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1 | INTRODUCTION

Abstract

Glabrous skin is hair-free skin with a high density of sweat glands, which is found on
the palms, and soles of mammalians, covered with a thick stratum corneum. Dry hands
are often an occupational problem which deserves attention from dermatologists.
Urea is found in the skin as a component of the natural moisturizing factor and of
sweat. We report the discovery of dendrimer structures of crystalized urea in the stra-
tum corneum of palmar glabrous skin using laser scanning microscopy. The chemical
and structural nature of the urea crystallites was investigated in vivo by non-invasive
techniques. The relation of crystallization to skin hydration was explored. We analysed
the index finger, small finger and tenar palmar area of 18 study participants using non-
invasive optical methods, such as laser scanning microscopy, Raman microspectros-
copy and two-photon tomography. Skin hydration was measured using corneometry.
Crystalline urea structures were found in the stratum corneum of about two-thirds
of the participants. Participants with a higher density of crystallized urea structures
exhibited a lower skin hydration. The chemical nature and the crystalline structure of
the urea were confirmed by Raman microspectroscopy and by second harmonic gen-
erated signals in two-photon tomography. The presence of urea dendrimer crystals in
the glabrous skin seems to reduce the water binding capacity leading to dry hands.
These findings highlight a new direction in understanding the mechanisms leading
to dry hands and open opportunities for the development of better moisturizers and

hand disinfection products and for diagnostic of dry skin.
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corneum (SC) whose thickness varies from 70 to 400 pm.>™ It exhib-

its a high density of sweat glands, which appear as a helicoidal struc-

Glabrous skin is hair-free skin, which is found on the palms and ture across the SC.° Non-invasive optical techniques such as laser

soles. It is innervated by specialized nerves and presents a stratum scanning microscopy (LSM) and confocal Raman microspectroscopy
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(CRM) have contributed to our knowledge in the investigation of the
physiology of hairy skin, but rather few studies have applied these
methods to glabrous skin®™? because the optical access to lower skin
layers is obstructed by the thick SC.

Dry hands are often observed in the population, where indi-
vidual differences are found to be much larger than day-to-day dif-
ferences.’®"*2 This condition can affect the quality of life and is an
occupational feature that deserves attention by dermatologists.'?
The mechanisms leading to dry hands are still unclear.!! Additional
knowledge about the constitution of glabrous skin is needed to ad-
dress this challenge for earlier diagnostic and to open new pathways
in the development of moisturizers.

Urea is a polar, hygroscopic molecule which is produced endoge-
nously by the human body metabolism.*3"° It is excreted with sweat
and is naturally found in the skin.'*'” Urea plays an important phys-
iological role in the SC homeostasis, representing =7% of the natu-

1314 1t contributes to the

ral moisturizing factor (NMF) composition.
hygroscopic capacity but also to the keratolytic function. Urea binds
water and dissolves keratin and is therefore utilized as a humectant
agent in commercial hand moisturizers.*®

In LSM images recorded in vivo of the glabrous skin we dis-
covered crystallized urea dendriform (CUD) structures located ex-
clusively in the SC, which to the best of our knowledge were not
described previously in the literature. We performed a comprehen-
sive analysis using different non-invasive optical methods and deter-
mined the chemical nature and morphology of CUD structures. We
correlate the urea crystal formation to the measured skin moisture
of participants and discuss the possible role of crystalline urea for

the moisture level.

2 | MATERIALS AND METHODS
2.1 | Volunteers and study protocol

Eighteen volunteers (7 males, 11 females) aged from 23 to 62years
(average 38+ 12years) were enrolled in this study. The volunteers
were instructed to not apply any cosmetic formulation such as
moisturizers and disinfection lotions to the hands for at least 24 h
prior to the study. The participants did not wash their hands in the
15 min before the first measurements. High-resolution images were
recorded by LSM in the skin of index and small fingers as well as
the tenar palm area. Skin hydration was also evaluated in these
areas. Eight volunteers were selected for CRM measurements,
three of them did not show CUD in LSM images. Three participants
with CUD structures were selected for the two-photon tomogra-
phy measurements. This study was approved by the Committee of
Ethics in Research Involving Human Subjects (EA1/114/22) and per-
formed in accordance with the ethical standards of the Declaration
of Helsinki, as revised in 2013. The participants of this study have
given written informed consent to publication of their data. The
study was conducted during winter. Before the measurements, par-
ticipants acclimated to an environment with controlled air tempera-
ture and relative humidity (20-22°C and 45%-55%) for 15 min.
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2.2 | Skin hydration

We utilized a skin capacitance meter (Corneometer™ CM 825,
Courage & Khazaka Electronic GmbH, Cologne, Germany) in vivo
which determines the water content in the superficial SC and ex-
presses the values in arbitrary units. The average values of 5 meas-

urements per site were used in subsequent analyses.?’

