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Abstract: This study aimed to investigate the changes of skin conditions after interventions of sodium lauryl sulfate
(SLS) and tape stripping (TAPE), and explore the correlation of parameters between different non-invasive tools.
Twenty-three healthy volunteers were enrolled in this randomized, controlled study, and 4 evaluating skin surfaces
on their left forearms were randomly divided into SLS, TAPE, filter, and control groups. Skin surfaces in SLS and TAPE
groups were intervened by SLS and tape stripping respectively. Changes of skin conditions were recorded by noninvasive devices. SLS and TAPE both worsened the skin conditions according to the elevated ICD scores. Compared
with control, the TAPE group showed increased transepidermal water loss (TEWL) values. Thicker epidermal thickness was observed in the TAPE group, while thinner cuticle thickness by RCM finally recovered to normal level.
Roughness by OCT in TAPE declined first and then recovered, whereas reduced roughness was observed in VC98
detection. Blood flow volume detected by OCT was unchanged in TAPE, while flux by FLPI was raised. Compared to
the filter group, SLS exhibited raised TEWL and decreased thickness data, while reduced epidermal thickness by
OCT ultimately elevated. Roughness declined, while roughness by OCT finally recovered. Flux by FLPI decreased,
whereas blood flow volume by OCT presented an instant reduction followed by a recovery. This study displays the
changes of skin conditions post irritation, and discloses a positive correlation of flux parameters between OCT and
FLPI as well as a positive correlation of moisture parameters between CM825 and VC98.
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Introduction
Increasing evidence has demonstrated that
monitoring and quantitative evaluation of the
skin is imperative to prevent suspected dermatic disorders in the early diagnosis or promote the recovery process of irritated skin [1,
2]. Stratum corneum (SC), which is the outer
layer of epidermis, serves as the primary skin
barrier, and parameters of SC such as thickness, hydration and roughness/smoothness
usually applied in diagnosis and evaluation of
skin [1, 3]. In addition, transepidermal water
loss (TEWL) in SC is the typical measurement
for assessing barrier function of SC. Blood flow
is known as an important index reflecting the
biological function and pathological changes in
skin microcirculation [4]. Regarding evaluation
of SC, sodium lauryl sulfate (SLS), and tape
stripping, which mimic chemical and acute
physical irritants respectively, usually act as

