
Colors in atypical nevi: a computer description

reproducing clinical assessment

Stefania Seidenari1, Giovanni Pellacani1 and Costantino Grana2

1Department of Dermatology, and 2Department of Computer Engineering, University of Modena and Reggio Emila, Italy

Background/purpose: Atypical nevi (AN) share some der-

moscopic features with early melanoma (MM), and compu-

ter elaboration of digital images could represent a useful

support to diagnosis to assess automatically colors in AN,

and to compare the data with those referring to clearly

benign nevi (BN) and MMs.

Methods: An image analysis program enabling the numer-

ical description of color areas in melanocytic lesions was

used on 459 videomicroscopic images, referring to 76 AN,

288 clearly BN and 95 MMs.

Results: Black, white and blue-gray were more frequently

found in AN than in clearly BN, but less frequently than in

MMs. Color area values significantly differed between the

three groups.

Conclusion: The clinical–morphological interpretation of

the numerical data, based on the mathematical description

of the aspect and distribution of different color areas in

different lesion types may contribute to the characterization

of AN and their distinction from MMs.
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SURFACE MICROSCOPY, which uses incident light
magnification systems associated to the epilu-

minescence technique or polarized light, improves
diagnostic accuracy for melanoma (MM), especially
for difficult-to-diagnose lesions (1–3). To overcome
Unavoidable subjectivity and variability in the inter-
pretation of dermoscopic images (4), programs for
image analysis have been recently developed that
enable the numerical description of the morphology
of pigmented skin lesion images. Some of them
have been shown to provide a reproducible quanti-
fication of lesion features and an aid to clinical
diagnosis (5–13). Automated image assessment is
based on a new mathematical semiology, defining
the geometry, the texture, the pigmentation and the
colors of the lesion. The assessment of colors repre-
sents an essential step in MM diagnosis, both when
performing pattern analysis on dermoscopic images
and when using semi-quantitative methods (14–20).
Malignant lesions frequently show more than three
colors, whereas in nevi, three or less than three
colors are usually observed (19). Moreover, different
colors prevail in different lesion types.
Recently, we described an image analysis

method for the evaluation of colors in melanocytic
lesion (ML) images based on an approach that
shares some similarities with the human percep-

tion of colors (20). using this automated evaluation
method, we were able to show that black, white
and blue-gray are more frequently found in MMs
than in nevi, and that the former show a higher
number of colors than the latter, pointing to the
crucial diagnostic importance of color parameters.

Atypical nevi (AN) share some dermoscopic fea-
tures with earlyMM, and a correct diagnosis cannot
be always established on a clinical or on a dermo-
scopic basis. In these cases, however, the choice
between no therapeutic intervention and excision is
crucial, and computer image elaboration could re-
present a fundamental support to clinical diagnosis.

The aim of this study was to assess automati-
cally colors in images referring to AN, and to
compare the data with those referring to clearly
benign nevi (BN) and MMs. A mathematical
description of the aspect and distribution of
different color areas in different lesion types is
provided, and a clinico-morphological interpre-
tation of the numerical data is presented.

Materials and Methods

Image database
Four hundred and fifty-nine ML images, referring
to 76 AN, 288 clearly BN and 95MMswere studied.
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The images were retrospectively subdivided into
three groups according to clinical, dermoscopic and
histopathologic criteria. Two hundred and eighty-
eight of these images corresponded to lesions
with a clearly benign aspect (BN) and only 30%
of these were excised and examined. On non-
excised lesions, a 6-month follow-up was per-
formed. The second group (AN) included 76
lesions with atypical dermoscopic aspects and
negative histopathology for MM. The third group
(MMs) comprised 95 lesions with atypical der-
moscopic aspects and histopathologic diagnosis
of MM (mean thickness5 0.6� 0.7).

