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Abstract
Background Although pilomatricoma commonly occurs in
children, there is still a poor understanding of the imaging
characteristics of pilomatricoma and lack of agreement
regarding its imaging findings and histopathologic features.
Objectives To characterize the radiologic appearance of
pilomatricomas on US, CT, and MR and to correlate the
imaging findings with histopathologic features.
Materials and methods The imaging findings of 47
pilomatricomas on US (n=17), CT (n=31), and MR (n=5)
were retrospectively evaluated. Pathologic specimens of all
cases were reviewed and compared with imaging findings.
Results All lesions were well-circumscribed, subcutaneous
nodules with partial attachment to the overlying skin. On
US, the lesions were mostly hyperechoic with posterior
acoustic shadowing and hypoechoic rim. On CT, they
appeared as enhancing soft-tissue masses with varying
amounts of calcification. MR findings were internal
reticulations and patchy areas on T2-weighted images and
contrast-enhanced T1-weighted images, corresponding to
edematous stroma on pathology. Peritumoral inflammatory
changes and connective capsule on pathology were well
correlated with imaging findings.
Conclusion Pilomatricoma should be considered when US
or CT shows a well-defined hyperechoic or calcific nodule
in subcutaneous fat attached to the skin in children. MR

images may be helpful in diagnosis. Pathologic findings are
well correlated with imaging findings.
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Introduction

Pilomatricoma, also known as calcifying epithelioma of
Malherbe, is a benign subcutaneous tumor that arises from
hair cortex cells [1–3]. Pilomatricoma commonly occurs in
children and most frequently appears in the head and neck
region [4]. Although pilomatricoma is the most commonly
excised superficial mass in children after epidermoid cyst
and lymph nodes, it is frequently misdiagnosed and not
usually considered in the clinical differential diagnosis [5,
6]. In addition, there is still only a poor understanding of
the imaging characteristics of pilomatricoma and there is
lack of agreement regarding its imaging findings and
histopathologic features [6].

Histologically, pilomatricoma is a sharply demarcated
tumor consisting of irregular islands of epithelial cells
embedded in rather cellular stroma and situated in the
dermis or subcutaneous fat layer. Epithelial cells with
basophilic cytoplasm are seen at the periphery of these
tumors, arranged in an arc-like fashion. Basaloid cells are
transformed into shadow cells, also known as “ghost” cells,
which are more centrally located. These cells have lost their
nuclei and are filled with keratin and stain eosinophilic. The
transitional cells, which are localized between the basaloid
and shadow cells, are thought to represent apoptotic cells
that are finally becoming shadow cells [6]. The stroma is
collagenous and contains dilated blood vessels. Chronic
inflammation with foreign body reaction can be seen in the
stroma adjacent to the shadow cells [7]. Calcium deposition
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commonly occurs in the shadow cell region and stroma,
with an incidence ranging from 69% to 85% [4, 8].

The purpose of this study is to characterize the
radiologic appearance on US, CT, and MR of pilomatrico-
mas and to correlate the imaging findings with the
pathologic features.

Materials and methods

We retrospectively reviewed the US, CT, and MR findings
of 47 pathologically confirmed pilomatricomas in 41
consecutive patients under 15 years of age. These patients
were selected during an 8-year period (1997–2005). The
cases were collected from multiple centers and were
identified by reviewing pathology databases.

The study population included 16 boys and 25 girls with
a mean age of 7.7 years (range 1–15 years). The lesions
were prospectively diagnosed as pilomatricomas in 41% on
clinical findings alone and in 83% by the original imaging
reports (US 82%, CT 87%, MR 60%). All masses were
surgically removed and pathologically proven. This study
was performed in accordance with the regulations of the
local institutional review board, and all patients gave
written consent for the use of their information.

A total of 64 radiologic examinations were reviewed (11
radiography, 17 US, 31 CT, and 5 MR; both US and CT
scans were performed on five patients). Radiography was
performed in 11 lesions. US was performed in 14 patients
(17 lesions) using either a 7-MHz linear transducer or a 5–
12-MHz linear transducer (HDI 5000 or HDI 3000; ATL,
Bothell, Wash.). CT was performed in 27 patients (31
lesions) with either a helical CT scanner (Somatom Plus-4;
Siemens, Erlangen, Germany) or a 4-MDCT scanner
(Somatom Volume Zoom; Siemens). Both unenhanced
and enhanced CT scans were obtained in 23 patients (27
lesions). Only unenhanced or enhanced CT scans were
obtained in two patients.

