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Reflectance confocal microscopy as a
support for the clinical evaluation of the
changes caused by aging skin

Microscopia confocal de reflectdncia como suporte para a avaliagdo

clinica das alteracbes do envelhecimento cutdneo

DOIL: http://dx.do1.org/10.5935/5c¢d1984-8773.201573693

ABSTRACT

Introduction: Confocal laser reflectance microscopy has been regarded as a tool with ex-
tensive application in dermatology, emerging as a revolutionary factor in the diagnosis of skin
disorders and the evaluation of cutaneous characteristics. This is due to the fact that it allows
cellular level visualization with almost histological resolution of cellular and tissular features
through a non-invasive method, in real time.

Objective: To evaluate the morphological and structural characteristics of skin aging in
the epidermis and papillary dermis using confocal laser reflectance microscopy.
Methods: Forty female volunteers with II, III, and IV skin phototypes were selected and
divided into two age groups: young skin (18-35 years old) and aged skin (40-65 years old).
The evaluation of the cellular characteristics of the different cutaneous layers was perfor-
med using a confocal laser reflectance microscope Vivascope 1500.

Results: Using the confocal microscopy analysis, it was possible to observe an irregular
pigmentation pattern, irregularly distributed keratinocytes, flattening of the dermal-epi-
dermal junction, presence of damaged collagen fibers, and solar elastosis in the aged skin.
Conclusions: Confocal laser reflectance microscopy is a technique that is highly useful for
assessing morphological and structural characteristics of cutaneous aging at the epidermis
and papillary dermis levels.
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RESUMO

Introducdo: A microscopia confocal de reflectincia a laser tem sido considerada ferramenta de extensa
aplicagdo na clinica dermatoldgica, representando-se como revolugdo no diagnéstico de doengas de pele
e avaliagdo de caracteristicas cutdneas, por permitir a visualizagdo em nivel celular com resolugdo quase
histolégica de caracteristicas celulares e teciduais por um método ndo invasivo, em tempo real.

Objetivo: Avaliar as caracteristicas morfoldgicas e estruturais do envelhecimento cutdneo na epiderme e
derme papilar por meio da microscopia confocal de reflectancia a laser.

Meétodos: 40 voluntarias de fototipo II, IIT e IV foram selecionadas e divididas em dois grupos de idade:
pele jovem (18-35 anos) e pele envelhecida (40-65 anos). A avaliagio das caracteristicas celulares das
diferentes camadas da pele foi realizada utilizando o microscopio confocal de reflectancia a laser Vivascope
1500.

Resultados: Pela analise da microscopia confocal, foi observado padrio de pigmentagdo irregular, que-
ratindcitos distribuidos irregularmente, achatamento da jungdo dermoepidérmica, presenga de fibras de
colageno deterioradas e elastose solar na pele envelhecida.

Conclusdes: A microscopia confocal de reflectdncia a laser é técnica de grande aplicagio para avaliar as
caracteristicas morfolégicas e estruturais do envelhecimento cutdneo no nivel de epiderme e derme papilar.
Palavras-chave: microscopia confocal; envelhecimento da pele; epiderme; dermatologia
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INTRODUCTION

Confocal laser reflectance microscopy (CRM) has
been considered a tool of extensive application in the der-
matological practice, arising as a revolution in the diagnosis
of skin diseases and evaluation of cutaneous characteristics,
by allowing cellular visualization with an almost histological
resolution of cell and tissue characteristics using a non-inva-
sive, real time method.!-

Many studies describe CRM as a proper and reliable
technique for the description and quantification of structural
characteristics of the epidermis and upper dermis, overcoming
the disadvantages of histological evaluation. The images obtained
by the confocal microscope enable the evaluation of cutaneous
characteristics such as the thickness of the difterent layers of the
epidermis, the organization of keratinocytes, changes in the pig-
mentation pattern, the number of dermal papillae per area, the
shape of the dermal papillac’s contours, the size of sebaceous
glands, the structure of the collagen network, the count and size
of pores and microcomedones, and the evaluation of primary
signs of cutaneous irritation.*®

Due to the highly diverse possibility of technical applica-
tions, the elucidation and interpretation of CRM images relat-
ed to skin aging provide subsidies for its application in the der-
matology clinic, aiming at evaluating skin alterations resulting
from the aging process.

OBJECTIVE

The objective of the present study was to evaluate the
morphologic and structural characteristics of skin aging in the
epidermis and papillary dermis through the laser assisted CRM.

