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   INTRODUCTION 

 Patients suff ering from urinary or fecal incontinence are at an 
increased risk of skin breakdown and development of incon-
tinence-associated dermatitis (IAD). 1  ,  2  Incontinence-associat-
ed dermatitis is an infl ammatory skin condition that belongs 
to a group of conditions known as moisture-associated skin 
damage. 3  Th e exact mechanisms leading to the development 
of IAD have not been elucidated; it has been proposed that 
in urinary incontinence, exposure to urine leads to swelling 
of corneocytes, an overhydrated epidermis and eventually skin 
maceration. 4  Additionally, in the presence of skin bacteria, 
urea in urine is converted into ammonia, shifting skin surface 
pH away from the protective acid mantle. 5  Urine also increases 
the susceptibility of the skin to mechanical damage from pres-
sure, shear, or friction. 1  ,  6  In fecal incontinence, the skin is more 

severely damaged, as fecal material, mainly liquid stool, is rich 
in proteolytic enzymes that disrupt the acid mantle of the skin 
surface and eventually the integrity of the skin. However, clin-
ical experience suggests that IAD is a multifactorial condition, 
as moisture alone does not lead to skin breakdown. 2  Th erefore, 
the etiology of IAD is believed to be due to both chemical and 
mechanical factors, such as mechanical irritation (eg, friction), 
bacterial overgrowth, and frequent cleansing activities. 7  ,  8  

 Current prevention and management strategies of IAD are 
based on a structured skin care regimen to prevent skin break-
down and promote skin health. Traditionally, this involved the 
use of soap and water to cleanse the skin from the moisture 
source, drying using a regular towel/washcloth, and applying a 
skin protectant. 1  ,  9  However, cleansing with soap and water can 
be irritating to the skin, especially when frequent episodes of 
incontinence occur. Evidence for this was provided in a semi-
nal study by Voegeli, 9  who investigated the eff ects of diff erent 
traditional washing and drying techniques on skin integrity 
and reported these activities increased cutaneous transepider-
mal water loss (TEWL) and pH. Th ese eff ects can be explained 
by the presence of additional surfactants in soap preparations, 
the most common of which is sodium lauryl sulfate (SLS), 
which is a strong irritant, leading to a severe disruption of the 
barrier function of the skin. 10  ,  11  

 Additionally, due to their alkaline nature (pH 9.0-10.0), 
surfactants can disrupt the inherent acidic nature of the skin 
surface, hence promoting the growth of pathogens. 12  ,  13  Th is 
may be further aggravated by the frictional damage caused by 
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the texture of regular towels/washcloths.14 Frequent cleans-
ing and drying routines have been suggested to increase the 
permeability of the skin and accordingly the risk for IAD.8 
However, there is no empirical evidence to support this hy-
pothesis. Therefore, the aim of this study was to compare the 
permeability of the intact and compromised skin to synthetic 
urine (s-urine) in a cohort of healthy volunteers.

METHODS

Participants were recruited from the staff and student popula-
tion of the University of Southampton via word of mouth and 
through a study poster advertisement based on the inclusion 
and exclusion criteria (Table 1), which were developed to en-
sure the safety of the participants. No incentives were given for 
participation. No sample size calculation was performed. All 
participants were provided with full details of the study before 
giving written informed consent. Participants were asked to re-
frain from applying any cosmetic products on their skin, such as 
moisturizers, 24 hours prior to study participation, as these have 
been reported to influence biophysical measurements.15 Study 
procedures were reviewed and approved by the Southampton 
Faculty of Health Sciences Ethics Committee (REC ID: 9349).

The study was conducted in the bioengineering laboratory, 
within the Faculty of Health Sciences at University Hospital 
Southampton, at an ambient temperature (22°C ± 3°C) and 
humidity (40% ± 5%). All participants were left to accli-
matize for 30 minutes prior to commencement of the study. 
Testing sites were located on the left volar forearm, which was 
the nondominant arm for all participants. To eliminate any 
potential selection bias and to minimize anatomical variation 
between sites, test and control sites were randomized using a 
Latin square design.

