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Abstract

Skin ageing is associated with various structural alterations including a

decreased strength of the dermo-epidermal adhesion increasing the risk for

shear type injuries (skin tears). Topical applications of basic skin care products

seem to reduce skin tear incidence. The suction blister method leads to the

artificial and controlled separation of dermis and epidermis. Therefore, time to

blister formation may be used as outcome measuring the strength of dermo-

epidermal adhesion. We conducted an exploratory, randomised, controlled

trial with a split-body design on forearms in healthy female subjects (n = 12;

mean age 70.3 [SD 2.1] years). Forearms assigned to the intervention were

treated twice daily with petrolatum for 8 weeks. Suction blisters were induced

on forearms after 4 and 8 weeks and time to blister formation was measured.

Stratum corneum and epidermal hydration were measured and epidermal

thickness was assessed via optical coherence tomography. Time to blistering

was longer and stratum corneum as well as epidermal hydration was consis-

tently higher in intervention skin areas. We conclude that topical application

of basic skin care products may improve mechanical adhesion of the dermo-

epidermal junction and that the parameter “time to blistering” is a suitable

outcome to measure dermo-epidermal adhesion strength in clinical research.
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Key Messages
• Age-related structural changes of the skin, such as flattening of the dermo-

epidermal junction, are associated with increased skin fragility which makes
the skin prone to shear type injuries like skin tears

• This exploratory trial with a split-body design in healthy female participants
was conducted to determine the effects of a basic skin care formulation on
the mechanical adhesion strength of the dermo-epidermal junction using
the suction blister method
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• The suction blister method allows an artificial and controlled separation of
dermis and epidermis

• Topical application of basic skin care products may improve the mechanical
adhesion of the dermo-epidermal junction.

• The parameter “blistering time” reflects the mechanical integrity and is a
suitable outcome to measure the strength dermo-epidermal adhesion

1 | INTRODUCTION

The world population is growing and the life expectancy
has risen continuously in developed and developing
countries. One consequence is an increase of age associ-
ated disabilities and diseases.1 The process of ageing
involves numerous structural and functional changes
including the skin. Due to its ageing-related loss of func-
tional capacity, the skin becomes more susceptible to
develop adverse skin conditions and dermatological dis-
eases (eg, xerosis cutis and itch, fungal infections, skin
cancer and dermatitis).2-4

Clinically very relevant age-related structural
changes can be observed at the dermo-epidermal junc-
tion (DEJ).5 The DEJ forms the interface between the
lower layer of the epidermis and the top layer of the
dermis and consists of a complex structural network of
interacting proteins which mediate adhesion of these
two very different tissue types.6 Furthermore, it allows
the exchange and transport of nutrients as well as vari-
ous molecules between the non-perfused epidermis
and the perfused dermis.7 On the epidermal site of this
network, the basal keratinocytes are interlinked to the
basement membrane via hemidesmosomes and anchor-
ing filaments. The interconnection of the basement
membrane to the collagen meshwork of the dermis is
mediated by anchoring fibrils.8 In addition to these
specific molecular characteristics of the DEJ, it has also
a characteristic three-dimensional structure. It is
described as finger-like projections of rete ridges (epi-
dermal protrusion down into the dermis) and upwardly
protruding dermal papillae from the dermis into epi-
dermis.9 This interdigitation is important in order to
provide the skin with structural integrity as well as
mechanical stability.6 A consequence of intrinsic skin
ageing, besides a gradual disorganisation of the
anchoring system,10 is a significant thinning and flat-
tening of the DEJ,8 caused by the retraction of rete
ridges11 as well as a reduction of dermal papillae.12

These age-related structural changes beyond the 6th
decade of life13 leading to a flattened appearance of the
DEJ and are associated with a reduced contact surface
area and therefore less adhesion.11 The more fragile

dermo-epidermal interface in aged skin makes it more
prone to bulla formation and trauma and less resistant
to shearing forces, potentially leading to shear-type
injuries such as skin tears.6,13-16