METHODS

A prospective comparative study was carried out with 40
volunteers with skin phototypes II, III and IV, who were selected
and divided into two groups, according to their age: 20 volun-
teers with young skin (18-35 years of age), and 20 volunteers
with aged skin (40-65 years of age). > The study was approved by
the Research Ethics Committee Involving Human Beings of the
Faculdade de Ciéncias Farmacéuticas de Ribeirdo Preto of the
Universidade de Sio Paulo — USP.

The volunteers were instructed on the goals and meth-
ods of the study, having agreed to participate and signing the
Free and Informed Term of Consent (CEP/FCFRP — Protocol
number 273/2012). The study was conducted at the Faculdade
de Ciéncias Farmacéuticas de Ribeirdo Preto — USP.

The evaluation of the cell characteristics of the different
layers of the skin was conducted using the confocal reflectance
laser microscope VivaScope 1500%, which uses a 830nm wave-
length laser source and an immersion objective lens capable of
detecting 20 images per second. *

The microscopic images were acquired using the Vivas-
tack system, consisting of multiple confocal images at successive
depths in a certain location of the tissue, with images obtained
at every 1.5um up to a depth of 37.5um, at every 3.0um up
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to a depth of 112.5um and at every 4.5um up to a depth of
132.5um. """ The images were taken in the periorbital area of
the volunteers’ faces.

RESULTS

Regarding the pattern of the epidermis, there is a disor-
der in the “honey comb” pattern, with size and shape polymor-
phism in keratinocytes and also irregular pigmentation in the
aged skin when compared to the normal aspect of the young
skin (Figure 1). Regarding the pigmentation, it is possible to
notice that there is an accumulation of melanin in the kerati-
nocytes, which characterizes a pattern of irregular pigmenta-

tion (Figure 2).

3 v =)
FIGURE 1: Distribution pattern of keratinocytes of the young skin in the face
(A) and in the aged skin (B). It is possible to observe a disorder in the “ho-
neycomb” pattern, with polymorphism of size and shape of keratinocytes
in addition to irregular pigmentation
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FIGURE 2: Pigmentation pattern in the keratinocytes of in young facial skin
(A) and in aged skin (B). In B, pigmented keratinocytes are represented by
fairer color points with intense refringence

The dermal-epidermal junction’s pattern is complete-
ly altered in the aged skin (Figure 3). It is possible to observe
that a loss of dermal papillae takes place, entailing a flattening in
the epidermis. In the papillary dermis, the young skin presents
thin and highly refringent collagen fibers, whereas in aged skin,
the fibers are hardly visible and have a shrunken and amorphous
appearance (Figure 4). In some cases, it is possible to observe the
presence of solar elastosis in the aged skin (Figure 5).

Based on the confocal microscopy analysis, it was pos-
sible to observe a uneven pigmentation pattern, keratinocytes
unevenly distributed, flattening of the dermoepidermal junction,
presence of deteriorated collagen fibers and severe solar elasto-
sis in the aged skin.
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FIGURE 3: : Dermal-epidermal junction pattern in young facial skin (A) and
in aged skin (B). In the aged region, it is possible to observe (A) the flatte-
ning of the epidermis, therefore with loss of the dermal papillae

DISCUSSION

The aged skin presents distinct morphological and struc-
tural characteristics, with disorganized keratinocytes resulting
from lower cell renewal in this skin type. In addition, the tech-
nique has excellent application in the evaluation of uneven pig-
mentation in the epidermis given that based on the technique’s
principle, the melanin provides great contrast, facilitating the
analysis and interpretation of images. '*

The morphological and structural characteristics of the
dermal-epidermal junction are also related to the aging pro-
cess, and this fact results from the intrinsic aging, being wors-
ened with prolonged exposure to the sun. "> The Laser CRM
has proven a very useful tool in the evaluation of the integrity
and morphology of the dermal-epidermal junction and its al-
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A

FIGURE 4: Facial papillary dermis characteristics in the young skin (A) and in
the aging skin (B). It is possible to observe that the collagen fibers are thin
and highly refringent in the young skin

FIGURE 5: : Presence of solar elastosis in the aged skin. Elastic fibers are

thicker, hyper-refringent
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terations resulting from the aging process. Moreover, it makes
possible to evaluate the depth of the dermal papillae, through
analysis of the sequences of images.