2.3 | Laser scanning microscopy (LSM)

Non-invasive in vivo skin images were recorded with a confo-
cal laser scanning microscope (VivaScope® 1500 Multilaser,
Mavig, Germany, 785nm laser). The scanned area measures
500 pm x 500 pm, producing images of 1000 pixelsx 1000 pix-
els. 2021 A series of consecutive reflectance LSM images started
from the skin surface up to 200 pm in depth, separated by 4.5um
increment (Vivastack® Mavig, Germany). Images were analysed
using Image J software.?? To study the spatial distribution of the
SC structures, mosaics of high-resolution 500 pm x 500 pm images
were taken in a depth of 50 to 75 pm and composed into LSM im-
ages of 3mmx 3mm (Vivablock®).

To calculate the relative CUD volume, we analysed the VivaStack
images, in which the CUD structures appear as very bright reflec-
tance signal with a saturated grey level of 255. The area containing
CUD was calculated by setting a grey index threshold to 254. The
absolute CUD volume was then calculated as the sum of all areas
for each image according to the depth. The relative volume content
of CUD reported below was determined by dividing the absolute
CUD volume by the SC depth of analysed images with CUD. Three-
dimensional representations of the CUD shapes were created by in-

terpolating the images in ImageJ using 8bit images.

2.4 | Confocal raman microspectroscopy (CRM)

Measurements were performed in vivo with a confocal Raman mi-
croscope (Model 3510, RiverD International B.V.) at 785nm excita-
tion for acquisition in the fingerprint region (FP, 400-2000cm™},
exposure time 5s, 20mW) and at 671 nm excitation for the acquisi-
tion in the high wavenumber region (HWN, 2000-4000cm™?, expo-
sure time 1s, 17 mW).2

Raman spectra in the FP and HWN regions were recorded at the
same lateral position between a height of 5pm above the skin surface
and 60pum below the surface in increments of 2pum. For determination
of the water, NMF and urea concentration profiles, measurements
were carried out to a depth of 120pum with 4 pm increment.

2.5 | Calculation of dissolved urea and water
content in the SC

The relative concentration of urea was determined by classical
least squares fitting, using the “SkinTools 2.0” software (RiverD
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International B.V.). A set of reference spectra of the major skin con-
stituents was fitted to the Raman spectra. The fit coefficients were
normalized by the signal from keratin, which is the dominant dry
mass fraction in the SC. The water concentration depth profiles in
the SC were determined using the same software. The calculation
is based on the intensity ratio of the water-related OH vibration
(3350-3550cm™) to the vibration of keratin (2910-2965cm™),%*
which is precisely determined in the skin. The calculation of skin
molecules such as urea is based on amplitudes and spectra of the
eight basic components that contribute significantly to the 800-
1800cm ™ range of the Raman spectrum as described previously.?®

2.6 | Calculation of the ratio dissolved/crystalized
urea forms using CRM

The concentration of the urea dissolved in water was calculated from
Raman spectra. The band at 1004cm™ is specific for diluted urea in
skin, while the band at 1010cm™ is specific for crystallized urea. We cal-
culated al,g,/1,4,0 band ratio to estimate the differences in the relation
between dissolved and crystallized urea for the participants. For cali-
bration, we performed Raman microspectroscopy in-vitro on a solution
of urea and on crystals of urea and observed the shifting of bands lo-
cated between 1000 and 1012cm™ for dissolved and crystallized urea.

2.7 | Two-photon tomography

A two-photon tomograph (Dermainspect, JenLab GmbH) equipped
with a tunable femto-second Ti: sapphire laser (Mai Tai XF, Spectra
Physics) operated at 760nm excitation and 100fs pulses at a rep-
etition rate of 80 MHz, was used for horizontal imaging of glabrous
human skin in vivo.26?”

