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Abstract. Early detection of skin cancer is essential in order
to obtain an improved prognosis. Clinicians need more
objective and non-invasive examination methods to support
their decision whether to biopsy or not tumoral lesions. These
may include several imaging techniques such as dermos-
copy, videodermoscopy, also known as sequential digital
dermoscopy (SDD), computer-aided diagnosis (CAD), total
body photography, imaging and high-frequency ultrasonog-
raphy (HFUS), reflectance confocal microscopy, multiphoton
tomography, electrical impedance spectroscopy, Raman
spectroscopy, stepwise two-photon-laser spectroscopy and
quantitative dynamic infrared. This review summarizes the
current developments in the field of melanocytic lesions,
such as naevi and basal cell carcinoma (BCC) imaging tech-
niques. The aim was to collect and analyze data concerning
types, indications, advantages and disadvantages of modern
imaging techniques for in vivo skin tumor diagnosis. Two
main methods were focused on, namely videodermoscopy
and HFUS, which can be included in daily dermatologists'
practice. In skin tumors HFUS allows the assessment of
tumoral lesions with depth smaller than 1.5 cm, being
described a correlation between ultrasonographic depth and
the histologic index.
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1. Introduction

Imaging techniques are being increasingly used in the
non-invasive evaluation of various cutaneous diseases. They
possess a complementary role in the in vivo assessment of cuta-
neous lesions and can support clinicians in their diagnosis and
therapeutic decisions. There are several imaging methods apart
from classical photography including manual dermoscopy,
videodermoscopy or sequential digital dermoscopy (SDD),
computer-aided diagnosis (CAD), total body photography,
high-frequency ultrasonography (HFUS), reflectance confocal
microscopy, multiphoton tomography, electrical impedance
spectroscopy, Raman spectroscopy and quantitative dynamic
infrared imaging (1). They can be classified as follows: Tools
useful in skin tumor screening in daily clinical routine, tools
for the examination of preselected lesions in order to obtain
an automated diagnostic score, tools for the examination of
preselected lesions at specialized centers and devices at an
experimental stage of development (2). The aim of this review
was to collect and analyze data concerning non-invasive
diagnostic strategies for cutaneous tumors, such as naevi and
basal cell carcinoma (BCC) diagnosis, focusing on two main
methods, namely videodermoscopy and HFUS. This study
was approved by the Clinical Research Ethics Committee
of ‘St. Spiridon” County Emergency Clinical Hospital (Iasi,
Romania) and by the Research Ethics Committee of ‘Grigore
T.Popa’ University of Medicine and Pharmacy (Iasi, Romania).
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Written informed consent was obtained from all patients prior
to publication.

Videodermoscopy and HFUS can be used in daily
clinical dermatologist practice in order to reduce invasive
procedures, like biopsies and fine needle aspirations (2,3).
Videodermoscopy using computer technology may be used to
store images, indirectly evaluate and extract features in order
to distinguish melanoma from other pigmented benign skin
lesions. HFUS offers in vivo preoperative details and represents
a useful method to investigate superficial macular and nodular
cutaneous lesions with depth lower than 1.5 cm. One benefit is
that it helps in the evaluation of lesions when dimensions are
too small to be assessed by other imaging methods, such as
computed tomography or magnetic resonance imaging (2,3).

2. Videodermoscopy and CAD in naevi and BCC

The term ‘dermoscopy’ (synonym: epiluminescence microscopy)
refers to surface microscopy and currently indicates all methods
that offer visualization at 10-fold magnification of skin tumoral
lesions using optical magnification and fluid immersion or polar-
ized lighting. Videodermoscopy represents digital dermoscopy
and this method allows dermoscopic visualization of tumoral
structures in higher magnification. Dermoscopy improves the
ability of physicians to differentiate the various types of mela-
nocytic naevi from one another and to diagnose melanoma. The
main principle of dermoscopy screening is the examination of all
cutaneous lesions, not only pigmentary or nonpigmentary lesions
chosen by the patient or preselected for clinical examination.

