
27E. Berardesca et al. (eds.), Non Invasive Diagnostic Techniques in Clinical Dermatology, 
DOI 10.1007/978-3-642-32109-2_2, © Springer Berlin Heidelberg 2014

2.1            Introduction 

 Melanocytes and their melanins govern the 
phototype- related color of the skin. Indeed, the color 
palette of the skin largely depends on the molecular 
nature and amount of melanins (eumelanin and phe-
omelanin) and on the size, shape, and distribution of 
melanosomes produced by melanocytes and trans-
ferred into keratinocytes. Such combinations defi ne 
what could be called the individual melanotype. 

 The epidermal melanin unit refers to a micro-
scopic functional entity composed of one single 
melanocyte and its adjacent keratinocytes into 
which the melanosomes are transferred. Chronic 
ultraviolet (UV) light exposures represent positive 
stimulatory signals to the epidermal melanin units. 
In such instance, both the active melanocytes are 
increased in number, and each individual melano-
cyte is stressed to produce more melanins. In addi-
tion, melanosome transfer from melanocytes to 
adjacent keratinocytes is boosted through the inter-
vention of the protease-activated receptor 2 [ 1 ]. 

 According to the native individual melano-
type, age, and cumulative UV exposures, the skin 
commonly develops a discrete to severe mottled 
appearance. Freckles in youths and solar lentigi-
nes in older individuals are typical clinical 
expressions of such events. The clinical aspects 
are due to an increase in the keratinocyte melanin 
content (melanotic hypermelanosis) associated 
or not with melanocytic hyperplasia. The result-
ing mottled pigmentation is an early key feature 
of photoaging.  

2.2     Clinical Recordings 

 Photography under UVA light, which is largely 
absorbed by melanin, was a convenient way to 
highlight any discrete regional change in skin 
pigmentation [ 2 – 7 ]. Provided that the lightning 
was kept constant and the camera calibrated 
beforehand, this technique revealed with confi -
dence pigmentation changes. Using a UVA 
source of lighting (Wood’s light), any skin blem-
ish was thus conveniently assessed by a regular 
photography system [ 2 – 7 ]. As such, UV photog-
raphy was used as a diagnostic tool, but it was 
rarely employed for measuring the intensity of 
pigmentation. Indeed, the latter application was 
not satisfactory because casual equipments gen-
erated shadows focally superposed to the skin 
pigmentation. In order to thwart to this drawback, 
a CCD camera equipped with an internal 
UV-emitting unit (Visioscan® VC98, C + K elec-
tronic, Cologne, Germany) was designed. 
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 The Visioscan® VC98 sensor chip is closely 
applied to the skin surface in order to avoid shad-
ows. The uniform illumination of the skin brings 
out a sharp video picture of a 6 × 8 mm area of the 
skin surface. The high resolution of the video cap-
ture allows close assessments of the skin. The 
computer connection of the Visioscan® VC98 is 
made through an image digitalization unit confi g-
uring a 256 gray level picture, where 0 corresponds 
to black and 256 to white. The camera-based 
image analysis leads to the so- called UV light-
enhanced visualization (ULEV) method [ 8 ,  9 ]. 

 The ULEV picture results from the combined 
refl ectance and absorption of the incident UV 
light by the skin structures [ 10 ]. Specular refl ec-
tance is mainly modulated by the stratum cor-
neum (SC) roughness. The SC surface of scaly 
dermatoses appears whitish. Once the UV light 
has crossed the epidermis, the residual UV wave-
lengths reach the fi brous structures of the dermal 
extracellular matrix which in turn emit fl uores-
cence. Following its way back to the skin surface, 
the refl ected and/or emitted light is captured by 
the recording CCD camera. During both the way 
in and way out through the skin, the UV light is 
possibly absorbed by two main chromophores, 
namely, melanins and hemoglobin. Melanin 
absorption exerts a prominent effect by reducing 
the light received by the CCD camera. Hemoglobin 
exerts a similar effect when present in abundance 
inside superfi cial hemangiomas. By contrast, the 
regular amount of blood in superfi cial blood ves-
sels has no signifi cant effect because fl uorescent 
connective tissue fi bers are interposed between 
the vessels and the skin surface. 

