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Continence Care

ABSTRACT
PURPOSE: The main aims of this study were to describe the effects of incontinence pad composition on skin wetness, 
the skin/pad microclimate, and skin barrier function. We also evaluated the potential utility of our methods for future clinical 
investigation of absorbent pad design.
DESIGN: Single-blind, quasi-experimental, open cohort design.
SUBJECTS AND SETTING: Twenty healthy older volunteers (mean age = 72.8 years, SD = 5.8 years; 8 male and 12 female) 
tested 2 absorbent pad types, with acquisition layers of different compositions (A and B) applied to different sites on the volar aspect 
of the forearms. One type A pad served as control (A dry) versus 3 pad samples wetted with 3 volumes of saline (A 15 mL, A 35 mL, 
and B 15 mL). The study was conducted within the clinical laboratory of a university nursing research group in the United Kingdom.
METHODS: Skin barrier function was assessed by measuring transepidermal water loss (TEWL), stratum corneum (SC) 
hydration by corneometry, and skin surface pH using a standard skin pH electrode. Skin water loading (excess water penetration 
into the skin) was quantified by measuring TEWL and creating a desorption curve of the water vapor flux density. Calculating the 
area under the curve of the desorption curve to give skin surface water loss reflected excess water penetration into the skin. In 
a subgroup of the sample, the temperature and relative humidity (microclimate) at the interface between the skin and test pads 
were measured using a wafer-thin sensor placed between the skin and pad sample. Proinflammatory cytokine release from the 
SC was assessed using a noninvasive lipophilic film. The main outcome measures in this study were the differences in biophysical 
measurements of skin barrier function (TEWL, corneometer, and pH) before and after the application of the different pads.
RESULTS: Mean ± SD baseline TEWL  across all test sites was 10.4 ± 4.4 g/h/m2. This increased to 10.6 ± 3.8 g/h/m2 at the 
control site, 15.3 ± 6.3 g/h/m2 for the A 15-mL pad, 15.3 ± 3.9 g/h/m2 for the A 35-mL pad, and 15.6 ± 3.2 g/h/m2 for the B 15-
mL pad. The mean baseline skin surface pH was 5.9 ± 0.04; cutaneous pH increased to a mean of 6.1 ± 0.06 following all pad 
applications (P = .16). Mean SC hydration remained unchanged at the control site (A dry). In contrast, SC hydration increased 
following the application of all wetted pads. Target cytokines were detected in all samples we analyzed. The IL-1RA/IL-1α ratio 
increased following pad application, except for the wettest pad.
CONCLUSION: Study findings suggest that absorbent pad design and composition, particularly the acquisition layer, affect 
performance and may influence skin health. Based on our experience with this study, we believe the methods we used provide 
a simple and objective means to evaluate product performance that could be used to guide the future development of products 
and applied to clinical settings.
KEY WORDS: Absorbent incontinence products, Absorbent pads, Cytokines, Humidity, Incontinence-associated dermatitis, 
Incontinent pads, Microclimate, Product design, Product evaluation, Skin health, Skin barrier,  Temperature.

INTRODUCTION

Globally, it is estimated that more than 400 million adults suf-
fer from urinary incontinence.1,2 Prolonged contact of the skin 

with urine or feces leads to a specific form of moisture-associ-
ated skin damage, known as incontinence-associated derma-
titis (IAD).3 Incontinence-associated dermatitis is a common 
problem affecting adults with incontinence and is seen in all 
care settings. Johansen and colleagues4 reported findings of a 
multisite epidemiologic survey of 4 hospitals in Norway. Data 
were collected from 340 patients: the prevalence of IAD in 
the total population was 7.6% (26 out of 340) versus 29% 
(16 out of 56) among patients with urinary or fecal inconti-
nence. Johansen’s group4 reported a strong association between 
fecal incontinence, age (>70 years), and immobility and the 
development of IAD. In the United Kingdom, a national au-
dit conducted across 66 hospitals in Wales evaluated a total 
of 8365 patients and found IAD in 360, representing a prev-
alence of 4.3%.5 More recently, a large North American mul-
tisite study based on a sample of 56,209 patients from 818 
facilities (sample comprised 13,615 incontinent patients in 
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753 facilities) reported an IAD prevalence of 19% among pa-
tients with incontinence.6

