Research Article

Skin
Pharmacology Skin Pharmacol Physiol 2019;32:142-150
amnd DOI: 10.1159/000497475
Physiology

Received: November 27,2018
Accepted after revision: February 5,2019
Published online: March 25, 2019

Noninvasive Determination of Epidermal and
Stratum Corneum Thickness in vivo Using
Two-Photon Microscopy and Optical Coherence
Tomography: Impact of Body Area, Age, and Gender

Carolin Czekalla® Karl Heinz Schénborn® Jiirgen Lademann? Martina C. Meinke?

2Department of Dermatology, Venerology and Allergology, Center of Experimental and Applied Cutaneous Physiology,
Charité - Universitatsmedizin Berlin, corporate member of Freie Universitat Berlin, Humboldt-Universitat zu Berlin, and
Berlin Institute of Health, Berlin, Germany; ®W.0.M. WORLD OF MEDICINE GmbH, Berlin, Germany

Keywords

Two-photon microscopy - Optical coherence tomography -
Epidermal thickness - Stratum corneum - Auto fluorescence -
Second harmonic generation

Abstract

Background: High-resolution images of the epidermis are
important to understand the transdermal penetration and
changes in epidermal components. Both ex vivo and in vivo
technologies are available to picture the epidermal thick-
ness (ET). So far, the illustration of the stratum corneum (SC)
has not been possible without artifacts. Objective: Precision
in vivo measurement of the ET and SC, duly considering the
impact of location on the body, age, and gender. Methods:
In this pilot study on 20 skin-healthy subjects aged 18-66
years, the ET was imaged by two-photon microscopy (2PM)
and optical coherence tomography (OCT), and the SC by us-
ing 2PM at five different body sites. Results: On solar-ex-
posed body areas, both the epidermis and SC are thicker
compared to solar-protected areas (p < 0.05), the epidermis

at the gluteal region being the thickest (p < 0.05). The ET de-
creases with age (p < 0.05). Males show a thicker epidermis
than females (p < 0.05). Conclusion: 2PM provides a nonin-
vasive method forimaging the epidermis and especially the
SCinvivo and is optimally suited for the application of histo-
logical criteria. ©2019'S. Karger AG, Basel

Introduction

The average thickness of the stratum corneum (SC)
ranges from 10 to 30 um [1-3]. The SC, being the outer-
most cell layer, has direct contact to the environment and
therefore a special role. It functions as a protective bar-
rier against extrinsic influences such as ultraviolet (UV)
radiation, dehydration, and penetration. In addition, it
offers the opportunity to observe the occurrences of hy-
perkeratosis as well as the healing processes of wounds |3,
4]. Furthermore, the quantification of the epidermal
thickness (ET) is of great importance, in order to be able
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to evaluate the influential factors upon the protective
function of the skin [5, 6].

Prior studies have established various algorithms to
measure the epidermal layer thickness but are very diffi-
cult to compare [6-8]. The epidermis can be depicted ex
vivo and in vivo. Still the gold standard in skin diagnosis
is histology. A general disadvantage of histology is the
need to excise tissue samples, i.e., being primarily invasive.
Several noninvasive, image-producing methods like laser
scanning microscopy (LSM), confocal Raman spectros-
copy (CRS), multiphoton microscopy (MPM), and optical
coherence tomography (OCT) provide alternative op-
tions to depict the different skin layers [2, 5, 8-16]. They
must be able to depict the epidermal layers and their com-
ponents at high resolution. LSM and CRS produce hori-
zontal images in multiple stacks, whereas OCT generates
vertical images of a cross section of both the epidermis and
dermis. Thus, the latter method may establish a direct
comparison to the histological findings in order to evalu-
ate the ET and morphological structures [6, 12, 14,17, 18].

Two-photon microscopy (2PM) is a new, noninvasive
optical method, also permitting vertical scans [19]. OCT
can be employed as a comparative reference to 2PM and
can verify the quality and applicability of 2PM [4, 19]. The
depiction of the SC and the exact determination of its
thickness has not been possible up to now, either inva-
sively or noninvasively [3, 17]. Quantification by OCT
may be possible only at the palm and plantar and with
hyperkeratotic skin (SC >50 um) [4, 6]. Keeping in mind
the incorrect depiction of the SC, OCT measurements of
the ET reported so far seem to be approximate.