Experimental Models of Frequent Cleansing and 
Urinary Incontinence
Physical and chemical irritation from frequent cleansing routines 
was simulated by tape stripping and SLS, respectively. Tape strip-
ping is a simple, efficient, and less invasive technique to disrupt 
the integrity of the skin, resembling physical irritation from towel/
washcloth drying,16 while SLS is found in soap preparations and 
is commonly used in experimental studies as it closely resembles 
the clinical symptoms of irritant dermatitis.11 Tape stripping (n 
= 20) was performed using equal sized (20 × 20 mm) adhesive 

tapes (Sellotape, Winsford, England), and 500 μL of SLS (Ther-
moFisher Scientific, Loughborough, United Kingdom; 0.5% 
w/v) was impregnated into Hill Top Chambers (25 mm; HillTop 
Research Inc., Saint Petersburg, Florida), secured in place with 
a medical tape (Transpore Tape; 3M, Minneapolis, Minnesota), 
and applied on the skin for 24 hours.10 Intact skin was represented 
by an untreated skin area. Synthetic urine at a pH of 7.9 was used 
as a model of urinary incontinence, as previously described; its 
chemical constituents are detailed in Table 2.6 In a similar manner 
to SLS, s-urine was applied on the skin using Hill Top Chambers 
for 2 hours, representing the frequency at which incontinent pa-
tients are checked for wetness in clinical practice.9

Biophysical Measurements
Noninvasive biophysical measurements were used to assess the 
integrity of the skin. Measurement of TEWL represents the 
gold standard method to assess the efficiency of the skin bar-
rier function and was obtained using the Tewameter TM 300 
(MP WL; Courage & Khazaka, Cologne, Germany), while 
skin surface pH was measured using Skin-pH-Meter 905 (MP 
WL; Courage & Khazaka).17 Measurements were performed at 
baseline, following tape stripping/SLS challenges, and subse-
quent to s-urine exposure.

Upon removal of occluded conditions, there is an accumu-
lation of excess water (TEWL) in the stratum corneum (SC) 
that gradually returns to basal levels. This phenomenon, re-
ferred to as skin surface water loss (SSWL), is measured by 
plotting desorption (release of an absorbed substance, in this 
case water, from the skin) curves of TEWL.18 Accordingly, fol-
lowing removal of the s-urine–containing patches, TEWL was 
recorded for 10 minutes and desorption curves were construct-
ed by subtracting mean baseline TEWL from postchallenge 
TEWL values for each time point. Skin surface water loss was 
then calculated from the area under the resulting desorption 
curves using a trapezoidal integration approach.18

Study Procedures
Participants attended the laboratory for 2 consecutive days. 
On day 1, baseline measurements of TEWL and pH were ob-
tained at 3 skin sites (20 × 20 mm) on the volar aspect of the 
left forearm. Each test area was separated by a minimum dis-
tance of 40 mm, determined using a ruler, to reduce the risk 
of “carryover” effects from other sites. Following randomiza-
tion, SLS was applied on one site for 24 hours and on another 
site tape stripping was performed. The remaining untreated 
site represented the intact skin. Following tape stripping, bio-
physical measurements of TEWL and skin surface pH were 

TABLE 1.
Inclusion and Exclusion Criteria for the Study

Inclusion Criteria Exclusion Criteria

•	 Aged	18-65	y
•	 No	active	skin	disease
•	 No	history	of	skin	diseases

•	 Pregnancy
•	 Preexisting	 medical	 condition	 that	 is	

known	 to	 affect	 the	 dermal	 vasculature	
(eg,	diabetes	mellitus,	peripheral	vascular	
disease,	 Raynaud’s	 phenomenon,	 preg-
nancy)

•	 Treatment	with	any	vasoactive	medication	
(eg,	β-blockers,	nitrates,	calcium	channel	
blockers,	 ACE	 inhibitors,	 antihistamines;	
NSAIDs,	steroids)

•	 Preexisting	dermatological	condition
•	 Unable	to	give	informed	written	consent

Abbreviations:	ACE,	angiotensin-converting-enzyme;	NSAID,	nonsteroidal	anti-inflammatory	
drug.