The prevalence of skin tears in aged care settings is 3%
to 22%.17-20 Empirical evidence indicates that basic skin care
strategies may help to prevent skin tear development.21 For
example, Carville et al22 showed that the application of a
moisturiser twice a day reduced the skin tear incidence in
residents living in aged care facilities by almost 50% com-
pared to the control group. These study results led to the
recommendation that topical leave-on products should be
applied in long-term care as one component of a skin tear
prevention program.23 However, the underlying mode of
action is unclear. Topically applied basic skin care products
such as petrolatum, waxes and comparable lipophilic sub-
stances exhibit physical and chemical effects on and in the
uppermost skin layers (eg, the stratum corneum [SC]). Pet-
rolatum is one of the most effective moisturisers.24 By for-
ming an occlusive layer, the transepidermal water loss
(TEWL) is reduced with a simultaneous increase of the stra-
tum corneum hydration (SCH).24-27 Furthermore, the appli-
cation of petrolatum causes an increase of the epidermal
thickness by swelling of the SC.28 However, effects on the
DEJ have not been described and it is unclear whether basic
skin care products actually increase the strength of the DEJ.

Despite a wide range of invasive and non-invasive
methods to measure structural and functional properties
of the skin, approaches to quantify the dermo-epidermal
adhesion strength directly are less established. One pro-
posed approach to measure this parameter in vivo is the
artificial induction of suction blisters (SBs).10

The first documented artificial mechanical separation of
epidermis and dermis along the DEJ was described in 1887
by Unna.29 Kiistala and Mustakallio30,31 developed this
method further by using suction cups and applying a con-
stant negative pressure on the skin to create SBs. Through
the application of constant negative pressure, interstitial
fluid accumulates between the dermis and epidermis and
hemidesmosomes detach from the basement membrane.31,32

Initially, multiple tiny sub-epidermal vesicles arise which
coalesce to form eventually a single cavity.30 This process
leads to a complete dermal-epidermal separation and results
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in a macroscopically visible cavity filled with suction blister
fluid. Today the SB technique is widely used in dermatologi-
cal research for studying morphological, physiological, or
pharmacological phenomena33,34 and the creation of
standardised wounds allows to study wound healing.35,36

This method is also widely used in medical practice for epi-
dermal grafting to treat various skin conditions.37,38

Based on the results of a systematic review about SBs in
dermatology,15 the parameter “blistering time” was pro-
posed as a measure of the dermo-epidermal adhesion in
skin research recently.10 The blistering time can be defined
as the time period from the start of suction until the appear-
ance of visible vesicles. Among other factors, empirical evi-
dence suggests associations between blistering time and
age15 or smoking status.39,40 Therefore, the parameter “blis-
tering time” reflects the strength of the dermo-epidermal
adhesion and may be regarded as a clinically relevant
parameter reflecting the mechanical integrity and resistance
of the DEJ.10,15 However, this proposed outcome has never
been used in clinical research so far even though there is
evidence supporting its usefulness.10

Based on the observation that basic topical leave-on
products reduce the risk for skin tear development and
that the parameter “time to blistering” is related to the
dermo-epidermal adhesion strengths, the objective of this
study was to investigate, whether there is an association
between a basic skin care intervention and the adhesion
strength of the DEJ.

2 | MATERIALS AND METHODS

2.1 | Trial design and setting

An exploratory, randomised controlled clinical trial
(RCT) with a split-body design (left versus right volar
forearm) was conducted in 2018 at the Clinical Research
Centre for Hair and Skin Science at the Charité-Uni-
versitätsmedizin Berlin, Germany. The split-body design
allows an intra-individual comparison of investigational
sites and minimises inter-individual biological variation.
The trial was approved by the local ethics committee of
the Charité-Universitätsmedizin Berlin (EA1/060/18) and
it was registered at clinicaltrials.gov (NCT03625167). No
important changes were made after trial commencement.

2.2 | Participants

Healthy female volunteers were invited to participate
when meeting the following inclusion criteria: (a) Age
between 65 and 85 years, (b) Caucasian with phototype I
to III according to Fitzpatrick classification, (c) body

mass index (BMI) between 20 and 28 kg/m2, (d) non-
smoker of at least 1 year, (e) absence of skin diseases,
scars or tattoos at the skin areas of interest. For this
exploratory trial, females were included only to reduce
biological variability. Written informed consent was
obtained from all participants before inclusion.