Argenziano et al (4) proposed a new dermoscopic classifi-
cation of naevi into seven groups:

i) Globular/congenital naevi with globular pattern in chil-
dren reveal brown globules inside the lesion and especially at
the periphery. It may sometimes also show hypopigmentation
or a structureless brown pigmentation. In adults, these types
of naevi appear elevated, with a papillomatous surface and
dermoscopically present a cobblestone pattern or sometimes a
fried-egg pattern characterized by a regular pigment network
with globules, cobblestone or structureless area in the center
and a flat portion at the periphery.

ii) Reticular naevi are late-acquired melanocytic naevi
and can be considered small (<6 mm) or large (=6 mm),
having a flat or elevated surface with a brown to black color.
Dermoscopically, they present a regular pigment network with
or without areas of hypopigmentation and/or structureless
brown to black coloration. Large lesions may have multiple
hypo- and/or hyperpigmented areas.

iii) Pigmented Spitz or Reed naevi are brown-black, flat
to elevated, symmetrical lesions which are characterized by a
star-burst pattern seen by dermoscopy with radiating pattern
appearance (multiple streaks of pigmentation and symmetrical
large globules at the periphery). In no pigmented lesions are
dotted vessels and reticular depigmentation seen.

iv) Blue naevi by naked eye examination are blue to black
papules, nodules with variable size and dermoscopy reveals a
homogeneous pattern of structureless blue coloration.

v) Site-related naevi: a) Acral naevus: Brown to black, flat
to slightly elevated tumoral lesion on palms/soles showing
in parallel, parallel-furrow, lattice-like or fibrillar pattern.
b) Facial naevus in children may appear as a flat or elevated,

brown symmetrical lesion, smaller than 15 mm with a dermo-
scopic pseudoreticular pattern. In adults, it may appear as an
elevated and skin colored lesion with the presence of comma
vessels in dermoscopy.

vi) Naevi with special features: a) Irritated naevus shows
a reticular, globular or structureless pattern with grey and red
pigmented areas. b) Naevus with eczematous halo may present
reticular, globular or structureless pattern with yellow areas
and eczematous changes within a naevus. ¢) Combined naevi
show at least two of the following patterns: reticular, globular,
homogeneous or starburst. d) Recurrent naevus with atypical
pigmentation pattern and scar-like structures. ) Halo naevus
has a globular pattern with blue pepper-like granules and/or
white scar-like areas.

vii) Unclassifiable melanocytic lesions: one of the previous
type of naevi which shows atypical features (in this cases a
melanoma cannot be excluded) (4).

Melanocytic naevi represent direct precursor lesions for
melanoma and 20-30% of melanomas develop on a nevus (5).
A high total nevus count is a risk for melanoma and ongoing
surveillance of naevi for malignant degeneration is needed (6).
Melanoma is a high-risk skin cancer and it has potential to
metastasize, while basal cell carcinoma has the potential to
infiltrate the surrounding tissue. Melanoma screening strate-
gies have the objective of a total body examination and
Breitbart er al (7) reported that improving melanoma prog-
nosis is based on early detection. Two meta-analyses have
demonstrated that dermoscopy can improve the sensitivity
for recognition of cutaneous melanomas in comparison to
examination with the naked eye (7,8). Videodermoscopy
increases the effectiveness of melanoma screening methods
and consists of a modern method of capturing and sequential
monitoring of digital dermoscopic images of single or multiple
cutaneous lesions. The initial images printed or stored elec-
tronically are used in comparison with future examinations.
The utility of videodermoscopy for monitoring pigmented
skin lesions was for the first time reported by Stolz et al (9)
and Braun et al (10). Haenssle et al (11) claimed that SDD was
especially useful in the evaluation of high risk patients and this
investigation improved the sensitivity and positive predictive
value of melanoma screening at follow-up examinations in
comparison with dermoscopy alone. Multiple studies reported
values of sensitivity examination between 83 and 84% (10).
Other benefits of SDD consist in identifying initial feature-
less melanomas, monitoring the naevi and decreasing the
number of unnecessary biopsies. Indirect advantages represent
improving the patient-dermatologist relationship and may help
also in improving follow-up visit compliance (12,13). However,
there are limitations of SDD, such as increasing the time of
examination, costs, requiring expert examiners, the possibility
of occurrence of taking image problems and equally possibility
of monitoring melanomas instead of biopsies. Dermoscopic
algorithms including the ABCD rule, pattern analysis or the
7-point checklist may not reliably differentiate in situ mela-
nomas from melanocytic naevi (14). Similarly, there is a lack of
consensus regarding which lesions should be analyzed (15,16).
Kittler er al (17) recommend that short-term follow-up
(3 months) should be indicated in suspicious lesions that do
not present features of melanoma and biopsy is recommended
when lesions morphology changes. The selection of pigmented
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skin lesions for SDD follows clinical and classical dermoscopic
examination of all cutaneous lesions. Lesions with macro-
scopic signs of atypia (asymmetric form, inhomogeneous color,
irregular borders) and/or dermatoscopic signs of atypia, such as
prominent pigmentary network, focal eccentric hyper/hypopig-
mentation or multiple components have indication for short
follow-up. Poorly accessible locations may also have indication
for follow-up. Long-term follow-up (6-12 months) should be
indicated for patients with multiple atypical naevi or high-risk
individuals (17). Risk factors for the development of melanoma
mentioned in epidemiologic studies include a positive patient or
family history of melanoma, the number of typical and atypical
naevi, the Fitzpatrick skin, intermittent UV exposure and the
presence of other non-melanoma skin cancer (18).