TABLE 2.
Composition of Synthetic Urinea

Synthetic Urine Composition (in 50 mL of Distilled Water)

Chemical Constituent Weight, g

Urea 1.25

Sodium	chloride 0.45

Ammonium	chloride 0.15

Sodium	sulfite 0.15

Anhydrous	disodium	hydrogen	orthophosphate 0.125

Creatinine 0.10
aBased	on	Mayrovitz	and	Sims.6
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taken again on the tape-stripped site and then s-urine was 
applied for 2 hours on both the tape-stripped and untreated 
sites, separated by a 10-minute interval. After exposure time, 
the s-urine–containing chambers were removed, the skin was 
gently pat-dried using filter papers, and TEWL was recorded 
continuously for 10 minutes, followed by measurement of 
skin surface pH. On day 2, and after 24 hours of SLS expo-
sure, the SLS-containing chamber was removed and biophys-
ical measurements were repeated. Then, s-urine was applied 
for 2 hours, after which the skin was gently dried, as previ-
ously, and TEWL was recorded for 10 minutes, followed by 
skin surface pH measurement. A schematic time course of the 
study protocol for each test area is shown in Figure 1. Each 
test site served as its own control.

Data Analysis
Data are expressed as the mean ± SD and analyzed using 
GraphPad Prism 8.0 (GraphPad Software, San Diego, Califor-
nia). Statistical analysis was conducted using IBM SPSS ver-
sion 21.0 (SPSS Inc, Chicago, Illinois). Due to small sample 
size, a nonparametric distribution of the data was assumed and 

therefore nonparametric tests were performed. To determine 
the effects of skin condition on permeability, and to assess the 
differences in TEWL and pH compared to baseline and be-
tween insults, the Friedman test was used and pairwise com-
parisons were performed using the Wilcoxon signed-rank test.

RESULTS

The sample comprised 10 healthy volunteers, 7 males and 3 
females, aged between 22 and 58 years. Desorption curves 
of TEWL were constructed following exposure of intact and 
compromised skin to s-urine (Figure 2A). For 2 participants, 
the desorption curves of tape-stripped skin presented an 
anomalous shape compared to the other participants, possibly 
due to movement artifacts; these data are not included in our 
analysis. By calculating the amount of SSWL (Figure 2B), we 
found that chemically irritated skin has an increased permea-
bility to s-urine, mean SSWL of 46,209 ± 15,596 g/m2, com-
pared to both intact (14,631 ± 6164 g/m2) and tape-stripped 
(14,545 ± 4051 g/m2) skin (P = .005 in both cases). In con-
trast, we found no significant differences between intact and 
physically irritated skin (P = .88).

Figure 1. Diagram outlining the study protocol for each skin site. TEWL indicates transepidermal water loss.



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

64 JWOCN ¿ January/February 2021 www.jwocnonline.com

Skin Barrier Function (TEWL)
Skin barrier function was assessed by measuring TEWL at 
baseline, after each challenge (tape stripping, SLS) and follow-
ing s-urine exposure. On the intact skin, an increase in mean 
TEWL (Figure 3A) was observed from 3.96 ± 1.76 to 15.73 
± 4.99 g/h/m2 following exposure to s-urine (P = .005). Tape 
stripping also caused a significant increase in TEWL from 4.76 
± 3.50 g/h/m2 at baseline values to 8.16 ± 3.17 g/h/m2 (P = 
.007), as illustrated in Figure 3B. Following s-urine application, 
we observed a further increase in TEWL when compared to tape 
stripping (8.16 ± 3.17 g/h/m2 vs 18.36 ± 6.47 g/h/m2, P = 
.005; Figure 3B). With regard to chemically irritated skin, both 
SLS exposure and the subsequent urine application increased 
mean TEWL from 4.46 ± 1.82 g/h/m2 at baseline to 86.62 
± 37.47 and 46.81 ± 24.52 g/h/m2, respectively (P = .005 in 
both cases; Figure 3C). However, we found no significant differ-
ence between SLS and s-urine insults (P = .028).