Image acquisition system
Images were acquired by means of a digital
videomicroscope (VideoCap 200, DS-Medica, Mi-
lan, Italy), with a 20-fold magnification, enabling
the lesion to be fully visualized. The instrument
has been described elsewhere (9, 11). The images
were digitized by means of a Matrox Orion frame-
board and stored by an image acquisition pro-
gram (VideoCap 8.09, DS-Medica, Milan, Italy),
which runs under Microsoft Windows. The digi-
tized images offer a spatial resolution of 768� 576
pixels and a resolution of 16 million colors.

Image analysis program
The image analysis program was created using
MS visual C11 6.0 both for palette generation
and color region detection and elaboration.

Interactive creation of the color palette
Our palette was created using a database com-
prising 30 PSL images unequivocally showing
black, dark brown, light brown, red, white and
blue-gray color components. The palette’s six
color groups are made up of 98 color patches,
corresponding to the minimum number of color
shades permitting a sufficiently accurate descrip-
tion of single colors.

Color region detection
The obtained palette was used to extract the color
regions from the images. Each pixel of the image
was assigned to the color patch that minimizes its
Euclidean distance in the RGB color space. After
assigning all pixels to their corresponding
patches, those belonging to the same group
were merged together to form the region corre-
sponding to that particular color. The method for
palette creation and color region detection has
already been described in detail (20, 21).

Color region parameters
For each color region, a set of parameters was
extracted, in order to describe the color region
properties numerically.
After detection of the lesion border (22) and

extraction of reference geometrical measures, such
as centroid and main inertia axes, according to
standard algorithms, the lesion was divided into
two zones corresponding to different semantic
parts (Fig. 1). The internal zone corresponds to
80% of the distance between the centroid and the
furthest border point along the same direction.
The remaining part of the lesion belongs to the
external zone. For each color region, measure-
ments were made of the area, distance from the
barycenter, spread, color area distribution in the
internal and the external part of the lesion and
asymmetries. Themathematical and clinical mean-
ing of these parameters are illustrated in Table 1.

Statistics
For statistical analysis, the Statistical Package for
Social Sciences (SPSS) (release 10.0.06, 1999; SPSS
Inc., Chicago, IL, USA.) was used. As basic stati-
stics, mean and standard deviation of color para-
meters were calculated for AN, BN and MMs.
Differences between values referring to the three
groups were evaluated using the Mann–Whitney
U-test for independent samples. As regards the

TABLE 1. List of parameters and their clinical meaning

Parameter

abbreviation Range Parameter description Parameter meaning

AREA (0–1) Percentage of the color area in respect of the lesion area Extension of the color area

DIST-BAR (0–1) Distance between color area barycenter and lesion barycenter Color distribution balance

SPRE (1–1) Mean of the square distance of the color area pixels from the barycenter Color region density

PERC-INT (0–1) Percentage of the color area in the internal zone Color distribution

PERC-EXT (0–1) Percentage of the color area in the external zone Color distribution

ASYM-MAX (0–1) Maximum asymmetry along major or minor axis Asymmetry of the color distribution

ASYM-MIN (0–1) Minimum asymmetry along major or minor axis Asymmetry of the color distribution

% (0–100) Presence/absence Percentage of lesions presenting the color area
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frequency of single colors, differences between
different ML values were evaluated using the w2

test. A P-value o0.01 was considered significant.

Results

Mean and standard deviation of the parameters
calculated for each color group are listed in Table 2.
In AN, black color areas were detected more

frequently than in BN, and less frequently than in
MMs (AN, 79%; BN, 52%; MMs, 87%). Black
areas were larger in MMs with respect both to
AN and to BN, whereas, differences referring to

area size between AN and BN were not signifi-
cant. In AN, the imbalance (distance from the
barycenter) and asymmetry of black areas were
less pronounced than in MMs. Black areas were
located in the external zone by an extent of 10.8%
of MMs, and 2.9% in AN. In benign lesions, the
external zone appeared only minimally involved,
containing only 1.5% of black areas.

Most lesions presented dark brown areas (AN,
96%; BN, 95.5%; MMs, 96%). In AN they were
larger, more balanced, more compact and more
symmetric than in MMs. In nevi, both BN and
AN, the dark brown area was distributed pre-
dominantly in the internal portion of the lesion,
whereas in MMs 27% of it was located in the
external zone.

