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Abstract
Scalp lesions can be classified as congenital, traumatic, inflammatory, or neoplastic in origin. Although patients presenting 
with scalp masses are frequently seen in daily practice, differentiation of scalp lesions is often challenging for radiologists 
who are not familiar with the imaging of cutaneous lesions. The majority of scalp lesions are fortunately benign, with cystic 
lesions accounting for over 50% of all benign scalp lesions. Such lesions include trichilemmal cysts (pilar cysts), sebaceoma, 
epidermoid cysts, dermoid cysts, and teratoid cysts. Radiologists may also occasionally encounter benign neoplasms of the 
scalp, including melanocytic nevi, keratoacanthoma, pilomatricoma, neurofibroma, and lipoma. Malignant scalp tumors are 
uncommon; however, they carry a potential risk of delayed detection, resulting in poorer outcomes. Most scalp lesions show 
nonspecific imaging findings, although some possess characteristic features on CT and MRI. Radiologists must be familiar 
with the appearances of common scalp lesions to reach an accurate diagnosis. Hence, the aim of this article is to describe 
the clinical and imaging features of scalp lesions.
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Introduction

Various underlying pathologies exist in patients that present 
with scalp lesions. It is important that reasonable consid-
erations are made regarding diagnoses before pathological 
examinations. An accurate interpretation of scalp lesions 
may allow physicians to appropriately manage different 
conditions, leading to a reduced mortality and morbidity 
[1]. In adult populations, 93–98% of all scalp lesions are 
benign, with the most common diagnosis being trichilem-
mal cysts (41% of all scalp lesions), followed by epidermal 
cysts, lipoma, nevi, and sebaceous cysts [2–4]. In pediatric 
populations, 97–99% of all scalp lesions are benign, with 
the most common diagnosis being nevus sebaceous (60% of 
all scalp lesions), followed by infantile hemangioma, mel-
anocytic nevi, and juvenile xanthogranuloma [5, 6]. The 
scalp is usually described as having five anatomic layers 
(described in “Anatomy” section) [7]. A clear understanding 
of the scalp’s anatomy is essential for the topographic char-
acterization of the lesion as the first step in the differential 

diagnosis (Table 1), as the majority (82%) of scalp lesions 
in adults originate from the skin layer [2].

The rate of correct preoperative diagnosis for scalp 
lesions ranged from 13 to 27% among neurosurgery, plastic 
surgery, or general surgery departments [2]. The low diag-
nostic rate may be caused by a lack of expertise in scalp 
lesions. Similar to the physicians of these departments, radi-
ologists also encounter scalp lesions during the radiologi-
cal interpretation for brain CT and MRI in daily practice. 
However, radiologists are frequently baffled by scalp lesions, 
because they are not familiar with scalp lesions. Although 
radiological investigations of some scalp lesions have been 
reported [8–10], to the best of our knowledge, there have 
been no review articles with emphasis on CT and MRI fea-
tures of scalp lesions. Therefore, the aim of this review arti-
cle is to describe a variety of cutaneous and subcutaneous 
lesions of the scalp in terms of the anatomic origin with 
emphasis on CT and MRI features.

Anatomy

The soft-tissue envelope of the cranial vault is named the 
scalp, extending from the external occipital protuberance 
and superior nuchal lines to the supraorbital margins and 
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anchored laterally by each ear. The scalp consists of five 
histologic layers: skin, subcutaneous tissue (superficial fas-
cia), galea aponeurotica (deep fascia), loose areolar connec-
tive tissue, and pericranium (Fig. 1) [1, 3, 7]. The first three 
layers are bound together into a single unit. This single unit 
can move along the loose areolar tissue over the pericranium 
adherent to the calvaria.

The skin is the outermost region of the scalp, which is 
composed of thin external epidermis and thick inner dermis, 
which both decrease in thickness with age. The epidermis is 
composed of stratified squamous epithelium, with a thick-
ness of 0.04–0.4 mm. The dermis is usually thinnest over the 
forehead and thickest over the occipital region [1, 3] with 
a thickness of 0.5–2.5 mm. The skin also contains closely 
arranged adnexa (consisting of sebaceous glands, hair fol-
licles, and eccrine and apocrine glands) surrounded by dense 
networks of blood vessels and lymphatics [3].