Incontinence-associated dermatitis is a form of irritant con-
tact dermatitis caused by exposure to urine, feces, or both.7,8 
The excessive moisture can overwhelm the normal moisture 
regulation mechanisms of the epidermis, leading to overhy-
dration and disruption of the stratum corneum (SC).9 When 
the skin is exposed to fecal matter, enzymes present in the stool 
may cause further damage to the epidermis, provided the local 
pH range of the surface of the skin allows activation of prote-
ases and lipases within stool. Liquid stool tends to be richer in 
the digestive enzymes, which, when combined with its elevat-
ed water content, is particularly damaging to the skin.10 It is 
thought that penetration of skin bacteria through the damaged 
barrier also plays a role in the development of the inflammato-
ry component of IAD.11 However, gaps in our understanding 
of the pathophysiology of IAD and the interplay between the 
various factors persist.12

Initial interventions to manage and prevent IAD are based 
on preventing prolonged contact with urine or feces, including 
diversion of urine or stool via catheters or fecal management 
devices, absorbent products, and a structured skin care regi-
men that incudes regular cleansing of the skin and application 
of a skin protectant. The use of appropriate absorbent prod-
ucts can increase the risk of IAD development by disrupting 
basic skin moisture regulating mechanisms.13,14 Under normal 
conditions, heat and water loss from the skin surface is re-
plenished from the underlying tissues. This equilibrium is also 
influenced by the ambient temperature and relative humidity 
and can be upset by multiple factors that disrupt heat dissipa-
tion and water evaporation, such as occlusion of the skin.

Occluding the skin, such as wearing an incontinence pad, 
creates a microclimate in the space between the skin surface 
and material covering the skin, leading to an increase in tem-
perature and humidity.15 The increase in humidity reduces 
the ability of the skin to lose water by evaporation, leading 
to overhydration of the SC, disrupting barrier function, and 
increasing the risk of damage caused by friction and pressure.16 
The increase in temperature and reduction in the ability of the 
skin to dissipate heat further increases the risk of mechanical 
injury, as well as promoting microbial growth and skin barri-
er disruption.13 The changes in the skin microclimate caused 
by occlusion also lead to changes in the skin surface pH. The 
maintenance of a normal acidic surface pH (between 4 and 
6), termed the “acid mantle,” is another vital factor for barrier 
homeostasis. Not only does this help maintain a healthy mi-
crobiome but it is now recognized that skin pH is an import-
ant regulator of SC function and overall skin health as well.17 
Occlusion has been demonstrated to increase skin pH, favor-
ing the growth of pathogenic organisms such as Staphylococcus 
aureus, Pseudomonas aeruginosa, and Candida albicans.18,19

Given the potentially damaging effects of occlusion on the 
skin barrier, attention has focused on design features for con-
tinence care that promote a healthy microclimate between the 
product and skin. Much of the innovation in incontinence 
pad design has occurred in parallel with developments in dis-
posable diapers in order to prevent IAD in infants, commonly 
referred to as diaper dermatitis or nappy rash. Bender and col-
leagues14 described the gradual reduction in diaper dermatitis 
across the decades and linked these trends to developments in 
materials science, diaper design, and absorbency. Absorbent 
pads are composed of 4 key structures: a water-permeable top 

sheet (or surface layer) that sits against the skin; an acquisition 
layer that facilitates rapid movement of fluid evenly into the 
absorbent core; an absorbent core, designed to rapidly absorb, 
distribute, and hold fluid; and a back sheet, which may be 
either “unbreathable” (impermeable to both water in liquid 
and vapor forms) or “breathable” (impermeable just to water 
in liquid forms). The influence of absorbent pad construction 
on the microclimate has been reviewed by Falloon and col-
leagues,15 who illustrate the general lack of high-quality evi-
dence in the area and methodological differences, making di-
rect study comparisons and interpretation difficult. The main 
aim of this study was to investigate the effect of incontinence 
pad composition on skin wetness, the skin/pad microclimate, 
and skin barrier function. We also evaluated the usefulness of 
the methods used in this study for evaluation of absorbent 
products.