Five patients underwent MRI. MRI was performed using
1.5-T scanners (Signa, GE Medical Systems, Milwaukee,
Wis.; Magnetom Vision Plus, Siemens, Erlangen, Germany;
Gyroscan Intera, Philips Medical Systems, Best, The
Netherlands). Spin-echo T1-weighted (T1-W) (TR/TE
500–560/13–18 ms), fast spin-echo T2-W (TR/TE 3,215–
4,220/82–100 ms) images, and gadolinium-enhanced T1-W
images (TR/TE 500–560/13–18 ms) were available in all
patients. In addition, the field of view was 140–180 mm,
the matrix number 224–256×192–256, the intersection gap
1.0–1.5 mm, and the section thickness 3.0–4.0 mm. Axial,
coronal, and sagittal images were obtained using the above
sequences. Three patients were imaged using a fat-sup-
pressed T2-W fast spin-echo sequence. The fat-suppression
technique used in T2-W fast spin-echo imaging and in

contrast-enhanced T1-W spin-echo imaging was based on a
frequency-selective excitation. Contrast-enhanced T1-W
spin-echo imaging was performed after administration of
0.1 mmol/kg body weight of gadopentetate dimeglumine
(Magnevist, Schering, Berlin, Germany).

The images were reviewed and consensus was reached
by two pediatric radiologists (H.W.L., S.A.I.). The images
were evaluated for the following characteristics: shape
(round, oval, or lobular); size (maximal diameter); location;
margin (well-defined or ill-defined); US echogenicity; CT
attenuation; MR signal intensity (SI) (compared with the
adjacent skeletal muscle); and the degree and pattern of
enhancement on CT and MR. The lesions were also
evaluated for the presence of calcification on CT and an
internal anechoic or fluid-density area on US or CT.
Surrounding subcutaneous changes (hyperechogenicity in
the surrounding subcutaneous fat on US, peritumoral
strandings in the surrounding subcutaneous fat on CT and
MR images) were also evaluated.

On pathologic specimens, we evaluated calcification, the
connective tissue capsule, peritumoral subcutaneous fat
tissue and the tumor matrix. Correlation of the imaging
findings and histopathologic features was carried out in all
cases.

Results

The lesions were located in the subcutaneous fat layer of
the head (49%), neck (28%), extremity (19%), and trunk
(4%) (Table 1). Among the 41 study patients, two lesions
were found in 6 patients (14%), among whom 3 had two
lesions in the same anatomic region. With regard to lesion
shape, 43 were oval, 3 were round, and 1 was lobular. The
maximal diameter of the lesions ranged from 0.5 to 2.8 cm
(mean 1.6 cm).

Table 1 Locations of pilomatricomas

Location No. (%) of lesions

Head 23 (49)
Periauricular region 11
Cheek 4
Eyelid 4
Malar region 2
Orbital region 1
Forehead 1
Neck 13 (28)
Extremity 9 (19)
Upper extremity 8
Lower extremity 1
Trunk 2 (4)
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Specimens of all lesions obtained by curettage or
excision were available for pathologic review. The margins
of all 47 lesions were well defined and partially attached to
the overlying skin, and 20 lesions abutted the underlying
muscles, 6 the parotid gland and 1 the pericranium on
imaging. However, none of these lesions invaded the
underlying muscles on pathology.

Various amounts of calcium deposition were present in
all 47 lesions on pathologic review. Seven lesions with
calcium deposition of more than 90% of the tumor showed
bone metaplasia; these lesions had no basaloid cells. A
connective tissue capsule was present in 37 lesions on
pathology (79%). Chronic inflammation with a foreign
body reaction of the stroma and peritumoral subcutaneous
fat tissue was identified in 43 and 30 lesions (91% and
64%) on pathology, respectively. Foreign body-type giant
cells, lymphocytes, and histiocytes were identified in the
inflammatory area.

Radiography was performed in 11 lesions, identifying
calcifications in 6 (55%). The patterns of calcifications
were complete nodular (three lesions), diffuse amorphous
(one lesion), peripheral rim-like (one lesion) and peripheral
nodular (one lesion). The US findings are shown in Table 2.
Of 17 lesions in 14 patients who underwent US, there were
15 heterogeneously hyperechoic lesions (88%) and 2
heterogeneously isoechoic lesions (12%). Posterior acoustic
shadowing was seen in 15 lesions (88%). A peripheral
hypoechoic rim was seen in 11 lesions (65%). Peritumoral
hyperechogenicity was seen in 8 of 17 lesions (47%)
(Fig. 1). An internal anechoic area was identified in two
lesions on US and they showed posterior acoustic enhance-
ment (Fig. 2). Color Doppler US was performed in 13
lesions and Doppler flow signals were observed in both the
central and peripheral regions of two lesions (15%) and in
the peripheral region of only four lesions (31%).