The subcutaneous tissue, also known as the subcutis or 
superficial fascia, is a fibrofatty layer that connects the skin 
to the underlying galea aponeurotica of the occipitofrontalis 
muscle and provides a passageway for blood vessels, nerves, 
and lymphatic tissue. At the vertex, the subcutaneous tissue 
has a thickness of 4–7 mm.

The galea aponeurotica, also called the deep fascia, is a 
strong, thin, tendinous sheath that descends laterally into the 
temporal fossa as the superficial temporal fascia. This layer 
splits anteriorly into superficial and deep layers, to envelop 

the frontalis and the orbicularis muscle. The galea aponeu-
rotica has a thickness of 1–2 mm.

The loose connective tissue, which is also referred to as 
the areolar tissue, comprises the subgaleal layer between the 
galea aponeurotica and the pericranium. This layer contains 
the most widely distributed connective tissues and is com-
posed of a central dense collagenous layer surrounded by 
vascularized areolar tissue. This layer has several functions, 
including support and binding, fluid retention, defense, and 
nutrient storage.

The periosteum covering the outer surface of the skull 
is known as the pericranium. The pericranium is a fibrous 
membrane that is tightly attached to the outer table of the 
skull. Laterally, it terminates at the origin of the temporalis 
muscle along the superior temporal line.

Imaging

The skin layer presents on CT as a soft-tissue density and on 
MRI as isointense to muscle. This layer shows enhancement 
on contrast-enhanced images because of the rich vascular 
network derived from the subcutaneous layer. However, the 
dermis and the epidermis are indistinguishable from one 
another on these images. Upon encountering cutaneous 
lesions arising from the skin layer, the depth of the lesion 

Table 1   Classification of scalp lesions

Origin Benign Malignant

Keratinocytic origin Epidermoid cyst/Dermoid cyst/Teratoid cyst, Keratoa-
canthoma, Seborrheic keratosis

Squamous cell carcinoma, Basal cell carci-
noma, Bowen disease

Melanocytic origin Melanocytic nevus, Blue nevi Malignant melanoma
Appendageal origin
 Follicular differentiation Pilomatricoma, Trichilemmal cyst/Proliferating 

tricholemmal tumor
Pilomatrical carcinoma, Malignant prolifer-

ating tricholemmal tumor
 Sebaceous differentiation Sebaceoma/Sebaceous adenoma Sebaceous carcinoma
 Apocrine and eccrine differentiation Eccrine poroma, Hidrocystoma, Syringoma Adenocarcinoma, Porocarcinoma, Apocrine 

carcinoma
Hematolymphoid origin Langerhans cell histiocytosis, Rosai–Dorfman disease, 

Juvenile xanthogranuloma
Malignant lymphoma

Soft tissue origin
 Adipocytic Lipoma, Lipoma variant Atypical lipomatous tumor, Liposarcoma
 Vascular Infantile hemangioma, Venous malformation/cavern-

ous hemangioma
Angiosarcoma

  Lymphatic Lymphangioma
 Smooth and skeletal muscle Leiomyoma Leiomyosarcoma
 Fibrous, fibrohistiocytic and histiocytic Dermatofibroma, Keloid/hypertrophic scar, Infantile 

myofibromatosis
Dermatofibroma protuberance, Fibrosar-

coma
 Neural origin Neurofibroma, Schwannoma Merkel cell carcinoma, Malignant periph-

eral nerve sheath tumor
Others Dermoid/teratoid cyst Metastasis
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and the invasion of nearby subcutaneous tissue should be 
assessed by radiologists on the basis of CT and MRI.

The subcutaneous tissue layer appears as a hypodense 
area on CT and as an area with hyperintensity on T1- and 
T2-weighted MR images because of its fat content. On 
fat-suppressed contrast-enhanced T1-weighted images, 
the enhancement of subcutaneous tissue can be observed 
because of its rich vascular network.

The galea aponeurotica layer is shown on MRI as an area 
that is isointense to muscles. In contrast, the loose connec-
tive tissue and the pericranium cannot normally be visual-
ized by either CT or MRI and can only be detected patho-
logically [7].

