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-----------------Synopsis 

In the fie ld of dermatology, colour has always been a very important parameter of reference in dia
gnosis and cl inica! development of many derrnatoses. The quantification of the chromatic varia
tions of the cutis is conditioned by sensoria! and perceptive characteristics of the observer, for that 
reason the study of the colour of the skin and the instrumentation for its measurement either in the 
red field (erythema) or in the dark (iper or acromia) is a problem that has interested many resear
chers . 
After a brief review of the vario us international colorimetric systems (RGB, CM Y, HLS, HSY, Tri
stimulus) which make it possible to assess every type of colour, and an analysis of the relationshi p 
that exists between light and the cutis, the authors describe a system which they have devised. 
The system is composed of a light reflected densitometer X-Rite 404 which is able to quantify on a 
logari thmic scale both the total optical reflected density (named visual = V) of an opaque ci rcular 
surface of 3.4 mm in diameter, and the values of the colours cyan, magenta and yellow that contri 
bute to define V. The instrument can provide automatically the difference between two consecutive 
readings. For the graphic representation of the colour surveyed by the densitometer a 386 persona/ 
computer with mathematic co-processor and configured with hardware Targa 16 of the AT &T is uti
lized . The graphic card, capable of representing 32.760 colo urs, is directly connected to a high reso
lution monitor with persistent phosphorus and to the Ramtek photographic apparatus. 
Tha g raphic software RIO of the AT&T through the fi le colour allows insertion into the computer of 
the values obtained from the densitometer, their conversion automatically into the various systems 
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RGB, CMY, HLS and HSV and reproduction of the colour under examination on the monitor. 
With this system, available to other workers, it is possible to analyze and quantify, in vivo, even 
small variations in skin colour and to reproduce them by means of a computer on a high defini tion 
monitor. 
The methodology can be applied to determine and visualize the colour of normai skin or any cuta
neous lesion or of the difference between healthy and unhealthy cutis. and applied to the quantifica
tion of the erythema. Parameters such as the intensity of the erythema (IE) and the erythema gra
dient (EG). which represents the difference between the IE of the damaged cutis and the l E of the 
apparent healthy cutis are described. 
This methoclology, non-invasive and easy to apply, appears useful for severa! areas in the med icai 
field such as: dermatology, pharmacology, photobiology, forensic medicine, plastic surgery and co
smetology. 

__________________ Riassunto 

In campo dermatologico i l colore è sempre stato un parametro cli riferimento molto importante per 
la diagnosi e la valutazione del decorso clinico di molte dermatosi. 
La quanti ficazione delle variazioni cromatiche della cute è condizionata dalle caratterist iche sen
soriali e percetti ve dell 'osservatore. per tale motivo lo studio del colore della pelle e la misura 
strumentale delle sue variazioni sia nel campo ciel ros~o (eritema) che ciel bruno (iper o acromia) è 
un problema che ha interessato mol ti Ricercatori. 
Gli A utori , dopo una breve rassegna sui vari sistemi colorimetrici (RGB. CM Y, HLS, HSV, Tris
timulus) mediante i quali è possibile va lutare e rappresentare ogni tipo cli tinta. e dopo l'anali si elc i 
rapporti che intercorrono tra luce e cute, descri vono un sistema. da loro approntato. che permette cl i 
anali zzare e quantificare. in v ivo. anche piccol e vari a1.ioni elc i co lore cutaneo e di riprodu rl o 
mediante computer su monitor ad alta definizione. 
Premesso che la metodica può essere appl icata per determinare e visualiu are il colore della pelle 
normale o cl i qualsivogl ia lesione cutanea, o la cli fferen7a cromatica tra cute sana e cute malata, 
v iene qui ri feri ta la sua applicazione sulla quantificazione dell 'eritema. Sono descritti e valutati 
parametri quali l'intensità dell'eritema (!E) e il gradiente di eritema (GE) che rappresenta la dif
ferenza tra l" IE della cute lesa e quello della cute apparentemente sana peri lesionale. 
Questa metodica non invasiva e di facile uso sembra utile per le numerose applicazioni che può 
avere in campo medico. potendo interessare la Dermatologia. la Farmacologia. la Fotobiologia, la 
M edicina Legale, la Chirurgia Plastica e la Cosmetologia. 
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lntroduction 