METHODS

We employed a single-blind experimental cohort design. Po-
tential participants were recruited from the local population 
by advertisement. Inclusion criteria were age 65 to 85 years, no 
current active skin condition, and ability to provide informed 
consent. Exclusion criteria were a history of allergic skin dis-
ease, impaired cognitive function, and dependence in activities 
of daily living. Data collection was conducted within the en-
vironmentally controlled conditions of the Faculty of Health 
Sciences clinical laboratory. Study procedures were reviewed 
and approved by the University of Southampton, Faculty of 
Health Sciences Ethics Committee (approval #30201). Par-
ticipants were reimbursed for their time and expenses. Study 
procedures complied with requirements of the International 
Conference on Harmonization Good Clinical Practice Guide-
lines for clinical trials.

Absorbent Pads
The absorbent pad samples used in this study were construct-
ed and provided by Essity AB (Gothenburg Sweden) and cut 
from commercially available absorbent products (pull on in-
continence briefs). Two different pad constructions were used, 
type A and type B. Specifically, they included a surface materi-
al made of nonwoven synthetic fibers, an acquisition material 
(a nonwoven or a perforated film), a core made of a mixture of 
superabsorbent particles and cellulosic pulp fiber, and a back 
sheet laminate. In this test, the surface material, core, and the 
back sheet of all pads were the same. However, the acquisition 
material differed; type A comprised a nonwoven acquisition 
material, and type B consisted of a perforated film acquisi-
tion material (Figure 1). Three type A pads and 1 type B pad 
were used and loaded with different amounts of 0.9% saline 
solution as follows: A dry (control), A 15 mL saline, A 35 mL 
saline, and B 15 mL saline (Figure 2). This design was used for 
direct comparison of the performance of the acquisition layer 
in facilitating fluid movement away from the skin and into the 
pad core.

Instruments and Outcome Measures
Primary outcome measures were differences in biophysical 
measurements of skin barrier function (transepidermal water 
loss [TEWL], skin pH, skin hydration) and skin surface water 
loss (SSWL) between pad types. Secondary outcome measures 
were differences between pads in terms of microclimate and 
proinflammatory cytokine release.



Copyright © 2020 Wound, Ostomy and Continence Nurses Society™. Unauthorized reproduction of this article is prohibited.Copyright © 2020 Wound, Ostomy and Continence Nurses Society™. Unauthorized reproduction of this article is prohibited.

JWOCN ¿ Volume 47  ¿  Number 5  499Koudounas et al

We measured TEWL using a commercially available device 
(TM300, MPA5; Courage & Khazaka, Cologne, Germany). 
This device employs an open-chamber probe containing 2 
electrodes that detects water vapor as it passes through the skin 
and into the chamber. The probe was applied to the skin of 
the forearm, and TEWL was measured as grams per hour per 
square meter (g/h/m2). Disruption of barrier function leads to 
an increase in water loss through the skin, which is detected 
as an increase in TEWL readings above 10 g/h/m2.20 In accor-
dance with good practice in this area of investigation, environ-
mental temperature and humidity were maintained at 21°C 
(69.8°F) ± 2°C and 55% ± 2%, respectively.

Skin water loading was measured using a technique devel-
oped by Fader and colleagues21 to quantify excess water in 
overhydrated skin. Briefly, immediately after removal of the 
saline-loaded test pads, TEWL was recorded every second for 
a period of 10 minutes (ie, 600 data points) and plotted to cre-
ate a desorption curve of the water vapor flux density (WVFD, 

g/h/m2). Skin surface water loss (g/m2) was obtained by calcu-
lating the area under the curve of the desorption curves, after 
subtracting baseline TEWL from each measurement obtained 
during the 10-minute period, and reflects the amount of ex-
cess water penetration into the skin.

Stratum corneum hydration was assessed using a corneome-
ter (CM825, MPA5; Courage & Khazaka, Cologne, Germany). 
This noninvasive device uses a pen-like probe held on the skin 
surface to measure SC water content based on an electrical ca-
pacitance method. Reduced hydration creates lower corneom-
eter readings (measured in arbitrary units, AU). Corneometer 
readings above 30 AU indicate normally hydrated skin.22

Skin surface pH was assessed using a skin surface pH electrode 
(PH905, MPA5; Courage & Khazaka, Cologne, Germany). 
This probe is similar to a standard laboratory pH meter; a glass 
hydrogen ion–sensitive electrode is used to quantify pH.

