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A B S TRA   C T
BACKGROUND: Basal cell carcinoma (BCC) is the most common skin cancer, and it can be easily treated by surgery or by various other physi-
cal modalities and topical chemotherapy. For metastatic, locally advanced BCC and for cancers that cannot be removed by surgery, systemic 
drugs known as hedgehog pathway blocker are used. High-frequency ultrasound (HFUS) is a non- invasive technique used in diagnosis of some 
skin cancers. It has proven potentially useful for BCC management. In this study we used high frequency ultrasounds to evaluate BCCs’ thick-
ness and the correlation with dermoscopic features.
METHODS: We examined 86 basal cell carcinomas with dermoscopy and with high-frequency ultrasound. The main patterns identified by ultra-
sound were linear, ellipsoid and non-specific or undefined. Patients were divided by sex and age. The BCCs were grouped by anatomic location. 
Finally, we recorded specific dermoscopic features of BCCs noting their presence/absence in lesions overall and in each of four quadrants. Then 
the lesions were excised, and histological examination was made with definition of tumor thickness (in mm).
RESULTS: In our study, two main echographic patterns were described: linear, associated with superficial BCC, and ellipsoid, found primarily 
in nodular variants. However, a small percentage of lesions have otherwise non-specific patterns. We observed a significant correlation between 
echographic tumor thickness and histotype. We observed high concordance between histological tumor thickness and ultrasounds. Also, dermo-
scopic criteria as large branching and blue ovoid nests were significantly associated with heightened histologic and echographic assessments of 
tumor thickness.
CONCLUSIONS: Our study confirmed the utility of ultrasound in the diagnosis of BCCs and for the first time we have correlated ultrasounds’ 
patterns with dermoscopy and tumor thickness.
(Cite this article as: Coppola R, Barone M, Zanframundo S, Devirgiliis V, Roberti V, Perrella E, et al. Basal cell carcinoma thickness evaluated by high-
frequency ultrasounds and correlation with dermoscopic features. Ital J Dermatol Venereol 2021;156:610-5. DOI: 10.23736/S2784-8671.20.06576-1)
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Basal cell carcinoma (BCC) is the most common skin 
cancer, accounting for 80 -90% of all such tumors.1 

BCC most frequently occurs in adults, especially in the el-
derly population but in the last decades it is frequently seen 
in adults younger than 50 years. It is more common in men 
than in women.1 BCCs can be easily treated by surgery 
that is currently the first line treatment of most lesions with 
lower recurrence rates.1, 2 Destruction by various other 

physical modalities and topical chemotherapy are also pos-
sible but carry higher rates of relapse for some aggressive 
histotype, poorly defined margins and need an aggressive 
treatment.2 For metastatic, locally advanced BCC and for 
cancers that cannot be removed by surgery, systemic drugs 
known as hedgehog pathway blocker are used.2 High-fre-
quency ultrasound (HFUS) is a non- invasive technique 
used in diagnosis of some skin cancers. It has proven 
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61-75 years, or ≥76 years). The BCCs were similarly 
grouped by anatomic location as head/neck, upper limbs, 
abdomen/thorax, back, and lower limbs/pelvis/perineum. 
The data are reported in Table I. On a histologic basis, tu-
mors were defined as superficial or nodular, whereas the 
following patterns were identified by ultrasound: linear 
(25/86, 29%) (Figure 1A), demonstrating solid, strongly 
hypoechoic, and elongated growth; ellipsoid (51/61, 84%) 
(Figure 1B), appearing non-linear through biconvex lens; 
and non-specific or undefined (10/61, 16%) (Figure 1C), 
exhibiting previously unrecognized patterns of growth. Fi-
nally, we recorded specific dermoscopic features of BCCs 
(blue ovoid nests, thin vs. large branching vessels, ero-
sions, spoke-wheel-like structures or leaf-like areas, and 
white or pigmented structures), noting their presence/ab-
sence in lesions overall and in each of four quadrants.

potentially useful for BCC management to define tumor 
thickness and diameter (for suitable surgical margins).3 In 
this study, we proposed to use HFUS in the determination 
of BCCs’ thickness and malignant potential for prognostic/
planning purposes and treatment optimization.