In the dermatologica! field colour has always 
been an important parameter of reference for the 
diagnosis and evaluation of the c linica! course 
of many dermatoses. 
Tha quantification of colour variations, even if 
trusted to the attenti ve and expert eye of the der
matologist, is not in fact the same for ali obser
vers. lt depends on various physical and envi
ronmental conditions (colour temperature, light 
inc idence, quantity of lumen, type of surface e
xamining) ancl on the sensoria! and perceptive 
characteris tics of each person. and it can be in
fluencecl by physio logical conditioning. 
For these reasons, the s tudy of skin colour ancl 
the measurement of its variations both in field 
of red (erythema) ancl in that of brown (iper or 
acromia) is a problem that has interested many 
authors and is unti! today not completely resol
ved. 
The evaluation of the erythema induced by ul 
traviolet rays (UV) was attempted for the first 
time in 1927 by Ha usser ancl Yahle who usecl 
red carcls as stanclarcls for comparison. A similar 
techn ique, based on the apposition of various 
ree! photographic filters on the e rythematous a
rea, was described by Berger, Urbach & Davies 
in 1968. 
In 1969, Tronnier examinecl a numbe r of suita
ble instrume nts for the quantification of erythe
ma, but the technological limitations at that time 
remained insu1mountable for the preparation of 
an accurate apparatus easy for c linica! and expe
rimental use. Daniels & lmbrie ( 1958) and Bre it 
& Kligman (1969) were the first to obtain use
fui results with a suitable instrument. 
T he recent introduction of computerized spe
ctrophotometry and clensitometry has a llowed 
many a uthors (Dawson et al. in 1980; Wan, Jae
nicke & Parri sh in 1987; A ndreass i et al. in 
1988) to attain credible results. Although these 
ins trume nts can offer valici measurements, the 
time needed to obtain results, the cost and the li-

mited areas of use are criticai factors for the ac
ceptabi lity of the technique. 
We have tried to set up a system that would per
mit analysis and quantification in vivo of even 
small variations of skin colour and to reproduce 
them by computer on a high definition monitor. 
This methodology, non-invasive and easy to ap
ply, appears useful for severa! applications in 
the med icai field, in particular dermatology, 
pharmacology, photobiology, fore nsic medic ine, 
p lastic surgery and cosmetology. 

Scientific basis of the 
method 

A) Definition of colour 

The vis ibl e sola r spectrum, broke n down by 
means of a prism, is a coloured band with wave 
lengths between 400 and 700 nm. The principal 
colours that can be clistinguished are red, oran
ge, yellow, green, cyan, blue and violet (without 
magenta and purple). For each colour there is a 
corresponding e lectromagnetic wave of clearly 
defined frequency. 
The human eye is, however, unable, for exam
ple, to isolate the red colour from a white light 
or to ana lyze the various wave le ngths that ma
ke up a particular colour. lt, therefore, combi nes 
or synthesizes the stimulus in a complex sensa
tion of colour. 
The visual system of the retina is made up of a 
complicateci interlacement of neurosensitive e
lements: one be ing sensitive to red light, one to 
green light and one to blue light. W hen these e
lements are stimulated, they produce a colour 
sensation. For example, if the element sensitive 
to red and the element sensitive to blue are s i
multaneously stimulated the sensation of ma
genta is attained. 
Therefore, the human vision of colour seems to 
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be in relation to red, green and blue which are 
for this reason defined as primary additive co
lours. Combining these three colours in varying 
proportions every kind of hue can be produced 
even purple and magenta which are nor included 
in the solar spectrum. 
Based on this the International Commission of 
Light has elaborated a three-dimensional system 
known as Tristimulus or Triangle of Light or 
Horseshoe where ali the colours perceptible by 
man are represented and the quantity in each o
ne on the three primary colours that is needed to 
reproduce approximately every wave length of 
the spectrum. The th ree axes of the system re
present the dominant wave length, the purity of 
exci tation expressed in percentage (a co lour 
from the spectrum can be l 00% pure, while 
grey, white and black have 0% of purity), and 
finally the function of luminosity or transmit
tance or luminous refl ection also expressed in 
percentage. These descriptive terms - dominant 
wave length, purity of excitation and function of 