The subsequent availability of equipment to monitor tem-
perature and humidity at the interface between the skin and 

Figure 2. Location of test sites on the volar aspect of participant forearms. Two (5 × 10 cm) sites were marked on the volar aspect 
of each forearm, separated by a minimum distance of 50 mm (4 sites in total). Commencing with the control pad, the test pads were 
applied at 15-minute intervals to the skin surface at each test site for a period of 2 hours to permit accurate timing and measurement. 
One pad was used dry (test pad A dry, control), 2 pads were loaded with 15 mL 0.9% saline (A 15 mL, B 15 mL), and the remaining pad 
was loaded with 35 mL of 0.9% saline (A 35 mL). Each pad was held firmly on the skin by a tubular bandage.

Figure 1. Schematic representation of test pads made of surface material, acquisition material, core, and back sheet.
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a test product enabled us to evaluate the microclimate under 
the test pads in a subgroup of participants (n = 5) evaluated 
toward the end of data collection. This was achieved by placing 
a wafer-thin sensor between the skin and pad sample (SHT75; 
Sensirion, Zurich, Switzerland).

The effect of different pads on proinflammatory cytokine 
release by the SC was assessed by sampling the skin surface 
of participants using a noninvasive, lipophilic, polymeric, 
silicone-coated film (Sebutape; CuDerm Corporation, Dal-
las, Texas). The film was applied under gentle pressure for 
a period of 2 minutes and then removed using forceps and 
placed in sterile universal containers (Sterilin; ThermoFish-
er Scientific, Loughborough, United Kingdom), taking care 
not to contaminate the film with the operator’s skin. Sam-
ples were then stored at −80°C until batch analysis. Ab-
sorbed cytokines (IL-1α, IL-1RA, IL-1β, IL-6, IL-8, and 
TNFα) were extracted from the film via an adaptation of the 
protocol originally described by Perkins and colleagues.23 
Specifically, film samples were thawed, placed in 2 mL 
of phosphate buffered saline, with the addition of 0.05% 
TWEEN 20 (Sigma-Aldrich, Gillingham, United King-
dom), and sonicated (subjected to ultrasonic vibration to 
disrupt the film and release the absorbed cytokines) for 10 
minutes.21 Extracted cytokines were quantified (in pg/mL) 
by electrochemiluminescence (V Plex; MesoScale Discovery, 
Rockville, Maryland).

Study Procedures
Participants were asked to refrain from using any skin care 
products on their arms for a period of 24 hours prior to data 
collection. In addition, participants rested comfortably in a 
chair for a period of 20 minutes to acclimatize to the ambi-
ent environment prior to the application of pad samples. Each 
received 4 pad samples applied to different sites on the vo-
lar aspect of both forearms (2 sites per forearm). Participants 
were blinded to the product under test, and they acted as their 
own controls. Test products were applied to the same sites in 
each volunteer to minimize the effects of the normal variation 
in biophysical measurements (eg, TEWL) due to anatomical 
location. Although a different area of skin, as compared to 
the genital/perineal skin normally affected by IAD, the volar 
aspect of the forearm has been shown to be a reliable mod-
el.24 We selected the forearm because it permitted easy access, 
preserved participant dignity, and is the site most commonly 
used for dermatological investigation, thus facilitating direct 
comparison with other published data.

Two separate areas (5 × 10 cm) were marked on the volar 
aspect of each forearm, separated by a minimum distance of 
50 mm to reduce the risk of any carryover effects from adja-
cent sites (Figure 2). Baseline film samples were taken from 
each of the 4 sites, followed by measurements of TEWL, skin 
hydration (corneometry), and skin pH. Following baseline 
measurements, the test pads were applied at 15-minute inter-
vals to the skin surface at each test site for a period of 2 hours 
to permit accurate timing and measurement. Three pads with 
a nonwoven acquisition layer (type A) and 1 test pad with a 
perforated film acquisition layer (type B) were used. One type 
A pad was applied dry (dry control, A dry), and 1 type A pad 
was saturated with 35 mL 0.9% saline (saturated control, A 35 
mL). To compare the performance of the 2 acquisition layers 
(nonwoven vs perforated film), one of each was loaded with 15 
mL of 0.9% saline (A 15 mL, B 15 mL).