 The Visioface® Quick (C + K electronic) is 
another tool providing pictures similar to ULEV. 
The light booth contains 200 white diodes (LED) 
uniformly illuminating the exposed skin area. 
The camera (Canon Powershot A640 with a 10.2 
megapixel resolution) and light sources are 
computer- controlled. After applying adequate 
software fi ltering of the cyan hue, the image 
increases the contrast created by melanin [ 11 ]. 

 The Visioscan® VC98 contains a camera- 
based image analysis system allowing the evalu-
ation of the skin surface. The surface evaluation 
of living skin (SELS) software generates two 

 relevant parameters in the evaluation of skin sur-
face changes. The smoothness parameter (SESM) 
is proportional to the depth and width of furrows, 
and the wrinkling parameter (SEW) is propor-
tional to the number and width of furrows.  

2.3     Subclinical Melanoderma 

 The mottled subclinical melanoderma (MSM) 
is a mosaic pattern of skin pigmentation typi-
cally revealed under ULEV examination [ 8 ,  9 ]. 
This feature is particularly prominent in photo-
sensitive individuals with a light melanotype and 
pheomelanin- enriched phenotype [ 8 ]. Using the 
Visioscan-driven ULEV method, the increased 
contrast between the faint almost invisible spotty 
melanosis and the surrounding skin is the com-
bined result of a greater fl uorescence emission than 
visible light by collagen and the greater UVA and 
fl uorescence absorption by melanin inside the epi-
dermis. The boundary between MSM macules and 
the skin in close vicinity is sharply delimited. 

 Since UV light penetrates less deeply into the 
skin than visible light, it is considered that both the 
regular UV photography and the ULEV method 
mainly catch the intraepidermal pigmentation. 
Thus, melanin located in the dermis is not detected 
using these methods. Therefore, a clear distinction 
is made using ULEV between enhanced melanotic 
hypermelanosis and any dermal melanoderma. 
Such distinction is useful because the former type 
is accessible to depigmenting treatments, while 
the latter type is unresponsive and persists as a 
melanin tattoo. These two conditions coexist for 
instance in facial melasma. 

 Several MSM patterns were identifi ed [ 8 – 13 ]. 
They are listed in Table  2.1 . Spotty perifollicular 
dots are commonly seen on the scalp and face 
(Fig.  2.1 ), occasionally extending to other sebor-
rheic regions [ 8 ,  11 – 14 ]. This physiologic peri-
follicular pattern is recognized as early as during 
adolescence, and it does not seem altered by 
aging. By contrast, the interfollicular area exhib-
its a combination of pinpoint lesions, small mac-
ules, and globular macules [ 8 ]. Such a pattern 
appears during adult life and is subject to varia-
tions with cumulative photoexposures and aging. 
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These discrete hypermelanotic blemishes pro-
gressively coalesce, and they appear more promi-
nent on chronically sun-exposed skin. This aspect 
is regarded as an early sign of photoaging [ 9 ,  11 , 
 15 ,  16 ]. Still another MSM aspect corresponds to 
the streaky pattern elongated along wrinkles [ 8 ]. 
This aspect is typically present on the sunny-side 
slope of facial frown lines [ 8 ].

    Hypochromic spots associated with MSM 
(Fig.  2.2 ) are possibly present in genetic disor-
ders of pigmentation [ 17 ] and in ethnic darker 

skin [ 18 ]. They also develop on chronically 
UV-exposed skin such as in worshipers of recre-
ational sunbeds [ 19 ].

