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ARTICLE INFO ABSTRACT

Keywords: Aim: Prolonged mechanical loading on soft tissues adjacent to bony prominences can lead to pressure ulcers.
Incontinence pads The presence of moisture at the skin interface will lower the tolerance to load. Absorbent pads manage moisture
Moisture in individuals with incontinence, although their role in maintaining skin health is unknown. The present study
Pressure investigated the effects of moist incontinence pads on skin physiology after periods of mechanical loading.

l;rle;s:re ulcers Material and methods: Twelve healthy participants were recruited to evaluate a single incontinence pad design
Skin under three moisture conditions: 0% (dry), 50% and 100% fluid capacity. For each pad condition, pressure

(9kPa) or pressure in combination with shear (3N) was applied to the sacrum, followed by a period of off-
loading. Measures included trans-epidermal water loss (TEWL) and inflammatory biomarkers sampled at the skin
interface.

Results: Results revealed no change in TEWL in the loaded dry pad condition. By contrast, when the pads
contained moisture, significant increases in TEWL were observed. These increases were reversed during off-
loading. Inflammatory biomarkers, specifically IL-la/total protein ratio, were up-regulated during dry pad
loading, which recovered during off-loading. Loaded moist pads caused a significant increase in biomarkers,
which remained elevated throughout the test period.

Conclusion: The study revealed a marked compromise to stratum corneum integrity when the skin was exposed
to moist incontinence pads in combination with mechanical loads. These physiological changes were largely
reversed during off-loading. Incontinence pads provided some protection in the dry state, although more re-

search is required to determine optimal clinical guidance for their use.

The skin can be damaged by a variety of environmental insults,
which can lead to injuries and chronic wounds. The insults to the skin
are particularly common in individuals who have impaired mobility
and suffer from urinary or faecal incontinence [1], where prolonged
exposure to pressure, shear forces and moisture can be observed. The
resulting chronic wounds, termed pressure ulcers (PUs) can have a
significant impact on an individual's quality of life and are considered
to represent a quality of care indicator in many healthcare institutions
[2,3]. Despite significant investment in raising the profiles of these
wounds, PUs incidence has remained unacceptably high [4]. This has
led to a significant cost burden for treating these chronic wounds, PUs
contributing to an estimated of £5 billion per annum in UK [5].

The skin tolerance to mechanical loading will be affected by the
local microclimate, with changes in temperature and humidity directly
influencing both the local structures and tissue homeostasis [6]. Indeed,
it is well established that both heat and moisture decrease the me-
chanical integrity of the epidermis and hence increase its susceptibility

to damage at the skin-support interface in load-bearing regions [7-9].
In addition, moisture has been shown to increase the interfacial friction,
which can prove damaging to the skin surface [10]. Indeed, exposure to
moisture in the form of urine, faeces and sweat can lead to skin irri-
tation, commonly termed ‘incontinence associated dermatitis’ (IAD),
which largely resolvable within few days [11].

Within a clinical context, individuals with incontinence will often
wear pads incorporating super-absorbent materials, to transport or
“wick” moisture away from the skin surface. However, their application
can result in an individual lying or sitting for prolonged periods while
the pad accumulates urine. By implication, the skin will be subjected to
varying levels of moisture, pressure and shear from these sustained
postures. Indeed, infrequent changing of the pad has been observed to
result in an increase in PUs formation [12]. However, the precise me-
chanisms by which the pad affects the risk of skin and soft tissue da-
mage are largely unknown.

Accordingly, the study is designed to investigate the effects of
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Fig. 1. Typical structure of an incontinence pad: surface; acquisition layer
(facilitates fast absorption); core (stores the liquid); back-sheet (adapted from
Ref. [13]).

incontinence pads containing various levels of fluid on the physiolo-
gical response of skin, when exposed to periods of pressure and shear
loading in a cohort of healthy able-bodied volunteers.