Each pad was held firmly on the skin by a tubular ban-
dage (Tensogrip, BSN Medical, Billdal, Sweden) to ensure 
adequate skin/pad contact throughout the test period, and 
participants were allowed to ambulate freely within the clin-
ical laboratory. After 2 hours, pads were removed, the skin 
surface blotted dry, and TEWL recorded continuously for 10 
minutes to enable the calculation of SSWL. Following this, 
triplicate measurements of skin hydration and skin pH were 
also repeated, along with posttest film samples. In a subgroup 
of participants (n = 5), skin surface temperature and relative 
humidity were measured at 30-minute intervals by inserting a 
wafer-thin sensor between the skin and pad sample. All data 
were stored within the MPA5 software (Courage & Khazaka, 
Cologne, Germany) and exported to Microsoft Excel software 
(Microsoft, Redmond, Washington) for subsequent analysis.

Data Analysis
Preliminary data using the measures of skin barrier function 
suggested that a change of 25% was detectable using 15 sub-
jects, with 80% power and significance at P < .05 level. A 
non-normal distribution of data was assumed and therefore 
nonparametric tests were used. Between-subject differences 
(measures of skin barrier function and cytokine levels) were 
analyzed via the Mann-Whitney U test, and differences be-
tween pads were analyzed using the Kruskall-Wallis test. Data 
are expressed as the mean ± SD unless stated otherwise.

RESULTS

The study sample comprised 20 otherwise healthy, active, old-
er volunteers. Their mean age was 72.8 years (SD = 5.8 years); 
8 were male, and 12 were female.

The mean baseline TEWL across all test sites was 10.4 ± 
4.4 g/h/m2; this value is consistent with accepted values for 
healthy forearm skin.25 No significant change in TEWL from 
baseline was seen at the dry pad control site (A dry, P = .82). 
In contrast, recordings obtained after exposure of the skin to 
saline for 2 hours in the various saturated pads (saturated con-
trol at 35 mL vs type A pad 15 mL, and type B pad 15 mL) 
were consistent with those expected in “wet” skin (P = .0004, 
P = .002, and P = .0003, respectively; Figure 3). We also 
plotted WVFD to create desorption curves and found a simi-
lar pattern. No difference was seen in the mean WVFD of the 
control pad site over the 10-minute period, falling from 2.19 
g/h/m2 on pad removal to 0.65 g/h/m2 at 10 minutes. How-
ever, a higher WVFD was seen with all the saline-loaded pads 
compared to control (P = .001; Figure 4).

Calculation of SSWL from the WVFD desorption curves, 
as a marker of excess water penetration, showed a significant 
increase in excess water following the application of all wetted 
pads (P = .009). The mean ± SD SSWL for the saturated 
control (A 35 mL), type A pad 15 mL, and type B pad 15 mL 
was 7981 (SD = 2431), 5860 g/m2 (SD = 2880 g/m2), and 
7040 g/m2 (SD = 2241 g/m2), respectively (Figure 5). Direct 
comparison between the wet nonwoven type A pad (A 15 mL) 
and the wet perforated film pad (B 15 mL) revealed a higher 
mean SSWL for the type B pad (7040 vs 5860 g/m2; P = .04).

Mean SC hydration remained unchanged at the dry control 
(A dry) pad (mean = 38.2 AU, SD = 9.1 before application 
vs 39.0 AU, SD = 7.9 after 2 hours). Stratum corneum hy-
dration increased following the application of all wetted pads, 
with the greatest increase occurring with the perforated film 
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(B 15 mL) pad (P = .001; Figure 6). The mean baseline skin 
surface pH was 5.94 ± 0.04, and an increase in pH was seen 
following the application of all pads. But these changes were 
not significant (P = .16; Figure 7).

Skin/Pad Microclimate
In the subgroup of participants where the temperature and 
relative humidity were monitored under the pads, skin surface 
temperature rose in the first 30 minutes following pad appli-
cation, except for the wettest pad (saturated control, A 35 mL) 
where skin surface temperature fell (P = .009). The rise was 
more pronounced following the application of the dry control 

pad (A dry; P = .005) and at 60 minutes following pad appli-
cation skin surface temperature reached equilibrium and was 
consistent between all pads (Figure 8).

Relative humidity remained constant under the dry control 
pad throughout the test period (46.6%; SD = 7.3). However, 
humidity rose under all wetted pads (P = .001), reaching a 
peak within the first 30 minutes (Figure 9). The analysis de-
tected no difference in relative humidity between the wetted 
nonwoven type A pad (A 15 mL) and saturated control (A 35 
mL); however, humidity under the perforated film type B pad 
(B 15 mL) was higher compared to the equivalent nonwoven 
type A pad (A 15 mL; P = .001).