Materials and methods

Between January 2019 and June 2019, 86 basal cell car-
cinomas were examined in patients visiting Campus Bio-
Medico University Hospital, Rome, Italy. In each instance, 
a medical record was drawn up, offering a preliminary di-
agnosis. Standard photographic documentation was also 
obtained, and fluid immersion dermoscopy was done, us-
ing a Delta 20 dermoscope (Heine Optotechnik, Herrsch-
ing, Germany) with Coolpix 4500 camera (Nikon Inc., To-
kyo, Japan) attached. Each lesion was then examined via 
portable MyLab One ultrasound system (Esaote, Genoa, 
Italy) equipped with a 22-MHz probe and 12-in touch-
screen display, using a gel layer (1-2 cm) to avoid com-
pression of lesions and transducer-to-skin contact. We ex-
amined the lesion in both transversal and longitudinal di-
rections, we freezed the image and then we performed the 
measurement of the thickness. We did not perform Color 
Doppler evaluation. Each lesion was analyzed in B mode, 
based on morphometric and semiologic criteria as follows: 
internal echoes (homogeneity/disparity of echostructure), 
margins (regular/irregular borders), topography (superfi-
cial/deep localization), and thickness (in mm). Once ex-
cised, the lesions were subjected to pathologic review at 
the Department of Pathological Anatomy of our hospital. 
Histologic preparations, analyzed blindly with respect to 
HFUS features, provided data on types of lesions, degrees 
of differentiation and cellular atypia, growth modes (radial 
or vertical), and tumor thickness (in mm). Patients were 
divided by sex and age for group assignment (≤60 years, 

Table I.—��Patient and BCC features.
Patients and BCCs’ features
Sex

Female 38 (44%)
Male 48 (56%)

Age
≤60 y 24 (28%)
61-75 y 37 (43%)
≥76 y 25 (29%)

Site
Head and neck 37 (43%)
Upper limbs 4 (5%)
Thorax and abdomen 17 (19%)
Trunk 24 (28%)
Lower limbs 4 (5%)

Hystotipe
Superficial 34 (40%)
Nodular 52 (60%)

HFSU pattern
Linear 25 (29%)
Ellipsoid 51 (59%)
Nonspecific 10 (12%)

Figure 1.—High-frequency echographic pattern of basal cell carcinoma: A) linear pattern; B) ellipsoid pattern; and C) nonspecific pattern.
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In our cohort, equivalence was achieved in 10% of lesions, 
with confidence intervals (delimited by dotted lines) sig-
nifying mean difference +/-1.96 times standard deviation. 
As depicted graphically in Figure 4, only five lesions fell 
outside this range. The more such values depart from a 
solid line (average of differences), the greater the discrep-
ancy in two techniques. All patient and tumor variables 
were subjected to ANOVA comparison of group means, 
expressing histologic thickness in mm. Histotype, echo-
graphic pattern, and anatomic site showed clear statistical 
significance (P<0.001). Expectedly, nodular BCCs were 
thicker on average than superficial BCCs; and thicker 
BCCs were more frequent at head/neck level than at other 
anatomic sites. Echographic patterns were also closely 
related to tumor thickness, ellipsoid BCCs outpacing the 
others in average thickness. In dermoscopic examinations, 
the presence of blue ovoid nests correlated significantly 

Statistical analysis

The two measurement techniques applied (optical mi-
crometer vs. ultrasound) were compared via Bland-Altman 
plot. To assess potential relations between study variables 
and lesion thickness (echographic or histologic), data were 
compiled in a worksheet for analysis of variance (ANO-
VA) testing of group means. Correlations between various 
ultrasound patterns and other variables considered herein 
were evaluated through univariate analysis by χ2 test, set-
ting significance at P<0.05. All computations were driven 
by standard software (MedCalc v12.1.4.0; MedCalc Soft-
ware, Ostend, Belgium).