Light brown areas were present in 71% of AN,
in 75% of MMs and in 86% of BN. In AN, the
distance from the barycenter and asymmetry of
light brown areas showed intermediate values
between those of BN and MMs.

Red areas were detected in 28% of AN, 26%
of BN and 29% of MMs. Red areas were more
unbalanced, more compact and more asymmetric
inMMswith respect to AN, whereas no differences
between the two nevi populations were observed.

White areas were found in 24% of MMs, 9% of
AN and 4.5% of BN (Fig. 2). In AN they were

Fig. 1. After detection of the lesion border and extraction of reference

geometrical measures, such as centroid and main inertia axes, accord-

ing to standard algorithms, the lesion is divided into two zones

corresponding to different semantic parts. The internal zone corre-

sponds to 80% of the distance between the centroid and the furthest

border point along the same direction. The remaining part of the lesion

belongs to the external zone.

TABLE 2. Color parameters in atypical nevi (AN), clearly benign nevi (BN) and melanomas (MMs)

Area DistBar Spread AsMax AsMin Percint PercExt

Black

BN 0.232 � 0.181 0.049 � 0.035 0.683 � 1.139 0.282 � 0.224 0.118 � 0.137 0.985 � 0.046 0.015 � 0.046

AN 0.294 � 0.226 0.057 � 0.049 0.618 � 0.756 0.31 � 0.254 0.116 � 0.145 0.971 � 0.036* 0.029 � 0.036*

MM 0.377 � 0.242*,w 0.087 � 0.073*,w 0.652 � 1.03 0.37 � 0.288* 0.152 � 0.178 0.892 � 0.083*,w 0.108 � 0.083*,w

Dark brown

BN 0.317 � 0.155 0.042 � 0.041 0.668 � 1.067 0.193 � 0.185 0.081 � 0.112 0.92 � 0.112 0.08 � 0.112

AN 0.327 � 0.162 0.055 � 0.056 0.938 � 1.712 0.229 � 0.21 0.079 � 0.102 0.839 � 0.16* 0.161 � 0.16*

MM 0.239 � 0.14*,w 0.101 � 0.076*,w 1.109 � 1.091*,w 0.377 � 0.26*,w 0.154 � 0.161*,w 0.73 � 0.172*,w 0.27 � 0.172*,w

Light brown

BN 0.283 � 0.191 0.052 � 0.049 1.568 � 2.154 0.205 � 0.17 0.08 � 0.086 0.748 � 0.192 0.252 � 0.192

AN 0.211 � 0.153* 0.078 � 0.067* 2.404 � 3.364* 0.278 � 0.201* 0.134 � 0.142* 0.65 � 0.182* 0.35 � 0.182*

MM 0.238 � 0.175 0.13 � 0.1*,w 1.969 � 2.513* 0.446 � 0.292*,w 0.191 � 0.21* 0.631 � 0.178* 0.369 � 0.178*

Red

BN 0.071 � 0.066 0.069 � 0.052 5.749 � 2.661 0.271 � 0.177 0.109 � 0.112 0.773 � 0.161 0.227 � 0.161

AN 0.055 � 0.065 0.081 � 0.057 5.858 � 2.362 0.311 � 0.221 0.122 � 0.104 0.741 � 0.159 0.259 � 0.159

MM 0.07 � 0.049w 0.142 � 0.073*,w 3.456 � 2.196*,w 0.521 � 0.269*,w 0.216 � 0.165*,w 0.766 � 0.123 0.234 � 0.123

White

BN 0.06 � 0.047 0.078 � 0.054 5.038 � 3.133 0.292 � 0.193 0.132 � 0.161 0.539 � 0.193 0.461 � 0.193

AN 0.092 � 0.102 0.114 � 0.078 3.816 � 2.978* 0.504 � 0.337 0.204 � 0.284 0.687 � 0.244 0.313 � 0.244

MM 0.130 � 0.044*,w 0.163 � 0.086* 3.8 � 2.684* 0.626 � 0.282* 0.23 � 0.239 0.759 � 0.153* 0.241 � 0.153*