Figure 3. Mean ± SD TEWL (g/h/m2) recorded at baseline and 2 hours after application of saline-wetted pads (n = 20). Baseline TEWL 
measurements were taken at each test site and then immediately after removal of each test pad. No significant change in TEWL from 
baseline was seen at the control site (test pad A dry; P = .82), while the recordings obtained after exposure of the skin to saline for 2 
hours (pads A 15, A 35, and B 15) were consistent with those expected in “wet” skin and higher than that beneath the control pad (P = 
.002, P = .0004, and P = .0003, respectively). TEWL indicates transepidermal water loss.

Figure 4. Desorption curves (WVFD) recorded over 10 minutes for skin exposed to saline-wetted pads (n = 20). TEWL was recorded 
continuously immediately after removing each test pad for a period of 10 minutes and the means plotted to create WVFD desorption 
curves, representing the loss of excess water by the skin. The mean WVFD of the control (A dry) site over the 10-minute period remained 
constant, falling from 2.19 g/h/m2 on pad removal to 0.65 g/h/m2 at 10 minutes. However, a significantly higher WVFD was seen with all 
the saline-loaded pads compared to control (P = .009), demonstrating excess water entry into the stratum corneum. WVFD indicates 
water vapor flux density; TEWL, transepidermal water loss.
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Skin Biomarkers
Target cytokines were detected in all film samples analyzed 
and within the detection limits of the assay at both baseline 
and post–pad application. Mean baseline values were consis-
tent across each of the 4 test skin sites as shown in Figures 10 
and 11. A slight rise in IL-1α was observed following the appli-
cation of the control pad, as compared to a reduction following 
the application of all wetted pads. The reduction in IL-1α was 
greatest with the wettest pad (containing 35 mL; P = .009). 
No differences in the remaining cytokines measured were seen 
between pad type or wetness level. Calculation of the IL-1RA/
IL-1α ratio showed an increase following pad application, 
except for the wettest pad (saturated control, A 35 mL). The 
increased IL-1RA/IL-1α ratio was highest in the perforated  

film type B pad (B 15 mL) that increased from 0.96 pg/mL 
(SD = 1.15) at baseline to 1.52 pg/mL (SD = 3.18; P = .42).

DISCUSSION

The main aims of this project were to describe the effect of 
incontinence pad composition on skin wetness, skin barrier 
function, and the skin/pad microclimate. We used pads with 
2 different compositions; one had a nonwoven acquisition 
layer and the second had a perforated film acquisition layer. 
Evaluation of microclimate found that TEWL and skin hy-
dration increased as anticipated following wet pad application, 
though no significant differences between the pad samples 
were noted. Pad application caused a slight increase in pH in 

Figure 6. Stratum corneum hydration (corneometer) after exposure of skin to wetted pads for 2 hours (n = 20). Stratum corneum hy-
dration was assessed using a corneometer, which measures the electrical capacitance of the skin. A reduction in hydration corresponds 
to a reduction in capacitance and lower corneometer readings. Mean SC hydration remained unchanged at the dry pad control site (A 
dry), being 38.2 ± 9.1 AU prior to pad application and 39.0 ± 7.9 AU after 2 hours. Stratum corneum hydration increased following the 
application of all wetted pads, with the greatest increase occurring with the B 15-mL pad (P = .001). SC indicates stratum corneum; 
AU, arbitrary units.

Figure 5. Mean SSWL after exposure of skin to wetted pads for 2 hours (n =20). Skin surface water loss is obtained by calculating the 
area under the curve from each of the WVFD desorption curves, after subtracting baseline TEWL from each measurement obtained 
during the 10-minute period, and equates to the amount of excess water penetration in the skin. An increase in excess water following 
the application of all wetted pads was seen, and direct comparison between the A 15-mL and B 15-mL pads revealed a higher mean 
SSWL for the B pad (7040 vs 5860 g/m2; P = .04). SSWL indicates skin surface water loss; WVFD, water vapor flux density.
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all cases, consistent with that previously reported by Aly and 
colleagues18 and Fujimura and colleagues.19 This change may 
be attributed to occlusion. Overall, this pattern of increased 
skin wetness and shift in pH following the application of wet 
pads is in broad agreement with the findings of Phipps and 
colleagues,26 who used synthetic urine and had older women 
sit on a premium underpad for a period of 4 hours.