In 31 lesions evaluated by CT, all lesions were isodense
relative to adjacent skeletal muscle on scans before
contrast agent administration (Figs. 2, 3) and they showed
mild to moderate enhancement on contrast-enhanced CT
scans (Figs. 2, 3). Of the 31 lesions evaluated by CT, 25

(81%) had calcific foci within the mass, 18 had micro- or
partial calcifications, 7 were completely calcified (Fig. 3),
10 (32%) showed peritumoral streaky densities, and 2
showed an area of fluid density (Fig. 2).

On MR, the lesions were isointense in all five patients
compared with adjacent skeletal muscle on T1-W images
(Fig. 4). On T2-W images, all lesions were also isointense
but showed internal hyperintense reticulations and patchy
areas of increased SI (Figs. 4, 5). Peritumoral strandings in
the surrounding subcutaneous fat were seen in three lesions
(Fig. 5). In all masses evaluated by gadolinium-enhanced
T1-W imaging, there was rim and internal reticular and
patchy enhancement (Figs. 4, 5).

The imaging features in relation to the pathologic
findings in the pilomatricomas of our series are shown in
Table 3.

US showed posterior acoustic shadowing in 88% (15/
17) and CT showed calcifications in 81% (25/31) of the
lesions although various amounts of calcium deposition
were present in the pathologic specimens of all lesions. An
internal anechoic area on US images and an area of fluid
density on CT images were correlated with an area of
cystic degeneration histologically (Fig. 2). A hypoechoic
rim on US and rim enhancement on contrast-enhanced
T1-W MR images were correlated with a connective tissue
capsule on pathology and were identified in 76% (10 /13)
and 100% (5/5) of the lesions with a connective tissue
capsule on pathology. Peritumoral hyperechogenicity on
US and peritumoral strands on MR were well correlated
with peritumoral inflammatory change on pathology,
whereas only 53% (10/19) of the lesions with peritumoral
change seen on pathology showed peritumoral strands
on CT.

Table 2 US findings of pilomatricomas

US findings No. (%) of lesions

Internal echogenicity
Hyperechoic 15 (88)
Isoechoic 2 (12)

Hypoechoic rim 11 (65)
Peritumoral hyperechogenicity 8 (47)
Posterior acoustic shadowing 15 (88)
Posterior acoustic enhancement 2 (12)
Internal anechoic area 2 (12)

Fig. 1 An 8-year-old boy with pilomatricoma. The sonogram shows a
well-defined, hyperechoic mass in the posterior neck. The lesion has a
hypoechoic rim (arrows), tiny echogenic spots (open arrows), and
peritumoral hyperechogenicity (arrowheads) in the surrounding
subcutaneous fat tissue
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Four pilomatricomas showed varying amounts of periph-
eral nucleated basaloid cells on MR images, which were
arranged in an arc-like fashion under the capsule of the
compressed fibrous tissue. The fifth pilomatricoma imaged
with MR had a paucity of basaloid cells; however, the lesion
did not show any different SI on MR imaging compared with
the other four lesions. In all five lesions, the intercellular
stroma contained inflammatory and foreign-body-type giant
cells (Fig. 5). Internal reticulations and patchy areas on the

T2-W images corresponded to edematous stroma from which
basaloid cells were absent (Fig. 5).

One lesion showed prominent bullous edematous thick-
ening of the skin overlying the pilomatricoma on MR
images, manifested as a low-SI area on T1-W images and
as a hyperintense area on T2-W images (Fig. 4). Histologic
examination of the bullous lesion revealed an edematous
dermis with lymphatic vascular dilatation and markedly
attenuated collagen bundles (Fig. 4).