In a study of pigmented lesions, which had dynamic altera-
tions in follow-up, the reported ratio of excised cutaneous
melanomas to benign naevi was 1:79 in the group of patients
with multiple typical naevi, while in the group with multiple
atypical naevi, the ratio was 1:15. Similarly, melanomas could
be diagnosed earlier using SDD rather than clinical examina-
tion and conventional dermoscopy (mean registered Breslow
depth was 0.41 vs. 0.62 mm; P=0.04) (19). Therefore, periodic
control examinations using SDD are useful particularly in
evaluating patients with multiple atypical naevi. Studies in
cases of patients without an increased risk of melanoma did
not demonstrate advantages from skin pigmented lesions
dermoscopic follow-up because many benign lesions were
excised and no melanomas were diagnosed (20).

Dermoscopically false positive and false negative tumors
exist and false positive diagnosis may lead to unnecessary
excisions. Otherwise false negative diagnosis is much more
dangerous, since it might fail to notice a cancer, with serious
consequences for both the patient and the dermatologist. On
the one hand, irritated or regressive seborrheic keratosis,
melanoacanthoma, solar lentigo, thrombosed angioma, derma-
tofibroma, benign adnexal tumors and certain type of naevi
such as Clark, Spitz, recurrent, combined, blue or sclerosing
are the most frequent benign tumors that may display dermato-
scopic characteristics suggestive of malignancy. Dermoscopy
and, similarly, SDD may reveal certain features for benignity:
solar lentigo has a broad network; Clark nevus has a clinical
context; Spitz naevi are characteristic for young age, recurrent
naevi present pigmentation within the scar, combined naevi
may show a bluish central area, blue naevi have usually a
certain onset and sclerosing naevi most frequent have loca-
tion on the upper back. On the other hand, malignant tumors
that might mimic benign tumors are represented by melanoma
with the following clinical types: In situ, nevoid, amelanotic,
spitzoid, regressive or verrucous; squamous cell carcinoma
and basal cell carcinoma with non-pigmented clinical forms.
Dermoscopy and SDD may give the following clues to recog-
nize the melanoma subtypes: Irregular hyperpigmented areas
appear in melanoma in situ, history of growth is characteristic
for nevoid melanoma, pink color and irregular linear vessels
accompanied by dotted vessels are suggestive for amelanotic
melanoma, blue-black sign appears in verrucous melanoma
and peppering or scar-like depigmentation may reveal a
regressive melanoma (21) (Fig. 1).

CAD represents artificial intelligence-based techniques
that are using a computer to analyze images and to determine

Figure 1. Videodermoscopy image of an atypical nevus in a patient with
multiple atypical naevi syndrome: Signs of atypia such as prominent pigment
network, focal eccentric hyperpigmentation (magnification, x15).

the risk of malignancy. In primary care, CAD may help
general practitioners to identify high-risk lesions and may
reduce unnecessary excisions without missing melanoma
cases. Computer analysis of single or multiple pigmented
skin lesions includes preprocessing images with artefacts
(hair, air bubbles, specular reflections), image enhancement,
respectively, color calibration and illumination correction. The
other steps include lesions border detection, comparison of
segmentation algorithms, feature extraction, registration and
change detection, lesions classification, use of CAD systems
with digital dermoscopy analysis instruments and 3D lesions
analysis (22).