Results

In our examination, BCC appeared as echonegative areas 
directly below the epidermis. The main patterns identified 
by ultrasound were linear, demonstrating solid, strongly 
hypoechoic, and elongated growth; ellipsoid that appear 
non-linear through biconvex lens; and non-specific or un-
defined that not exhibit previously unrecognized patterns of 
growth. During HFUS assessments, 29% (25/86) of BCCs 
qualified as linear pattern, whereas 71% (61/86) appeared 
non-linear, either ellipsoid 84% (51/61) or indefinite 16% 
(10/61). Using a 22-MHz HFUS probe, BCC thickness 
ranged from 0.2-4.6 mm (median, 1.2 mm), whereas opti-
cal micrometer readings ranged from 0.1-4.4 mm (medi-
an, 1 mm). These data indicate high concordance between 
methods, as shown in a corresponding graph (Figure 2) 
and further illustrated in Figure 3. Although HFSU deter-
minations proved slightly thicker, both methods showed 
significant correlation in Bland-Altman plots (Figure 4).4, 5 

Figure 2.—Concordance between (y) high-frequency echographic thick-
ness (mm) and (x) histological thickness (mm).

Figure 3.—Correlation between high-frequency echographic thickness (mm) and histological thickness (mm).
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with higher micrometer readings (P<0.001). Optical thick-
ness of histologic sections also increased in the presence of 
large branching vessels (P<0.001); and broader presence 
of such dermoscopic feature significantly increased the 
likelihood of high tumor thickness (P=0.020). Although 
the presence/absence of spoke-wheel- like areas did not 
show significant correlation in this regard, these dermo-
scopic features were limited (1-2 quadrants) in tumors 
of greater thickness, involving more areas (3 quadrants) 
in less thick tumors (Supplementary Digital Material 1: 
Supplementary Table I). Tumor thickness determined by 
HFUS correlated significantly with patient sex (P=0.049), 
as well as with tumor histotype, echographic pattern, and 
anatomic location (P<0.001). Average echographic thick-
nesses of superficial (N.=34) and nodular (N.=52) BCC 
histotypes were 0.67 mm and 1.97, respectively. Likewise, 
BCCs with linear echographic patterns (0.52 mm) were 
distinctly thinner than ellipsoid BCCs (1.92 mm); and 
the average echographic thickness of lesions in men sig-
nificantly surpassed the corresponding average in women. 
Thicker BCCs also occurred more frequently at head/neck 
level than at other anatomic sites. With respect to dermo-
scopic variables, the presence (vs. absence) of blue ovoid 
nests correlated significantly with greater echographic 
thickness, showing a moderate increase (2.02 mm vs. 1.31 
mm; P=0.007). However, histologic determinations were 
unrelated if such nesting developed in multiple quadrants 
(P=0.362). The presence (vs. absence) of large branching 
vessels similarly proved predictive of greater echographic 
thickness (1.95 mm vs. 1.07 mm; P<0.001), although not 
when more prolific (>1 quadrant, P=0.088). Spoke-wheel 
like areas and thicker tumors were unrelated (P=0.136), 
unless confined to one quadrant. When commonly pres-
ent (3 quadrants), they correlated with BCCs of lesser 
thickness by ultrasound (P=0.013). White structures and 
ultrasound thickness likewise correlated significantly with 
greater echographic thickness (P=0.020), but only if fre-
quently present. A linear pattern was routinely observed in 
all 25 superficial BCCs but absent from all nodular lesions. 
In 45 of 51 (88%) nodular variants ellipsoid patterns were 
instead noted representing a 7-fold increase over superfi-
cial tumors. Most BCCs at head/neck level also appeared 
ellipsoid (31/37; 84%), compared with primarily linear 
patterns of lesions on limbs/pelvis/perineum (3/4; 75%) or 
upper limbs (3/4; 75%). Ultrasound patterns showed sig-
nificant correlations with large and blue ovoid nests. Spe-
cifically, 65% (33/51) of ellipsoid BCCs displayed large 
branching vessels, whereas 88% (22/25) of linear BCCs 
lacked this dermoscopic feature (P<0.0001). We are there-

Figure 4.—Correlation between high-frequency echographic thickness 
(mm) and histological thickness (mm) with Bland-Altman plots.