2.4        Assessment of Whitening 
Agents 

 The ULEV method is employed for assessing the 
effi cacy of cosmetic whitening products [ 8 ,  20 – 24 ]. 
Computerized image analysis of the pictures 
offers objective quantifi cation of the depigment-
ing effect on the epidermal melanin units. The 
method was applied for assessing “brown spots” 
corresponding to solar lentigines or incipient pig-
mented seborrheic keratoses [ 20 – 22 ]. Such evalu-
ations are more easily handled than the bleaching 
effect on melasma [ 22 ]. Using the ULEV method, 
the observed effects of whitening agents cannot 
be distinguished according to the putative bio-
logic effects on tyrosinase, protease- activated 
receptor-2, or any other step of melanization. 

 Beyond conventional cosmetic whitening 
agents, some drugs alter the activity of the epi-
dermal melanin units. Both topical  corticosteroids 
and vitamin D analogues decrease the MSM 
severity as assessed by the ULEV method [ 16 ].  

2.5     Skin Surface Microrelief 
and Scaliness 

 Any ULEV quantitative assessment of the skin 
surface microrelief is of interest in evaluating 
some therapeutic and cosmetic interventions, as 
well as for the determination of the severity in 
irritation damages to the skin. Indeed, any mea-
surement where skin is optically monitored using 
an image digitalization process without any sam-
pling or replica collection represents a techno-
logical advance [ 25 – 27 ]. The regular observation 
of ULEV pictures reveals any hyperkeratotic and 
scaly aspects of the skin surface (Fig.  2.3 ). The 
lesions look whitish contrasting with the gray 
aspect of the normal-looking skin [ 25 – 27 ].

   UVA emitted by the Visioscan® VC98 clearly 
highlights desquamation in vivo. A semiquantitative 
assessment is possible, but the data interpretation is 

   Table 2.1    Patterns of subclinical skin mottling   

 Pinpoint: minute irregularly distributed darker spots 
 Follicular dots: speckled perifollicular darker rings 
 Small macules: small interfollicular darker areas 
 Globular macules: accretive and circinate confl uence of 
smaller macules 
 Streaky macules: elongated darker areas along wrinkles 
 Confl uent macules: massive darker areas 

  Fig. 2.1    Spotty perifollicular MSM on the scalp       

  Fig. 2.2    Hypopigmented spot in an area showing darker 
MSM spots       
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not always straightforward. For improving this 
assessment using the Visioscan® VC98, sampling 
the SC can be performed using transparent sticky 
Corneofi x® F20 tapes (C + K electronic). After 
slightly pressing the sampling tape onto the skin 
surface, the superfi cial corneocytes adhere to the 
tape and are harvested for the assessment of their 
numbers and sizes. As the light is absorbed differ-
ently due to the different thickness of corneocyte 
clumps, they appear as darker pixels in the image. 
A quantitative assessment is performed looking at 
the gray level distribution in the histogram. The 
regular Visioscan® software distinguishes fi ve scal-
iness levels. The drawback of this automatic cut-
ting is that the shutter does not properly recognize 
the background in some images. In these instances, 
the observer can set the shutter manually by com-
paring the original and the segmented images with 
a 0.1 % accuracy. Under ULEV examination, dan-
druff appears as small white objects dispersed 
along hair shafts [ 28 – 30 ]. Due to the high contrast 
with hair, a quantitative assessment is made possi-
ble without any specifi c sampling procedure. 

 The SELS method represents another quanti-
tative assessment of the skin roughness [ 31 ].  

2.6     Comedogenesis 

 At the hair follicle openings at the skin surface, 
microcomedones and keratin-fi lled funnel-like 
acroinfundibula are easily identifi ed using ULEV 

examination. The method proved to be useful in 
the assessment of comedogenic and comedolytic 
compounds. In addition, acne physiopathology is 
highlighted by this method [ 32 ]. 

 Cancer patients under targeted chemotherapy to 
the epidermal growth factor receptor (EGFR) fre-
quently suffer from unusual skin adverse events. 
The Visioscan® camera revealed specular light 
refl ectance at the site of follicular plugging [ 33 ]. 
The interfollicular stratum corneum showed occa-
sional focal hyperkeratosis. These features increased 
in severity with the duration of the EGFR inhibitor 
treatment, indicating follicular involvement as an 
early adverse event of the therapy. EGFR inhibitor-
induced kerosis (follicular hyperkeratosis) is likely 
responsible for acneiform reactions.  