A review of 42 studies evaluating digital dermoscopy-based
CAD systems (Derm-CAD) in 9,602 lesions (with detection of
1,220 melanomas, 83 basal cell carcinomas and 9 squamous
cellular carcinomas) evaluated the accuracy of CAD systems
for diagnosing cutaneous invasive melanoma and atypical
intraepidermal melanocytic naevi (20). The results showed
that in highly selected patient populations all CAD types
demonstrate high sensitivity. CAD systems were useful as a
back-up for specialist diagnosis to assist in minimizing the risk
of missing melanomas. Nonetheless, the evidence base was too
poor to understand whether CAD system outputs translate to
different clinical decision-making in practice (23).

SDD can be improved by telediagnosis, which may provide
a better examination of pigmented cutaneous tumoral lesions
carried out by primary care physicians, not expert in that kind
of diagnosis, thus reducing the number of consultations in
specialized centers. Telediagnosis is usually used in highly
specialized centers, while in smaller and non-specialized units
surgical treatment is usually performed in cases of pigmented
lesions suspicious for malignancy (24).

BCC is the most common type of skin cancer in the world
and can be associated with significant morbidity, especially if
left untreated. BCC can present a variety of clinical morpholo-
gies, such as erythematous patches to ulcerated nodules.
Depending on the subtype of BCC and the degree of pigmenta-
tion, the clinical differential diagnosis can range from benign
inflammatory conditions to melanoma and dermoscopy has
dramatically improved the clinicians' diagnostic accuracy
for both clinical pigmented or non-pigmented tumoral types.
There are multiple histopathologic subtypes of BCC including



GRAJDEANU et al: IMAGING TECHNIQUES FOR MELANOCYTIC NAEVI AND BASAL CELL CARCINOMA 81

superficial, nodular, morpheaform or sclerosing or infiltra-
tive BCC. Fibroepithelioma of Pinkus, microcystic adnexal
and basosquamous cell BCC are similarly defined as histo-
pathologic subtypes. The main dermoscopic criteria of BCC
are represented by classical arborizing vessels; fine or short
arborizing vessels, focused dots, large blue gray ovoid nests,
multiple blue gray globules, concentric structures, leaf-like
areas, spoke-wheel areas, small erosions or ulceration,
pink-white areas and short white streaks. The evaluation of
vascular pattern may facilitate discrimination between basal
cell carcinomas subtypes and it is reported that aggressive
tumoral forms have less or no pink coloration and a lack of
central vessels (25). Digital dermoscopy of superficial basal
cell carcinoma usually reveals short, fine ‘microarborizing’
telangiectasia, multiple small erosions, shiny white-to-red,
translucent, opaque structureless areas and brown-colored
pigmented structures. Nodular basal cell carcinoma displays
large arborizing vessels, large ulcerations and blue-gray ovoid
nests in pigmentary forms. While vessels of BCC are bright
red and arborizing, vessels outside the tumors belonging to
the normal dermal plexus have a blurred aspect and a darker
hue. Sclerodermiform BCC presents branching vessels, which
are usually finer, more scattered and show fewer branches
compared to the classic vessels of nodular BCC. Moreover,
the underlying fibrosis induces a whitish background, whereas
nodular BCC typically reveals a translucent pinkish color.
The differentiation between tumoral vessels and the vascular
pattern of normal skin is needed in order to estimate the lateral
extension of BCCs, which may have clinically ill-defined
borders (26-28).

SDD is similarly used for monitoring superficial CBC
response to very popular non-ablative treatments. Clinical
evaluation after therapy may not be reliable, but dermos-
copy offers information on the possible residual tumoral
lesions (29). The disappearance of the BCC dermatoscopic
criteria has shown histopathologic clearance, while the pres-
ence of the same or new BCC dermoscopic criteria correlates
with persistence or tumor reoccurring. Criteria such as arbo-
rizing vessels, ulceration or blue-gray ovoid nests and maple
leaf-like areas with pigmented structures may predict residual
disease. Red or white structureless areas and superficial fine
telangiectasia correspond to equivocal features (30). The
detection of blue-gray globules has been reported to indicate
early recurrence of CBC (23). In a study with a series of
BCCs treated with imiquimod, criteria like arborizing vessels,
spoke-wheel areas, maple leaf-like areas were reported to also
decrease in size and number after treatment initiation, whereas
structures such as multiple blue-gray globules and ovoid nests
were detected for a longer period of time (31).

