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INTRODUCTION
The protective skin barrier is the first line of defense against pathogens, 
environmental toxins, and ultraviolet radiation. Moisture homeostasis 
is critical for barrier integrity and breakdown is associated with both 
acute and chronic skin conditions. For example, harsh external 
environments, frequent showering, atopic dermatitis and psoriasis can 
all contribute to dry skin1. Conversely, prolonged moisture exposure to 
bodily fluids, such as urine and feces, can lead to skin maceration, 
pressure ulcers, tearing, and incontinence-associated dermatitis (IAD) 
(diaper rash)2. The incidence of incontinence-associated skin barrier 
breakdown is increased in the elderly and critical care patients and is 
often associated with substantial morbidity, including itching, irritation, 
pain, and infection (reviewed in3), thus skin care protocols that improve 
patient well-being and reduce healthcare costs are of great importance. 

No rinse cleansers offer some of the same benefits as traditional 
washing with soap and water, like decreasing microbial burden and 
removal of barrier pastes and creams, bodily fluids and excrement, but 
are a more cost effective and gentle alternative4 5 6. Soaps often 
contain harsh, alkaline detergents, which increase the skin pH and 
disrupt the antimicrobial properties of the “acid mantel” created by the 
stratum corneum7. Physical strain and friction from patting or wiping 
dry can also lead to moisture loss, skin tears, and mechanical 
breakdown8. Additionally, moisturizing products are often applied 
following standard washing, adding additional cost and time 
expenditure.6 9 Combined skin care protocols, including the use of 
barrier creams, films, or pastes and cleansers, have been shown to 
reduce IAD and pressure ulcer incidence in nursing home patients and 
decrease the amount of time spent by nurses and caregivers on skin 
care following episodes of incontinence, contributing to reduced 
healthcare-associated costs10. 

The goal of this study was to assess the skin moisture barrier after the 
independent application of two commercially available no rinse 
cleansers, cleanser 1* and cleanser 2^. To address this goal, test sites on 
excised porcine skin were treated with skin cleanser, the surface was 
exposed to dye, and then dye saturation into the skin was quantified 
using densitometry. 

CONCLUSION
No rinse cleansers offer a fast, efficient, and gentle option for cleansing 
intact, irritated, or denuded skin while still effectively removing bodily 
fluids, fecal material, barrier pastes and creams. This study 
demonstrates that test sites on porcine skin treated with Cleanser 1 
had a similar OD following dye exposure as Cleanser 2-treated sites, 
indicating both cleansers minimally affect skin barrier properties. 
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MATERIALS
Two liquid cleansers were tested in this study. Cleanser 1 is a pH balanced formula that contains 
humectants and antioxidants. It is hypoallergenic and lacks sulfates, parabens, and phthalates. 
Cleanser 2 is a liquid spray that contains colloidal silver, allantoin, beta glucan and preservatives, 
like methylparaben as well as propylparaben.  (Table 1)

Table 1: Test Product Ingredients and Usage

METHODS
Frozen ventral abdominal non-sterile porcine skin flaps (Tissue Source LLC) were thawed 
overnight at 1-8°C and then allowed to acclimate for approximately 1 hour at room temperature 
(15-30°C). The skin was gently cleansed with an EZ scrub sponge containing 3% PCMX, rinsed 
with water, and air-dried. Moist paper towels were placed beneath the skin to prevent 
dehydration. Test sites were mapped using a surgical marker and treatment groups were 
randomly assigned (n=12 per group). Cleansers (0.25 mL) were applied for 15 minutes and then 
test sites were gently wiped 3 times. A 2.5 cm2  RestonTM square foam pad (3M Healthcare) 
containing methylene blue dye (1% w/v) was applied to the skin surface for 15 seconds using a 
100g weight for even distribution. The skin flap was placed on a flatbed digital scanner, adjacent 
to control color blocks, and digital images were obtained. The optical density (OD), also known as 
the mean grey value, was determined (OD = sum of grey values of all pixels / total number of 
pixels).  The OD (reported in calibrated optical density units (ODU)) of each test site was 
determined using ImageJ software (NIH ImageJ 1.48V). The image was calibrated using the color 
block controls, where black = 0 ± 5 ODU and white = 255 ± 5 ODU..