Fig. 2 A 9-year-old girl with
pilomatricoma with cystic de-
generation. a The sonogram
shows a well-defined, complex
echoic mass with posterior
acoustic enhancement in the
right infra-auricular region. The
lesion has irregular anechoic
areas (asterisks) corresponding
to cystic degeneration on pa-
thology. b Axial CT scan before
contrast agent administration
shows a well-marginated, het-
erogeneous density solid mass
abutting the skin layer and pa-
rotid gland. Small nodular cal-
cifications are seen in the mass.
Another completely calcified
pilomatricoma (arrow) is seen in
the posterior neck. c Axial CT
scan after contrast agent admin-
istration shows a well-enhanced
mass with an irregular central
poorly enhancing area. d Scan-
ning view of the pathologic
specimen shows cystic degener-
ation (arrows) of the pilomatri-
coma (H&E, ×12)

Fig. 3 An 11-year-old girl with
pilomatricoma. a, b Axial CT
scans before and after contrast
agent administration show a
well-demarcated, subtly enhanc-
ing soft-tissue mass in the sub-
cutaneous fat partially abutting
the overlying skin. Coarse cal-
cifications are scattered in the
mass
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Discussion

Pilomatricoma is an uncommon benign skin neoplasm
originating from pluripotential cells that normally differen-
tiate toward hair cortex cells [1, 2]. It was first described by
Malherbe as a calcified tumor originating from the
sebaceous gland and was referred to as “calcifying
epithelioma of Malherbe” in 1880 [1]. It was renamed
“pilomatrixoma” by Forbis and Helwig in 1961 [3]. Now, it
is referred to as pilomatricoma rather than pilomatrixoma
because the former is etymologically more reasonable [6].

Since pilomatricomas are superficially situated and
typically present as subcutaneous or dermal nodules,
surgical excision is directly performed without preoperative
imaging. Therefore, in only a few reports of pilomatricoma
are US, CT, or MR findings described [9, 10–17]. However,
previous reviews have shown that the accuracy of preop-
erative diagnosis of pilomatricoma is less than 49%
clinically [4, 8]. Hwang et al. [12] asserted recently that
33% of pilomatricomas are correctly diagnosed preopera-
tively on the basis of clinical findings alone and 76% by
US. In our series, the 41% of the lesions were prospectively

diagnosed as pilomatricomas on the basis of clinical
findings alone and 83% by the original imaging reports
(US 82%, CT 87%, MR 60%).

On US, pilomatricoma has been described as a well-
defined, hyperechoic, or isoechoic nodule with a hypo-
echoic rim and posterior acoustic shadowing [10–12].
Hughes et al. [10] consider that the hypoechoic rim
corresponds to the connective tissue capsule. The posterior
acoustic shadowing is considered to represent calcifications
[10]. On CT, pilomatricoma has been described as a well-
defined mass of soft-tissue density with varying amounts of
calcification and variable enhancement [13, 14]. In our
study, 88% and 81% of lesions with calcium deposition
microscopically showed posterior acoustic shadowing on
US and calcification on CT, respectively. The connective
tissue capsule identified on pathology appeared as a
hypoechoic rim on US images in 73% of lesions in our
series.

The US and CT findings in pilomatricoma in our series
seem to correspond with those reported previously except
for the findings of cystic degeneration and peritumoral
changes. In two lesions in our series, there was cystic tumor

Fig. 4 A 9-year-old-boy with
secondary anetoderma overly-
ing pilomatricoma. a Coronal
T1-W MR image (TR/TE, 500/
18 ms) shows a well-demarcat-
ed, low-SI subcutaneous nodule
with surrounding low SI. b
Coronal T2-W MR image (TR/
TE, 4,148/100 ms) shows
patchy areas of increased signal
in the periphery. Peritumoral
dermal edema (arrowheads)
appears as a higher signal in the
overlying skin. c Contrast-en-
hanced T1-W MR image (TR/
TE, 500/18 ms) shows diffuse
reticular enhancement of the
mass. The peritumoral dermal
edema (arrowheads) is not en-
hanced except for enhancing
septa-like structures. d Scanning
view of the pathologic specimen
shows nucleated basaloid cells
(arrows) at the periphery, ar-
ranged in an arc-like fashion,
under a capsule of compressed
fibrous tissue (open arrows) and
edematous dermis (arrowheads)
(H&E, ×40)
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degeneration appearing as an anechoic area with posterior
acoustic enhancement on US and fluid density without
enhancement on CT. This is the first imaging report of
pilomatricoma with cystic degeneration. Reviewing the
literature, we found no reports of pilomatricoma with cystic
degeneration on US or CT, although tumor necrosis is often
present in pilomatrix carcinoma [18].

On MR, pilomatricoma has been described as showing a
homogeneous intermediate SI on T1-W images and
inhomogeneous intermediate SI on T2-W images [15–17].
Hoffmann et al. [17] described a pilomatricoma with higher
signal bands radiating from the center of the lesion to a
higher signal periphery on a T2-W image. The periphery of
the lesion enhanced with contrast agent, but the center did

not. Hoffmann et al. suggested that the internal reticulations
noted on T2-W and contrast-enhanced T1-W images
represent basaloid cells. Masih et al. [9] described a
pilomatricoma with internal reticulation and septations that
were equally well seen on T2-W and gadolinium-enhanced
fat-saturated images, possibly due to the presence of
surrounding edematous stroma rather than basaloid cells,
as the basaloid cells were sheets of avascular epithelial
cells. Our findings support those of Masih et al. because the
internal reticular and patchy areas on T2-W and contrast-
enhanced T1-W images corresponded to the distribution of
the intercellular stroma on pathologic specimens.