2.7     Sebum Excretion 

 Sebum fl ow dynamics can be assessed using 
lipid-sensitive fi lms [ 34 ]. The assessment bene-
fi ts from image analysis of the sebum-enriched 
spots. The Visioscan® VC98 camera is conve-
niently used for that purpose [ 32 ]. The camera is 
covered by the opaque microporous lipid- 
sensitive Sebufi x® F16 foil (C + K electronic) 
before application onto the skin. After about 30 s, 
the mean instant sebum follicular output (SFO) 
corresponding onto the area of the transparent 
spots of lipid droplets is assessed using comput-
erized image analysis. The face of the Sebufi x® F 
16 in contact with the skin is glue-free. Thus, 
sebum fi lls in the micropores of the sebum- 
sensitive foil without any restriction (Fig.  2.4 ). 
This leads to a short measuring time after which 
the foil is ready to be evaluated. This requirement 
is important in order to avoid any artifactual 
occlusion effect. Indeed, occlusion leads to the 
stratum corneum swelling and to the increased 
skin temperature infl uencing the sebum fl ow.

   The more oily the skin, the shorter collecting 
time is necessary. Assessments performed any 
time after cleansing the skin is thus possible. The 
lipid-sensitive fi lm is lightly present but con-
stantly on the skin leading to reproducible mea-
surements. The special foil typically measures 
the sebum output from the follicular reservoir. 

  Fig. 2.3    Scaly stratum corneum showing bright white 
refl ectance       
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With this procedure, the sebum output at the skin 
surface can be monitored live in real time.  

2.8     Hair Graying 

 The loss of melanin content in the hair shaft is a 
natural manifestation of aging leading to hair gray-
ing. Such phenomenon can be observed as early as 
20 years of age in Caucasians and about 30 years in 
Africans; it has been reported that on average, in a 
cohort of Caucasians, 50 % of people had at least 
50 % gray hair when reaching 50 years old [ 35 ]. The 
biologic processes underlying hair graying remain 
unclear [ 36 ]. In addition, the process of hair graying 
is diffi cult to assess and quantify in vivo. The ULEV 
method highlights this physiologic phenomenon by 
enhancing the contrast between graying hair appear-
ing bright white and the other hair shafts.  

2.9     Trichobacteriosis 

 Some bacterial species tend to clump along hair 
shafts, particularly in the axillae. They are embed-
ded in a biofi lm. This condition corresponds to 
trichobacteriosis formerly called trichomycosis. 
The ULEV method is a convenient way to observe 
these structures appearing as bright white sheaths 
encasing the base of the hair shafts. This aspect is 
probably related to the fl uorescence emitted by 
trichobacteriosis under Wood’s light. A similar 
phenomenon can occur at the site of other fl uores-
cent lesions such as erythrasma and pityriasis 
(tinea) versicolor.  

2.10     Risk Assessment of Skin 
Cancers 

 A correlation was found between MSM severity 
and the risk for developing actinic keratoses and 
basal cell carcinomas on facial skin and the scalp 
[ 37 – 42 ]. A peculiar aspect corresponds to focal 
depigmentation suggesting the destruction of 
some epidermal melanin units. Such fi nding 
could help identifying in early adult life subjects 
at risk of skin cancers.  

2.11     Xenobiotic Deposits 
onto the Skin 

 Some exogenous compounds adhering to the 
stratum corneum are conveniently observed using 
the Visioscan® VC98. For instance, the antiper-
spirant aluminum hydroxychloride shows pecu-
liar patterns of deposits at the skin surface [ 43 ].  

    Conclusion 

 UVA photography and its more recent devel-
opment using a CCD camera equipped with an 
internal UVA-emitting unit are useful by dif-
ferent aspects. The MSM revealed by the 
ULEV method is possibly the earliest clinical 
manifestation of photoaging. In addition, the 
same method highlights scaliness and desqua-
mation as well as a series of other specifi c 
conditions at the skin surface.     
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