The depth of tumor invasion is an important prognostic 
factor for local recurrence and distant metastasis after sur-
gery. If cutaneous lesions invade the subcutaneous tissue, 
the subcutaneous tissue appears as an area of hyperinten-
sity on fat-suppressed T2-weighted images and as an area 
of hypointensity on T1-weighted images. In many cases, 
however, abnormal intensities of subcutaneous tissue on 
MRI actually reflect inflammatory cell infiltration rather 
than tumor invasion. As a result, radiologists often tend to 
overdiagnose the depth of invasion. Therefore, an accurate 
depth of invasion should be confirmed during the assessment 
of resected specimens. The depth of scalp invasion, from 
skin toward the dura, can be classified into three categories, 
each requiring different extents and techniques of surgical 
resection.

1.	 Superficial type. The tumor lies superficial to the galea 
aponeurotica; resection can be carried out to the level of 
the galea aponeurotica.

2.	 Intermediate type. The tumor has penetrated the galea 
aponeurotica; satisfactory oncological resection implies 
the inclusion of the periosteum into the surgical speci-
men. The outer table of the cranium can be included if 
the periosteum is involved in the lesion.

3.	 Deep type. The tumor extends down to the cranial bone; 
full-depth resection is required, including the dura if 
necessary.

Benign lesions

Trichilemmal cysts, proliferating trichilemmal 
tumors

Trichilemmal cysts, otherwise known as pilar cysts or 
isthmus-catagen cysts, are the most common form of intra-
dermal or subcutaneous cysts of the scalp, accounting for 
5–10% of the population. Despite their high frequency, 
most cases might be mistakenly misdiagnosed owing to the 
lack of recognition. These cysts arise preferentially in areas 

with dense concentrations of hair follicles; 90% of the cases 
occur in the scalp [11]. Cases usually occur in middle-aged 
subjects, with a female predilection. Histologically, these 
cysts are lined by squamous epithelium, containing a gran-
ular layer (trichilemmal keratinization) that is filled with 
homogenous keratin. Calcifications are common features in 
trichilemmal cysts. In 2% of the cases, proliferating cells in 
single or multiple foci grow into proliferating trichilemmal 
tumors [11]. Although proliferating trichilemmal tumors 
are generally considered benign, there have been reports of 
malignant transformation.

On CT, trichilemmal cysts appear as well-defined, 
hypodense masses with occasional focal calcification 
(Fig. 2). On T1-weighted images, homogeneous isointen-
sity to the brain parenchyma is considered pathognomonic 
for trichilemmal cysts, compared with hypointensity of 
epidermoid cysts [12]. The presence of calcification causes 
inhomogeneity on T2-weighted images; the lack of intral-
esional enhancement can be observed on contrast-enhanced 
images (Fig. 2) [12]. Proliferating trichilemmal tumors show 
heterogeneous signal intensities on T2-weighted images 
(Fig. 3). On contrast-enhanced T1-weighted images, these 
tumors show significant enhancement of walls, with vari-
able thicknesses and mural nodules. These factors reflect the 
pathological components of solid lobules and cystic cavities 
[13]. As the underlying skull vault and skin surface are not 
affected by trichilemmal cysts, enhanced soft-tissue com-
ponents with irregular margins, invasion into surrounding 
structures, and erosion of adjacent bony tissue are indicative 
signs of malignant transformation.

Sebaceoma

Sebaceous neoplasms are uncommon cutaneous tumors aris-
ing in the sebaceous glands, which are responsible for secret-
ing lipids and other substances into the hair follicle infun-
dibulum [14]. Sebaceous neoplasms comprise a spectrum 
ranging from benign to malignant, including hyperplasia, 

Fig. 1   Schema of the scalp. The scalp consists of five histologic lay-
ers: skin, subcutaneous tissue (superficial fascia), galea aponeurotica 
(deep fascia), loose connective tissue, and periosteum (pericranium)
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adenoma, sebaceoma, and carcinoma. Sebaceomas range 
from 5 to 30 mm in maximum diameter, typically occurring 
on the face and the scalp. Sebaceomas tend to occur in the 
sixth decade and beyond, with a female predilection [14, 15]. 
Histologically, sebaceomas are located in the mid dermis, 
containing a clear oily liquid, small amounts of keratinous 
material, and lanugo hair [16]. The cystic wall is lined by 
stratified squamous epithelium, with sebaceous lobules pre-
sent in, or adjacent to, the cystic wall.