Figure 5.—Algorithm for the treatment of BCC.
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ria significantly associated with heightened histologic and 
echographic assessments of tumor thickness were large 
branching vessels (particularly with several quadrants in-
volved) and blue ovoid nests (both P<0.001). For the first 
time, our data have linked dermoscopic criteria with ultra-
sound determinations of tumor thickness. Identification of 
ultrasound patterns that are highly specific for superficial 
and deep variants of BCC may be of particular therapeu-
tic benefit. Although complete surgical excision is always 
preferable for nodular growths, several non-invasive ther-
apeutic options (i.e., photodynamic, laser, or cryotherapy) 
and medical treatments (such as imiquimod) are available 
for superficial lesions. Based on these data, we have for-
mulated a diagnostic and therapeutic algorithm for correct 
management of patients BCCs (Figure 5). Dermoscopic 
examination is the initial confirmatory step when assess-
ing a clinically apparent BCC. Once the diagnosis is estab-
lished, ultrasound examination may indicate whether the 
pattern is linear or ellipsoid. Lesions with linear patterns 
would prompt less invasive therapeutic interventions, such 
as photodynamic therapy or topical imiquimod. Thereaf-
ter, subsequent echographic monitoring serves to deter-
mine the nature of response (complete vs. partial), repeat-
ing treatment as needed. An ellipsoid pattern is otherwise 
highly suggestive of nodular BCC, for which surgical ther-
apy is preferable. Surgery may also be indicated for lesions 
with linear patterns proving resistant to multiple cycles of 
non-invasive treatment. Our study confirms that HFUS is 
a simple and non-invasive method, which when integrated 
with clinical and dermoscopic evaluations provides reli-
able preoperative support in distinguishing BCC variants 
(superficial vs. deep) and improves therapeutic decisions. 
Based on the evidence to date, we consider HFSU to be a 
sensitive method for the screening of clinically evasive, 
incipient superficial tumors; for discerning resection mar-
gins; and for treatment optimization, reducing morbidity.

Limitations of the study

The main limitation of the study is that nowadays is not 
possible to confirm the diagnosis of BCC with ultrasono-
graphic examination. Drawbacks of the ultrasound tech-
nique used herein are the inabilities to detect tumor aggre-
gates below resolution limits of the systems employed or 
to distinguish between tumor and adjacent inflammation, 
potentially overestimating tumor depth. Other limitations 
include the difficulty of differentiating BCC subtypes in 
highly elastotic skin and in determining margins of tumors 
confined to dermo-hypodermic junction. In our study we 
did not evaluate sclerodermiform basaliomas, which rep-

fore confident that BCCs with Large branching vessels 
will largely present as ellipsoid lesions (33/38; 87%) and 
blue ovoid nests found near exclusively in ellipsoid BCCs 
(16/17; 94%) will regularly be absent from linear BCCs 
(25/25; 100%) (P=0.0039). Correlation between patients’ 
features histological thickness, HFSU thickness and der-
moscopic features are described in Supplementary Table I.