For 760nm excitation, a 410-680nm band pass filter was used
to detect two-photon excited autofluorescence (TPE-AF) and a 375-
385nm band pass filter was applied to detect the second harmonic
generation (SHG) signal, which is specific to non-centro-symmetric
structures.?8??

To analyse if the surfaces of pure crystals of urea cause second
harmonic generation, 0.2mg of pure urea was dissolved in 1 mL of
distilled water. After agitation, 10 pL of this solution was placed in a
microscopy lamina. Urea crystals were observed after water evapo-

rated and investigated with the two-photon tomography.

2.8 | Statistical analysis

The Shapiro-Wilk test was used to evaluate the normality of dis-
tributed data. When normality was determined, ANOVA or t-test
was used to test significant differences (a=0.05). The analyses were
carried out with the software Prism GraphPad 8.4.3. p<0.05 was
settled as “significant”. All values in the figures are plotted with the
mean values + standard deviation.

3 | RESULTS AND DISCUSSION

3.1 | Morphological characterization of CUD
structures using LSM

During the LSM examinations of the glabrous skin, we discovered
structures with high reflectance in the SC, presenting a dendriform
constitution and reminding of crystals (Figure 1). We will refer to
them as crystalline urea dendriform (CUD) structures.

The size of the CUD structures is variable with different spa-
tial organizations. Normally, they assume an elongated core shape
with attached small arms of a length from 2 to 15pm. These arms
are not connected with other CUD structures (Figure 1A). The
example LSM images presented in Figure 1A were obtained from
palm, index finger and small fingers of participants 002, 009 and
013 (Table 1). In these images, longer dendritic arms are also ob-
served which connect different CUD structures, creating a chain
which may extend across the SC. CUD structures were observed
only in the SC, and preferentially close to its surface. For a visual-
ization of the shape and distribution of CUDs in the SC refer to the
3D models in the supplementary files (Figures S1 and S2, obtained
from the palm of participant 013). The average density of CUD
structures for all the participants decreases from the surface to
the bottom of the SC (Figure 1B).

To the best of our knowledge, the CUD structures have neither
been reported for the glabrous skin nor for the hairy skin. In this
study, hairy skin was not investigated since extensive experience of
the authors with LSM imaging has never suggested any CUD struc-
tures in hairy skin.

The CUD structures present a high reflectance in LSM, so that
the area of CUD structures within an image could be determined by
counting pixels with a Grey Index Level (GIL) of 254 or 255, the max-
imum level. No other significative structure in the SC presents those
high values of reflectance in the images, except some sweat glands
whose area was subtracted during the evaluation (Figure 1C-G).
Some very small areas may also present this very high reflectance,
especially next to the ridges, resulting in a very small quantification
of reflectance for participants without CUD (Figure S3).

For participant POO2 we have performed the LSM in the sole from
the right foot and we have observed a small amount of CUD (Figure S4).
We believe that the presence of CUD structures is not too frequent in
the soles since we are constantly using closed shoes and socks which

are able to retain skin hydration, which keeps urea in solution.

3.2 | Presence of CUD structures and
participant data

The diverse morphologies presented in Figure 1 demonstrate a vari-
ation of CUD structures between anatomic regions and between
individual participants. All information regarding anatomic region
tested, age, sex, presence of CUD structures, thickness of SC and
of viable epidermis, and the SC hydration are summarized in Table 1.
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FIGURE 1 Invivo LSM images of human glabrous skin regions containing CUD structures. Images in A represent the diverse
morphological shapes of the CUD structures in the SC observed in different anatomic regions of different individuals. The graphicin B
presents the depth distribution of CUD structures according to the stratum corneum depth. Image C is a stack recorded of an individual not
showing any CUD structures. Images D to G show glabrous skin with different amounts of CUD structures. Red colour indicates a grey level
index of 254 or 255 and thus the presence of CUD structures; it was included artificially in the images using ImageJ software.

We observed CUD structures in 13 of 18 participants, mostly
in all three anatomic regions tested, but also only in one or two of
them. Some participants exhibit CUD structures in the palm but not
in the fingers. Generally, CUD structures are more prominent in the
palm if compared with fingers, where a smaller number of isolated
structures are observed frequently. Since the number of partici-
pants is small, we cannot affirm influences of sex or age, however, a
stronger presence of CUD was observed in participants more than
30years old with a tendency to increase even more the volume for
the participants with more than 40years old and CUD.