Some pilomatricomas are accompanied by chronic
inflammation with a foreign body reaction with multinu-

Fig. 5 An 11-year-old boy with
pilomatricoma. a Axial fat-sup-
pressed, T2-W MR image (TR/
TE, 2,000/90 ms) shows a well-
demarcated, low-SI subcutaneous
nodule with internal reticular and
peripherally increased SI. Peritu-
moral strands (arrows) are
shown. b Gadolinium-enhanced,
axial T1-W MR image (TR/TE,
400/15 ms) reveals diffuse retic-
ular and rim enhancement.
c Scanning view of a pathologic
specimen shows a connective
tissue capsule (open arrows) and
islands of epithelial cells (black
arrows) (H&E, ×40). d Micro-
scopic view shows enucleated
shadow cells (star) in the center
and nucleated basophilic cells
(asterisk) on the periphery of the
mass and reveals the transition
(arrowhead) from basaloid cells
to shadow cells. Intercellular
stroma with foreign body type
giant cells (open arrows) and
lymphocytes are also apparent
(H&E, ×100)

Table 3 Imaging features and pathologic findings of pilomatricomas (ND not determinable)

Pathology (n=47) US (n=17) CT (n=31) MR (n=5)

Finding No. (%) of
lesions

Feature No. (%) of
lesions

Feature No. (%) of
lesions

Feature No. (%) of
lesions

Calcium deposition 47 (100) Posterior acoustic
shadowing

15 (88) Calcifications 25 (81) ND –

Connective tissue
capsule

37 (79) Hypoechoic rim 11 (65) ND – Rim
enhancement

5 (100)

Peritumoral
inflammatory change

30 (64) Peritumoral
hyperechogenicity

8 (47) Peritumoral
strands

10 (32) Peritumoral
strands

3 (60)
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cleated giant cells and lymphocytes, and occasionally
polymorphonuclear leukocytes in the surrounding subcuta-
neous fat tissue, probably due to mechanical stimulation
[19]. These changes were correlated with peritumoral
hyperechogenicity on US and with peritumoral strands on
CT and MR images in our series. In our series, peritumoral
changes were present in 47% of lesions on US, 32% on CT,
60% on MR, and 64% on pathology.

In our series, secondary anetoderma over pilomatricoma
had developed in one patient. Anetoderma is clinically
bulla-like or keloid-like in appearance and is characterized
pathologically by dermal atrophy and edema, mononuclear
cell infiltration, and lymphatic vascular dilatation [19, 20].
Secondary anetodermas are known to develop in various
skin infections, inflammatory disorders, and tumors, but the
association with pilomatricoma is very rare [19]. Moulin et
al. [21] first described anetodermic cutaneous changes in
the skin overlying a pilomatricoma in 1978. Although the
etiology of secondary anetoderma is uncertain, continuous
pressure and mechanical irritation are thought to be the
major causes [20].

Radiologic differential diagnosis of pilomatricomas
includes calcified lymph node, ossifying hematoma, hem-
angioma with phlebolith, granuloma annulare, and derma-
tofibrosarcoma. Anechoic vascular channels of
hemangioma on US and the tendency of dermatofibrosar-
coma protuberans to be unmineralized may be helpful in
differential diagnosis [22]. Granuloma annulare is a soft-
tissue mass without calcification and MR images show a
mass with relatively decreased SI on all pulse sequences
and extensive diffuse enhancement following gadolinium
administration, whereas pilomatricomas tend to have
calcification and show reticular and septal enhancement
on MR images [23, 24].

Conclusion

Pilomatricoma should be considered in the differential
diagnosis when a well-defined mass with various amounts
of calcification is seen in the subcutaneous fat layer in
children on US and CT. Pilomatricoma has characteristic
MR findings with internal reticulations and patchy areas on
T2-W and contrast-enhanced T1-W images, corresponding
to distribution of edematous stroma on pathology. Rarely,
intratumoral cystic degeneration or secondary anetodermic
change may be associated with these lesions. Peritumoral
inflammatory changes and connective capsule on pathology
were well correlated with imaging findings.
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