1. Materials and methods

The study design included a cohort of healthy able-bodied volun-
teers recruited from the local community. Exclusion criteria concerned
individuals presenting with back pain, active skin diseases, diabetes and
non-steroidal anti-inflammatory drugs intake in the last 7 days. All tests
were performed in the Clinical Academic Facility at Southampton
General Hospital where the testing laboratory was set to an ambient
temperature of 22 + 1°C and relative humidity of 42 * 6%. The re-
search protocol was approved by the Ethics committee of the University
of Southampton (ERGO 25851). Written informed consent was obtained
from all participants prior to testing.

The core of the incontinence pads used in this study was sandwiched
between a water-permeable nonwoven topsheet and a breathable
backsheet. The core itself comprised a non-absorbent acquisition layer
immediately below the topsheet, while the absorbent material beneath
it was a mix of fluffed wood pulp and superabsorbent granules. (Tena,
Flex, Medium, Super, ESSITY Hygiene Products, Gothenburg, Sweden)
(Fig. 1).

The incontinence pads were orientated onto a flat surface and two
60mm X 60 mm x 5mm sections were cut from the sacral region, so
they would match the correct position contact as they are in real-life
scenario. The border of this section was stapled about 10 mm from the
edge, in order to maintain the structural integrity of the multi-layered
pad.

Each pad specimen was weighed dry and after complete immersion
in saline (0.9% (w/v) NaCl) for 5 min, to estimate its swelling capacity.
Subsequently, gravimetric test showed that this produced full satura-
tion an approximate 6-fold increase in weight and that the weight
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remained constant for a period in excess of 4 h.

1.1. Test methodology

The mechanical loading regimens involved the application of either
pressure alone or pressure in combination with a shear force applied to
the sacral area during prone lying on a standard hospital viscoelastic
foam mattress (Medstrom, Ashby de la Zouche, UK) (Fig. 2a). The
loading areas were selected on the right and left sacrum with a 50 mm
gap in between them. The sacrum was considered an appropriate site
for testing as it represents both an area frequently exposed to incon-
tinence and a common site for pressure ulcer formation [14-17].

A simple custom-made device (Fig. 2a) was used to apply me-
chanical loading to the sacrum by means of a rigid cylindrical indenter
with a diameter of 35 mm. The normal force, equivalent to a pressure of
9 kPa, was applied by adding weights above the indenter. This value is
within the range of pressures at the sacrum when an individual is semi-
recumbent supported by a head of bed angle of 45° [17]. A shear force
of 3N was produced by applied weights connected to a pulley system,
similar to the method previously described [18]. The indenter interface
head was designed with curved edges to minimize stress concentra-
tions.

Testing involved first marking four 50 mm X 50 mm areas on the
sacrum with a non-permanent marker. The complete test set-up is il-
lustrated in Fig. 2, which included the four test sites on the sacrum. It is
evident that site 1 represents an unloaded negative control and site 2,
the positive control, where the stratum corneum was disrupted using
repeated tape stripping [19]. Sites 3 and 4 were randomly exposed to
one of the mechanical loading regimens namely, pressure or pressure in
combination with shear. Specifically sites 3 and 4 were exposed to three
complete consecutives load/recovery phases involving i) 0% moisture
(dry incontinence pads located at the interface between the indenter
and the skin); ii) pads moistened with 50% fluid capacity and iii) pads
saturated with 100% fluid capacity.

1.2. Skin output parameters

Skin barrier function was assessed using an open-chamber probe
measuring transepidermal water loss (TEWL, MPA9, Courage &
Khazaka, Germany), which is an established non-invasive method to
assess the status of the skin barrier i.e., the integrity of the stratum
corneum used in both in-vitro and in-vivo studies [19-22].

Inflammatory biomarkers in skin were recovered with a simple and
non-invasive absorption method, using Sebutape® [23]. Several studies
have subsequently employed this method to analyze cytokine levels in
sebum on healthy and mechanically-irritated skin [24-26].