The volunteers were asked about their use of cosmetics. Nine
participants reported the daily use of hand moisturizing creams, six
applying creams containing urea and three creams not containing
urea. Three participants who normally apply cream with urea did not

present CUD structures in the glabrous skin.

3.3 | Crystalline structure of urea dendriform

Two-photon tomography provides additional information about
the constituents of skin layers. We observed a strong SHG signal,
whose shape and localization coincide with the CUD structures in
previously recorded LSM images (Figure 2E-G). The SHG is a strong
indication for presence of crystalline material, since SHG is most

effective at the non-centrosymmetric surfaces of crystals. In skin,
only collagen type | has been reported to provide SHG.2° We have
prepared crystalline urea in vitro for comparison and could confirm
the surface sensitivity of our SHG experiment in the detection of
urea crystallization (Figure 2H). Urea is one of the commercially
available crystalline substances that exhibit strong optical nonlinear-
ity and is well known for SHG.31"3* Thus, the contrast in SHG images

of the SC indicates the dendriform crystalline structure of the urea.

3.4 | Comparing stratum corneum
with and without CUD structures by confocal Raman
microspectroscopy

The chemical and crystalline nature of the CUD structures was fur-
ther confirmed by CRM. This analysis included six anatomic regions
without CUD structures from three participants, six regions with a
few isolated CUD structures from three participants, and twelve re-
gions with dense CUD structures from five participants.

The most prominent difference between regions with and with-
out CUD structures was the urea content in the SC. Participants
without CUD structures exhibited 2 to 4 times higher urea signal in
CRM (Figure 3A). Participants without the CUD exhibited a signifi-
cantly increased water content for the top 50 um of the SC. The first
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TABLE 1 Information for each participant and anatomic position.

Participant and anatomic Presence of Volume fraction
position Sex/Age SC thickness(AV + SD um) CubD? SC moisture(Arb. Unit.) of CUD
001 IF F/29 214422 Yes 81+5 0.10
001 SF 164+7 Yes 87+3 0.07
001 PL 159+7 No 49+3 -
002 IF 233+13 No 69+7 =
002 SF M/30 157+17 Yes 52+3 0.35
002 PL 89+9 Yes 35+1 0.39
003 IF 208+7 No 43+2 -
003 SF F/56 179+9 No 56+3 -
003 PL 119+10 No 42+5 -
004 IF 128+6 Yes 60+3 0.37
004 SF F/26 96+14 Yes 67+3 -
004 PL 90+5 Yes 45+3 0.19
005 IF 240+17 No 114+4 -
005 SF M/28 210+23 No 112+2 -
005 PL 144 +28 No 92+5 -
006 IF M/30 290+13 No 66+6 -
007 IF 180+22 Yes 779 0.17
007 SF F/39 141+12 No 66+6 0.20
007 PL 102+9 Yes 37+3 0.12
008 IF 208+12 No 83+3 -
008 SF M/44 170+9 Yes 99+2 0.06
008 PL 116 +5 No 64+2 -
009 IF 170+27 Yes 56+5 0.41
009 SF F/61 140+15 Yes 5317 0.48
009 PL 115+5 Yes 35+2 0.45
010 IF 211+4 No 61+5 -
010 SF M/32 123+12 No 88+6 -
010 PL 102+5 Yes 48+6 0.21
0111F 18715 Yes 79+2 0.11
011 SF F/53 161+13 Yes 92+7 0.08
011 PL 129+6 Yes 29+3 0.43
012 IF 198+18 No 72+3 -
012 SF F/33 126+9 Yes 96+7 -
012 PL 102+5 Yes 45+3 0.12
013 1IF 196+10 Yes 34+2 0.52
013 SF F/37 158 +21 Yes 64+3 0.27
013 PL 131+5 Yes 38+6 0.32
014 IF 154+14 Yes D2EES) 0.42
014 SF F/62 122+21 Yes 60+2 0.36
014 PL 110+14 Yes 23+1 0.61
015IF 154+15 Yes 69+6 0.19
015 SF F/26 126+11 Yes 69+4 0.13
015 PL 98+5 Yes 38+2 0.2
016 IF 178+14 No 61+5 -
016 SF F/32 122+6 No 70+3 -
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TABLE 1 (Continued)

Participant and anatomic

position Sex/Age SC thickness(AV + SD um)
016 PL 105+4

017 IF 265+4

017 SF M/23 203+14

017 PL 124+13

018 IF 208+14

018 SF M/50 184+10

018 PL 144 +5

Abbreviations: IF, Index Finger; SF, Small Finger; PL, Palm.