3. High frequency ultrasonography of melanocytic naevi
and basal cell carcinoma

Ultrasonography has been used in dermatology for nearly
40 years. Alexander and Miller introduced ultrasonography as
a non-invasive technique to appreciate normal skin thickness
and in 1980 it was used to assess skin nodules and cutaneous
diseases (32). This procedure is a method allowing the in vivo
histologic evaluation of the cutaneous structure. It is based
on the phenomenon of transonic wave reflection in the form

of an imaging gray scale for interpretation, in accordance
with the skin characteristics represented by the percentage of
collagen, keratin and water in tissues. The indications of this
imaging technique are multiple and they include the evalua-
tion of benign or malignant tumors, melanocytic lesions, as
well as inflammatory diseases. Important data regarding size,
structure, elasticity and vascular flow of cutaneous lesions
can be obtained by using conventional 2D ultrasound, HFUS,
Doppler ultrasound, contrast enhanced ultrasound and elastog-
raphy. Elastography represents a non-invasive technique that
offers information on the soft tissue elasticity and a reduced
elasticity is correspondent to hypervascularization and tumor
congestion (32,33). Tumor macrocirculation can be evaluated
using color Doppler flow map for vessel enhancement and
pulse Doppler is indicated in differentiating between vein and
arteries in study of velocity (3).

HFUS using 20-100 MHz transducers constitutes a
modern procedure that is used for skin investigation. Studies
show that HFUS is superior to clinical examination alone,
since it provides information in measurement of size and
appreciation of contour, structure and assessment of skin
lesion depth (31). The high frequency transducer offers an
80-micrometer axial resolution and a 200-micrometer lateral
resolution. Using transducers with 20 MHz, epidermis is a
hyperechogenic entry line, which varies according to age,
anatomical area or the topical therapy. The dermis is markedly
echogenic and sharply demarcated from the hypoderm, which
is hypoechoic. Adipose panniculi are separated by echogenic
conjunctive vascular septae. Skin tumor HFUS allows the
assessment of macular and nodular lesions with depth smaller
than 1.5 cm. Epidermis, dermis, hypodermis, dermoepidermic
and dermohypodermic junctions are identified and allow
correlation of the ultrasonographic depth and the histologic
index. This correlation is limited in presence of perilesional
inflammatory infiltrate (1,34,35). Pigmentary tumoral lesions,
such as naevi, melanomas and nonpigmentary tumoral lesions,
including carcinomas, can be assessed and described in detail
using ultrasound. Most of the skin tumoral lesions appear
as hypoechoic cutaneous or as subcutaneous thickening on
HFUS. Melanocytic naevi are hypoechoic, symmetrical and
usually well delimited from the adjacent dermis; they may
present many small echoes. Junctional naevi are very thin,
whereas dermal naevi are thicker. In congenital pigmentary
naevi, ultrasonography is a useful tool in monitoring and
early detection of possible malignant transformation. Acoustic
shadowing and retrolesional echogenicity is suggestive for
melanoma (36). Similarly, cutaneous ultrasound can support
the differential diagnosis between blue naevi and metastases
of melanoma. Blue naevi appear hypoechoic, homogeneous,
‘dish-shaped’ lesions and are located in the superficial dermis,
whereas melanoma metastases are hypoechoic, heterogeneous
lesions, ‘potato-shaped’ located in the hypodermis (37).
Malignant melanoma has a high mortality rate and the histo-
logical depth of tumor or Breslow index represent the most
important factor for prognosis and therapy. Thin malignant
melanoma is represented by irregular hypoechogenic aspect
band and HFUS can reveal the degree of dermic penetration
with possible visible areas of vertical growth towards dermis
and inflammatory infiltrate with hypoechogenic aspects.
Similarly, visible areas of tumoral regression accompanied by
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fibrosis of hyperehogenic aspect can be identified (33). Color
and Power Doppler studies may help to evaluate vascularity
of lesions. Nodular malignant melanoma is described as
a hypoechogenic nodular tumor and HFUS quantifies the
degree of the dermis invasion. Regarding therapeutic manage-
ment and prognosis, melanomas with depth index smaller
than 1 mm defined as thin melanomas have a good prognosis,
with a 95 to 100% chance of a 5-year-survival after surgical
excision with a margin of 1 cm. Ultrasonography is useful in
melanoma patients staging (T stage) and both conventional
and Doppler ultrasound are helpful in the quantification of
N stage melanoma identifying possible positive adenopathy
before performing sentinel lymph node biopsy.