Discussion

In recent decades, numerous scientific publications have 
explored preoperative and non-invasive evaluations of 
BCCs using ultrasounds.3, 6-9 Most have focused on tumor 
location, size, and delineation of surgical margins, com-
paring ultrasound results with histologic outcomes follow-
ing subsequent excisional biopsies.10 BCCs are described 
on ultrasound as expansive growths with wavy/irregular 
margins and iso or hypo-echogenic inhomogeneous echo-
structures. In our study two main echographic patterns are 
described: linear, associated with superficial BCC (100%), 
and ellipsoid, found primarily in nodular variants (88%). 
However, a small percentage of lesions (11.62%) have 
otherwise non-specific patterns. Currently available data 
on preoperative tumor measurements determined clini-
cally and by HFSU are contradictory. However, the most 
recent reports indicate that HFSU provides an accurate 
measurement of tumor thickness.11-13 Unlike clinical de-
terminations, ultrasound can detect deep infiltration, es-
pecially at high-risk sites (i.e., nose and ears), providing 
insight on the status of hypodermis (to avoid incomplete 
resection) and imperceptible subclinical lesions.13 In our 
investigation, we used a 22-MHz HFUS probe to accu-
rately characterize each neoplasm, enabling close corre-
lation between histologic and ultrasound determinations 
of tumor thickness. We observed a significant correlation 
between echographic tumor thickness and histotype: 88% 
of nodular lesions assuming ellipsoid patterns and all su-
perficial BCCs exclusively linear. HFSU assessments may 
not replace histologic determinations but have merit in 
estimating depths of tumor growth. Dermoscopy is also 
helpful to established diagnostic criteria for nodular or 
superficial variants of BCC. In a recent analysis of der-
moscopic criteria by superficial and nodular histotypes, 
leaf-like areas, thin branching vessels, small erosions or 
unstructured areas, and pink homogenous area were fea-
tures highly predictive of superficial BCC, whereas non-
superficial variants correlated strongly with the presence 
of wide, blue ovoid nests, large branching vessels and sur-
face ulceration.14 In our study, the two dermoscopic crite-
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studies. Stat Methods Med Res 1999;8:135–60. 
5.  Bland JM, Altman DG. Statistical methods for assessing agreement 
between two methods of clinical measurement. Lancet 1986;1:307–10. 
6.  Wortsman X, Jemec GB. High resolution ultrasound applications in 
dermatology. Rev Chilena Dermatol. 2006;22:37–45.
7.  Marmur ES, Berkowitz EZ, Fuchs BS, Singer GK, Yoo JY. Use of 
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tol Surg 2010;36:841–7. 
8.  Jambusaria-Pahlajani A, Schmults CD, Miller CJ, Shin D, Williams J, 
Kurd SK, et al. Test characteristics of high-resolution ultrasound in the 
preoperative assessment of margins of basal cell and squamous cell carci-
noma in patients undergoing Mohs micrographic surgery. Dermatol Surg 
2009;35:9–15, discussion 15–6.
9.  Desai TD, Desai AD, Horowitz DC, Kartono F, Wahl T. The use of 
high-frequency ultrasound in the evaluation of superficial and nodu-
lar basal cell carcinomas. Dermatol Surg 2007;33:1220–7, discussion 
1226–7.
10.  Bobadilla F, Wortsman X, Muñoz C, Segovia L, Espinoza M, Jemec 
GB. Pre-surgical high resolution ultrasound of facial basal cell carcinoma: 
correlation with histology. Cancer Imaging 2008;8:163–72. 
11.  Ruocco E, Argenziano G, Pellacani G, Seidenari S. Noninvasive im-
aging of skin tumors. Dermatol Surg 2004;30:301–10.
12.  Moore JV, Allan E. Pulsed ultrasound measurements of depth and re-
gression of basal cell carcinomas after photodynamic therapy: relationship 
to probability of 1-year local control. Br J Dermatol 2003;149:1035–40. 
13.  Gupta AK, Turnbull DH, Foster FS, Harasiewicz KA, Shum DT, 
Prussick R, et al. High frequency 40-MHz ultrasound. A possible noninva-
sive method for the assessment of the boundary of basal cell carcinomas. 
Dermatol Surg 1996;22:131–6. 
14.  Lallas A, Tzellos T, Kyrgidis A, Apalla Z, Zalaudek I, Karatolias 
A, et al. Accuracy of dermoscopic criteria for discriminating superfi-
cial from other subtypes of basal cell carcinoma. J Am Acad Dermatol 
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resent the most problematic variants as regards medical or 
surgical treatment. Other limitation is the use of 22 MHz 
frequency ultrasounds (nowadays there are sonographes 
equipped with higher frequency probes) and the absence 
of Color Doppler evaluation. HFSU is also a very opera-
tor-dependent technique, requiring fair levels of training 
and experience that impose a learning curve. Neverthe-
less, there is great potential for its use in tumors other than 
BCC, whether benign or not. Finally, the role of HFUS in 
monitoring the efficacies of non-invasive therapies should 
not be overlooked.

Conclusions

In conclusion, we have confirmed the utility of including 
echographic assessments in clinical and dermoscopic eval-
uations of BCC, improving the discrimination of superfi-
cial and nodular histotypes to better apply less invasive or 
ablative treatments.
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