Artd1t1v1 Primuies 

luminosity - are the equivalent to colour, satura
tion and luminance. 
The visible spectrum is also represented con
ventional ly with a chromatic circle. Red (R) , 
green (G) and blue (B) are the three primary ad
d itive colours and form the system RGB. By 
means of this model every type of light can be 
represented. Adding the three colours we obtain 
white light. 
Exami ni ng the chromatic circle (Fig. 1) it beco
mes evident that, situateci geometrically opposi
te the primary add itive colours, are three others: 
cyan, magenta and yellow which are composed 
by coupling two adjacent primary additive co
lours. These colours are described as subtractive 
primaries since they represent white light minus 
a primary additive colour; they are considered 
as complementary colours of the primary addi ti 
ves and are therefore as negative colours. Yel
low, for example, is the complementary of blue 
ad is made up by linking together red and green 
that are two primary additives; aàding blue light 
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to yellow the entire pattern of primary additive 
colours is attained and therefore white light. 
Cyan (C), magenta (M), and yellow (Y) from 
the system CMY by means of which it is possi
ble to represent every kind of hue. From a mi 
xture in equa! parts of the three, primary subtra
c ti ve colours black, or rather, no colour, is o
btained. 
The addition in equa! parts of sing le couples of 
complementary colours, one additi ve and the o
ther subtractive, g ives an average tona lity of 
grey. 
In the models RGB and CMY the amounts o f 
the colours that make up the fiiial hue are e
xpressed in percentages (Fig. 2). 
Th e colour (hue = H) can a lso represented 
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through the models HLS and HVS where H is e
xpressed in degrees of the are. Pure red is at zero. 
In the HLS system the luminance (L) is expres
sed in percentage: with L = I 00% the colour 
w ill alw ays be white, with L = 0%, a lways 
black, indipendently of the saturation (S), a lso 
expressed in percentage. Keeping the luminance 
constant and varying the saturation, will give a 
scale from grey (S = 0%) to maximum colour (S 
= 100%). 
In the model HSV, varying the power or colori
metric value (value = V) a scale from black (V 
= 0%) the maximum colour (V= 100%) will be 
attained, whereas varying the saturation, white 
is obtained with S = 0% and maximum colour 
with S = 100%. 
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B) Relationship between 
light and cutis 

When the light of the visible spectrum hits a bo
dy, it primes a series of optical phenomena that 
define tha characteristic colorimetric respon se 
of the objec t: Trasmittance, Reflectance, Opaci
ty and Density. 
In particular, if one is dealing with an opaque 
body like the skin, part of incident light absor
bed and the remainder is reflected. It is this re
flected light, variuosly composed, that determi
nes the colour perce ived by the human eye and 
that is defin ed as the optica l reflected de ns i
ty. (Fig. 3) 
The term opti cal refl ected density (D) corre
sponds to the logarithm to base 10 of a recipro
cai of the reflectance (R): 

Vmb e I g I 
spectrum 

D = log l/R 
where R is the ratio of reflected light/ incident 
light. 
There are two types of optical reflected density : 
specular and diffuse. In the de1mato logical field 
it is more useful to evaluate the diffuse optical 
reflected density as the cutaneous surface is not 
perfectly smooth and produces the phenomena 
of multiple diffraction and refraction. 
The band of lig ht reflected from the skin is con
clitioned by the spectrum of absorption of chro
mophoric substances present both at the epithe
lial ancl cle rrnal levels. The most irnportant are 
DOPA-melanin, hernoglobin, oxyhemoglobin 
and bilirubin. 
The colour of the skin , the refore, is the result of 
nurnerous components that determine the rela
tionship light/vision and that render the colour 
which appears. 
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red component 

Rdlected 
hght 
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( from LEONARO and Al modifled ) 
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Materiai and insfruments 