models of skin irritation in studies, meanwhile,
appropriate detection devices are used to measure the change and recovery of stimulated
skin.
Emerging devices for detecting skin conditions
are non-invasive tools, which have advantages
in visualizing structure and managing skin
recovery compared with traditional excisional
biopsy: (1) Non-invasive devices examine the
whole skin lesion instead of the selected slices
from the lesion; (2) Real-time assessments for
skin are realized by non-invasive devices to
examine the dynamic changes of SC rather than
a static condition [3, 5, 6]. Non-invasive tools
have gained numerous applications in dermatology, however, they vary in characteristics
such as resolution, clinical applicability, and
accuracy, and the correlation of similar parameters between different devices is seldom
assessed. Thus, we conducted a randomized,
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controlled study using several non-invasive
techniques, including TEWAMETER®TM 210, optical coherence tomography (OCT), Reflectance
Confocal Microscopy (RCM), Corneometer CM
825®, Visioscan® VC 98, Chromameter® CR400
and Full-field laser perfusion imager (FLPI), to
investigate changes of skin conditions after irritants resulting from SLS and tape stripping,
and explored the correlation of parameters
between different non-invasive tools.
Methods
Participants
Healthy volunteers (23) were enrolled in this
study in Shanghai Skin Disease Hospital
between May 2017 to Jul 2017. The inclusion
criteria were as follows: (1) Age between 18-70
years; (2) No previous stimulation was applied
on flexor surface of the forearm within 24 h
prior to intervention; (3) No insolation within 3
months before intervention; (4) Able to follow
the protocol strictly. Participant with the following conditions were excluded: (1) Pregnancy or
lactation; or plan for pregnancy; (2) Allergic or
highly sensitive to cosmetics; (3) Received antihistamine agents within one week or immunosuppressive agents within one month before
intervention; (4) Had scars, pigments, atrophy,
nevus flammeus or other skin blemishes on the
evaluating skin surface which might affect the
test results; (5) Participated in other clinical
studies in the same time. The Ethics Committee
of Shanghai Skin Disease Hospital approved
the study and each patient signed the informed
consent.
Interventions
The left forearm of each volunteer was selected
as the evaluating site, and the flexor side of
forearm was randomly divided into 4 evaluating
surfaces and marked with each area of 2*2
mm, which were categorized into SLS, TAPE, filter and control groups respectively. The detailed
interventions in each group were as follows.
SLS group: Finn chamber with 20 μL of SLS
(99.9% purity; Merck, Darmstadt, Germany)
solution was applied to the evaluating site of
SLS group for 24 h. Filter group: As a control to
the SLS group, a piece of filter with 20 μL distilled water was applied to the evaluating site
of filter group for 24 h. Tape stripping group:
Corneofix was used to perform the consecutive
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tape stripping 25 times on the evaluating site
of the TAPE group with a constant power and
the same direction. Control group: Evaluating
site in control group served as the reference
to the TAPE group and no intervention was
performed.
Assessment
Clinical assessments were analyzed according
to Japanese irritant contact dermatitis institution scoring criteria (ICD scores): 0-no response;
1-mild erythema; 2-mild to moderate erythema; 3-clear erythema; 4-erythema, papule or
edema; 5-erythema or blister; 6-corrosive
response (bleb or necrosis). This visual scoring
about the degree of skin irritation was measured by two independent investigators and the
average score was collected.
Evaluations of skin conditions were performed
by various non-invasive devices in laboratories
with stable conditions in which the temperature
was 20±2°C and the humidity ranged from
40% to 60%. Participants were required to
wash their forearms with warm water and subsequently sat for 30 minutes before testing at
each visiting point. Parameters including TEWL,
hydration, thickness, roughness, blood flow,
homogeneity, and ITA° were recorded at preinterventions (D0), at 1 day post intervention
(D1), 2 days post intervention (D2) and 3 days
post intervention (D3) respectively.
TEWAMETER®TM 210 (Courage & Khazakaelectronic GmbH (CK), Germany) was adopted to
measure TEWL during observation time. Capacitance was evaluated by Corneometer®
CM825 (Courage & Khazakaelectronic GmbH
(CK), Germany) to quantify hydration of SC.
VivoSight OCT (Michelson Diagnostics Ltd, UK)
was used to detect the epidermal thickness,
blood flow volume, and roughness with the in
vivo imaging depth of 1-2 mm. SKIN-VISIOSCAN® (Courage & Khazakaelectronic GmbH (CK),
Germany) was applied to analyze surface evaluation of roughness (SER) and homogeneity
(HOM) values with surface evaluation of the living skin (SELS) software. RCM (VivaScope
3000; Lucid Inc, Rochester, NY, USA) images of
the evaluating surface site provided the cuticle
thickness. FLPI (Moor instrument, UK) was
used to detect blood flow in the superficial skin
with a maximum depth of 1 mm. Chromameter®
CR400 (Konica Minolta, Osaka, Japan) was
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(Figure 2A). Furthermore, hydration was assessed by CM825 which displayed that SLS group
presented similar hydration at D1 and elevated
hydration at D2 compared with the filter group,
and subsequently recovered to the hydration
level of the filter group at D3 after operation.
TAPE raised hydration of skin at D1 and D2
compared with the control group, whereas the
hydration returned to control level at D3 in TAPE
group (Figure 2B).
Evaluation of epidermal thickness, roughness,
and blood flow by OCT
Figure 1. ICD scores of the SLS, TAPE, control, and
filter group. SLS increased ICD scores at D1, D2,
and D3 compared with the filter group. Meanwhile,
ICD scores were also elevated in the TAPE group at
D1, D1 and D3 compared with control group. Comparison between groups was determined by t test.
P<0.05 was considered significant.

adopted to measure skin colors, and individual
typological angle (ITA°) is an index determining
the degree of skin colors or pigmentations.
Statistics
Statistical analysis was performed by SPSS
22.0 software (IBM, USA) and GraphPad 6.0
software (GraphPad, USA). Data is mainly presented as mean ± standard error. Comparison
between two groups was determined by t test.
Pearson correlation was used to determine
the correlation between variables. P<0.05 was
considered significant.