The purpose of this study was to depict the SC and the
entire epidermis in detail and to determine their thick-
nesses with high accuracy. Within this framework, the
influence of intrinsic factors such as, age, gender, and
body region upon the thickness of the epidermis and its
layer were to be shown and evaluated. The results of the
measurements of the ET by means of the 2PM and OCT
were to be compared, in order to prove the applicability
of the 2PM in the field of dermatology more clearly.

Materials and Methods

Subjects

This pilot study included 20 subjects from Germany, who were
free of barrier disruption or skin diseases. The participants con-
sisted of 10 men and 10 women of skin type II [20]. All subjects
were over 18 years of age and divided into three age groups: 18-30
years (n = 7), 31-50 years (n = 7), and 50-66 years (n = 6). They
had a body mass index between 19.5 and 26.3, expressed in units

In vivo Epidermal and Stratum Corneum
Thickness Using 2PM

kg/m? resulting from mass in kilograms and height in meters. The
criteria for inclusion and exclusion were accorded and approved
by the ethics committee of Berlin (DIMDI No. 00008670 (A), EU-
DAMED No. CIV-13-08-0115553). The procedure was in agree-
ment with the guidelines of the Declaration of Helsinki. Excluded
were pregnant and breast-feeding women, subjects who were
placed in an institution enacted by judicial and governmental or-
der (according to § 29 German Medical Devices Act), and persons
with known or continuing abuse of drugs or alcohol. All subjects
gave their written consent prior to beginning the study [21].

Two-Photon Microscopy

The innovative 2PM (2PM VertiSCAN V.21; W.O.M. WORLD
OF MEDICINE GmbH, Berlin), which was used for this study,
employs a “flying optic” to generate a scan of the skin. The laser
focus moves laterally through the adjusted skin area with a high
scan speed (up to 40 mm/s), together with an ultra-light (14 g) scan
lens with a wide aperture (AN = 1.25). A false color image with a
pixel resolution of 0.5-50 um is generated [19]. Collagen struc-
tures yield a separate specific signal by the nonlinear process of
second harmonic generation (SHG). The autofluorescent (AF) and
SHG images are generated simultaneously after an excitation at
780 nm with a size of 7 mm in the x direction (lateral) and 500 pum
in the z direction (vertical). Collected response signals were de-
tected with a range of 380-410 nm (channel 1) being the SHG sig-
nal and a range of 415-720 nm (channel 2) being identified as the
AF signal 21, 22].

Optical Coherence Tomography

A VivoSight Scanner “VivoSight 3.2” (Michaelson, Kent, Great
Britain) was used in this study. This multi-beam system with a
“swept source frequency domain” (A-line rate 20 kHz) is connect-
ed to a high-speed laser scanner (santec®, Japan). The tissue is im-
aged in a scan region of 6 x 6 mm at a depth of 1-2 mm, depending
on the opaque material, below the skin surface at an optical resolu-
tion (in the tissue) of <7.5 pum lateral and <5 pm axial. A focus
depth of 1.0 mm can be achieved [23-25]. The VivoSight uses a
central wavelength of 1,305 nm. Tissue components are visualized
by their different scattering coefficients based on the respective
refraction index of the cellular components for the investigation
the vertical A-scan was used.

Procedure

The thickness of both the epidermis and the SC was investi-
gated at five body sites of each subject, only on healthy skin. The
body sites were selected as they represented a variety of diversely
structured skin areas with differing sun exposure. The volar (ven-
tral, flexor) forearm in extension position, abdomen (region above
the hip bone), gluteal (crista iliaca, transition of back to buttocks),
and sural (calf, centric) regions are deemed to be solar protected,
whereas the dorsal (outer, extensor) forearm belongs to a rather
sun-exposed region [25, 26]. Each skin area of these five body sites
was scanned with the 2PM using a subject preparation and scan-
ning technique, which had been optimized in a former study [19].
The test persons were lying on top of a cosmetic couch (Kosme-
tikliege Queen I Classic 1-motoring; Soleni Classic), which was
used in order to ensure that the body sites to be investigated could
be positioned as accurately as possible. Every skin area was shaved
(Wilkinson Sword, nonsterile, Art.-Nr. 182H; Wilkinson Sword
GmbH, Solingen, Germany), disinfected three times (Softasept®N
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Fig. 1. An OCT scan of the skin in the abdominal region of a
23-year-old man (age group 1). The epidermal thickness (ET) was
detected on the basis of the clear contrast of the different gray lev-
els. The ET was scaled every 0.5 mm vertically at an angle of 90°.