Water penetration of the skin, measured as SSWL, showed 
that excess water passed into the epidermis; this effect was pro-
portional with the highest in the wettest pad (saturated control, 
A 35 mL). Comparison between the pads with the nonwoven 
acquisition layer (type A) and the pad with a perforated film 
acquisition layer (type B) loaded with an equal volume of sa-
line (A 15 mL and B 15 mL) revealed SSWL to be higher in 
the pad with the perforated film acquisition layer. As the only 
difference between these pads was the composition of the ac-
quisition layer, this suggests that the perforated film in pad B 
with the perforated film acquisition layer was not as effective 

in distributing fluid to the absorbent core as the nonwoven 
used in pad A. In addition, we found that relative humidity 
was highest under the type B pad (B 15 mL). We conclude that 
these findings highlight the important role the acquisition layer 
plays in absorbent product fluid handling. The purpose of the 
acquisition layer is to ensure that fluid is able to rapidly move 
into the absorbent core and be held away from the skin.27,28

Quantification of proinflammatory cytokines released by 
the SC provided an additional means to investigate the ef-
fect of different pads on the skin barrier. Cytokines were suc-
cessfully collected and extracted in all samples, with baseline 
values generally in accordance with those reported previously 
in other studies using a similar technique to sample SC cyto-
kines.29,30 However, the reduction in IL-1α seen with all of 
the wetted pads suggests this may be due to a dilutional effect 
caused by the excess moisture, especially as the reduction was 
greatest with the wettest pad and the opposite was seen with 
the dry control pad.

Figure 7. Mean ± SD skin surface pH after exposure of the skin to wetted pads for 2 hours (n = 20). Skin surface pH was recorded at 
each test site at baseline and then after the application of the test pads for 2 hours. A marginal increase in skin surface pH was seen 
following the application of all pads, but these changes were not significant (P = .16).

Figure 8. Mean skin surface temperature during pad sample application (n = 5). Skin surface temperature was measured under the 
pads in a subgroup of participants. Temperature was seen to increase in the first 30 minutes following pad application, except for the 
wettest pad (A 35 mL) where skin surface temperature fell (P = .009). The rise was more pronounced following the application of the dry 
pad (P = .005). Skin surface temperature reached equilibrium at 60 minutes following pad application and was consistent between all 
pads.
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LIMITATIONS

This study has some limitations. Direct comparison between the 
2 pad types could only be made at 1 volume of fluid load. Al-
lowing direct investigation of both pad types at each fluid load 
would provide a stronger comparison. Also, the use of a small 
convenience sample of healthy older adults limits the ability to 
generalize these results to differing subpopulations of adults who 
would use absorbent pads. Considerable variability in recovered 
cytokines was observed, meaning results must be interpreted 

with some degree of caution. However, the noninvasive sampling 
technique could be used to explore whether alternative markers 
would provide a more reliable indicator, such as SC lipids.

CONCLUSION

Study findings suggest that subtle differences in absorbent 
pad composition, particularly in the acquisition layer, can af-
fect the skin/pad microclimate, skin wetness, and potentially 
skin barrier function due to differences in fluid handling. The 

Figure 10. Mean ± SD stratum corneum proinflammatory cytokine levels extracted from Sebutape before and after the application of 
test pads.

Figure 9. Relative humidity under pad samples (n = 5). Changes in the relative humidity under applied pads were measured in a 
subgroup of participants. Relative humidity remained constant under the control pad (A dry) throughout the test period (46.6% ± 7.3). 
Humidity rose significantly (P = .001) under all wetted pads, reaching a peak within the first 30 minutes. No significant difference in rela-
tive humidity was seen between the wetted A pads (A 15 mL, A 35 mL); however, humidity under the type B pad (B 15 mL) was higher 
compared to the equivalent type A pad (A 15 mL, P = .001).
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techniques used, particularly the use of TEWL to determine 
SSWL, provide a simple and objective method to assess prod-
uct performance in clinical settings. Our findings have direct 
relevance to guiding product development in several areas 
where absorbents are used to protect the skin from the dam-
aging effects of excess moisture, such as continence care and 
wound care.
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