Data of epidermal thickness, blood flow volume
and roughness were provided by OCT as shown
in Figure 3. Compared with filter group, epidermal thickness in SLS group was decreased at
D1 and subsequently presented an increase,
which resulted in a similar epidermal thickness
at D2 and raised epidermal thickness at D3
(Figure 3A). In the TAPE group, no change of
epidermal thickness was found after interventions. Regarding blood flow volume, it showed a
dramatically increase in SLS group at D1 compared with the filter group, and then the raised
blood flow volume gradually dropped and recovered to the level of the filter group until D3 after
intervention, while the TAPE didn’t affect blood
flow volume during D1 to D3 (Figure 3B).
Additionally, SLS interventions leaded to a
burst decrease of roughness in skin at D1,
which subsequently recovered to consistent
level of roughness with the filter group, and the
similar trend of roughness was also found in
the TAPE group (Figure 3C).

Results

Evaluation of roughness, smoothness and homogeneity by VC98

Skin assessments by ICD scores

Evaluated by VC98, SLS reduced SER which
was decreased from D1 to D3 compared with
the filter group, additionally SER in the TAPE
group showed no change at D1 and D2, but was
lower than that in the control group at D3 after
intervention (Figure 4A).

ICD sores were applied to assess the skin conditions during the observation period. As presented in Figure 1, SLS dramatically increased
ICD scores at D1, D2, and D3 compared with
filter group. Meanwhile, ICD scores were also
elevated in TAPE group at D1, D1 and D3 compared with control group.
TEWL and hydration evaluation
TM 210 was adopted to evaluate barrier function of skin, which disclosed that TEWL in SLS
group was remarkably raised at D1, D2 and D3
after intervention compared with filter group,
and TEWL in TAPE group was also increased
from D1 to D3 compared with control group
4492

Homogeneity in the SLS group showed an
increase but no change was observed at D2
and D3 compared with filter group (Figure 4B).
While, homogeneity in the TAPE group was
reduced during the observation period from D1
to D3 compared with the control.
Evaluation of cuticle thickness by RCM
As exhibited in Figure 5, cuticle thickness was
abated in the SLS group during D1 to D3 comInt J Clin Exp Med 2018;11(5):4490-4499
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Figure 2. TEWL and hydration. A. TEWL in the SLS group was remarkably raised at D1, D2 and D3 after intervention compared with filter group, meanwhile, TEWL in TAPE group was also increased from D1 to D3 compared with
control group. B. The SLS group presented similar hydration at D1 and elevated hydration at D2 compared with the
filter group, and subsequently recovered to the hydration level of the filter group at D3 after operation. TAPE raised
hydration of skin at D1 and D2 compared with the control group, whereas the hydration returned to control level at
D3 in the TAPE group. Comparison between groups was determined by t test. P<0.05 was considered significant.

Figure 3. Epidermal thickness, blood flow volume, and roughness by OCT. A. Compared with filter group, epidermal
thickness in SLS group was decreased at D1, and subsequently presented an increase which resulted in the raised
epidermal thickness at D3. B. In the TAPE group, no change of epidermal thickness was found after interventions.
Regarding blood flow volume showed a dramatically increase in SLS group at D1 compared with the filter group, and
then the raised blood flow volume gradually dropped and recovered to the level of filter group until D3 after intervention, while the TAPE didn’t affect blood flow volume during D1 to D3. C. SLS interventions leaded to a burst decrease
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of roughness in skin at D1, which subsequently recovered to consistent level of roughness with the filter group, and
the similar trend of roughness was also found in the TAPE group. Comparison between groups was determined by t
test. P<0.05 was considered significant.