Braun, Art-Nr. 3887138, Hamburg, Germany), and finally water
was applied as the contact medium and for index match. On the
basis of an overview scan (xz axes: 2,000 x 4,000 um?, image reso-
lution: 10 pum, speed: 10 mms™") a detailed scan at a resolution of
1 um (= 1 pixel) was programmed. The image display was followed
by the image processing program DataViewer Version 1.3, where-
as channel 1 (SHG) and 2 (AF) were used [19, 21, 27].

The SC thickness was calculated as the distance between the
first superficial structures to the beginning of the stratum granu-
losum [1, 2]. Image] was used to measure the thickness of the SC
every 125 pixels at a false color image.

The ET was calculated for the 2PM scan by using the DataViewer.
Therefore, the image data was accessed in the single channel category.
The layer thickness was noted every 150 pm by the adjustment of a
curser at the particular channel in counts/pixel. The ET was defined
as the vertical distance between the uppermost imaged skin site and
the dermo-epidermal junction zone, i.e., from the onset of the AF sig-
nal until the SHG signal starts (Z = vertical scale in the tissue, in um):

ET = Z(onset of SHG signal) — Z(onset of AF signal). (1)

The minimum and maximum of the ET are characterized by the
wave-like hills and valleys of the uppermost dermal papillae and
epidermal rete ridge [9, 28].

Afterwards, the same body sites were visualized two times using
the clinical OCT VivoSight. Scan A was used to get 60 frames of
the entire image field. One of the recorded images was selected,
which was free of hair follicles and disturbing artifacts. The epider-
mis is the less reflective band of frequency between the outmost
bright reflection and the light backscattering layer, which is the
dermis [12]. The approach of the measurement process of the ET
is demonstrated in Figure 1.

Statistics

The program SPSS 22 (IBM® SPSS® Statistics) and Excel for
Windows 10 was used for the statistical analysis. The data was an-
alyzed by means of the nonparametric Kruskal-Wallis test, the un-
paired x* and Mann-Whitney tests, as well as the paired Wilcoxon
test. All p values <0.05 were defined as statistically significant.
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That means 13 values produce a mean ET per picture or rather
body area. The stratum corneum is not visible. The outermost
white signal is an artifact. Image 38 out of 60. 6 x 2 mm.

Results

Both the ET and SC were imaged by 2PM and OCT.
The epidermis and upper dermis are shown in Figure 1
by OCT and in Figure 2 by 2PM. Figure 2 shows the entire
epidermis including the SC. The SC is visible as the inten-
sive autofluorescing uppermost layer (bright line). The
less intense AF signal of the living epidermal cells is visi-
ble underneath. The waves of the dermo-epidermal junc-
tion zone are clearly visible in Figure 2. In Figure 1, the
transition from the epidermis to the dermis appears more
like an even line.

Thickness of the SC Measured by 2PM

The thickness of the SC increases from the sural re-
gion > dorsal forearm > volar forearm > gluteal region >
abdomen. The SC thicknesses of all areas are shown in
Figure 3. The SC thickness decreases significantly with
age at the abdomen (p = 0.009), particularly from age
groups 1 to 2 (p =0.004) and age groups 1 to 3 (p=0.032),
as opposed to the gluteal region, where the SC thickness
increases with age significantly (p = 0.015), especially
from age groups 1 to 2 (p < 0.006) and age groups 1 to 3
(p=0.032). There is no significant influence of gender on
SC thickness to be observed.

ET Measured by 2PM and OCT

Using 2PM, all scanned body areas show different ETs.
A decrease of the ET from the gluteal region > dorsal fore-
arm > sural region > volar forearm > abdomen can be
identified, which is pictured in the boxplot in Figure 4.

The ET at the gluteal region is significantly the thickest
compared to all other skin sites (p < 0.05), independent of
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Fig. 2. A 2PM grey scale image of the skin area above the abdo-
men on a 23-year-old man (a) (mean epidermal thickness
[ET] = 83.51 um, mean stratum corneum [SC] = 14.86 um; 1,895
x 180 um) and on a 57-year-old man (b) (mean ET = 69.22 pum,
mean SC = 11.31 pm; 1,900 x 171 um). The range of only the
autofluorescent (AF) signal is the layer of epidermis. The first
bright autofluorescent (AF) signal (thin line) shows the SC. The
epidermis (dark grey) extends to the beginning of the second

