0.1

10 Female 25 29.4 0.6 0.7 0.1

11 Male 24 22.0 0.3 0.2 �0.1

12 Male 26 25.6 0.4 0.3 �0.1

13 Male 29 29.0 0.3 0.3 0.0

14 Male 24 28.3 0.5 0.2 �0.3

15 Female 33 17.5 0.6 0.8 0.2

16 Male 50 25.8 0.4 0.3 �0.1

17 Male 27 29.2 0.2 0.2 0.0

18 Male 37 23.2 0.6 0.3 �0.3

19 Female 61 35.0 0.5 0.4 �0.1

20 Male 67 30.0 0.6 0.7 0.1

Abbreviations: BMI, body mass index; SEM, subepidermal moisture.

FIGURE 2 Healthy adults sacral

SEM delta during 120-min of prolonged

60� HOBE.

LATIMER ET AL. 3623

 1742481x, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iw

j.14240 by Jam
es C

ook U
niversity, W

iley O
nline L

ibrary on [25/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



suggesting there was no change in localised subepidermal
oedema during prolonged 60� HOBE.38 The Mauchly's
test of sphericity showed this assumption was not vio-
lated, (χ2[2] = 4.1, P = .129). The F statistic (2.37) was
not statistically significant (P = .122) meeting the
assumption that sample variance was approximately
equal.38 The multivariate partial eta squared was .20, sug-
gesting a small effect size.38

Independent-samples t-test at each 20-min interval
compared mean sacral SEM delta and participants' sex,
age, and body mass index during prolonged 60� HOBE.
There were no statistically significant differences in the
mean sacral SEM delta measurements based on partici-
pants' age and body mass index. Sex was only statistically
significant at 120-min (T6) (Mean difference between
males and females 0.18; 95% CI: 0.02 to 0.35;
t (18) = 2.38, P = .03, two-tailed) (Table 3). The effect
size of .17 (95% CI: 0.11 to 2.0) between the two group
means was small.39 Using G*Power,40 a post hoc power
analysis was conducted with a p value of 0.05 (two-tailed)
and Cohen's d effect size of .17, indicated the sample size
was not powered (0.07%) to detect any differences.

4 | DISCUSSION

4.1 | SEM research in healthy adults

This study examined variations in sacral SEM of healthy
adults during 120-min of prolonged 60� HOBE. Our
Australian findings contribute to the growing body of evi-
dence in healthy adults undertaken in Ireland,31,41

England42 and the United States.43,44 Understanding how
healthy human tissue responds to prolonged pressure
loading such as HOBE provides important baseline data
for research comparison in patients at risk or with a

PI.2,31,42,44 For example, Moda Vitoriano Budri et al.,31

recently used the mobility data from healthy adults to
categorise the movement patterns (high [healthy] and
low [unhealthy] movers) of older adults living in long-
term care facilities and determine its effect on SEM delta
and PI development. While an agreed definition of a
healthy adult or volunteer is not provided in the associ-
ated literature, two features were evident: individuals
lived in the community and had undamaged skin at the
study site as determined by the visual and palpation
assessment of a clinical skin expert.31,41-44 These two con-
siderations were applied to our recruited healthy partici-
pants increasing the comparability of our findings. While
individuals of all ages living in the community might
describe themselves as ‘healthy adults’, it is likely many
have one or more chronic conditions45 and therefore may
be at risk of PI in the community or during hospitalisa-
tion.44,46 Hence, undertaking research into healthy adults
with various skin types who are placed in other HOBE
positions and prolonged timeframes is needed to increase
our understanding of the effect of tissue loading in other
situations.

4.2 | Baseline sacral SEM measurements

In prospective observational quantitative studies, estab-
lishing participant baseline data allows researchers to
assess differences across the study participants.47 In the
published literature on healthy adults, baseline SEM data
is reported based on the study's data collection and ana-
lytic approach.41,43,44 For example, we collected six SEM
values measured at closely positioned skin locations
across the sacrum and reported baseline sacral SEM
values and the mean SEM delta. In contrast, two recent
studies on healthy adults collected seven,44 and nine43

TABLE 3 Independent-samples t-test: mean sacral SEM delta during prolonged 60� HOBE for males and females (n = 20).

Timing of SEM
measurement

Males
(n = 11)

Females
(n = 9) 95% CIa of difference

M (SD) M (SD) t
Mean
difference Lower Upper

P value
(2-tailed)

Baseline (T0) 0.40 (0.13) 0.47 (0.12) 1.19 0.07 �0.05 0.18 .25

20-min (T1) 0.35 (0.13) 0.46 (0.16) 1.57 0.10 �0.03 0.24 .13

40-min (T2) 0.43 (0.11) 0.42 (0.16) �.082 �0.01 �0.13 0.12 .94

60-min (T3) 0.36 (0.07) 0.40 (0.14) 0.71 0.04 �0.07 0.15 .49

80-min (T4) 0.39 (0.18) 0.52 (0.19) 1.57 0.13 �0.04 0.31 .13

100-min (T5) 0.41 (0.11) 0.49 (0.20) 1.11 0.08 �0.07 0.23 .28

120-min (T6) 0.33 (0.17) 0.51 (0.18) 2.38 0.18 0.02 0.35 .03

aCI, confidence intervals.
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absolute sacral SEM readings at a 4-, and 8-cm circumfer-
ence away (centre and near-proximate) from the bony
sacrum. While, Jayabal et al.,41 gathered three baseline
absolute sacral SEM units (AUs or arbitrary units) and
the mean SEM was calculated. There is a burgeoning
increase in clinical research into subepidermal oedema
and PI risk, so care is required to ensure data equivalence
exists (arbitrary SEM units versus SEM delta) when com-
paring and interpreting findings across multiple studies.