According to literature, BCC is the most common
skin cancer representing 75-90% of all skin cancers (35).
Echography helps in the clinical diagnosis and shows
hypoechoic masses, which replace the collagen (more hyper-
echoic) with tumor cells (lower density). It may estimate
tumor size (depth and diameter), delimitation of presurgical
margins and helps in surgical planning (study of peritumoral
blood vessels). It may also provide information on invasion of
adjacent structures (cartilage and/or bone) and similarly help
to evaluate the response to non-surgical treatments and study
of recurrences. High frequency 20 MHz ultrasound shows an
oval solid hypoechoic or anechoic tumor with irregular borders
and hyperechoic points. Usually, BCC is well delimited from
the surrounding dermis and dermis invasion can be quantified.
Color Doppler shows moderate increase in intra and peritu-
moral vascularization. The hyperechoic spots may be useful in
order to differentiate BCC from other types of skin cancer. On
histologic analysis, the hyperechoic points appear to correlate
with the presence of horn cysts, microcalcifications or clusters
of apoptotic cells in the center of nests of basal cell carci-
nomas. Wortsman described ultrasound as a first-line imaging
modality for the management of facial cutaneous BCC (38).
Preoperative imaging in facial BCC may aid surgical thera-
peutic plan, especially in high risk areas of recurrence such
as eyes, nose and ears, in case of incomplete excisions. Risk
factors for incomplete excision are head location, multiple
tumors, morpheiphorm and infiltrative subtypes (39-42).

A study conducted on 56 patients with BCC reported
lower ultrasonographic index in comparison with histologic
index, but a moderate correlation index was obtained and
statistically significant differences were not identified (43).
HFUS can be similarly useful in detecting subclinical satellite
lesions. In another study with 46 subjects diagnosed with BCC
(18 patients); superficial spreading melanoma (8 patients) and
nodular melanoma (20 patients), the ultrasonographic depth
index was comparable to the histological one, with a very good
sensitivity (98-99%) (43). BCC with depth index smaller than
1.5 mm may benefit from photodynamic therapy (35). HFUS
provides real-time data on depth and lateral invasion and
their examination show hypoechoic inhomogeneous tumors
with possible ulceration (43). In addition, HFUS offers more
accurate depth index in comparison to conventional ultraso-
nography (39,44).

The benefits of using HFUS consist of repeatability, the lack
of risk for patients, being a non-invasive method with minimal
costs and also the intake of morphological details of cutaneous
lesions that cannot be obtained from clinical or histological

examination (41,45). Depth, area and demarcation from the
adjacent structures can be described with the possibility of
identifying a preoperatory prognosis. It is also admitted that
HFUS images could give important information on internal
structure especially the collagen and keratin pattern. In a
retrospective study in which the skin tumor evaluation protocol
was completed with HFUS, the accuracy of clinical diagnosis
was estimated to increase from 73 to 97% (46). The estima-
tion of tumor margins is important in therapy planning and
may avoid incomplete excision and surgical reintervention. In
addition, imaging findings can be useful in the follow-up after
cryotherapy or laser treatment (36) and it is an easily and well
accepted method for follow-up of patients (36).

In contrast, ultrasonographic histologic differentiation of
skin tumors, either benign or malignant, is not always possible
according to literature data (46,47). It has very good sensi-
tivity, but low specificity (35). This technique requires modern
devices and it is a time-consuming technique for the examiner.
HFUS is operator sensitive and its accuracy depends on the
examiner's level of training in ultrasonography. Besides, errors
may appear if the pressure used during examination is not
appropriate. Another limit is that in sifu tumors situated only
in epidermis, such as in situ melanoma and thin melanoma,
may not be detectable and ultrasound examination usually does
not differentiate between melanomas and clinically atypical
naevi (34). In addition, the tumoral thickness is not accurate if
tumoral structures have important perilesional inflammatory
infiltrate. It has been reported that ultrasonographic values
could be slightly overestimated due to inflammatory infil-
trate associated to the tumor, as well as skin hypertrophied
sebaceous glands or hair follicles (48,49). Similarly, the identi-
fication of small infiltrative dermic tumoral lesions is another
reported limitation of the technique (50) (Fig. 2).