Major exclusion criteria among others were (a) known
or suspected defect of healing, (b) any skin affection which
may interfere with the trial assessment (eg, urticaria, psoria-
sis or scars on investigational areas), (c) any acute or
chronic pathology that may interfere with the trial conduct,
(d) diabetes mellitus or history or establishment of diabetes
or pre-diabetes, (e) use of topical or systemic treatment on
the investigational areas within the past 4 weeks that would
interfere with assessment, and/or investigational treatments
(f) any known hyper-sensibility to one of the compounds of
the investigational product.

2.3 | Interventions

All included subjects were instructed to apply petrolatum
(Vaseline, white Ph.Eur., Fagron GmbH & Co. KG,
Barsbüttel, Germany) to the randomly assigned interven-
tional volar forearm. A member of the study team demon-
strated the correct amount and application of the product
at the baseline visit (pea-sized amount, equal to 0.6-0.7 g).
During the trial, the skin care product was applied by the
subjects at home. Adherence to the intervention was
checked by weighing the petrolatum tubes at week 4 and
week 8. Applications took place twice daily (morning and
evening) for 4 and 8 weeks, respectively. This was per-
formed after washing or showering to allow the product to
stay on the skin during day or night. The other forearm
remained untreated (control arm). During the trial, addi-
tional skin care products on the investigational skin areas
were not allowed. Furthermore, the subjects were
instructed not to have sun exposure or UV-light sessions,
use any topical drugs or cosmetic products on both arms
(except usual cleaning products) or have any physical treat-
ments on the investigational areas.

2.4 | Outcomes

No distinctions were made between primary and second-
ary outcomes due to the exploratory nature of the trial.
No changes to trial outcomes were made after trial
commencement.

Outcomes for all investigational areas were the blis-
tering time, SCH, epidermal hydration, and epidermal
thickness on both forearms. The outcome “blistering
time” was defined as (a) time to first vesicles (period of
time until the appearance of the first macroscopically
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visible vesicles) and (b) time to full blister (period of time
until the appearance of a full blister covering the entire
area to which the suction pressure was applied). A full
blister can result by expansion of a single initial vesicle or
by multiple coalescent vesicles. The blistering time was
measured in minutes.

SCH was measured with the Corneometer CM 825
(Courage + Khazaka, Cologne, Germany). The measure-
ment is based on the difference in the dielectric constant of
water and other substances and measures the water content
in the SC.41 Values are expressed in arbitrary units
(AU) and range from 0 to 120, with higher values indicating
higher SCH. Absolute measurement errors of SCH mea-
surements in terms of upper and lower limits of agreement
are expected to be +4 AU and � 4 AU42,43 and reliability
coefficients exceed 0.9.42,43 Therefore, comparisons of
means within and between groups are justified.44 Values
above 40 AU may be considered as “normal” SCH, values
<40 AU are regarded as sign for dry skin.45

Epidermal hydration was measured with Moist-
ureMeterEpiD (Delfin Technologies Ltd, Kuopio, Finland).
The measured dielectric constant values are proportional to
the water content in the epidermal tissue and are expressed
as percentage of tissue water (0%-100%; 0.5 mm measure-
ment depth). Reliability of epidermal hydration measure-
ments are also very high.42

The skin surface temperature of investigational areas
was measured with the Skin-Thermometer ST 500 (Cour-
age+Khazaka, Cologne, Germany) and expressed in �C.
Empirical evidence suggests high reliability of skin sur-
face temperature measurements.46 All physiological skin
measurements are expressed as means of duplicate mea-
surements per investigational area.

Epidermal thickness was measured with optical
coherence tomography (Thorlabs, Lübeck, Germany),
according to the methods described by Trojahn et al.47

Epidermal thickness was expressed in μm.
Before any measurements or the induction of suction

blisters, the study volunteers had to acclimatise for
30 minutes at 40% to 60% relative humidity and at a tem-
perature of 20 to 22�C with having both forearms uncov-
ered. The non-invasive biophysical measurements on both
volar forearms including SCH, epidermal hydration, and
epidermal thickness were conducted at baseline visit as well
as at week 2, 4, 6, and 8. At week 4 and 8, the skin surface
temperature was measured additionally before induction of
suction blisters.