Sebaceomas are located in the dermis and frequently 
expand downward to the subcutaneous tissue layer [16]. On 
CT and MRI, sebaceomas present as well-defined, encapsu-
lated cystic masses. If abundant oil content is present within 
sebaceomas, they appear as areas of hyperintensity on T1- 
and T2-weighted images (Fig. 4). In contrast, if the cystic 

cavities are filled with large amounts of keratin and hair, they 
appear as areas with hypo- to isointensity on T1-weighted 
images and hyperintensity on T2-weighed images.

Epidermoid/dermoid/teratoid cysts

Epidermoid, dermoid, and teratoid cysts are common, 
related, cutaneous cysts lined by squamous epithelium, clas-
sified according to whether they are lined by simple squa-
mous epithelium (epidermoid cysts), the presence of skin 
adnexa in the cystic wall (dermoid cysts), or the presence 
of other tissues, such as muscle, cartilage, or bone (teratoid 
cysts). Such cysts are derived from the epidermis and form 
through cystic enclosure of the epithelium within the dermis, 
which is filled with keratin and lipid-rich debris. These types 

Fig. 2   A 75-year-old woman with trichilemmal cyst. a. Unenhanced 
CT image shows a well-demarcated subcutaneous lesion (arrow) with 
calcification (arrow heads). b. T2-weighted image shows heterogene-
ously low to high signal intensity (arrow)

Fig. 3   A 62-year-old man with proliferating trichilemmal tumor. a 
Unenhanced CT image shows a irregular-shaped lesion (arrow) with 
calcification (arrow heads). b T2-weighted image shows heterogene-
ously low to high signal intensity (arrow)
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of cysts occur in the head and neck region, generally occur-
ring in young to middle-aged adults with a male-to-female 
ratio of 3:1. Dermoid and teratoid cysts are usually found as 
congenital masses in pediatric patients [17].

On CT and MRI, these types of cysts appear as well-
demarcated, oval-shaped, subcutaneous cystic masses adja-
cent to the overlying skin. Epidermoid cysts appear as areas 
with iso- to hyperintensity on T1-weighted images and 
hyperintensity with variable hypointense foci, including 
internal linear dark debris, on T2-weighted images (Fig. 5) 
[10]. Although peripheral, thin-rim enhancement without 
central enhancement is usually observed, the rupture of epi-
dermoid cysts results in the enhancement of internal septa 
and a thickened, irregular rim, with fuzzy enhancement in 
surrounding subcutaneous tissues [18]. Dermoid cysts typi-
cally appear as areas with hyperintensity due to their fat 
content on T1-weighted images and variable intensities on 
T2-weighted images [19]. Teratoid cysts show as the pres-
ence of calcification on CT, reflecting the formation of car-
tilage or bone.

Keratoacanthoma

Keratoacanthoma is a self-limiting, epidermal tumor that 
is cryptic because of its nosological position at the border 
between benignity and malignancy [20]. Keratoacanthoma is 
usually solitary, with a clinical history of rapid growth over 
four to 5 weeks and spontaneous regression after 6 months 
[21]. This condition generally occurs on sun-exposed skin 
(e.g., face and arms) during the fifth to seventh decades. 
Lesions are usually 1–2 cm in diameter, typically showing 
an exophytic–endophytic architecture with a central kera-
totic horn and overhanging epithelial lips [21]. Although 
its pathological features are remarkably similar to those of 
squamous cell carcinoma (SCC), keratoacanthoma is char-
acterized by a rapid growth, symmetrical structure, and non-
invasive nature.

On CT and MRI, keratoacanthomas appear as exophytic, 
dome- or cup-shaped, well-demarcated cutaneous nodules 
with central recesses of keratotic horns (Fig. 6). Circularly 
symmetrical configurations accompanied by sharp bound-
aries with deeper subcutaneous tissue can be observed. 
Lesions show an intermediate intensity on T1-weighted 
images and a mixture of intermediate and high signal inten-
sities on T2-weighted images with peripheral thin-rim 
enhancement [22].