A parametric one-way ANOVA was utilized to determine if barrier permeability differed between 
cleansers 1 and 2 and untreated control. Significant omnibus F-values (p<0.05) were followed 
with two-sided pairwise comparisons utilizing the Dwass, Steel, Critchlow-Fligner Method using 
Bonferroni correction to control for overall type I error rate. Significant two-sided pairwise 
comparisons were followed by lower one-sided Two-Sample T-tests (equal variance) in order to 
assess the direction and difference in magnitude of barrier performance (as determined by 
comparing OD following skin exposure to methylene blue dye). 

RESULTS
The barrier performance of two commercially available skin cleansers,  cleanser 1 and cleanser 2, 
was assessed with ex vivo experiments using excised porcine skin. Randomly assigned test sites 
were either untreated or pretreated with skin cleanser and then exposed to a foam pad 
containing toluidine blue dye (Figure 2). The OD of each test site was determined using ImageJ
software. Products that create an impermeable barrier will reduce dye saturation into the skin, 
leading to a higher OD; those that degrade the normal barrier will demonstrate the opposite, 
leading to a lower OD. The OD was 44.39 ± 4.44, 35.10 ± 3.72, and 37.82 ± 1.77 calibrated ODU, 
for untreated control, Cleanser 1, and Cleanser 2, respectively (Figure 3). Pairwise comparisons 
with Bonferroni correction following significant ANOVA (F2,33=22.42, p<0.0001) show that while 
both cleansers resulted in minor decreases in OD compared to control (p<0.0001), there was no 
significant difference between the two cleansers (p=0.0660) (Table 2). This finding demonstrates 
that both cleansers minimally increase barrier permeability and confirms the gentle nature of 
both products. 

Table 2: Optical Density of Dye-Exposed Porcine Skin

Figure 1: Representative images of dye-stained pigskin from (A) untreated control, (B) Cleanser 1, 
and (C) Cleanser 2- treated skin. n=12 per group.

Figure 2: Box and whisker plots of optical density ± standard deviation from dye-exposed pig skin 
pre-treated with Cleanser 1, and Cleanser 2 or nothing applied control.  The mean is indicated by 
a horizontal line within the bar and the median with diamond symbol. Significant omnibus F-
values generated from a parametric one-way ANOVA (p<0.05) were followed with two-sided 
pairwise comparisons utilizing the Dwass, Steel, Critchlow-Fligner Method using Bonferroni
correction to control for overall type I error rate. Significant two-sided pairwise comparisons 
were followed by lower one-sided Two-Sample T-tests (equal variance) in order to assess the 
direction and difference in magnitude of barrier performance (as measured by optical density). 
Products with different letters are significantly different from each other. 

Product Type Usage

Cleanser 1 Foam

• Humectants (soy protein, yeast 
extract, and vitamin D)

• Antioxidants (green tea and 
clove flower extract)

• Natural oils and extracts

• Ideal for use on all ages
• Multiple applications per day
• Use on intact, irritated, or denuded skin
• Strong enough for removing barrier pastes 

and creams, blood, and fecal material 
• CHG-compatible  

Cleanser 2
Liquid 
Spray

• Aloe, allantoin, beta glucan
and vitamin E

• Colloidal silver
• Methylparaben and 

propylparaben

• Multiple applications per day
• Use on intact, sensitive and irritated skin
• Targeted areas
• Maintenance cleansing
• No touch wound care 
• Wound dressing changes
• Post-antiseptic cleansing

A B C

Nothing Applied 
(control)

Cleanser 1 Cleanser 2

Median (ODU) 44.90 36.31 37.61
Mean (ODU) 44.39 35.10 37.82

Standard deviation (ODU) 4.44 3.72 1.77
Comparison of Barrier Permeability A$ B$ B$

Comparison of Mean Gray Value 
(calibrated ODU)

A > B #

$ Dwass, Steel, Critchlow-Fligner Method using Bonferroni correction for pairwise two-sided multiple comparisons following significant omnibus 
parametric one-way ANOVA. Products with different letters are statistically significantly different from each other.
# One-sided two-sample t-test (equal variance). Products are listed in statistically significant order of magnitude of Mean Gray Value, with 
leftmost letter indicating least barrier permeability and rightmost letter indicating most barrier permeability.

CCleanser 1 Cleanser 2
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