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Abstract Intraosseous hemangioma (IH) is commonly seen
in the vertebral column and skull: however, IH occurring
in the appendicular skeleton, including the clavicle, is
uncommon. We herein report the case of a 69-year-old
female presenting with IH of the left clavicle. The find-
ings of preoperative imaging studies, including radio-
graphs, computed tomography (CT), magnetic resonance
imaging, fluorine-18-fludeoxyglucose (18F-FDG) positron
emission tomography (PET)/CT and ultrasonography, are
described. In particular, 18F-FDG PET/CT showed an ill-
defined osteolytic lesion with abnormally high FDG uptake.
Surgical en bloc resection with preoperative embolization was
carried out and a histopathological examination confirmed the
presence of an intraosseous cavernous hemangioma in the
clavicle.
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Introduction

Hemangiomas are benign, slow-growing, vascular tumors.
Intraosseous hemangioma (IH) is most commonly seen in the
vertebral column and skull [1]. In contrast, IH of the appen-
dicular skeleton is uncommon [2]. The relative rarity of these
lesions and the great variability of their radiological character-
istics may suggest a more aggressive process, or possibly a
malignant bone tumor [3]. We herein report the case of a 69-
year-old female presenting with IH of the left clavicle. To our
knowledge, this is the first English-language case report of a
clavicle hemangioma that provides detailed radiological and
histological findings along with a review of the literature.

Case report

A 69-year-old female presented with pain and swelling in the
left clavicle region lasting for 1 year. The patient had no
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history of trauma or fracture of the left clavicle. A physical
examination showed an ovoid mass measuring 6∼7 cm in
size in the left clavicle. A palpable pulsation of the mass
was also observed. Laboratory values were within the normal
ranges.

A radiograph revealed an expansive and osteolytic lesion
and focally cortical thinning in the proximal part of the left
clavicle (Fig. 1). A computed tomography (CT) scan clearly
demonstrated a mass measuring 6 cm in size with an ill-
defined margin. The mass was osteolytic and expansive and
contained multiple calcified areas. Thinning and breaching of
the cortex of the clavicle was also seen (Fig. 2). A magnetic

resonance imaging (MRI) scan disclosed a mass in the
medial side of the left clavicle. A lobular expansive mass
was noted with heterogeneous hyperintensity on T2-
weighted imaging with multiple curvilinear low signal
intensities and punctate signal void. On T1-weighted im-
aging, the mass was heterogeneous iso and high-intensity
to muscle with multiple punctate low signal as well as
several foci of increased signal (Fig. 3). A gadolinium-
enhanced T1-weighted imaging showed relatively hetero-
geneous enhancement and punctate non-enhancing low
signal lesions were also observed (Fig. 3). On 18F-FDG-
positron emission tomography/CT (PET/CT), the lesion
exhibited increased isotope uptake (SUVmax=4.7) (Fig. 4).
Remarkably, ultrasonography showed a hypoechoic ovoid
mass with multiple calcified areas and acoustic shadowing.
Increased vascularity was also evident in the mass (Fig. 5). All
of these imaging findings, in addition to the clinical presenta-
tion, indicated the vascular nature of the mass, particularly
suggesting an IH. An open biopsy was performed, and a
diagnosis of clavicle hemangioma was made.

Preoperative arterial embolization was carried out. The
surgery consisted of extirpation of the tumor, and an
anterolateral thoracotomy was performed in the left first inter-
costal space that proceeded to an upper median sternotomy.
Then, the first rib and proximal portion of the sternum were
resected and the feeding arteries of the tumor were ligated.
The clavicle was cut at the distal region, and en bloc resection
of the tumor was completed. The patient’s post-operative
course was uneventful. With respect to the gross appearance,
a red-brownish and sponge-like mass encasing the clavicle
was observed (Fig. 6). Microscopy showed proliferation of
variable-sized, thin-walled vessels lined by endothelial cells
(arrows in Fig. 7b) accompanied by hemorrhage and blood
clots (asterisks in Fig. 7b). Reactive bone formation with focal
dystrophic calcification (arrows in Fig. 7a), which might have
been related to the calcified matrix seen on the CT scan and
multiple punctate foci of the signal void seen on MRI, was
also observed. Immunohistochemically, the endothelial and
pericyte cells were positive for CD-31 (arrows in Fig. 7c) and
CD-34 (arrows in Fig. 7d), and a definitive diagnosis of
cavernous hemangioma of the clavicle was made. There was
no evidence of malignancy.

Discussion

Based on the published surgical series, IH lesions account for
approximately 1 % of all osseous tumors that were biopsied
[1], with most cases occurring in the vertebral body or skull.
Involvement of the appendicular skeleton has only rarely been

Fig. 1 Radiograph of the left clavicle showing a large, expansive and
lobular lytic lesion with an ill-defined margin (arrows). Internal calcifi-
cation was also observed

Fig. 2 Computed tomography image showing an osteolytic and expan-
sive lesion with multiple calcified areas. Thinning and breaching of the
cortex of the clavicle was also observed
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reported [4, 5]. In cases of spinal and skull IH, the lesions
are typically found incidentally and symptoms are usually
absent, as only 1 % of such patients have symptomatic
lesions [6]. Unlike IH occurring in the spine and skull,
most IH tumors involving the extra-axial skeleton cause
clinical symptoms, such as local pain and swelling around
the lesion [7] and the incidence of symptoms in such cases is

considered to be high [3]. Histologically, hemangiomas can
be classified as cavernous, capillary, venous, or mixed
depending on the type of vascular involvement [7]. Cavern-
ous hemangioma is the most common type observed in the
peripheral bones, accounting for half of reported cases [7].
Capillary hemangioma is also observed in 10 % of all types,
as reported in the literature [8]. Hemangiomas are slow

