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Synopsis

Skin colours are notoriously different between indi-

viduals. They are governed by ethnicities and pho-

totypes, and further influenced by a variety of

factors including photoexposures and sustained

mechanical stress. Indeed, mechanobiology is a

feature affecting the epidermal melanization. High-

resolution epiluminescence colorimetry helps in

deciphering the effects of forces generated by Lan-

ger’s lines or relaxed skin tension lines on the

melanocyte activity. The same procedure shows a

prominent laddering pattern of melanization in

striae distensae contrasting with the regular hon-

eycomb pattern in the surrounding skin.

Résumé

Il existe de grandes différences de couleur de

peau selon les individus. Les nuances sont sous

la dépendance des caractères ethniques et des

phototypes, et elles sont de plus influencées par

d’autres facteurs incluant les photoexpositions

et les contraintes mécaniques répétées. De fait, la

mécanobiologie affecte la mélanisation épidermi-

que. La colorimétrie par épiluminescence à haute

résolution révèle les effets de forces générées par

les lignes de Langer ou les lignes de tension cuta-

née au repos sur l’activité des mélanocytes. Le

même procédé révèle une apparence zébrée dans

les vergetures distincte de l’aspect en nid d’abeille

dans la peau avoisinante.

Introduction

Skin colours show wide interindividual differences.

They depend on genetic factors (ethnicities, photo-

type), environmental factors (suntanning) and

local cutaneous factors (scar, striae distensae, fric-

tions). In addition, skin colours show large varia-

tions according to the body sites. Even on a small

spot (±1 cm2) dedicated techniques may reveal

some heterochromy.

Instrumental assessments of skin colours using

dedicated metrological devices result in more

objective, reproducible and quantitative informa-

tion than visual scoring only [1]. Skin colour is

conveniently measured instrumentally using reflec-

tance methods. Reflectance colorimetry takes

advantage of the CIEL*a*b* standardized system in

the L*a*b* colour space notifications [1, 2]. Value

L* is expressed on a scale ranging from 0 for black

to 100 for white. The positive values a* and b* in

the 0–100 range indicate two perpendicular col-

our axes, with a* corresponding to the red hue

and b* to the yellow hue. Differences in colours

between the target and the reference areas are cal-

culated using a subtraction (D) between the two

corresponding figures of the same colorimetric

parameter (DL*, Da*, Db*). Any positive D value

indicates that the colour under consideration is

more pronounced on the target area than that on
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the reference area. The overall difference in colour

is given by DE* ab following: DE*ab = [(DL*)2 +

(Da*)2 + (Db*)2]0.5.

Spectrophotometry is another colorimetric sys-

tem exploring either the whole light spectrum or

the narrow bands [1, 3]. Regular spectrophotome-

ters available in clinical settings typically derive

the quantification of the colours related to haemo-

globin (E: erythema index) and melanin (M: mela-

nin index).

High-resolution epiluminescence

colorimetry

Epiluminescence observations under oil immersion

are conveniently performed on any part of the skin

according to the regular procedure designed for

examining melanocytic neoplasms. First, photo-

graphs are taken in a controlled procedure using a

special camera (Dermaphot�, Heine Optotechnik,

Hersching, Germany). Second, standardized com-

parative reflectance colorimetric assessments are

performed on the photographs using a Visi-

Chroma� VC100 (Biophotonics, Lessines, Bel-

gium). This computer-assisted device allows to

measure colours in the L*a*b* system of tiny cir-

cumscribed areas defined on a computer screen by

the observer [4]. Comparative assessments are

made on an individual basis from each single pho-

tograph to overcome any colour variation during

the printing process.

Skin mechanobiology and cell

tensegrity

From an engineering viewpoint, human skin is a

load-transmitting material. In particular, skin of

any part on the body is subjected to variable

intrinsic mechanical tensions oriented along spe-

cific directions named Langer’s lines or relaxed

skin tension lines, according to the body posture

[5–10]. These oriented tensions are responsible for

mechanical anisotropy governed by the fibrous

architecture of the dermis, particularly collagen

bundles [6]. They affect a series of aspects of skin

biology. Indeed, the ability of skin to withstand

and transmit loads represents one major aspect of

mechanobiology. Mechanotransduction from the

dermis to the epidermis is possible through the

basement membrane.