Blue-gray

BN 0.042 � 0.017 0.032 � 0.017 3.161 � 1.382 0.142 � 0.094 0.048 � 0.045 0.89 � 0.055 0.11 � 0.055

AN 0.041 � 0.008 0.048 � 0.043 3.352 � 0.933 0.203 � 0.123 0.099 � 0.081 0.854 � 0.095 0.146 � 0.095

MM 0.052 � 0.036 0.08 � 0.054* 3.844 � 2.01 0.304 � 0.194 0.15 � 0.143 0.794 � 0.14 0.206 � 0.14*

*Statistically significant in respect to clearly benign lesions.
wStatistically significant in respect to atypical lesions.
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larger than in BN, but smaller than in MMs. In the
latter, white areas were more unbalanced, more
compact, more asymmetric and more localized in
the inner part of the lesion with respect to nevi.
In AN, blue-gray areas were more frequently

detected with respect to BN, but less frequently
than inMMs (AN, 9%; BN, 3%;MMs, 22%) (Fig. 2).
In AN blue-gray areas were less balanced and
less symmetric with respect to BN, but smaller,
more balanced, more compact and more sym-
metric with respect to MMs. A significantly
higher percentage of the blue-gray area was
located in the external zone in MMs with respect
to nevi, whereas no differences were observed
between AN and BN.

Discussion

The clinical significance of AN is still a matter of
controversy. Some authors consider AN as poten-
tial MM precursors (23), while others believe that
they indicate an increased risk of developing MM
(24, 25). Anyhow, the clinical criteria attributed to
AN overlap qualitatively with those traditionally
used for the diagnosis of MM. These include
asymmetry, border irregularity, pigment variega-
tion, uneven surface topography and large size.
From a dermoscopic point of view, AN span a
continuum from minimally abnormal nevi to
markedly abnormal nevi that cannot be distin-
guished from a malignant lesion and must be
excised to rule out MM. Therefore, to avoid
unnecessary excisions, the characterization and
the identification of AN are of utmost importance.
Color identification is crucial for the diagnosis

of pigmented skin lesions by means of epilumi-
nescence microscopy. The colors of the lesions are

usually described by means of six main color
groups: black, dark brown, light brown, red,
white and blue-gray. Some colors and hues are
of greater clinical relevance than others: gray,
blue, pink, white and black areas are suggestive
of MM. Moreover, malignant lesions frequently
show more than three colors, whereas in nevi,
three or less than three colors are usually ob-
served (19). In semi-quantitative methods, colors
contribute substantially to the final score (15, 18).
In the study by Salopek et al. (26), the presence of
seven colors, their predominance and the total
number of colors seen in images referring to MMs
and AN was assessed. The authors observed that
the presence of red, blue, gray and white was a
statistically significant predictor of MM, as was
the presence of four or more colors. Blue and
white were highly specific features, whereas more
than three colors was the only sensitive para-
meter for early MM. According to Nilles et al.
(27), 100% of MMs exhibit more than three colors,
whereas only 87% of AN do so. AN were classi-
fied according to the distribution and intensity of
their pigmentation by Hoffmann-Wellenhof et al.
(28). Central and peripherical hyper- or hypo-
pigmentation, arranged in a localized and multi-
focal distribution, was considered. The authors
draw attention to the peripherically hyper-pig-
mented type, mimicking an in situ MM. Kittler
et al. (29), who used digital ELM for the follow-up
of patients with multiple AN, considered color
changes to be substantial modifications, therefore
indicating a possible transformation into MM.
The aim of this study was to describe colors in