(A) 30 um (B) 60 pum

TPE-AF

SHG
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Presence of Volume fraction

CuD? SC moisture(Arb. Unit.) of CUD
No 44+7 =

No 95+4 -

No 90+4 =

No 64+9 -

Yes 21+4 0.53
Yes 27+3 0.76
Yes 25+5 0.81

(D) Crystalized urea

(H)

FIGURE 2 Invivo MPT (multi photo tomography) images of the human palm tenar region containing CUD structures. Two-photon excited
autofluorescence (TPE-AF) and SHG (second harmonic generation) images of the SC recorded in vivo in depths of 30, 60 and 90um (A-C and
G-E) are compared with those of in vitro crystalized urea (D and H). Scale bars represent 30 um.

40pum SC depth contain up to 45% of water and these values slightly
decrease with increasing SC depth, however they are always higher
than 35% (Figure 3B). The NMF was also reduced for the volunteers
with the CUD (Figure 3C).

Comparing crystals of urea and solution of urea in Raman spec-
troscopy, we observed a shift from 1004 to 1010cm™ in the charac-
teristic Raman band (Figure 3D). For SC without CUD structures, the
Raman band in this range resembles the narrow band of urea in solu-
tion at 1004cm™ . However, for participants with CUD structures,
the Raman band is a superposition of the band for dissolved urea
and for the crystalline urea with intensity at 1010cm™ (Figure 3D).

The CRM is a well-established method to analyse water and urea
concentration in the SC.24"? The Raman band at 1004cm™ is spe-

cific to dissolved urea. This urea-related Raman band overlaps with

the band characteristic for phenylalanine.35’37 Upon crystallization,
the urea-related band at 1004 cm™ shifts towards higher wavenum-
bers to 1010cm™ (Figure 3D). This band is assigned to symmetrical
CN stretching vibrations which shift towards higher wavenumbers
in the solid state.3¢~3 We observe for SC with CUD structures a re-
duction in the 1004 cm™ band intensity (I1004) and anincrease in the
1010cm™ band intensity (/,,,,) as a shoulder in the Raman spectrum
(Figure 3D). According to these findings and the SHG signals re-
ported previously, we conclude that the CUD structures are indeed
comprised of crystalline urea. We do not expect a complete reduc-
tion of the 1004 cm™ band intensity because some urea will remain
dissolved in the SC and because this band also represents the pres-
ence of phenylalanine. The distribution of the 1010 cm ™! band inten-

sity across the SC depth indicates a non-homogeneous distribution
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FIGURE 3 Invivo CRM evaluation of urea, water and NMF distribution in the glabrous skin and evidence for the presence of urea in the
crystalized form. Distribution of urea concentration (A), water mass (B) and NMF (C) for SC with and without CUD structures determined
by CRM. Raman spectra for SC with CUD structures, without CUD structures, in vitro dissolved and crystallized urea, respectively, with the
bands at 1004 and 1010 cm™ which are characteristic for dissolved or crystallized urea (D). The I,,,,/1,4,, ratio was negatively correlated

(R?=-0.35, p=0.002) to the volume fraction of CUD structures (E).

of CUD structures, but also the attenuation of the Raman signal in-
tensity with increasing depth.

The ;504711010 Fatio indicates the relation between diluted and
crystallized urea. For the SC with a high amount of CUD structures,
a reduction in the 1,,,/1,4,, ratio was observed, representing an
increase of urea crystallization compared to SC showing no CUD
structure. Summarizing all measurements, the I,,,,/l,5,o ratio has
a negative correlation with the volume fraction of CUD structures
(R?=0.35; p=0.002) (Figure 3E).

Other studies also observed the presence of the band at
1010cm™ for crystalline urea and applied it to the study of creams
containing urea. Egawa and Sato®® observed the deposition of urea
crystals in the volar arm skin of women after the utilization of a 20%
urea cream. It was found in the superficial SC depth, where the water
content is below 50% and the band at 1010cm™ is strongly pro-
nounced. Goto et al.>? observed Raman bands shifted to 1012cm™
for formulations which deposit high amounts of urea crystal in the
skin surface.