2.5 | Suction blister induction

A vacuum pump (Hico-Rapidovac 761, Hirtz, Cologne,
Germany) was used to produce a constant negative

pressure at – 200 mmHg. The pump was connected to a
main tube in order to transmit the negative pressure to
the skin. The main tube was subdivided to obtain multi-
ple ends to ensure that the same negative pressure was
applied to all investigational areas at the same time. At
the end of each tube, an upside-down-positioned dispos-
able syringe with a diameter of 8 mm was attached. The
tip of the syringe was attached airtight to the tube and
the plunger was removed. The resulting 8 mm diameter
cavity was placed on the test area to aspirate the skin.
Due to the suction, the skin is pulled into the syringe and
appears in a dome-like structure. After the blister fully
developed, the syringes were removed, the blister fluid
was punctured and a dressing was applied.

2.6 | Sample size

Due to the explorative character of this pilot trial, a for-
mal sample size estimation was not performed. Following
the recommendation by Julious,48 it was planned to
include n = 12 female subjects.

2.7 | Randomization and blinding

A two-step randomization was applied in this trial. The
first step was a simple computer-generated randomiza-
tion table with 1:1 allocation to the treatment volar fore-
arm (right vs left). Sequentially numbered sealed opaque
envelopes containing the assignment to the treatment
volar forearm were prepared and used. After a participant
was included and the baseline skin measurements were
conducted, the study personnel opened the next num-
bered envelope in chronological order.

FIGURE 1 Schematic representation of investigational areas.

Each of the indicated areas (A, B, C, and D) contain two suction

blister induction sites (depicted as grey filled circles)
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In the second step of randomization, for every partici-
pant a second sealed opaque envelope was prepared con-
taining the order in which the suction blisters were
induced on week 4 and week 8 (upper area A/C first vs
lower area B/D first) (see Figure 1). The order was based
on a computer-generated 1:1 randomization. The enve-
lope was opened by the study assistant at week 4 before
the first induction of SBs.

Both randomization lists were created by the data
manager and the envelopes were prepared by another
staff member, neither of whom was involved in any other
of the study-related procedures.

Due to the nature of the intervention, neither the
investigators nor the participants were blinded.

2.8 | Statistical analysis

Demographic characteristics were described using mean
and spread estimates. For the outcomes medians and the
25% to 75% interquartile ranges (IQR) were calculated for
the total sample, for each group, and for group differences.
Grouped boxplots were used to describe values of SCH, epi-
dermal hydration, and epidermal thickness on intervention
and control sites at week 0, 2, 4, 6, and 8. Because of the
exploratory design, no statistical hypothesis testing was

conducted. Statistical analysis was performed using IBM
SPSS Statistics 25.

3 | RESULTS

3.1 | Participant flow

In total, 18 subjects were screened for eligibility and
17 healthy female subjects were included. One forearm of
all included subjects was randomly allocated to the inter-
vention and the other forearm served as control arm. It was
planned to conduct the study in 12 subjects but until week
6 in five subjects major protocol violations have occurred.
All of them applied additional skin care products to one or
both of their forearms. Therefore, these subjects were rep-
laced by another five subjects. A detailed description of the
participant flow is shown in Figure 2.

3.2 | Recruitment

The recruitment period was from July 2018 to October
2018. The study stopped after the regular study termina-
tion of 12 subjects.

3.3 | Baseline data

Demographic characteristics are shown in Table 1.

3.4 | Outcomes and estimation

Table 2 shows the medians and IQRs for time to first
vesicles as well as time to full blisters in minutes after

FIGURE 2 Flowchart outlining the participant flow during

the trial

TABLE 1 Sample characteristics at baseline

Age (y) mean (SD);
median (IQR) 70.3 (2.1); 70.5 (69.0-72.5)

BMI (kg/m2) mean (SD);
median (IQR)

26.0 (2.2); 26.5 (24.3-28.0)

Skin phototype

II 3

III 9

Body temperature (�C)
mean (SD); median (IQR)

36.3 (0.2); 36.3 (36.2-36.4)

Blood pressure (mmHg) mean (SD); median (IQR)

Systolic 127 (16); 124 (117-140)

Diastolic 83 (9); 83 (76-92)

Abbreviation: IQR, interquartile ranges.