Any force generated by or applied to the skin

transduces information to cells that may in turn

respond to it and alter their tensegrity [11–13].

The effects of mechanobiology are particularly evi-

denced in fibroblasts, dermal dendrocytes, kerati-

nocytes and melanocytes [14, 15]. When the

latter cells are stimulated, the force orientations

are conveniently revealed using dermoscopy,

particularly in people of darker skin complexion

[4, 16].

Ultrasound shear wave propagation in

the skin

Subtle differences in skin firmness and in mechani-

cal anisotropy are possibly assessed non-invasively

by measuring the speed of propagation of ultra-

sound shear waves in the skin [8, 9, 14, 17]. The

velocity increases when the skin is put under ten-

sion. Accordingly, this procedure is conveniently

used to reveal the orientation of skin tension lines,

and to objectivate the mechanical anisotropy in a

multidirectional mapping [11, 12]. In practice, reso-

nance running time measurements (RRTM) are

recorded in arbitrary units using the Reviscometer�
RVM 600 (C+K Electronic, Cologne, Germany)

[8, 9, 14]. The probe contains two piezo-electric

transducers. When applied to the skin under con-

trolled pressure, one transducer emits ultrasound

shockwaves, and the second serves as a receiver. It

is expected that the ultrasound waves propagate dif-

ferently according to the viscoelasticity of the skin

or any other material under investigation [17]. The

interval time taken by the waves to travel from the

transmitter to the receiver is inversely proportional

to the mechanical tensions inside the skin. Measure-

ments are performed at each test site in four direc-

tions. With regard to the orientation of the primary

axis oriented along the longitudinal axis of the

body, the three other measurement directions are

oriented at angles of 45�, 90� and 135� respec-

tively. A ring is affixed to the skin to hold the probe

exactly at the same site while positioning it at the

different angles.

Relaxed skin tension lines, Langer’s

lines and their colours

Dermoscopical examination of normal skin reveals

alveolar or honeycomb networks dictated by the

epidermal rete ridges [18]. Indeed, melanin makes

the rete ridges visible under epiluminescence

examination. The epidermal rete ridges sketch out

an alveolar pattern, the inside portion of which is
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occupied by dermal papillae. The colour difference

is not because of variations in melanocyte density,

but rather of the cumulative amount of melanin

in the deeper layers of the epidermis. On top of

dermal papillae, the melanized epidermal layers

are parallel to the plane of the dermoscopical visu-

alization. In contrast, in the epidermal rete ridges,

these layers are almost vertically oriented. Hence,

the observation cumulates the melanin content on

a thicker amount of melanosome-laden keratino-

cytes [10].

It is acknowledged that discrete mechanical

forces applied parallel to the skin surface have an

impact on the three-dimensional aspect of the

dermo-epidermal junction [9]. The epidermal rete

ridges oriented perpendicularly to the direction of

the force become smooth and show a trend to flat-

ten, thus decreasing their colour intensity on the

dermoscopical examination. In contrast, the rete

ridges parallel to the force deepen both their struc-

ture and the pattern of dermoscopical hue.

In addition, the melanocyte mechanotransduc-

tion and activation [13, 16, 19] could further

explain the typical laddering melanotic pattern

related to the relaxed skin tension lines. Indeed, it

has been shown that mechanical pressure and ten-

sion induce melanin formation by human melano-

cytes both in culture [19] and in vivo [13, 16]. In

physiological conditions, the melanization process

could theoretically be boosted in the epidermal rete

ridges oriented in the direction of lower RRTM val-

ues. To be clinically relevant, the tension-related

activation of melanin synthesis should be accom-

panied by a facilitated transfer of melanosomes to

keratinocytes. As a result, skin anisotropy becomes

readily visible.