Pellacani and Seidenari (49) used a combined approach
based on sonography and clinical-videomicroscopy in order
to evaluate preoperatively thick melanomas. Echographic
thickness using 20 MHz sonography was calculated for each
tumoral lesion. Two clinical features (nonpalpability for thin
melanomas and clinical regression for thick melanoma) and
seven videomicroscopic features were identified for distinction
between thick and thin melanomas. Central pigment network,
central brown globules and blotches were considered features
of thin melanomas, while localized peripheral pigment
network, grayish polygonal areas, veil and vessels pattern
were features of thick ones. In this algorithm, a coefficient was
attributed to each variable, a score was obtained for each tumor
and a validated test for preoperative thickness prediction was
finally developed. This test enabled the distinction of thick
melanomas with 86.7% sensitivity and 100% specificity (49).

4. Other techniques

Reflectance confocal microscopy is a novel non-invasive
diagnostic technique based on focal point illumination and
visualization of different skin layers with possible differentia-
tion of benign skin lesions from malignant lesions, which is
also used for inflammatory skin disease diagnosis (50-52).
Lentigo maligna is characterized by the disruption of
the typical honeycomb or cobblestone pattern in epidermis,
multiple large round pagetoid cells and large nucleated cells
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Figure 2. Imaging analysis of basal cell carcinoma. (A) Videodermoscopy image (magnification, x15): Positive features include presence of arbo-
rizing vessels, ulceration and hematic crusts. (B) Computer-aided analysis: Data on tumour diameter, colour and asymmetry. (C) HFUS analysis with
Dermascan C® B mode with 20 MHz: Hypoechoic structure with vertical diameter of 10.88 mm and horizontal diameter of 5.169 mm. HFUS, high-fre-
quency ultrasonography.

in dermis (53,54). In melanoma, the epidermis has irregular  pagetoid cells. Similarly, dermoepidermal junctions are disor-
honeycomb or cobblestone patterns with large nucleated ganized and the dermis has dense and sparse nests of cells,
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plump bright and small bright cells with increased reticulated
fragmented bright collagen fibers. Pellacani and colleagues (55)
analyzed 351 melanocytic lesions including melanoma and
melanocytic naevi from 332 patients to obtain diagnostic
accuracy. A sensitivity of 92% and specificity of 69% were
reported (55). Spitz nevus represents a melanocytic lesion
difficult to diagnose. In in vivo confocal microscopy, an atyp-
ical Spitz tumor is indicated by large conflating tumor nests
with isolated epithelioid pleomorphic cells within the spinous
layer, inhomogeneous nests, combined melanocytic tumor and
melanocytic proliferation with elongated rete ridges (56).

In non-melanocytic tumors, such as BCC, confocal micro-
scopic features include cells with elongated nuclei orientated
at the same axis with separation of tumor islands from the
surrounding stroma. Reflectance microscopy examination of
cystic BCC may reveal solid tumoral masses appearing less
bright than surrounding stroma, large dark areas with bright
structures inside the center and periphery of tumoral lobules
and numerous enlarged vessels. Similarly, in the inner portion
of tumoral masses a peripheral palisade arrangement of elon-
gated, polarized nuclei and bright round-oval structures, thin
filaments and large dendritic cells may be observed (57). The
progression of BCCs may be repeatedly monitored using this
technique (58). Squamous cell carcinoma shows parakeratosis
and hyperkeratosis in the epidermis, an atypical ‘honeycomb’
pattern with uneven dysplastic keratinocytes and detached
keratinocytes (59). Dilated and tortuous vessels, perivascular
inflammatory cells with shiny appearance may also be
observed. The papillary dermis exhibits dark areas corre-
sponding to blood vessels containing erythrocytes appearing
as white central elements and also bright perivascular elements
of inflammatory infiltrate may be noted (60). In Bowen disease,
an acanthotic epidermis with large cells with bright center and
dark peripheral halos may be observed. Similarly, there are
remarked cells with dark center and bright rim surrounded
by a dark hallo, which are related with dyskeratotic cells on
histological examination (61).