harmonic generation (SHG) signal (light grey), which detects
the collagen fibers of the dermis. The grey scale of the dermis
changes depending on the composition of collagen (SHG) and
elastin fibers (AF) of the elastin net. The thickness of the SC de-
creases with age. Also visible are the furrows, which give the
surface skin its characteristic form. With increasing age, a flat-
tening of the epidermis is visible; the epidermal rete ridge (val-
leys) and dermal papillae (hills) are reduced.
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Fig. 3. A comparison of the values of the stratum corneum (SC)
obtained by 2PM at different body areas. The significances were
tested by the Wilcoxon test and are marked with * p < 0.05, ** p <
0.01 and *** p > 0.001. The SC at the dorsal forearm is significant-
ly thicker than at the volar forearm (p < 0.001), gluteal region (p =
0.017), and abdomen (p = 0.012). The SC at the sural region is sig-
nificantly the thickest compared to all other body sites (volar fore-
arm p = 0.001, abdomen p = 0.001, gluteal region p = 0.004), with
the exception of the dorsal forearm.

both gender and age. The epidermis at the dorsal forearm
is significantly thicker than at the volar forearm
(p =0.004) and abdomen (p < 0.001). The ET at the sural
region is significantly thicker at the region of the abdo-
men (p = 0.001). The ET at the volar forearm is signifi-
cantly thicker than at the abdomen (p = 0.003). The ET at
the abdomen is the thinnest (p < 0.01).

In vivo Epidermal and Stratum Corneum
Thickness Using 2PM

Fig. 4. Boxplot of the epidermal thickness of different body areas
was calculated by the Wilcoxon test. Comparison of the epidermal
values measured with two-photon microscopy (2PM) and optical
coherence tomography (OCT). Statistically significant values are
shown as * p < 0.05 and ** p < 0.01.

The impact of age on the ET is accompanied by a de-
creasing thickness corresponding to an increasing age. The
epidermis at the dorsal forearm (p = 0.002) and volar fore-
arm (p = 0.009) decreases significantly with age. The thin-
ning of the epidermis at the dorsal forearm (p = 0.003), vo-
lar forearm (p = 0.01), and abdomen (p = 0.046) is signifi-
cant between age groups 1 and 3. The age-specific
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differences are visualized comparing the younger skin in Discussion

Figure 2a to older skin in Figure 2b. Similar values exist re-
garding age groups 2-3. There the epidermis decreases sig-
nificantly with age at the dorsal (p = 0.003) and volar fore-
arm (p = 0.007). A thicker ET is always seen in men than in
women for all body sites. This phenomenon is significant at
the abdomen (p = 0.028) and sural region (p = 0.041).

OCT measurements revealed a significant difference
between the ET at the gluteal region and all other body
areas. The ET at the gluteal region is always significantly
thicker towards the dorsal forearm (p = 0.003), volar fore-
arm (p = 0.002), abdomen (p = 0.015), and sural region
(p < 0.001), which is also shown in Figure 4.

OCT shows a significant decrease of the ET with age at
the dorsal forearm (p = 0.028), volar forearm (p = 0.01),
abdomen (p = 0.038), and sural region (p = 0.038). The
shrinking of the epidermis is significant between age
groups 1 and 2 at the volar forearm (p = 0.009). The values
are significant at the dorsal forearm (p = 0.022), volar
forearm (p = 0.012), abdomen (p = 0.01), and sural region
(p = 0.022) and show a decrease of the ET between age
groups 1 and 3. The effect of gender is specifically visible
at the gluteal region, where males exhibit a significantly
thicker epidermis than females (p < 0.001,).

In the juxtaposition of both methods, 2PM invariably
measured a thicker ET than OCT, with the exception of
the epidermis of the abdomen. This is significant, as Fig-
ure 4 shows, on the dorsal forearm (p = 0.011), abdomen
(p = 0.021), and sural region (p = 0.017). Nevertheless,
both imaging processes correlate as positively significant,
as depicted in Figure 5.
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Evaluation of the Thickness of the SC

The average SC thickness is, as measured noninvasive-
ly with the 2PM, 12.06 um. Table 1 summarizes the here-
tofore published values of the SC thickness, which vary
greatly in comparison to the values established by this
study with respect to each body region.

Comparing the values of the SC thickness of all skin ar-
eas ascertained by this pilot study, it is obvious that the SC
of the calf is the thickest. Of course, the SC of the calf and
of the dorsal forearm is significantly thicker than that of the
volar forearm, abdomen, and back. The thickness of the SC
of the calf region could be due to less exfoliation contrary
to other body sites [17]. A thicker SC on the dorsal forearm,
as a UV-expressed skin area compared to nonchronically
sun-exposed skin areas — such as the abdomen, volar fore-
arm, and the back - goes hand in hand with the results
found by Huzaira et al. [29], who detected, by means of
CRS, a thinner and rougher SC in sun-protected skin areas
compared to skin areas exposed to the sun. Already in 1997,
Lock-Andersen et al. [30] pointed out that the SC showed a
lesser photoprotection on body areas with less UV-ex-
pressed skin than on those with greater UV expression.