It is also interesting to note that the stability of urea creams is
a classical challenge in the cosmetic and pharmaceutical indus-
tries.?3%%37 Urea is sensitive to variations in the lipidic-hydrophilic
balance of the formulations as well as to the pH value. The initial
concentration of urea and the utilization of other humectants in the
formulation are fundamental for the design of stability strategies.
The crystallization tendency of urea already observed in cosmetics

is a starting point to understand mechanisms for the same process in
a lamellar structure such as the SC.

3.5 | Glabrous skin hydration

The small finger is more hydrated than the index finger (SF 80+18
Arb. Unit versus IF 68+21 Arb. Unit, p=0.006) and the palm exhib-
its significantly lower moisture compared with the other anatomic
regions which were analysed in this study (PL 44+17 Arb. Unit,
p<0.001). Anatomic regions with CUD structures have a lower skin
hydration value than regions without CUD structures (Figure 4).
SC with CUD structures exhibits a reduction in the skin hydration,
which is negatively correlated with the volume fraction of CUD
structures (Figure 4, R%?=0.55; p<0.001). The lower moisture value
of the palm is in agreement with the higher number of CUD in this
anatomic position. In support of this statement, volunteer PO18 re-
ported the very dry hands, had very low skin hydration (Table 1) and
the highest concentration of CUD (Figure 4).

Urea is delivered to the SC by two independent pathways: by
the physiological keratinocyte proliferation cycle which accumu-
lates urea inside the corneocytes, and by excretion from the sweat
glands. Both pathways may contribute to the formation of crystal-
lized urea by saturating both intercellular and intracellular space in
the superficial SC.2%4%-42 The water concentration in the superficial
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hydration. Areas of 9 mm? for participants with different volumes of CUD visualize how a higher amount of CUD is related to lower skin

hydration values. The yellow bars indicate a scale of 500 um.

SC depth then determines the possible crystallization depending on
the resulting urea saturation. The thick SC seems to be fundamental
for the process of crystallization. The urea delivered from the sweat
glands may be deposited in the SC and crystallize there. For SC in
which the CUD structures were formed, an additional reduction in
water concentration can be conceived, when the hygroscopic urea
molecules are crystallized and thus lose their moisturizing function.

These results show signs of an irregularity in the water concen-
tration gradient of the SC for the participants with higher amount
of CUD, making the superficial SC more favourable for saturation of
substances. As the amount of water remains at values below those
observed for volunteers without the CUD, we can understand the
CUD formation process as directly dependent on SC hydration,
being enhanced by the presence of the crystals since the water-
binding capacity of urea will be affected. We expect a reduction of
the CUD structures after enhancement in skin hydration depending
on the moisturizer. The only question is whether this reduction will
have a short- or long-term effect.

It is important to emphasize that all measurements were per-
formed in an environment with controlled air temperature and rel-
ative humidity (20-22°C and 45%-55%).%*#* This is a standard in
the application of the techniques in dermatological clinical trials.
The glabrous skin does not present any hair, which has already
been reported as an interference in corneometer measurements.*®
Regarding the role of sebum in the present findings, it is important to
highlight that we do not have sebaceous glands in the glabrous skin
and low amount of sebum is available.*® However, we cannot totally

exclude the role of sebum since we are constantly touching our face
and other body parts or even from lipid-rich cosmetics.

Since the maintenance of skin hydration levels is fundamental
to avoid occupational challenges such as eczema, atopic dermatitis
and since the causes of drier hands are not well described, the iden-
tification of CUDs offers a novel important approach in dermatol-
ogy. These results open a new direction to contribute to different
perspectives such as the development of better moisturizers or the
diagnostic of dry and xerotic skin conditions. Future research in-
volving the presence of CUD in glabrous skin should be directed to
the mechanisms exploited by moisturizers that present urea in their
composition. Crystallization indicates a saturation in the urea levels,
and the utilization of moisturizer creams containing this humectant
may not deliver more functional urea to the skin if crystallization
occurs after application to the skin, rather being counterproductive.
For individuals showing CUD structures, the moisturization by urea
could be compromised. Further studies should aim to better under-
stand the presence and distribution of CUDs in the population and
to confirm whether CUD structures are signature or cause of dry

skin.
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