The limitations of the reflectance confocal microscopy tech-
nique include the fact that diagnosed lesions are limited to the
upper dermis up to 250-300 gm and is operator sensitive (53).

Multiphoton tomography is a tissue imaging method
based on the tissue exposure with intense near infrared laser
pulses resulting in two major signals (the autofluorescence
and second harmonic generation). These signals are used to
image cells and the extracellular matrix. Indications of the
method include early detection of skin cancer and other tissue
pathologies, obtaining non-invasive tissue histology within
minutes. The use of multiphoton imaging methods for skin
tumor diagnosis and monitoring shows considerable promise.
Several studies (62,63) have reported that tumors can be iden-
tified through a variety of different contrast mechanisms and
may be used in the investigation of suspicious naevi or other
neoplasms, such as melanoma, BCC or squamous cell carci-
noma, especially in locations such as the head and neck, where
surgeons need effective imaging tools to determine the whole
lesion margin in order to resect it completely. The combination
of multiphoton microscopy with other imaging modalities,
such as ultrasound imaging, confocal microscopy and optical
coherence tomography have been shown to be useful in skin
research (63).

Electrical impedance spectroscopy is a noninvasive
method that helps in diagnosing skin cancer using a handheld
probe with an electrode applied directly on the skin. The basic
principle is based on the utilization of electrical impedance
variations to differentiate between normal skin and tumoral
lesions. It has indication in lesions, which have clinical or
dermoscopic suspicious features (64).

Raman spectroscopy represents a noninvasive tool used
in vivo in skin cancer diagnosis that captures unique optical
signals via molecular vibrations in tissue samples (65).
Zhang et al (66) suggested in a meta-analysis that Raman
spectroscopy could be an accurate tool for differentiating mela-
noma, BCC and squamous cell carcinoma from normal tissue.
In a cohort with 645 confirmed lesions from 573 patients with
skin tumors, pretumoral lesions and benign skin lesions were
included. They were divided into a training cohort (n=518)
and testing cohort (n=127) and it was found that the diagnostic
tumor specificity used for fixed sensitivity was improved from
0.17-0.65 to 0.20-0.75 (67).

Other technologies (stepwise two-photon-laser spec-
troscopy, quantitative dynamic infrared imaging, in vivo
multiphoton tomography, infrared thermal image-analysis,
epidermal genetic information retrieval) are on the verge of
becoming less experimental, yet more clinically applicable for
diagnosing skin cancer.

5. Conclusions

The early accurate diagnosis of skin cancer is essential to guide
the appropriate management and to improve the morbidity and
survival rates. None of the presented imaging techniques is
able to provide a certain and final diagnosis or to completely
replace the histopathological examination. Up to date, the
need for a complete skin cancer screening fully provided by
automated devices has not been satisfied (2).

Videodermoscopy or SDD has distinct advantages over
malignant tumor screening. This technique improves sensi-
tivity and specificity of melanoma detection and represents a
complementary examination method to improve early detection
of melanomas particularly in patients at risk. Dermatologists
should use a combination of history, clinical examination and
SDD in order to be effective in the diagnosis of initial malig-
nant tumor lesions. Digital imaging applications in both naevi
and BCCs have real benefits: Objective non-invasive docu-
mentation of tumoral lesions, digital dermatological image
archives, telediagnosis, quantitative description of clinical
features of cutaneous lesions and 3-dimensional reconstruc-
tion. Dermoscopic malignant skin tumor diagnosis is limited in
the diagnosis of very early and mainly featureless melanomas.
Although automatic diagnosis systems are not perfect yet,
their most valuable functionality has already been achieved in
the capacity of description of lesion characteristics.

HFUS represents a non-invasive, reliable method that can
be complementary utilized in the physical examination for the
assessment, diagnosis and management of cutaneous tumors.

Although the gold standard method of diagnosing skin
tumors is histopathological examination, non-invasive methods
such as SDD and HFUS, allow a multimodal approach and offer
the opportunity of presurgical tumor evaluation and the estab-
lishment of prognostic factors and therapeutic management (68).
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