A temporal evaluation of skin response was undertaken over the 3h
test period, as illustrated in Fig. 3. Baseline measurements of TEWL and
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Fig. 2. Experiment set-up including two sites (3 and 4) which are loaded with two identical indenters. Inset indicates site 1, the unloaded control, site 2 exposed to
tape stripping and sites 3 and 4 randomly allocated to pressure or pressure in combination with shear.
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Fig. 3. Schematic representation of protocols adopted for sessions 1 and 2 and the time points in which measurements of TEWL and sebum collection were recorded.
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Fig. 4. Box and whisker plots of TEWL data for: a) Unloaded site and b) Tape stripping site. Wilcoxon rank-sum test reveal ** and *** indicating p < 0.05 and
p < 0.005 respectively.The patterned background indicates the tape stripping insult.

sebum biomarkers were recorded from each of the four sites prior to
mechanical/moisture challenge. Two sessions were randomized into
either no pad or pad condition. In the case of the former, the loading
was applied to Sites 3 and 4. After this 30 min period, repeat TEWL
measurements and sebum samples were taken, which was subsequently
followed by a refractory period of 30 min at the end of which mea-
surements were taken (Fig. 3). The sebum tapes were left on the skin for

2min during sampling and removed using tweezers, to avoid con-
tamination. Upon removal, sebutape samples were immediately frozen
at —80 °C, for subsequent biochemical analysis.

The protocol involves three periods of loading for each pad moisture
condition (0-30min; 60-90min; 120-150min) separated by refractory
periods where the skin was relieved of both loading and pad exposure
(Fig. 3).
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Fig. 5. Box and whisker plots of TEWL data for pressure (a and b) and pressure plus shear (¢ and d) for different conditions (NO PAD and PAD). Wilcoxon rank-sum
test reveal *, *** and **** indicating p < 0.05,p < 0.005and p < 0.001, respectively. The shaded and unshaded backgrounds indicate the loading and refractory

phases, respectively.

The two test sessions were separated by a period of at least one week
to ensure skin recovery. Both the order and site of pad application (Site
3 or 4) were randomized for each participant.

1.3. Biochemical analysis

The Sebutape” extraction process followed a standard protocol [23].
To review briefly, frozen samples were thawed to room temperature
and 2ml of buffered solution with a non-ionic detergent (phosphate
buffered saline (PBS), Sigma-Aldrich Co, St. Louis, USA) containing
0.05% TWEEN, Sigma-Aldrich Co, St. Louis, USA) was added to each
vial. After immersion for 1h, the tapes were sonicated for 10 min at
20 = 2°C, vortexed vigorously for 2 min, and mixed with a pipette tip.

128

After refreezing overnight at —80 °C, the tape extracts were thawed,
vortexed for 1 min and mixed with a pipette to recover the total extracts
from the tapes. Samples from all participants (n = 12) were then pro-
cessed and analyzed using Enzyme-Linked Immunosorbent assay kits
(Peprotech, London, UK) to estimate concentrations for the pro-in-
flammatory cytokine, interleukin 1-a (IL-la). In order to correct for
different sebum uptake from the tapes, the levels of IL-la were nor-
malized to the total protein using a standard assay (Coomassie Blue,
Sigma-Aldrich Co, St. Louis, USA).

1.4. Data analysis

Data were assessed for normality using histogram analysis and a
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Fig. 6. Box and whisker plots of cytokine data for: a) Unloaded site and b) Tape stripping site. Wilcoxon rank-sum test reveal * indicating p < 0.05 (n = 12). The

patterned background indicates the tape stripping insult.

Shapiro-Wilk test. Accordingly, data was presented using non-para-
metric descriptors, namely medians, quartiles and range. GraphPad
Prism 7.01 (GraphPad Software Inc., San Diego, CA) was used to create
box and whisker plots of the data. Comparisons between test conditions
were conducted using a Wilcoxon signed rank test. A statistical sig-
nificance level of 5% was prescribed (p < 0.05). Subsequent cluster
analysis of biomarker data involved summing the ranks of values for all
the participants during each of the three loading and refractory periods.

2. Results
2.1. Participants

The participants consisted of 4 males and 8 females, aged between
24 and 64 years, with a BMI range from 19.1 to 34.7 kg/m?.

