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INTRODUCTION

“Age has no reality except in the physical world”
Gabriel Garcı́a Márquez (Love in the Time of
Cholera). With this said, it is clear that aging is an
ineluctable process that affects humans beings.
Unlike the aging signs of internal organs, the skin
demonstrates the first obvious signs of the pas-
sage of time with the consequent impact on a pa-
tient’s social life.

Skin aging can be formally conceptualized into
intrinsic and extrinsic aging, the latter not being
easily disentangled from the former. The impor-
tance of aging lies in the enormous consumer de-
mand for agents or treatments that can prevent or
reverse its stigmata, its strong association with
skin tumors, and the clues it provides regarding
the nature of aging itself. In light of this, it is manda-
tory to detect early skin aging signs when the pro-
cess canbe readily reversedor, at least,minimized.

As a direct consequence, a precise and
real-time quantification of aging is of outmost
importance for in vivo staging of the dynamic pro-
cess. Several bioengineering methods have been

proposed to extensively and noninvasively assess
skin aging in its early phase of development.

The current review focuses on the use of reflec-
tance confocal microscopy (RCM) for the early
detectionof skin agingand for treatmentmonitoring.

Reflectance Confocal Microscopy

Minsky1 developed RCM in 1957; since then, it has
gained clinical and research popularity in the last
decades, faster than any other devices. The rea-
sons rely on the fact that RCM is a totally noninva-
sive technique that permits us to get optical en
face sectioning of the skin with good contrast
and high resolution, providing cytologic and archi-
tectural details.2 Furthermore, the examination of a
given skin lesion can be repeated over time,
rendering this method extremely useful for treat-
ment monitoring or dynamic evaluation of biolog-
ical phenomena (ie, growing melanocytic nevi).3

Technical notes
Briefly, a confocal microscope consists of a point
source of light, condenser, objective lenses, and a
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KEY POINTS

� Skin aging is a complex and multifactorial biological process that involves a multistep pathway in
which chronologic and photo aging are closely entangled.

� Reflectance confocal microscopy (RCM) can perform early detection of specific skin aging signs.

� Epidermal and papillary dermal changes can be morphologically assessed and readily monitored
over time and over treatment with nearly histologic resolution and in a noninvasive manner.

� With RCM, aged skin typically displays an irregular honeycombed pattern with variable mottled
pigmentation and the presence of flattened rete-ridges that coexists with polycyclic papillary con-
tours. The papillary dermis shows a variable degree of changes of collagen with coarse collagen
and huddled collagen. Finally, the presence of curled elastotic fibers, referred to solar elastosis,
is observable in elderly skin.
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point detector.1,2 The pinhole collects light
emanating only from the in-focus plane. The mech-
anism of bright contrast in RCM is backscattering.
In gray-scale confocal images, structures that
appear reflective havecomponentswith high refrac-
tive index comparedwith their surroundings and are
similar in size to the wavelength of light. Backscat-
tering isprimarily governedby the structures’ refrac-
tive index compared with surrounding medium.
Highly reflective skin components include melanin,
collagen, keratin, and other elements, such as cyto-
plasmic organelles. The confocal scanning pro-
duces high-resolution black and white horizontal
images (0.5 � 0.5 mm) with a lateral resolution of
1.0 mmand axial resolution of 3 to 5 mm. A sequence
of full-resolution individual imagesatagivendepth is
acquired and combined together to create amosaic
ranging in size from 2 � 2 mm to 8 � 8 mm.
A VivaCube (Mavig, Munich, Germany) composed
of 3 to 4 mosaics with a 25-mm step is usually
acquired for facial skin. Furthermore, a vertical
VivaStack (Mavig, Munich, Germany) can be
imaged. It consists of single high-resolution images
acquired from the top skin surface up to 200 mm to
obtain a sort of optic biopsy. TheVivaStackmodality
is useful for the assessment of the epidermal thick-
ness. Recently, a handheld RCM has been intro-
duced on the market. This version is a smaller and
flexible device that is quite useful in difficult-to-
access areas (skin folds, ears). Unlike the wide-
probe version, it has on-instrument control for laser
power, imaging depth, and capture; but it does not
allow scanning a large field of view.

Morphologic Aspects of Skin over the Age

Skin aging affects both epidermis and dermis; the
process involves keratinocytes (KCs), melano-
cytes, and all cells that are present in the skin. In
light of the nearly histologic resolution of RCM, it
is readily feasible to detect morphologically the
changes occurring over time. To start with, it is
mandatory to know the overall picture of normal
and young skin and then to progressively go
through the changes observable in elderly skin.

Healthy Young Skin

In healthy young skin, the epidermis appears as a
multilayer tissue with paradigmatic confocal find-
ings depending on the skin level.2,4 The stratum
corneum appears as a highly refractive surface
surrounded by darker skin furrows. Corneocytes
are large, ranging from 10 to 30 mm, polygonal,
and enucleated. Skin furrows appear as dark folds
between islands of KCs that are typically arranged
in a rhomboidal pattern formed by intersecting skin
furrows (Fig. 1). Of note, the shape and arrange-
ment of the skin folds strongly depends on the
body site (being almost absent on the forehead
and well represented on the abdomen) and the in-
dividual’s age.
Going deeper, the stratum granulosum is

composed of polygonal KCs presenting a grainy
cytoplasm because of the presence of organelles.
The KCs cohesively assemble, forming a honey-
combed pattern because of its similarity with the
honeycomb of bees (see Fig. 1). The contour of

Fig. 1. (A) Epidermis in young subjects reveals a rhomboidal pattern of skin furrows (arrows). (B) Regular honey-
combed pattern with KCs that are polygonal and with bright cell contours.
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