The images obtained by CRM of the papillary dermis in
the present study were also observed by other research groups, in
which thick and amorphous collagen fibers in the dermis were
observed in older individuals, with loss of the fine reticulated
collagen fibers, more common in younger individuals. 7'

With the aging process, the differences between chrono-
logical aging and photoaging are observed in the extracellu-
lar matrix, revealing reduced expression of interstitial collagen
genes in intrinsic aging and increased gene expression in the
elastic tissue in photoaging. °

The laser confocal reflectance microscope allows the as-
sessment of clinical and subclinical characteristics of photoaging,
being a very useful tool for the early detection of undesired cu-
taneous characteristics and providing subsidies for the prescrip-
tion of safe and effective treatments in the prevention and im-
provement of the aging skin. It is therefore a useful technique
to assist in the analysis of cutaneous characteristics that bother
patients for their unaesthetic nature, and also to detect possible
morphological and structural features that can be related to cu-
taneous dysfunctions.

CONCLUSION

The laser CRM is a technique that has extensive applica-
tion in the assessment of morphological and structural charac-
teristics of the aging skin in the epidermis and papillary dermis. e

Surg Cosmet Dermatol 2015;7(3):236-40.



240

Mercdrio DG, Campos PMBGM

REFERENCES

1.

Branzan AL, Landthaler M, Szeimies RM. In vivo confocal scanning laser
microscopy in dermatology. Lasers Med Sci.2007;22(2):73-82.

Gonzélez S, Gilaberte-Calzada Y. In vivo reflectance-mode confocal mi-
croscopy in clinical dermatology and cosmetology. Int J Cosmet Sci.
2008;30(1):1-17.

Nouveau-Richard S,Yang Z, Mac-Mary S, Li L, Bastien P, Tardy |, Bouillon C.
Skin ageing:a comparison between Chinese and European populations.
A pilot study.J Dermatol Sci.2005;40(3):187-93.

Sauermann K, Clemann S, Jaspers S, Gambichler T, Altmeyer P, Hoffmann
K, et al. Age related changes of human skin investigated with histometric
measurements by confocal laser scanning microscopy in vivo. Skin Res
Technol.2002;8(1):52-6.

Sugata K, Nishijima T, Kitahara T, Takema Y. Confocal laser microsco-
pic imaging of conspicuous facial pores in vivo: relation between
the appearance and the internalstructure of skin. Skin Res Technol.
2008;14(2):208-12.

Longo C, Casari A, Beretti F et al. Skin aging: In vivo microscopic assess-
ment of epidermal and dermal changes by means of confocal microsco-
py.J Am Acad Dermatol.2013;68(3):e73-82..

Wurm EM, Longo C, Curchin C, Soyer HP, Prow TW, Pellacani G. In vivo
assessment of chronological ageing and photoageing in forearm skin
using reflectance confocal microscopy.Br J Dermatol.2012;167(2):270-9.
Andrade, JP, Mercurio, DG, Maia Campos PMBG. Avaliacéo celular das
estruturas cutaneas por meio da Microscopia Confocal de Reflectancia.
RBM:Rev Bras de Med.2015;72:4-13.

Surg Cosmet Dermatol 2015;7(3):236-40.

10.

11.

12.

13.

14.

15.

Pathak, MA, Fitzpatrick, TB, Preventive treatment of sunburn, dermatohe-
liosis, and skin cancer with sun-protective agentsin: Fitzpatrick TB, Eisen
AZ,Wolff K, Freeberg IM, Austen KF (editors) Dermatology in General Me-
dicine. McGraw-Hill: New York; 1993.p.1689-1717.

Bielfeldt S, Bohling A, Wilhelm PK. Bioengineering Methods to Assess
Aging Parameters in the Depth of the Skin. SOFW-Journal.2011;3:1-8.
Mercurio DG, Maia Campos PMBG, Simao JC. Biophysical, Morphological
and clinical characterization of photodamaged skin for the development
of effective cosmetic formulations. IFSCC CONFERENCE; 2013, Rio de Ja-
neiro (Brazil). Book of Abstracts IFSCC Conference, 2013.p.35-38.

Scope A, Benvenuto-Andrade C, Agero AL, Malvehy J, Puig S, Raja-
dhyaksha M, et al. In vivo reflectance confocal microscopy imaging of
melanocytic skin lesions: Consensus terminology glossary and illustrati-
ve images.J Am Acad Dermatol.2007;57(4):644-58.

Pinnell SR.Cutaneous photodamage, oxidative stress,and topical antioxi-
dant protection.J Am Acad Dermatol.2003;48(1):1-19; quiz 20-2.
Imayama S, Braverman IM. A hypothetical explanation for the aging
of skin. Chronologic alteration of the three-dimensional arrange-
ment of collagen and elastic fibers in connective tissue. Am J Pathol.
1989;134(5):1019-25.

McGrath JA, Robinson MK, Binder RL. Skin differences based on age and
chronicity of ultraviolet exposure: results from a gene expression profi-
ling study. Br J Dermatol. 2012;166(12):9-15.