2.2. TEWL

The results for TEWL revealed minimal changes at the unloaded site
over the test period (Fig. 4a). By contrast, following tape stripping,
there was a statistically significant increase, equivalent to a two-fold
change in TEWL, which was maintained throughout the test period
(Fig. 4b).

TEWL values increased significantly with both types of loading in
the dry state (NO PAD), although the values were restored to basal
levels on the removal of load (Fig. 5a and c). By contrast, there were
minimal changes in TEWL following the corresponding periods of
loading with dry pads in-situ (Fig. 5b and d). The addition of fluid
within the pads resulted in a statistically significant increase
(p < 0.05) in median TEWL values for both mechanical loading regi-
mens. The highest TEWL values were observed when the pads were
saturated with 100% fluid capacity, representing a 2.7 and 2.6 fold
increase for pressure and pressure in combination with shear, respec-
tively. All these increases were observed to be reversible during the
refractory period.

2.3. Inflammatory biomarkers

The pro-inflammatory cytokine Il-1a was successfully quantified
from Sebutapes samples. No changes in the IL-1a/TP ratio values were
evident at the unloaded site (Fig. 6a). By contrast, the corresponding
increases were statistically significant immediately after tape stripping,
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with elevated levels of IL-la/TP ratio for much of the test period
(Fig. 6b). However, there was considerable variability in the in-
flammatory response between participants.

Fig. 7 a and c reveal that the IL-1a/TP ratios were increased after
the application of loading in the dry state, which was observed both in
the presence and absence of the pad. Following the 30 min refractory
period there was some decrease, although median values remained
higher than basal values after 60 min. When the pads contained 50%
and 100% fluid capacity, the IL-1a/TP ratios increased (Fig. 7b and d).
However, while in the former case ratios reduced after the refractory
period, when the pad was saturated the ratios remained significantly
higher than the basal values for both loading regimens (p < 0.05). The
median changes of the IL1-a/TP ratios tended to increase after periods
of loading, suggesting that there might be a cumulative effect over the
test period.

There were clear differences between individuals in terms of the
inflammatory response over the test period. This is exemplified with the
findings resulting from the loading of pressure in combination with
shear and subsequent refractory periods (Fig. 8a). It was clear that
groups emerge depending on the magnitude of the IL-1a/TP ratios. By
ranking the response at each period, two groups or clusters were re-
vealed related to the individual BMI (Fig. 8b). In particular, individuals
with a BMI <26kg/m? tended to exhibit elevated IL-1a/TP ratios
compared to those with a BMI =26 kg/m?.

3. Discussion

The overall aim of this research was to examine the relative effects
of a dry and fluid-filled incontinence pad during periods of prolonged
mechanical loading on the skin. Accordingly, a test protocol was de-
veloped to examine the skin response at the sacrum, involving both
biophysical and biochemical techniques, in a cohort of able-bodied
participants. These participants were exposed to dry and fluid-filled
incontinence pads in combination with pressure and shear forces. The
data revealed that the skin barrier function, as monitored using TEWL,
could be protected from mechanical loads with a dry incontinence pad
(Fig. 5b and d). However, when moisture was added to the pads, there
was a significant increase in TEWL values. This change in skin barrier
was recovered in the subsequent refractory periods of off-loading. By
contrast, pressure and shear loading on the skin resulted in an im-
mediate up-regulation of pro-inflammatory biomarkers, irrespective of
moisture content (Fig. 7). This inflammatory response was either
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Fig. 7. Box and whisker plots of cytokine data for pressure (a and b) and pressure plus shear (c and d) for different conditions. Wilcoxon rank-sum test reveal * and **
that indicates p < 0.05 and p < 0.01. The shaded and unshaded backgrounds indicates the loading and refractory phases, respectively.

partially recovered or even slightly increased during the subsequent off-
loading period.

Previous studies had reported that disruption of barrier function
occurred with a range of insults. Studies include both chemical ex-
posure (water or sodium lauryl sulphate solution) and mechanical
loads, on different skin sites (sacrum, heel, volar aspect of the hand)
indicated by an increase in TEWL values [27-29]. The present study
represents the first to examine the barrier function as a result of a
combination of insults. Results indicated that the absolute increase in

130

TEWL was approximately 11.4 and 16.2 g¢/hm? in both 50% and 100%
fluid capacity, respectively. These values are higher than previously
reported for only single insults, i.e. chemical or mechanical [27].
However, while these changes in barrier function are pronounced they
were reversed during periods of off-loading.