430 EL GENEDY-KALYONCU ET AL.
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4 and 8 weeks on interventional and control skin
areas. The median time to blistering was 3 to 7 minutes

longer on the intervention compared to the control
arms. After week 4, the median time to fist vesicles
was 3 minutes and after 8 weeks treatment 7 minutes
longer on intervention sites. In both, week 4 and
8, the median time to full blister development was
6 minutes longer at intervention sites compared to
control sites. At the beginning and during the induc-
tion, no drop or other changes in suction pressure
were observed during the procedure at any induction
sites of all subjects.

The boxplots in Figure 3A display the values of SCH
for intervention and control measurements in all subjects
at week 0, 2, 4, 6, and 8. At baseline, the median SCH
was higher in the intervention compared to the control
skin areas. During the course of the study, there seemed
to be a decline in SCH in both groups, but the median
differences persisted. The boxplots indicate relatively few
outliers which are mainly restricted to subject S05 and
S06. While subject S05 showed relatively high SCH values
at intervention sites, subject S06 had low SCH values at
intervention and control sites at the beginning of the
study.

In contrast to measured SCH values, baseline epider-
mal hydration was similar in both arms and a difference
developed over time. Measured epidermal hydration
values for all time points, subjects, and sites are shown as
boxplots in Figure 3B. Table 3 summarises the median
SCH and epidermal hydration values as well as
median differences between groups over the course of the
trial.

Figure 4 represents measured values of epidermal
thickness on week 0, 2, 4, 6, and 8 of intervention and
control sites of all subjects. Measurement values of epi-
dermal thickness ranged from 44 to 112 μm with
median values of 67 to 76 μm across both groups and all
time points. Median epidermal thickness values and
median differences between groups at week 0, 4 and 8
are shown in Table 4. Measurements on both, interven-
tion and control sites, showed some fluctuation over the
course of the study without a group-related tendency.
The majority of the few observed outliers were seen in
subject S02.

TABLE 2 Medians and IQR of time to first vesicles and time to full blisters in minutes (min)

Time to first vesicles (min) (IQR) Time to full blister [min] (IQR)

Intervention Control Difference Intervention Control Difference

Week 4 43 (29-69) 39 (25-76) 3 (�8 to 10) 63 (53-94) 54 (45-71)a 6 (�9 to 15)

Week 8 47 (32-69)a 27 (24-60)a 7 (�2 to 17) 65 (49-75)a 62 (42-73)a 6 (�6 to 12)

Abbreviation: IQR, interquartile ranges.
aNo development of second blister in one subject.

FIGURE 3 Boxplot representation of stratum corneum

hydration (SCH) and epidermal hydration. SCH values expressed in

arbitrary units (AU), A, and epidermal hydration values expressed

as percentage of tissue water (%), B, all measurements performed as

duplicates in all subjects on intervention and control arms at week

0, 2, 4, 6, and 8
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3.5 | Harms

No harms or unintended effects were observed during
the trial.

4 | DISCUSSION

The overall aim of the present trial was to investigate the
effect of the daily application of a basic skin care inter-
vention on the structural strength of the DEJ measured
by the novel outcome time to blistering.

Baseline values of SCH were comparable to previ-
ous research in aged individuals.49-54 Despite baseline
differences, the forearms assigned to the intervention
group consistently had higher SCH values compared to
control forearms. There were no baseline differences
regarding epidermal hydration but during treatment, it
was higher on intervention arms compared to the con-
trol arm. Taken together, this supports the hydrating
effect of petrolatum.24-27

Values of epidermal thickness were also comparable
with previously reported results.47 During the trial, no
significant changes in epidermal thickness were seen in
the intervention or control arms. Minor variations of
epidermal thickness were observed in both groups.
According to highly standardised measurements of the
epidermal thickness, a range between 49 and 113 μm is
reported for arms.55 Our estimates are similar, ranging
from 44 to 112 μm with only slight biological variations
between measurement time points. Therefore, we
assume that the hydrating effect of petrolatum on the
epidermal thickness within the period of the trial was
too low to cause a measurable epidermal thickness
increase.