Fig. 3 Magnetic resonance imaging showing a lobular expansive
mass with homogeneous hyperintensity on a T2-weighted image (a)
and isointensity to muscle on a T1-weighted image (b). A gadolinium-

enhanced T1-weighted image (c ) shows homogeneous enhancement
of the lesion. A punctuate signal void was observed in the internal
area of the tumor

Fig. 4 Fluorine-18-
fludeoxyglucose (18F-FDG)
positron emission tomography
(PET)/CT image. a A lesion with
high uptake (arrow) on the
medial side of the left clavicle was
observed on a coronal PET
maximum intensity projection.
b The lesion demonstrated
abnormally high FDG uptake
(SUVmax=4.7) on an integrated
18F-FDG PET/CT image
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growing, and their capacity for malignant degeneration is
generally unknown.

IH occurring in the long or flat bones presents a challenge
in terms of the differential diagnosis of primary bone tumors,
since the lesions are very rare and the radiographic findings

are variable and nonspecific. Clinically, these lesions have
predilection for the metaphyseal/diaphyseal region, predomi-
nantly in the lower extremity in middle-aged females (4th and
5th decades of life) [3, 7]. Radiographically, IH may demon-
strate the following characteristic features: (1) multi-lobulated
lucent areas with surrounding fine trabecular bone, producing
a honeycomb or soap bubble-like appearance, (2) well-
circumscribed and punched-out radiolucent area, which may
resemble multiple myeloma or metastatic bone tumors, (3)
large and purely osteolytic cyst-like lesions with sclerotic
margins, that mimic giant cell tumors of the bone, aneurysmal
bone cyst, and fibrous dysplasia [3, 7, 9]. CT allows for the
evaluation of the extent of the tumor and its relationship to
surrounding structures. CTalso clearly demonstrates the lobular
architecture of osteolytic lesions as well as coarse trabeculation
and matrix mineralization [3]. The MRI findings of IH vary
according to the proportion of vascular and lipomatous soft
tissue elements [10]. In this case, few lipomatous elements were
observed in the tumor, and the tumor was composed primarily
of vascular structures, as confirmed in the surgical specimen.
Such lesions exhibit relatively homogeneous iso to low signal
intensity on T1-weighted imaging and high signal intensity on
T2-weighted imaging, probably owing to a slow blood flow
[11]. The results of ultrasonography, that is, heterogeneous
echogenicity, hypervascularity, and multiple calcified areas
with acoustic shadowing, are similar to those seen for soft tissue
hemangioma in the extremities [12]. Therefore, these features
may also support the diagnosis of IH.

In some cases, intramedullary IH may show an aggres-
sive expansive pattern that mimics malignant bone tu-
mors, including angiosarcomas. Previous studies have
described PET/CT imaging as an accurate method for
the pre-operative staging of bone and soft tissue sarcomas
[13]. However, the clinical use of PET/CT to differentiate
between malignant and benign musculoskeletal tumors is
controversial because high FDG uptake has been detected
in some benign tumors, including schwannomas, giant
cell tumors, and chondroblastomas [13]. Hemangiomas
are considered to be a metabolically stable benign tumors on
PET/CT [14], and the SUVmax for FDG in 16 hemangiomas,
including soft tissue and osseous tumors, has been reported to
range from 0.73 to 1.67 [14]. In contrast, in this case, the
SUVmax was 4.7 on a PET/CT scan, which is more than two
times higher than the previously suggested cut-off point
(SUVmax=2.0) [15]. Similar atypical high uptake was also
reported in a case of IH of the tibia [6]. Therefore, the useful-
ness of PET/CT for differentiation of IH from malignant bone
tumors should be further investigated.

In conclusion, IH involving the extra-axial skeleton can
present a wide variety of radiologic features. It can present as
an expansive, osteolytic lesion with increased 18F-FDG

Fig. 5 Ultrasonography image showing a hypoechoic ovoidmass (arrows)
with a large, high-flow vessel in the mass. The tumor contained multiple
calcified areas (asterisks) and acoustic shadowing (arrowheads)

Fig. 6 Macroscopic appearance of the resected tumor. The specimen
revealed a red-brownish and sponge-like mass encasing the clavicle
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uptake on PET/CT mimicking a malignant bone tumor as
shown in this case. The final diagnosis in this report was
confirmed by histopathological examination; however, we
observed the thrill of the tumor and characteristic ultrasono-
graphic features, suggesting the tumor as IH of the clavicle.
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Fig. 7 Photographs of the
pathological specimens. a , b
Hematoxylin and eosin (H&E)
staining of the resected specimen
reveals the proliferation of
variable-sized, thin-walled
vessels lined by endothelial cells
(arrows in b), accompanied by
hemorrhage and blood clots
(asterisks in b). Reactive bone
formation with focal dystrophic
calcification (arrows in a)
(original magnification, ×40 in a ,
×100 in b). c , d An
immunohistochemical analysis of
a cluster of differentiation (CD)
31 (arrows in c) and CD34
(arrows in d). The endothelial
and pericyte cells in the tumor are
positive for CD-31 and CD-34
(original magnification, ×200)
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