Pilomatricoma

Pilomatricoma, which is also known as calcifying epithe-
lioma, is a rare, benign tumor of the dermis or subcutaneous 
tissue, which originates from pluripotent cells that normally 
differentiate into hair matrix cells [8]. Pilomatricoma occurs 

Fig. 4   A 66-year-old man with sebaceoma. a T2-weighted image 
shows a well-demarcated, homogeneously hyperintense, subcuta-
neous lesion (arrow). b T1-weighted image shows homogeneous 
hyperintensity (arrow). c. Fat-suppressed T2-weighted image shows 
decreased signal intensity (arrow)
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over a wide age range, most commonly (approximately in 
60% of the cases) in the first and second decades, with a 
male-to-female ratio of 1:1.1 [23]. Approximately, half of 
the tumors occur in the head and neck region, followed by 
the upper extremities, trunk, and lower extremities; the sites 
that are most commonly affected by pilomatricoma are the 
cheek, neck, eyebrows, and scalp [23]. Histologically, pilo-
matricoma appears as epithelial cell islands composed of 
basaloid cells and shadow cells, surrounded by edematous 
and fibrous stroma [8].

On CT, pilomatricomas present as well-demarcated, 
subcutaneous masses with various levels of calcification 
(Fig. 7). Reticular and ring-like hyperintensities on fat-sup-
pressed T2-weighted and fat-suppressed contrast-enhanced 
T1-weighted images are frequently observed, correspond-
ing to intratumoral stroma and tumor capsule with various 

degrees of inflammatory cell infiltration and vascular prolif-
eration, respectively (Fig. 7) [8]. Inflammatory cell infiltra-
tion into peritumoral fat occasionally causes peritumoral fat 
stranding on fat-suppressed T2-weighted images [8]. 

Melanocytic nevi

Melanocytic nevi, which is also called moles, are common 
skin lesions that are characterized by benign clonal prolif-
eration of cells expressing a melanocytic phenotype, with 
heterogeneous clinical and molecular characteristics [24]. 
Melanocytic nevi are formed by nests of melanocytes in 
epidermal junctions (junctional nevi), dermis (intradermal 
nevi), or both compartments (compound nevi). Their peak 
incidence is in the fourth to fifth decades, with a female 

Fig. 5   A 56-year-old man with epidermoid cyst. a T2-weighted 
image shows a well-demarcated, heterogeneously hyperintense, sub-
cutaneous lesion (arrow). b Diffusion-weighted image shows intense 
hyperintensity (arrow)

Fig. 6   A 51-year-old man with keratoacanthoma. a T1-weighted 
image shows a exophytic, cup-shaped, well-demarcated cutaneous 
lesion (arrow) with central recesses of keratotic horn (arrow head). 
b Fat-suppressed T2-weighted image shows heterogeneous iso- to 
hypointensity (arrow)
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predilection. Congenital nevi of the scalp tend to lighten 
over time and thus become cosmetically less bothersome 
[3]. As the risk of malignant transformation of melanocytic 
nevi strongly depends on size, giant congenital melanocytic 
nevi are associated with an increased risk of malignant 
melanoma.

Melanocytic nevi present as flat patch lesions on the skin. 
Hyperdensity relative to soft tissue has been observed on CT 
owing to the melanin content of melanocytic nevi. The para-
magnetic effect of intralesional melanin deposition results in 
iso- to hyperintensity on T1-weighted images and hypointen-
sity on T2-weighted images (Fig. 8). Although melanocytic 
nevi rarely invade the underlying fascia, muscle, or deeper 
structures, giant congenital melanocytic nevi may invade 
the subcutaneous tissue or beyond with ill-defined margins.

Neurofibroma

Neurofibroma is a benign nerve sheath tumor with a neuroe-
ctodermal origin, accounting for 5% of all benign soft-tissue 
tumors [25]. Based on the histology, neurofibroma can be 
classified into three categories: localized, plexiform, and 
diffuse types. Localized neurofibroma is the most common, 
accounting for approximately 90% of all cases [25]. Plexi-
form neurofibroma involves extensive nerve segments and 
branches, often extending beyond the epineurium into the 
surrounding tissue. Diffuse neurofibroma is an uncommon 
form that generally occurs among children and young adults, 
typically in the head and neck region. At least 10% of diffuse 
neurofibromas are associated with neurofibromatosis type 1.

Diffuse neurofibroma involves both the skin and the 
subcutaneous tissue, also frequently extending to the fas-
cia over muscle, commonly with plaque-like or infiltrative 
growth patterns. Plaque-like growth appears as thick slabs 
of abnormal tissue with no interposed noninvolved tis-
sue, with a mean plaque thickness of 2.5 cm (Fig. 9) [25]. 
Infiltrative growth shows poorly demarcated masses with 
interposed uninvolved tissue [25]. Despite being mildly or 
markedly hyperintense to muscle in T2-weighted images and 
isointense or mildly hyperintense to muscle in T1-weighted 
images, MR signal intensities of neurofibroma are typically 
nonspecific [25].