Figure 4. SER and homogeneity by VC98. A. SER in SLS was decreased from D1 to D3 compared with filter group,
and SER in the TAPE group showed no change at D1 and D2 but was lower than SER in the control group at D3
after intervention. B. Homogeneity in the SLS group showed an increase but no change was observed at D2 and D3
compared with the filter group. Homogeneity in the TAPE group was reduced during the observation period from D1
to D3 compared with the control. Comparison between groups was determined by t test. P<0.05 was considered
significant.

Evaluation of flux and DC by FLPI
Through the detection of FLPI, flux in SLS group
was improved after intervention with the elevated flux values at D1 and D2, and it fell to the
level of filter group at D3 (Figure 6). In addition,
flux in the TAPE group was raised compared
with the control group from D1 to D3 after
intervention.
Skin color assessments by CR400

Figure 5. Cuticle thickness by RCM. Cuticle thickness
was generally decreased in the SLS group during D1
to D3 compared with thenfilter group. TAPE interventions led to a rapid weakening of cuticle thickness
which was observed at D1, while the cuticle thickness was continually recovered and turned to be
similar with that in the control group. Comparison between groups was determined by t test. P<0.05 was
considered significant.

pared with the filter group. TAPE interventions
led to a rapid weakening of cuticle thickness
which was observed at D1, whereas the cuticle
thickness was continually recovered and turned
to be similar with that in the control group.
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ITA° data was supplied by CR400 which displayed descending ITA° compared with filter
group at D2 to D4, meanwhile, no change of
ITA° was found after TAPE intervention compared with the control group (Figure 7).
Correlations of similar parameters between
different devices
Pearson test was conducted to assess the correlation between similar parameters which
were detected by different non-invasive tools
(Figure 8). As shown in Figure 8B, blood volume
flow by OCT was positively correlated with flux
by FLPI (R=0.163, P=0.002). Furthermore,
hydration by CM825 was positively correlated
with homogeneity by VC98 (R=0.125, P=0.017)
(Figure 8C). No correlation between epidermal
Int J Clin Exp Med 2018;11(5):4490-4499
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P=0.019) (Table 1). However, at D4 in control
group, hydration by CM825 was positively correlated with homogeneity by VC98 (R=0.485,
P=0.019) (Table 3). No other correlation was
found between parameters by different devices.
Discussion

Figure 6. Flux by FLPI. Flux in SLS group was improved after intervention with the elevated flux values at D1 and D2, and it fell to the level of filter group
at D3. Additionally, flux in the TAPE group was raised
compared with the control group from D1 to D3 after
intervention. Comparison between groups was determined by t test. P<0.05 was considered significant.

Figure 7. ITA° by CR400. SLS group displayed descending ITA° compared with the filter group at D2
to D4, meanwhile, no change of ITA° was found after
TAPE intervention compared with the control group.
Comparison between groups was determined by t
test. P<0.05 was considered significant.

thickness by OCT and cuticle thickness by RCM
was observed (R=0.055, P=0.290) (Figure 8A),
and the correlation between roughness by OCT
and SER by VC98 either (R=-0.060, P=0.247)
(Figure 8D).
Correlation of similar parameters between devices at different time points
Correlation of parameters between different
tools at each time point are displayed in Tables
1-4. At D4 after intervention in filter group, epidermal thickness by OCT was positively correlated with cuticle thickness by RCM (R=0.485,
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Our study applied various non-invasive devices
to evaluate the response of skin in 23 healthy
patients who were intervened by SLS and tape
stripping. SLS and TAPE both worsened the
skin conditions according to the ICD scores
which were elevated after interventions. Compared with the control group, tape stripping produced the following major changes: (1) TEWL
values which reflected the driage via skin barrier were increased after tape stripping; (2) Thickness related data were measured by OCT
and RCM, which showed that a thicker epidermal thickness and a thinner cuticle thickness
after tape stripping respectively, while the cuticle thickness finally recovered to normal level;
(3) Roughness related data were generally
decreased, with the roughness by OCT declined
immediately but recovered to normal level, and
the SER by VC98 reduced until long observation; (4) blood flow volume detected by OCT was
unchanged, whereas flux by FLPI was raised.
The main changes in the SLS group compared
with the filter group were as followings: (1)
TEWL was also elevated; (2) Both epidermal
thickness by OCT and cuticle thickness by RCM
in SLS group decreased while subsequently
epidermal thickness elevated during long-time
recovery; (3) Roughness by OCT showed an
immediately reduce and a subsequent recovery, and SER by VC98 was declined; (4) Blood
flow volume by OCT presented an immediately
reduce followed by recovery to normal level,
and flux by FLPI decreased.
Tape stripping is a traditional method in dermatological studies, which removes the layers of
SC progressively. Basing on this consequence
of tape stripping, it is applied as a model of
acute irritant to skin or used to promote penetration rates of drugs [7]. SLS as a surfactant,
its harmful effects on skin has been confirmed
by several studies, thus it is widely applied to
mimic the chemical irritants which penetrate
into SC [8, 9]. Both tape and SLS led to damage
of skin, furthermore, a repair response in the
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Figure 8. Correlation between different parameters by various devices. Pearson test was used to assess the correlation of similar parameters by different devices. A. No correlation between epidermal thickness by OCT and cuticle
thickness by RCM was found. B. Blood volume flow by OCT was positively correlated with Flux mean by FLPI. C.
Hydration by CM825 was positively correlated with homogeneity by VC98. D. No correlation between roughness by
OCT and SER by VC98 was observed. P<0.05 was considered as significant.