Prior to tissue loading of 60� HOBE, the baseline
(T0) mean absolute sacral SEM value in our participants
was 2.3 units. Three recent studies on healthy adults
reported similar findings in the absence of tissue load-
ing.41,43,44 Jayabal et al.,41 found variability at 27 anatomi-
cal locations that are known high risk sites for PI, whereas
Gershon's44 study of healthy adults aged >55 years
reported a lack of variability in sacral SEM values. Fur-
thermore, the baseline (T0) mean sacral SEM delta in our
sample was 0.4 which suggests lower subepidermal
oedema and potentially, lower PI risk.26,29 This confirms
the results of Gershon's44 study where authors concluded
the sacral tissue of healthy adult participants was not
inflamed. Our findings are important because they suggest
healthy adults may have a lower PI risk however, hospita-
lisation is known to potentially increase risk for PI for all
patients regardless of health status.30,48 For example, a
4-year study of 64 917 patients admitted to 63 Swedish
acute hospitals found a 2.8% and 1.1% PI prevalence rate
respectively among acute and elective hospital admissions
respectively.49 While the researchers do not report on the
health and living status of the sample, they conclude PI
prevention must be a priority.49 Further robust research is
needed to examine the influence of extrinsic and intrinsic
factors on sacral subepidermal oedema; such information
may help identify the predictors of PI risk.41

4.3 | Prolonged 60� HOBE and
sacral SEM

Prolonged HOBE is frequently implemented for medical and
surgical patients14,50 with the associated shearing and loading
forces increasing PI risk.13,20 While our study found limited
variability in healthy adults' mean sacral SEM delta following
prolonged 60� HOBE, it is important to note 3 (17.7%) partic-
ipants recorded SEM delta readings ≥0.6 which could
increase their PI risk.26,29 This highlights the importance of
individualising care based on a person's assessment. No pre-
vious research could be located on the effect of prolonged
loading and HOBE on sacral SEM measurements. However,
a recent study examined the effect of sacral skin barrier
cream on SEM variations in 22 healthy adults following
60-min of supine positioning.42 The researchers applied the

sacral cream post-offloading and collected SEM readings at
5-min interval for 55-min, with an elevated SEM delta
recorded only at the 5-min time period in participants with
partial cream coverage (P = .04) compared with those with
full skin cream.42 The mechanism of SEM variations is not
well understood42 with individual factors such as tissue toler-
ance considered a potential protective factor.3,4 This confirms
further research into the effect of other prolonged bed posi-
tions on sacral subepidermal oedema requires careful investi-
gation to improve our understanding.

4.4 | Prolonged 60� HOBE and sex, age,
and body mass index

Gefen's2 work with invitro models, animal studies and
patients undergoing a surgical procedure found PI are
known to develop after 1–6 h of unrelieved tissue loading.
Increasing age, malnutrition, obesity and prolonged HOBE
are also recognised patient risk factors for PI.13 Although
we found a difference in the mean sacral SEM delta mea-
surements between males and females after 120 min of
prolonged 60� HOBE, this exploratory study was not pow-
ered to detect such a difference. Hence, it is difficult to
know if these small differences have any clinical implica-
tions or importance. While we were unable to locate com-
parable research findings, however HOBE and sacral
interface pressure in healthy volunteers has been exam-
ined.20,21 Peterson et al.,21 found compared with supine
positioning, a HOBE of 45�, 60� and 75� showed statisti-
cally significant increases in sacral interface pressure in
healthy adults (P < .0001). Another study examined the
effect of sacral skin barrier cream in 22 healthy adults and
reported no differences between sacral SEM delta values
and participant sex, age and body mass index however,
their focus was on the reliability of the measurements and
not the PI prevention action of the cream.42 SEM technol-
ogy has been found to detect increased underlying skin
damage that may lead to PI on average 8.2 days before they
are visible on the skin.23,31 SEM technology shows promise
in the early detection of PI,4 so a stronger evidence base is
warranted. Rigorous studies are needed to describe the
influence of individual factors such as sex, age and body
mass index on sacral subepidermal oedema and PI risk.24,41

4.5 | Limitations and strengths

We acknowledge the following limitations. First, our small
sample size limits the generalisability of our findings to
other contexts and populations. This is an accepted limita-
tion considering the primary aim of this exploratory study
was to investigate future research possibilities in this
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burgeoning research area24 rather than detecting an effect.38

Second, we gathered self-reported data on age, height,
weight, and co-morbidities, which were not independently
verified. This could be a potential source of response bias,51

and thus needs to be taken into account when interpreting
these findings. Finally, while this study focussed on healthy
adults without a PI, our study contributes to recommenda-
tions for further evaluation on the variability of SEM delta
in a range of human populations with different intrinsic
and extrinsic risk factors such as prolonged tissue loading.41

5 | CONCLUSION

This study provides an initial understanding on the effect
of prolonged 60� HOBE on sacral subepidermal oedema
in healthy adults. We found no evidence of sacral tissue
inflammation following 120 min of continual tissue load-
ing in healthy adults. While these results suggest a differ-
ence in mean sacral SEM measurements between males
and females after 120 min 60� HOBE, no differences were
found based on participants' age or body mass index.
HOBE is frequently used in clinical practice and is
known to increase PI risk, so the early identification of
sacral subepidermal inflammation may prompt clinicians
to implement appropriate prevention strategies.
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