Vascular anomalies/Infantile hemangioma

Vascular anomalies can be divided into two main categories: 
vascular tumors and malformations. Vascular tumors com-
prise infantile hemangioma, congenital hemangioma, and 
kaposiform hemangioendothelioma. Infantile hemangio-
mas are the most common childhood tumors, with an inci-
dence of 12–23% among low-birth-weight, preterm infants 
and with a female-to-male ratio of 3:1 [26]. Hemangiomas 

Fig. 7   A 4-year-old girl with pilomatricoma. a Unenhanced CT 
image shows a well-demarcated subcutaneous lesion (arrow) with 
faint calcification (arrow heads). b T2-weighted image shows het-
erogeneously low to high signal intensity (arrow). c Fat-suppressed 
contrast-enhanced T1-weighted image shows reticular and ring-like 
enhancement (arrow) with perilesional fat stranding (arrow heads)
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frequently occur in the head and neck region (60% of the 
cases), typically presenting two to 6 weeks after birth as 
small lesions and rapidly growing in the first 12–18 months 
(proliferating phase). Subsequently, half of all the cases are 
completely resolved by 5 years of age (involuting phase).

Infantile hemangiomas typically appear as well-defined, 
lobulated, noninfiltrating masses, with hypointensity on 
T1-weighted images and hyperintensity on T2-weighted 
images (Fig. 10) [27, 28]. Fast-flow vessels are identified 
by the presence of flow voids within and around soft-tissue 
masses [28]. On contrast-enhanced T1-weighted images, 
homogeneous, early intense enhancement in the proliferating 
phase and decreased enhancement in the involuting phase 
are observed. Perilesional edema is not generally observed 
in infantile hemangioma (Fig. 10).

Lipoma

Lipoma is the most common type of benign mesenchymal 
tumor, which is composed of mature fat cells. As lipomas 
of the scalp frequently occur on the forehead, these lesions 
are also referred to as frontalis-associated lipoma [29, 30]. 
Based on the location relative to the fascia overlying the 
deep muscles, lipomas are categorized as superficial or deep. 
Deep lipomas account for 60–64% of all forehead lipomas, 
significantly greater than the frequency of deep lipomas 
occurring in other sites (0.4–6%) [29]. Surgical approaches 
and planning differ between superficial and deep lipomas; 
therefore, accurate assessment of localization is necessary 
for radiologists.

On CT, lipomas appear as round or ovoid, well-delineated 
homogeneous masses associated with fat attenuation. MRI is 
useful for demonstrating the presence of fat signal intensity 
[1]. On fat-suppressed images, noticeable reductions in the 
lesion signal intensity are depicted. The findings of a large 
tumor size, thick septa with moderate or marked enhance-
ment, and nodular or patchy nonadipose components are 
indicative of well-differentiated liposarcomas [31].

Malignant tumors

Basal cell carcinoma (BCC) and Squamous cell 
carcinoma (SCC)

BCC and SCC are the most common histologic subtypes 
of malignant cutaneous tumors of the scalp, accounting for 
41% and 17% of all cases, respectively [32]. Overall, 2–18% 

Fig. 8   A 20-year-old woman with melanocytic nevi. a T2-weighted 
image shows an ill-demarcated, heterogeneously hypo- to hyperin-
tense, subcutaneous lesion (arrow). b T1-weighted image shows het-
erogeneous iso- to hyperintensity (arrow)

Fig. 9   A 61-year-old woman with diffuse neurofibroma associated 
with neurofibromatosis type 1. T2-weighted image shows a heteroge-
neously hyperintense lesion with plaque-like growth (arrow)
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of BCCs and 3–8% of SCCs are located on the scalp [3]. 
BCCs and SCCs of the scalp usually occur in patients in 
the sixth to seventh decades, with a female-to-male ratio of 
1.1:1 and 1.3:1 for BCCs and SCCs, respectively [32]. BCCs 
and SCCs of the scalp have a greater tendency to ulcerate, 
compared with other locations on the skin. As SCCs of the 
scalp are often diagnosed at an advanced stage, this loca-
tion may be considered an independent risk factor for poor 
prognosis [3]. BCCs of the scalp recur frequently, but rarely 
infiltrate the cranium and dura [3]. For SCCs and BCCs of 
the scalp, the maximum diameter greater than 10 mm, the 
poorly defined borders, the recurrent tumor, and the history 
of immunosuppression and prior radiation therapy are clini-
cal manifestations indicative of high-risk tumors.