We could identify a change in the SC among partici-
pants of various ages. This change, however, could not be
generalized for all skin locations. On the abdomen, the SC
experiences significant thinning with age, whereas the op-
posite happens with age in the gluteal region where it thick-
ens significantly. Various earlier studies resulted in similar
controversial findings. OCT measurements have shown a
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Table 1. Comparison of stratum corneum (SC) thickness mea-
sured with different technologies, i.e., optical coherence tomogra-
phy (OCT), confocal Raman spectroscopy (CRS), laser scanning
microscopy (LSM), histology (Histo), and two-photon microscopy
(2PM)

Body area Methods  SC, um Reference
Dorsal forearm OCT 13.49+2.05%* 16
CRS 12.96+2.3%* 29
2PM 13.61+1.43**
Volar forearm OCT 10.440.9**
12.98+1.89** 16
CRS 18+3.9%*
9.58+0.8** 29
LSM 16-22* 2
2PM 12.22+1.55%*
Abdomen OCT 14.52+1.44** 16
2PM 11.99+2.13**
Back/gluteal region ~ Histo 14.9+3.4** 14
12+4%* 37
OCT 14.56+2.38** 37
14.39+1.62 16
CRS 10.41+0.8** 29
2PM 12.04+1.86**
Leg/sural region OCT 13.7+1.4** 1
CRS 8.08+1.8** 29
2246.9%* 1
2PM 14.46+1.9**

The values written in bold are from this pilot study. The SC
values are specified as mean value (*) or mean value + standard
deviation (**).

thickening of the SC with increasing age (abdomen) as well
asa thinning (dorsal forearm and gluteal region) [16]. Oth-
er studies, however, were unable to identify any significant
correlation of change in thickness of the SC as the skin ag-
ing experiments were performed using either a light micro-
scope (ex vivo) or CRS (in vivo) [14-16, 30].

In this pilot study, no correlation of SC thickness and
gender was apparent. Aside from Fruhstorfer et al. [31],
who found a thinner SC on the volar fingertip of women
compared to that of men, there are no earlier studies that
identify any influence of gender on the thickness of the
SC[30, 31].

Comparison of the ET by Means of 2PM and OCT

This study was able to show that, aside from the al-
ready known OCT method, 2PM provides a noninvasive
imaging alternative to depict the epidermis in vivo.

In vivo Epidermal and Stratum Corneum
Thickness Using 2PM

Table 2. Body area as impact of the epidermal thickness (ET): com-
parison of the ET of different body areas measured with different
technologies such as optical coherence tomography (OCT), histol-
ogy (Histo) and two-photon microscopy (2PM)

Body area Methods ET, um Reference
Forearm Histo 60.9+20.0 35
OCT 67.6+4.1 38
102+7.4 10
Dorsal forearm  OCT 85.96+7.98 12
68.91+10.28 16
82.35+14.74
2PM 104.93+16.00
Volar forearm  OCT 88.2+11.9 8
87.79+7.34 12
66.36+7.36 16
108+14 11
104+24 39
82.73+17.69
2PM 95.69+12.61
Abdomen OCT 61.48+13.20 16
84.15+22.04
2PM 72.55+15.91
(Upper) back/  Histo 81+13.5 14
gluteal region 79.4+21.9 5
OCT 106+15.4 5
89.9+11.2 10
66.33+16.72 16
97.85+23.83
2PM 103.21+15.78
Lower leg/sural ~ Histo 74.9+14.5 35
region OCT 85.87+67.58 10
94.1+£15.3 12
79.46+16.70
2PM 102.91+16.68

The ET values are specified as mean value + standard deviation.
The values written in bold are from this pilot study.

The higher resolution of the 2PM offers leads to the
presumption that the so deducted values of the SC as well
as the epidermal thicknesses are more exact than those by
the OCT. Nevertheless, the boundary between the stra-
tum papillare and the stratum reticulare is problematic
and primarily the cause for inaccuracy [9, 10]. Relatively
constant references for the ET are given in the literature
[14, 32]. An overview of the values measured on the re-
spective body areas for the ET both in the literature and
the current pilot study is presented in Table 2.