Our system is composed of a light reflected 
densitometer X-Rite 404 which is able to quan
tify with logarithmic values to base 10 both the 
tota! optical reflected density (named visual = 
V) of an opaque c ircular surface of 3.4 mm in 
diameter, and the logari thmic values of the co
lo urs cyan, magenta and yel low that contribu te 
to define V. T he instrument automatically provi
des the d ifference between two consecutive rea
dings. 
For the graphic representation of the colour sur
veyecl by the densitometer we utilize a 386 per
sonal computer with mathematic co-processor, 
20 MHz clock, 2 .048 Kb RAM, a hard disk of 
11 O Mb, and configured with hardware Targa I 6 
ofthe AT & T. 
The g raphi c card, capab le of representin g 
32.760 colours, is directly connected to a high 
resolu tion monitor with pers istent phosphorus 
and to the Ramtek photographic apparatus. 
Th e g raphi c softwa re RIO of the AT &T 
through the fi le colour allows us to insert into 
the computer the va lues obtained from the den
sitometer, to commute them automaticall y into 
the various systems RGB , CMY, HLS nd HSY 
and to reproduce the colour under examination 
on the monitor. The software encompasses work 
palette of 256 colours made up of 32 completely 
saturated colours, a spectrum of 32 low-lumi
nance colours, a range of 32 reds, a range of 32 
greens, a range of 32 blues , three ranges in 
cyan, magenta and yellow for a total of 32 co
lo urs, a scale of grey and one of brown (32 co
lours in tota!). The palette represent a pa1t of the 
32.768 hues that can be recalled in case of need. 

Methods 

Hav ing a lready considered application of the 
method to determine and visual ize the colour of 

normai skin , of cutaneous Iesions or of the dif
ference between heal thy and unhealthy cutis. we 
now discuss its use for the quantification of e ry
thema. 
The intensity of erythema (!E) is due to the va
sodi latation of the cutaneous microcirculation 
with a conseq uent increase in the quantity of red 
blood cells and therefore of hemoglobin (Hb). 
This Hb absorbs a cons iderable quantity of 
green light and reflects red light. Consequently 
the g reater quantity of Hb wi ll be present in the 
skin, the greater absorption of green light will 
be attained with an increase in reflected red co
lour. 
The quantification of the !E is gained by subtra
cting the logarithm to base 1 O of the inverse re
flectance (R) of the red light from that of the 
green light: 
( I ) IE=log(l/Rgreen)-log( l/Rred) 
and then, using the scale of complementary co
lours: 
(2) lE = log R magenta - log R cyan 
The me lanin content of the epidermis and the 
refl ect i on of thc I ig h t from the deep t iss ue 
Jayers do not affect the results of the equation 
(Diffey & Coli. ). 
The di fference between the I E of the damaged 
cutis and the !E of the apparently healthy perile
sional cutis represents the gradient of erythema 
(GE) (Diffey & Coli ., Leonard & Coli.). 
The densitometer, as a lready mentioned, quanti 
fies with log 1 O values the opti ca I reflected den
sity of cyan, magenta and yellow. So it is suffi
c ient to substis tute in equation (2) the values of 
M and C attained by the instrument to determi
ne the JE of the damage or healthy cutis or the 
difference between the two (GE). 
For the g raphic representation of the colours o
btai ned from the densitometer reading it is suffi 
c ient to transform fro m the Jogarithm into the 
cardina l number the values of cyan, magenta 
and yellow ancl to operate with the file colour of 
software RIO according to the model RGB or 
CMY. 
Dealing with pure colours is atta ined. 
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Converting the scale of colours from RGB or 
CMY in HLS , the value of H in degrees of are 
is attained. Giving to L the value obtained with 
the numerica! transfonnation of logarithm to ba
se 10 of the total optical reflected dens ity e
xpressed by V of the densitometer, and keeping 
in variable the values of saturation (S) attained 
with the construction of H with the model RGB 
and CMY, a similar or almost identica! colour to 
that of the cutaneous surface under examination 
appears on the monitor. 
Subtracting the values of the perilesional and 
apparently healthy skin from those of damaged 
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