BCCs and SCCs usually appear as flat lesions, occasion-
ally accompanied by central recesses. As BCCs and SCCs 
both show nonspecific hypointensity on T1-weighted images 
and iso- to hyperintensity on T2-weighted images (Fig. 11) 
[33], BCCs and SCCs are indistinguishable from one another 
with MRI. SCCs are more likely to be invasive than BCCs; 
however, peritumoral or deeper soft-tissue enhancement may 
be seen more often in cases of SCCs than in those of BCCs 
on contrast-enhanced T1-weighted images.

Malignant melanoma

Malignant melanoma is a malignancy of pigment-producing 
cells (melanocytes), which are located predominantly in the 
skin. Head and neck melanomas comprise 18% of all mela-
nomas, and 7% of all melanomas arise on the scalp [34]. 
Melanomas of the scalp frequently occur in the sixth decade, 
with a male predilection (male-to-female ratio = 4:1), which 
is significantly greater than for other sites [34]. The tumor 
thickness of melanomas is greater in the scalp (2.6 mm) than 
in other sites (1.7–1.9 mm), correlating positively with the 
risk of lymph node and distant metastasis. The location of 
melanoma on the scalp is, therefore, an independent adverse 
prognostic factor [34].

Stable-free radicals within melanin pigments are para-
magnetic and induce shortening of T1 and T2 relaxation 
times; therefore, the expected signal pattern for melanotic 
melanoma is hyperintensity on T1-weighted images and 
hypointensity on T2-weighted images (Fig. 12) [33]. In 
contrast, amelanotic melanomas show hypo- to isointensity 
to the cortex on T1-weighted images and hyper- to isointen-
sity on T2-weighted images [33]. The signal intensity varies 
depending on several factors, and intralesional hemorrhage 
also has a significant effect on MRI.

Merkel cell carcinoma (MCC)

MCC is a rare, aggressive, primary cutaneous neuroendo-
crine carcinoma. It typically occurs in elderly, fair-skinned 
individuals in the seventh and eighth decades, with a slight 
male predilection. As sun exposure is considered a signifi-
cant risk factor for MCC (81%), cases frequently occur in the 
head and neck region, accounting for 29–48% of all primary 
MCCs [35]. MCCs grow rapidly, with a propensity for local 
recurrence and regional lymph node metastasis; large MCCs 
of the scalp carry a high risk of distant metastasis [36].

MCCs present as nodules in the skin and subcutaneous 
layer (Fig. 13), generally measuring between 1.0 and 1.5 cm, 
with slight hyperintensity to muscle on T1-weighted images 
and hyperintensity on T2-weighted images. Subcutaneous 
reticular stranding and satellite nodules are characteristic of 
MCCs, due to peritumoral lymphatic spread with lymphang-
itis carcinomatosa and lymphatic metastasis [9]. Significant 

Fig. 10   A 9-month-old boy with infantile hemangioma. a 
T2-weighted image shows a well-demarcated, heterogeneously hyper-
intense, subcutaneous lesion (arrow) with flow void (arrow head). b 
Fat-suppressed contrast-enhanced T1-weighted image shows homo-
geneously intense enhancement (arrow)
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lymph node enlargement is often observed, alongside fine, 
compressed, retained fatty tissue [9].

Angiosarcoma

Angiosarcoma is a malignant tumor of vascular endothelial 
cells, often associated with local recurrence and metastasis, 
resulting in a poor prognosis. Angiosarcomas represent < 1% 
of all soft-tissue sarcomas, and their most frequent sites are 
the skin and subcutis. Cutaneous angiosarcomas are most 
common in patients aged ≥ 70, with a male predilection. 
Angiosarcomas of the head and neck region account for 60% 
of all cases [37] and are usually found on the scalp and face. 
The proposed risk factors for angiosarcoma include prior 
radiation exposure, chronic lymphoedema, and exposure to 
chemicals [37].