Inflammatory biomarkers sampled from sebum revealed an up-
regulation of IL-1a/TP ratios following mechanical loading to the skin,
independent of fluid exposure. Similar changes have been previously
reported when either pressure (3.9kPa) or pressure (2.4kPa) in
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combination with shear (14.5 N) was applied to the forearm for 30 min,
with IL-1a/TP ratios increases of 1.7 fold in case of combined loading
[18]. In the present study a higher applied pressure (9 kPa) combined
with a smaller shear force (3 N) resulted in a 1.2 fold increase of IL-1a/
TP ratio, when the sacrum was loaded without the pad. The in-
flammation reduced during the refractory period in the dry conditions
(Fig. 7a and c). However, with the introduction of an incontinence pad
containing 50% and 100% of its fluid capacity, the inflammatory state
was sustained during the unloading period. Local up-regulation of these
inflammatory cytokines, namely IL-1a, has also been reported in other
clinical scenarios where vulnerable skin tissues have been periodically
loaded at elevated levels of relative humidity [26,30]. Clearly others
cytokines may prove worthy of study [26], particularly as the state of
tissues will vary with time, depending on the exposure to moisture and
loading.

A close examination of the cluster data (Fig. 8b) revealed some re-
lationship between the inflammatory response and BMI, namely an
increased inflammation response for BMI<26kg/m?. Indeed, it has
been reported that low BMI represents an independent risk of PUs for
hospitalised patients, particularly at the sacrum [31,32]. However,
there is no consideration of BMI when assessing an individual risk using
traditional scales [31,33]. Individuals with low BMI may have reduced
tissue tolerance to moisture and mechanical loads, attributed to, for
example, reduced thickness of the skin and subcutaneous tissues. Fur-
ther investigations would therefore involve imaging modalities asso-
ciated with ultrasound techniques.

The study was clearly limited by the small sample of able-bodied
participants restricting the generalization of the data. The individual
periods of loading were restricted to 30 min, although in many clinical
situations individuals wearing incontinence pads will be exposed to
mechanical loads and moisture for many hours during both the day and
night. In addition, only a single magnitude of pressure (approximately
68 mmHg) was applied, and clearly further research could involve a
range of both magnitudes and durations of pressure and shear on the
incontinence pads when investigating the associated skin response.

The clinical implications of this study highlight the importance of
regular changes of incontinence pads in order to maintain skin barrier
function. It suggests that the presence of a dry pad provides some
protection to the skin barrier when the skin is exposed to pressure and
shear loading. However, with fluid in the pad a sustained skin in-
flammatory response was observed, with an association potential risk to
vulnerable tissues. Even during the refractory period, the inflammatory
markers remained elevated particularly when excess moisture was

present (Fig. 7b and d). Therefore, a careful regimen of moisture
management and adequate regular off-loading must be applied to
minimize the risk of skin damage with a consideration of the individual
BMI. Regular skin checks are needed to support the clinical judgment of
tissue health and provide the means to monitor vulnerable skin sites
exposed to moisture, pressure and shear loads. The use of biophysical
and biomarker screening may represent a valuable objective measure
allied to clinical judgment.

4. Conclusions

This study represents the first in-vivo assessment of mechanical
loads with the presence of moistened incontinence pads, simulating a
clinical scenario of vulnerable individuals with limited mobility and
incontinence. The study demonstrated that a commercial incontinence
pad can provide some skin protection to mechanical loads when applied
in a dry state. However, the addition of fluid within the pad affected
both the barrier function and inflammatory response of loaded skin.
With respect to the former, the response could be reversible during
periods of off-loading. It is therefore clear that periods of pressure relief
and careful management of moisture particularly at loaded sites are
critical for the maintenance of skin health, in individuals at risk of PUs.
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