Striae distensae and their colours

Striae distensae, also known as stretch marks, are

the result of the failure of the dermis to sustain

intrinsic mechanical forces. They represent com-

mon lesions affecting almost half of adolescents

and young adults, especially pregnant women.

The shape of lesions is linear or fusiform, with var-

iable length. Their surface is often smooth and

tense when striae are recent. Older lesions tend to

become crumpled and atrophic, giving the sensa-

tion of vacuity at palpation. They are hairless and

no sweat or sebum excretion seems present.

In striae distensae, both the structure and

mechanical functions of the dermal fibrous net-

works are altered. Ruptures supervene in the

direction where the tissue is the weakest to sustain

the mechanical stress. As a result, the long axis of

striae distensae is orientated along the skin tension

lines, and the damages resulting from the rupture

occur in the direction normal to the long axis of

the striae. The forces responsible for this process

are generated by factors distending the dermis,

such as fat expansion when gaining weight, vis-

ceral pressure during pregnancy, muscular hyper-

trophy and movement-related skin extension.

Striae distensae show diverse colours [4, 16].

On white skin, many striae distensae look reddish

at first and finally turn white. However, the colour

palette is broader. The clinical appearance of the

striae distensae shades is influenced by the subject

typology because the human eye detects colour

differences between lesional skin and its surround-

ing area. The best identified hues are whitish

and iridescent (striae albae), erythematous (striae

rubrae), bluish (striae caeruleae) and blackish

(striae nigrae). Striae caerulae are specifically

encountered in subjects under prolonged cortico-

therapy. Striae nigrae are identified in subjects of

dark complexion. The microanatomy support of

striae distensae colours appears to be a combina-

tion of variations in microvasculature size and

melanocyte activity.

The histological presentation of striae distensae,

irrespective of their type, usually shows some

degree of epidermal atrophy and flattening of the

rete ridges. Ultrastructural changes have been

described in melanocytes. In recent striae, intercel-

lular oedema is present between melanocytes and

keratinocytes. Melanocytic damages present as

mitochondrial vacuolization and melanogenesis

reduction. In older striae, melanocytes appear

Figure 1 Laddering pattern of skin colours in striae dis-

tensae.
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reduced in number and melanogenesis looks

abated.

In recent stretch marks when cutaneous ten-

sions are still prominent, a laddering pattern of

hypermelanosis becomes prominent (Fig. 1). Such

observations may result from ethnicity-related fac-

tors allowing black skin to show peculiar aspects

under dermoscopy. The dermal remodelling is

associated with a loss in the dermo-epidermal relief

and with leucoderma appearing secondary to a

decreased number of melanocytes. In the following

evolutive step, tissue relaxation probably abates

the mechanobiological stimulus, thus leading to a

fading shade of the striae distensae.

The observation of striae nigrae reveals the

deformation and distension of the regular alveolar

structure. Epidermal rete ridges are orientated

along the axis of maximal intrinsic tension. In

addition, melanin pigmentation is increased

in these structures (Fig. 2). In time, the pigmenta-

tion fades, leading to the typical aspect of striae

albae. These changes most probably result from

mechanobiological mechanisms as melanocytes

are affected by mechanical forces [13, 16, 19]. For

instance, friction sites are often hyperpigmented.

A wide range of variation in skin shades exists

both in the striae distensae and the surrounding

uninvolved skin. It is noteworthy that the ratio

between the L* and b* values is strikingly different

in the two sites. However, the differential colour

parameters DL* and Db* appear significantly corre-

lated when comparing striae distensae and the

uninvolved skin. This indicates that the changes

in melanin content affect in concert the yellowish

aspect and the dark complexion in darker skin

people.

Conclusion

Skin colour determinations shed some light on one

clinical expression of skin tension lines. Dermos-

copy in patients of darker complexion identifies the

lines with higher intrinsic skin tension, probably

at risk of developing striae distensae and abnormal

scarring following dermatological and plastic sur-

geries.

Thus, both skin typology and melanocyte

mechanobiology play prominent roles in skin

colours. Dermoscopy takes advantage to show

prominent differences in the patterns of melanin

distribution in the epidermal rete ridges.
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