Angiosarcomas generally show nonspecific isointen-
sity to muscle on T1-weighted images and hyperintensity 
on T2-weighted images (Fig. 14). Hyperintense areas on 
T1-weighted images indicate the presence of intratumoral 
hemorrhage. The characteristic findings for angiosarcoma 
include the presence of high-flow serpentine vessels, 
whereas low-flow vessels may show hyperintensity on 
T2-weighted images [37]. On contrast-enhanced images, 
solid components are intensely enhanced, whereas tumor 
necrosis is depicted as nonenhancing areas [37].

Metastasis

Cutaneous metastasis from primary visceral malignancy is 
clinically relatively uncommon, with a reported incidence 

ranging from 0.22 to 10%, whereas 40% of the cases with 
cutaneous metastases also present with internal metastases 
[38]. Scalp metastases account for 4–7% of all cutaneous 
metastases. The scalp is potentially a relatively frequent met-
astatic site because of its abundant blood supply, immobility, 
and warmth [39]. Scalp metastasis is associated with vari-
ous primary sites, including the lungs, breast, and stomach, 
and frequently occurs in older patients, with a mean age of 
50 years.

Imaging findings depend on the histologic features of the 
primary tumor (Fig. 15). On CT and MRI, cutaneous and 
subcutaneous metastases commonly manifest as multiple, 
variable-sized, poorly defined nodules, or as infiltrative soft-
tissue masses with homogeneous or heterogeneous contrast 
enhancement.

Fig. 11   A 76-year-old woman with basal cell carcinoma. 
T2-weighted image shows an ill-demarcated, heterogeneously isoin-
tense, cutaneous lesion (arrow)

Fig. 12   A 52-year-old man with malignant melanoma. a T2-weighted 
image shows a heterogeneously hypo- to isointense, subcutaneous 
lesion (arrow) with muscular invasion (arrow heads). b T1-weighted 
image shows heterogeneous hyperintensity (arrow)
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Malignant lymphoma

Malignant lymphoma accounts for 0.6–4.8% of all malignant 
scalp tumors [2, 32]. Although the skin is the second most 
common site for extranodal non-Hodgkin’s lymphoma, lym-
phoma of the scalp is rare [3]. In most cases, lymphoma of 
the scalp occurs in the cranial vault and subsequently infil-
trates the adjacent subcutaneous tissue, accompanied by sys-
temic or cerebral parenchymal involvement. The most com-
mon B-cell lymphomas of the scalp are primary cutaneous 
follicle center lymphoma and primary cutaneous marginal 
zone lymphoma, both of which have excellent prognoses [3]. 
Among T-cell lymphomas, mycosis fungoides is the most 

common subtype, which occurs on the scalp [3]. Scalp lym-
phomas occur across a wide range of ages, with a mean age 
of 46 years, with no gender predilection [32].

Cutaneous lymphomas appear as areas of isointensity 
on T1- and T2-weighted images because of their high cel-
lularity (Fig. 16). On diffusion-weighted images, restricted 
diffusion with significantly low apparent diffusion coef-
ficient values is observed. Tumor margins tend to have a 
thorny appearance, extending into the subcutaneous tissue, 
suggestive of lymphatic spread [33]. If lymphomas present 
with subcutaneous bulky masses of the scalp with exten-
sive cranial vault involvement, both bone lymphoma with 
scalp invasion and cutaneous lymphoma with bone invasion 
should be considered as differential diagnoses. 

Conclusions

Although CT and MRI play important roles in tissue char-
acterization and evaluating the depth of invasion of scalp 
lesions, it is challenging for radiologists to differentiate 
between scalp tumors because the imaging findings are typi-
cally similar and nonspecific. To enable an accurate differ-
entiation of scalp tumors, theoretical speculation throughout 
the diagnostic process is required, based on the scalp’s anat-
omy. Therefore, it is essential for radiologists to be familiar 
with the scalp’s anatomy and the imaging features of scalp 
lesions.

Fig. 13   A 98-year-old woman with merkel cell carcinoma. Unen-
hanced CT image shows a homogeneous soft-tissue lesion (arrow)

Fig. 14   A 88-year-old man with angiosarcoma. T2-weighted image 
shows a heterogeneously hypo- to hyperintense lesion (arrow)

Fig. 15   A 62-year-old woman with metastasis from renal cell carci-
noma. T1-weighted image shows a hypointense subcutaneous nodule 
(arrow)
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