Table 1. Correlation between epidermal thickness by OCT and cuticle thickness by RCM
D0
SLS group
R
P value
TAPE group
R
P value
Control group
R
P value
Filter group
R
P value

-

D1

D2

D3

-0.389 -0.046 0.091
0.067 0.835 0.680

-0.139 -0.017 -0.015 -0.152
0.526 0.940 0.944 0.489
-0.133 -0.061 0.029 -0.033
0.544 0.781 0.894 0.881
-0.248 -0.088 -0.238 0.485
0.254 0.691 0.274 0.019

A Pearson correlation was used to determine the relationships between the variables. P<0.05 was considered
significant.
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underlying epidermis was stimulated, which
may be visualized or quantified by devices.
TEWL is a major index reflects the activity of SC
barrier, and TM 210 is used in our study to measure TEWL through evaluating the passively diffused vapor via SC, thus the ability to keep
moisture of skin is estimated [10]. Application
of RCM is based on the focal point illumination
and it allows visualization of different layers
[11-13]. OCT possesses the capacity to generate 2D images of structure and collagen content in tissue as well as blood flow of skin, in
which infrared light is introduced and echo time
is assessed by interferometry [6]. Visioscan®
VC 98, in which a camera and UV-A light video
were used, provides images of skin and quantifies skin conditions such as roughness and
smoothness by special evaluating technology
[14, 15]. FLPI method obtains a distribution of
Int J Clin Exp Med 2018;11(5):4490-4499
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Table 2. Correlation between blood flow volume by OCT and Flux mean by US
SLS group
R
P value
TAPE group
R
P value
Control group
R
P value
Filter group
R
P value

D0

D1

D2

D3

0.006
0.978

0.135
0.539

0.354
0.097

0.168
0.444

0.086
0.696

0.117
0.594

0.340
0.113

0.260
0.230

-0.251
0.248

0.105
0.634

-0.183
0.404

0.192
0.380

-0.044
0.842

0.146
0.506

-0.009
0.968

0.161
0.462

A Pearson correlation was used to determine the relationship between the variables. P<0.05 was considered
significant.

Table 3. Correlation between hydration by
CM825 and homogeneity by VC98
SLS group
R
P value
TAPE group
R
P value
Control group
R
P value
Filter group
R
P value

D0

D1

D2

D3

0.034
0.878

-0.147
0.503

0.199
0.361

0.320
0.137

-0.235
0.281

0.051
0.817

-0.124
0.574

0.367
0.085

-0.006 -0.189 -0.145
0.980 0.388 0.510

0.485
0.019

-0.060
0.784

-0.103
0.641

0.074 -0.363
0.737 0.089

A Pearson correlation was used to determine the relationship between the variables. P<0.05 was considered
significant.