Skin Surface pH
Results from the measurement of skin surface pH are summa-
rized in Figure 4. In a similar manner to TEWL, skin surface 

pH was measured at baseline, after each challenge (tape strip-
ping, SLS) and following the application of s-urine. When the 
intact skin was evaluated, s-urine did not cause any significant 
change compared to baseline values (6.94 ± 0.24 vs 6.99 ± 
0.16, P = .61), as shown in Figure 4A. In a similar manner, 
neither tape stripping (6.97 ± 0.10), despite its disruptive 
effects, nor the following exposure to s-urine (6.99 ± 0.12) 
altered the skin pH significantly compared to 7.01 ± 0.16 
at baseline (P = .17 for tape stripping, P = .44 for s-urine; 
Figure 4B). On the contrary, SLS exposure (7.34 ± 0.22) and 
s-urine application (7.36 ± 0.18) resulted in a significant in-
crease in pH level compared to 6.96 ± 0.22 at baseline (P = 
.007 for SLS, P = .005 for s-urine), as shown in Figure 4C. 
However, the subsequent s-urine exposure did not produce 
any further changes in pH, with a mean value of 7.36 ± 0.18 
(P = .80).

DISCUSSION

Incontinence-associated dermatitis is an inflammatory condi-
tion caused by prolonged exposure of the skin to urine and/
or stool.1,2 Therefore, maintenance of skin integrity and the 
promotion of skin health are important goals for clinical prac-
tice, especially for patients with incontinence.7,13 According-
ly, skin-cleansing regimens are required for the prevention 
of IAD and commonly involve the use of soap, water, and 
a towel/washcloth to dry the skin. However, these cleansing 
activities may compromise the integrity of the skin and have 
been implicated in the development of IAD, by increasing 
the permeability of the skin to irritants.8,9 Nevertheless, there 
is no empirical evidence to support this hypothesis and this 
prompted our investigation.

We examined the hypothesis that frequent skin cleansing 
increases the permeability of the skin and its susceptibility to 
irritation when exposed to urine. Findings showed that per-
meability to urine depends on skin condition, with chemically 
irritated skin presenting an increased permeability, as reflected 
by a significant increase in SSWL (Figure 2B). This can be 
attributed to its mechanism of action, as it causes more severe 
and deeper damage, effectively penetrating the epidermal-der-
mal junction.19,20 Sodium lauryl sulfate has also been reported 
to disrupt the lipid composition of the SC, thus increasing its 
permeability.21 Furthermore, chemical irritation of the skin by 
SLS, a common surfactant found in soap preparations, pro-
voked an increase in skin surface pH (Figure 4C), suggesting 
that disruption of the acid mantle of the skin is associated with 
an increased permeability to irritants.

Findings from prior studies highlight the importance of 
maintaining the acid mantle of healthy skin to prevent skin 
colonization and invasion by pathogens.8,9 However, our study 
is believed to be the first to report that a shift in skin pH away 
from the protective acid mantle is also associated with in-
creased skin permeability. We assert that this finding highlights 
the need for use of pH-balanced cleansers in clinical practice 
to maintain the skin acid mantle and promote skin health. In 
contrast, the differences between intact and physically irritat-
ed skin were not significant (P = .88). This difference may 
be attributable to the increased cohesiveness of the deeper SC 
layers,22 as tape stripping removes only superficial layers of SC, 
and it is well established that skin permeability depends on the 
full thickness of the SC.23 In addition, there may have been no 
apparent changes in skin surface pH in intact and physically 
irritated skin owing to the inherent buffering capacity of the 

Figure 2. Permeability of the intact and compromised skin to 
s-urine. (A) Desorption curves of TEWL were constructed follow-
ing exposure to s-urine. (B) SSWL was quantified from the result-
ing desorption curves, and it was shown that chemically irritated 
skin presents an increased permeability to s-urine, reflected by 
the significant increase in SSWL compared to both the intact and 
physically irritated skin (P = .005, in both cases). There was no 
difference between the intact and physically irritated skin (P = 
.88). s-urine indicates synthetic urine; TEWL, transepidermal wa-
ter loss; SSWL, skin surface water loss.
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intact skin and the inability of the tape stripping to compro-
mise this buffering capacity.