AN, and to compare the data with those referring
to BN and to MMs. For this purpose we used an
image analysis program enabling the numerical
description of the morphology of ML images,
recently developed by us (20, 21), based on an
approach that is similar to the human perception
of colors. A color palette comprising six color
groups (black, dark brown, light brown, gray-
blue, red and white) was interactively created by
selecting single color components inside ML
images acquired by means of a digital videomi-
croscope, and was integrated in the image ana-
lysis program. In a previous study ,colors were
assessed by the computer on nevi and MMs, and
the results were compared with the evaluation of
lesion colors performed by clinicians, demon-
strating a high correlation between the identifica-
tion process of colors by trained dermatologists
and the new computer program (20). By this
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Fig. 2. Frequency of the presence of white and gray-blue areas in

atypical nevi, clearly benign nevi and melanomas. *Statistically

significant with respect to clearly benign lesions; §statistically sig-

nificant with respect to atypical lesions (Po0.01).
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method we showed that some colors are more
frequently found in MMs than in nevi, and that
MM images present a higher number of colors
than images of nevi. Furthermore, the numerical
description of color area extension and distribu-
tion by means of automatically extracted para-
meters enabled the distinction of malignant vs.
benign MLs (21). In this study we showed that
black, white and blue-gray are more frequently
found in AN with respect to BN, but less fre-
quently than in MMs. Moreover, a description of
the distribution of color areas in AN was pro-
vided by mathematical parameters.
If we consider AN as possible MM precursors,

we could imagine a continuous transformation
process leading from the aspect of a clearly
benign nevus to the aspect of MM (Fig. 3).
Numerical data can be translated into a suitable
clinical description, and color type and distribu-
tion in MLs can be described in a ‘‘dynamic’’ way.
Starting from the ML with an obvious benign
dermoscopic aspect, where dark color areas (dark
brown and black) of small size are symmetrically
distributed in or around the center, we can
observe a progressive migration of these color
regions towards the periphery, where they be-
come larger and more unbalanced and asym-
metric. The extension of red does not vary
between the three ML populations; however, its
distribution progressively changes from BN to
MMs. This is expressed by an advancing imbal-
ance of red areas, which appear more asymmetric
in AN and MMs. In the latter population the red
color component is more localized, possibly cor-
responding to areas of increased vascularization.
The extent and the distribution of white progres-
sively change from BN to MMs, showing an
intermediate aspect in AN. While in BN the white
color component is scarce and is part of the nevus
texture, being distributed all over the image,

intermingled with other colors and arranged
symmetrically, in MMs white areas become lar-
ger, less balanced and less symmetric, more
compact and located in the inner part of the
lesion, possibly corresponding to regression
areas. The blue-gray color component progres-
sively increases from BN to MMs, and it becomes
unbalanced, asymmetric and more located in the
external part of the lesion in MMs, indicating the
presence of asymmetrically distributed gray–blue
areas in malignant lesions.

The parameters used by programs for image
analysis usually derive from mathematical defi-
nitions not easily intelligible to clinicians and
they do not correspond to the human perception
of characteristic clinical aspects. Our system not
only resolves the image into color areas according
to the usually used clinical examination process
but also supplies a description of their extension
and distribution.

The reproducibility of color assessment is gen-
erally high, pointing to the high diagnostic rele-
vance of color parameters. In a recent consensus
study on dermoscopy via the internet, intra-ob-
server agreement showed a k-value of 0.64 for the
number of colors in the ABCD rule, and of 1 for
the presence of a single color according to Men-
zies [4]. Reproducibility of color evaluation is
high even in images of low quality, and colors
are less affected by compression than morpholo-
gical details in the image. This was shown by a
study assessing the informativeness of com-
pressed videomicroscopic images (30), where
differences between k values of uncompressed
and compressed images referring to intra-obser-
ver agreement on colors were higher than for
other features. This indicates the potential of
computer-aided color assessment-based diagno-
sis in an era where teledermatology is going to
become increasingly important.

Fig. 3. Reconstruction of colors (pseudo-colors) (a) in clearly benign nevi, (b) in atypical nevi and (c) in melanomas, according to the numerical

description of color areas by the computer. The color palette is represented in the inset.
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