blood flow speed in superficial surface through
scanning and calculating blood flow in a few
seconds [4]. Corneometer CM 825® is able to
assess hydration of skin through determining
capacitance with no direct galvanic contact
[16]. Chromameter® CR400 is usually used to
evaluate skin color [17].
A single blind, randomized and open study conducted by M. Paye et al. evaluates effect of cosmetics on skin with Reviscometer which is a
non-invasive tool for skin evaluation, and it displays increased TEWL, elevated erythema as
4497

Table 4. Correlation between roughness by
OCT Ra and SER by VC98
D0
SLS group
R
P value
TAPE group
R
P value
Control group
R
P value
Filter group
R
P value

D1

D2

D3

-0.049 -0.053 -0.099
0.825 0.881 0.654

-0.124
0.573

-0.139 -0.147 -0.480
0.527 0.504 0.021

-0.231
0.289

0.011 -0.301
0.960 0.163

0.419
0.047

-0.083
0.707

0.088
0.689

-0.111
0.614

0.037
0.869

0.006
0.978

A Pearson correlation was used to determine the relationship between the variables. P<0.05 was considered
significant.

well as decreased hydration values at 8 days
after intervention [18]. In another study in
which eight techniques are applied, SLS irritation results in an increased TEWL as well as
increased blood flow within 48 h followed by
reduction [8]. Consistent with the previous
study, raised TEWL, blood flow and erythema
were also observed in the SLS group of our
study. Interestingly, the maximum of these
parameters in our study appeared at 24 h after
intervention, the same as those in the previous
study. Tape stripping is used in a study conducted by D. Falcone et al. which explores protein
biomarkers on skin surface, and it leads to an
immediate increase with the highest TEWL
value occurring within 0-20 mins after tape
stripping, while a continuous decline was
observed from 24 h to 72 h [19]. Paulo R. Bargo
et al. performed a study applying RCM to quantitatively determine rates for barrier recovery
after tape stripping in six healthy participants,
which displays that SC thickness elevated until
3 days after intervention and continually thickened to baseline level in the remaining observation period [3]. Partially in line with these
studies, the TAPE group in our study also presented a decrease of TEWL from 24 h to 72 h,
while SC thickness showed no change after
tape stripping in our study. These results might
own to the followings: (1) The barrier disruption
by tape is due to the mechanical removal of
corneocyte layers, thus diffused vapor via SC
temporarily increase, while the recovery of SC
turns to be prominent during longer observaInt J Clin Exp Med 2018;11(5):4490-4499
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tion and subsequently declines the TEWL value
gradually; (2) Tape stripping in study of Paulo R.
Bargo et al. was performed by average 45 times
(range: 25-69) which is more than 25 times of
our study, and it is revealed that the degree of
irritant depends on the times of tape stripping.
Thus more violent striping is conducted in previous study that might lead different response
process during recovery.
Few studies explore the correlation between
parameters detected by different non-invasive
devices. A study conducted by M. Peppelman et
al., which applies RCM with tape stripping
model to evaluate skin recovery, displays a positive correlation of epidermal thickness data
between RCM images and histology images,
and this result confirms our hypothesis that
analogous indexes from different devices may
have strong correlations [20]. Different with the
previous study, our study investigated correlations between parameters from different noninvasive techniques, and it disclosed a positive
correlation between blood volume flow by OCT
and flux by FLPI as well as the positive correlation between hydration by CM825 and homogeneity by VC98. These results in our study might
be a result of insufficient water content in corneocytes leading to larger intercellular spaces
and poor plumpness of corneocytes. Retaining
moisture in SC attributes to improve homogeneity of skin.
Our study explored changes and recovery of
skin post irritations, while it still has some limitations: (1) Sample size was relatively small; (2)
Data for longer observation was unavailable;
(3) Tolerance to tape stripping might differ in
participants, while the tape group in our study
served as a reference and this difference was
minimized. The similar flushing skin might be
used as a criterion of acute irritant in future
study instead of uniform times of stripping.
In conclusion, our study disclosed changes of
skin conditions after SLS and tape stripping irritations through various non-invasive detection
methods, and disclosed a positive correlation
between blood volume flow by OCT and flux by
FLPI as well as a positive correlation between
hydration by CM825 and homogeneity by VC98.
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