We also found that susceptibility of the skin to s-urine 
damage depends on skin condition. In particular, exposure of 
intact and physically irritated skin to s-urine resulted in an 
increase in TEWL. Related studies reported a slowed but pro-
gressive barrier recovery followed disruption by tape stripping, 
based on TEWL measurements.23-25 Accordingly, this finding 
suggests that s-urine constituents aggravate the effects of phys-
ical irritation. In contrast, exposure to s-urine caused mini-
mal changes in pH in intact and physically irritated skin. This 
contrasts with a previous study that reported that urine sig-
nificantly increased pH on tape-stripped skin at a level higher 
than that associated with an SLS-positive control.26 A possible 
explanation for this is the discrepancy in the exposure peri-
od, which was 3 days in the previous study. However, findings 
from that study should be carefully interpreted as different 
anatomical sites were used, which are not comparable due to 
variation in TEWL.27

We also found that initial exposure to SLS resulted in a vis-
ible erythema and a disrupted skin barrier function in chemi-
cally irritated skin (Figure 3C). We believe this is attributable 
to hyperhydration of the SC and disorganization of the lipid 

bilayers.21 The subsequent exposure to s-urine led to a decrease 
in TEWL, showing a slowed recovery of the barrier function. 
These observations are consistent with prior research indicat-
ing TEWL continues to increase, up to 14 days following SLS 
treatment.21,28,29 In contrast with tape stripping, SLS exposure 
disrupted the acid mantle of the skin by increasing skin sur-
face pH. Subsequent exposure to s-urine produced little fur-
ther change to skin pH (Figure 4C). In addition, we found no 
significant effect of s-urine on chemically irritated skin. These 
findings suggest that the chemical constituents of s-urine may 
alleviate the symptoms of chemical irritation, favoring gradual 
recovery of barrier function. These findings also contrast with 
those from a previous study, which suggested that intact and 
compromised skin presents the same susceptibility to urine.26 
Nevertheless, tape stripping was employed to disrupt skin in-
tegrity and this may explain why no differences were found 
with the intact skin. In addition, researchers used human infant 
urine, thereby limiting direct comparisons with our findings.

 Our findings also suggest that urine impairs healthy skin 
function via multiple mechanisms and the potential for ir-
ritation depends on the status of the underlying skin. Our 
findings provide empirical evidence supporting the hy-
pothesis that frequent cleansing activities contribute to the 

Figure 3. Skin barrier function following exposure of the intact and compromised skin to s-urine. (A) Exposure of the intact skin to s-urine 
led to a significant increase (297%) in TEWL compared to baseline (P = .005). (B) Tape stripping and the application of s-urine caused 
a significant increase in TEWL of 71% and 286%, respectively, compared to baseline values (P = .007 for tape stripping, P = .005 for 
s-urine). Synthetic urine caused a further increase of 125% in TEWL compared to tape stripping (P = .005). (C) SLS exposure led to a 
disrupted skin barrier, reflected by the significant increase in TEWL compared to baseline (1842% increase, P = .005). Following expo-
sure to s-urine, TEWL was still significantly higher than baseline (950%, P = .005) but significantly lower compared to SLS (P = .028), 
displaying a decrease of 46%. s-urine indicates synthetic urine; TEWL, transepidermal water loss; SLS, sodium lauryl sulfate.
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development of IAD. Washing with soap may lead to chemi-
cal irritation of the skin and disruption of its acid mantle due 
to the presence of surfactants. These findings suggest that the 
frequency of skin-cleansing regimens in patients with incon-
tinence should be carefully evaluated, along with the choice 
of soap-based products versus those with a pH closer to phys-
iological values of the skin surface (4.2-6.1). Nevertheless, 
further research is required to elucidate the role of skin care 
regimens in the development of IAD, and this investigation 
forms the basis for future studies to evaluate alternative skin 
care routines, including continence cloths and liquid cleans-
ers. Future studies should also focus on characterizing the 
inflammatory response triggered following cleansing activi-
ties as research is sparse. Such studies will be a step forward 
toward more efficient prevention and management strategies 
of IAD in clinical settings.

CONCLUSION

This is the first study to report the permeability and suscep-
tibility of the skin to urine following irritation, such as from 
frequent cleansing routines. Findings suggest that the state of 
the skin and the integrity of the acid mantle define its per-
meability to irritants and consequently the frequency of skin 
cleansing with soap-based products should be determined. 

In addition, the study procedures we employed established 
the validity of an experimental model that can be adapted in 
future studies.
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