Suction blister time for both, the formation of first
vesicles as well as the formation of complete blisters, took
longer at the intervention than at control sites. The differ-
ence ranged from 3 to 7 minutes at all time points and
skin areas. This finding suggests that the treatment
increased the dermo-epidermal adhesion. The underlying
mechanism of this finding is not fully understood so far
but is in line with the reduction of skin tear incidence
due to topical applications.21,22 The treatment with petro-
latum increased the SCH and epidermal hydration which

TABLE 3 Medians and IQR of stratum corneum hydration expressed in AU and epidermal hydration expressed as percentage of local

tissue water (%)

Stratum corneum hydration (AU) (IQR) Epidermal hydration (%) (IQR)

Intervention Control Difference Intervention Control Difference

Week 0 43 (35-49) 40 (35-47) 4 (�1 to 9) 47 (39-54) 46 (38-54) 0 (�2 to 1)

Week 2 41 (40-46) 36 (34-40) 6 (4-11) 46 (42-48) 41 (37-46) 5 (2-7)

Week 4 39 (36-44) 36 (33-39) 5 (0-8) 43 (42-49) 41 (38-48) 3 (0-4)

Week 6 38 (35-43) 36 (33-37) 4 (1-7) 46 (42-58) 42 (38-50) 4 (2-6)

Week 8 41 (33-48) 35 (32-41) 5 (1-8) 47 (42-50) 42 (40-43) 6 (1-9)

Abbreviations: AU, arbitrary units; IQR, interquartile ranges.

TABLE 4 Median epidermal thickness and IQR expressed in

micrometres (μm)

Epidermal thickness (μm) (IQR)

Intervention Control Difference

Week 0 78 (65-86) 68 (63-80) 3 (�5 to 11)

Week 4 68 (60-84) 72 (63-79) 4 (�13 to 14)

Week 8 75 (62-79) 71 (65-77) 4 (�9 to 14)

Abbreviation: IQR, interquartile ranges.
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FIGURE 4 Boxplot representation of epidermal thickness.

Epidermal thickness values expressed in micrometres (μm).

Standardised thickness measurements based on duplicate optical

coherence tomography images for all subjects on intervention and
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may also affect the DEJ. It is well known that in addition
to hydrating effects basic topical treatments such as pet-
rolatum change the entire epidermal structure, differenti-
ation, and function.27,56 Maybe these changes also
increase the resistance against mechanical loads such as
suction.

In addition, trial results indicate that the suction blister
model is a suitable technique to investigate the effect of
interventions or exposures on the strength of the dermo-
epidermal adhesion. Because suction blister creation is
time-consuming and invasive, it is unlikely that it can be
widely applied. However, in skin research it is crucial to
measure functional capacities and reserves57,58 in addition
to the many widely applied static non-invasive measures.
Because this method has only a minimally invasive charac-
ter and causes no or minimal pain or discomfort and col-
lapsed SBs heal without scarring, we consider this
approach as safe and reasonable. Despite existing evidence
that this method seems to be a useful and direct approach
to quantify the dermo-epidermal adhesion strength, it is
surprisingly not used for this purpose in clinical research
so far.10 We see the potential of the parameter “blistering
time” together with other well-established parameters
for a better and more comprehensive understanding of
the skin and its changes in structure/function over the
life course. However, we are aware that the establish-
ment of this outcome in clinical research requires a high
degree of standardisation of the conduct and analysis to
enable interpretation and comparability of different
studies. The lack of a standardised guideline could also
be a possible reason why this approach is not used in
clinical research.

4.1 | Limitations

This exploratory trial had a small sample size and served
to provide first empirical evidence about possible effects
on the mechanical adhesion strength of the DEJ. There-
fore, results should be regarded as descriptive and
hypothesis generating. Due to the small sample size, we
included only female subjects to reduce the group vari-
ance. SCH was measured in AU. This may limit compar-
isons with other skin hydration measures. Petrolatum
was chosen because of its simple composition, safety,
and well-known properties. However, compared to spe-
cific mixtures of hydrating ingredients the hydrating
effect of petrolatum is lower.59,60 Therefore, the use of
other skin care products should be considered in future
trials. Risk group-specific factors should be also taken
into account, for example, elderly subjects with dry skin
because they may benefit in particular from topical skin
care products.

4.2 | Conclusions

Topical skin care products reduce the incidence of shear
type injuries (skin tears) in aged populations, but the
underlying mechanism is unclear. We hypothesise that
topical applications of basic skin care products increase
the hydration and change the structure and function of
the entire epidermis and the DEJ. The parameter “time
to blistering” is a suitable outcome to measure the
dermo-epidermal adhesion strength in clinical skin
research.
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