The 2PM and OCT measurements show that the glu-
teal region is the thickest compared to all other skin re-
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gions. The gluteal region is a good example of a skin loca-
tion exposed to high mechanical stress. With greater
strain on the skin, the elastic characteristics of the tissue
increase [17].

Furthermore, this pilot study shows that the ET of the
dorsal forearm is thicker compared to the ET of the volar
forearm, the sural region, and the abdomen. This makes
it possible to show an extrinsic influence on the skin such
as UV radiation [33, 34]. UVA induces epidermal pig-
mentation [33]. The ET is thicker in sun-expressed skin
areas than on those that are sun-protected. Because the
ET of the back is thicker than that of the dorsal forearm,
it stands to reason that the varying extrinsic factors influ-
ence and irritate the growth and differentiation processes
in different amounts.

By contrast, the significant intrinsic influence of the
body region on the thickness in one OCT study by Mo-
gensen et al. could not be proven. In this study, there was
no significant difference of the ET in relation to the dorsal
and volar forearm and the sural region [12].

The Effect of Age and Gender on the ET

It has been shown through various imaging processes
(light microscopy, OCT, LSM, CSR) that the thickness of
the cellular epidermis decreases with redundant age [6, 12,
13, 15, 30, 35]. The hypothesis of the epidermis thinning in
advancing age could be demonstrably supported with the
2PM, and previous results of other OCT studies could also
be confirmed by use of the VivoSight. In our data analysis,
the 2PM images showed a significant thinning of the ET
with increasing age on the volar and dorsal forearm, with
the OCT on the dorsal and volar forearm, the sural region,
and abdomen. Both processes indicated a correlation be-
tween all five body regions in relation to age.

To that effect, Mogensen et al. proved on different an-
atomical skin areas (face, chest, neck, calf) by means of
OCT that there was a statistically negative correlation be-
tween age and ET [12]. Controversially, the results of the
study by Sandby-Moller et al. found no significant corre-
lation between the ET of various skin areas (shoulder,
dorsal forearm, buttocks) and age [14].

One must take into consideration that aside from in-
trinsic skin aging, there are extrinsic skin aging processes
such as photoaging. Both effects are overlapping and act
upon the various skin layers such as the epidermis and the
dermis [36]. Exposure to the sun induces skin aging pro-
cesses, which is reflected in swelling of the skin as well as
a flattening of the dermo-epidermal junction zone, as
shown in Figure 2 [13, 15, 21, 33, 36]. The interaction of
both processes could be depicted by Neerken et al. [13]
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employing OCT and CRS. The thinning of the ET with
age is different depending on the specific body sites. This
effect is stronger on sun-protected skin than on unpro-
tected skin. The thickness of the entire epidermis, as mea-
sured on the forearm, regresses significantly up to 15 pum
with increasing age.

Both the results of the 2PM and OCT showed gen-
der-specific variance of ET. The results from the 2PM
showing a thicker ET of men over and against the ET of
women was significant in the abdomen and the sural
region, and by means of OCT in the gluteal region. The
OCT study of Mogensen et al. [12] did not reveal any
gender-specific differences between the ET on 12 dif-
ferent anatomical regions. The study of Gambichler et
al. [9] produced similar results. The influence of gender
on the ET in the aging process could only be signifi-
cantly determined on the forehead. As the ET reduces
during the aging process in both nonchronic, sun-ex-
pressed skin areas as well as areas constantly in the sun,
Gambichler et al. [9] conclude that UV radiation can
only have a minor effect on the ET in the skin aging
process.

Conclusion

The results showed that both methods, 2PM and OCT,
are suited to identifying the ET and thus to evaluating in-
tra-individual, intrinsic and extrinsic factors. The signifi-
cant influence of age, gender, and body region on the epi-
dermis should be taken into consideration when designing
new studies and recruiting volunteers. Compared to the
OCT, the new, innovative 2PM, with its higher resolution,
offers a method for more accurate investigation of the ET
with a more detailed depiction (e.g., of the rete ridge). In
addition, 2PM allows for the imaging of the SC without
artifacts. Because of this capability, this study was able to
image and measure the SC vertically at various skin loca-
tions in vivo for the very first time over a length of a num-
ber of centimeters. It will be possible in the future to detect
minimal effects and changes in the outer layers of the epi-
dermis. For this reason, 2PM can be used to evaluate the
effects of cosmetics, medicines, and environmental factors
on the SC as well as on the cellular epidermis.
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