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Imaging presentation

Chest computed tomography (CT) showed an expansile
lytic lesion, with no mineralized matrix, in the posterior
portion of the right fourth rib, determining cortical erosion,
with a lamellar, solid, and concentric periosteal reaction in
this rib and in the adjacent third and fifth ribs, as well as
pleural effusion (Fig. 1). Chest magnetic resonance imaging
(MRI) showed the expansile lesion with isointense signal
on T1-weighted imaging, predominantly hypointense signal
on T2-weighted imaging, and hyperintense signal on short
tau inversion recovery (STIR) relative to skeletal muscles,
with avid gadolinium enhancement. Extensive edema in the
adjacent bone marrow and soft tissues, as well as reactive
pleural effusion, with avid gadolinium enhancement were
also seen. There were signs of high perfusion in the lesion, as
well as in the adjacent bone marrow, soft tissues, and pleural
effusion. However, the time-signal intensity curve analysis
demonstrated that the lesion presented an early, intense,
and rapid enhancement, with washout, whereas the adjacent
soft tissues edema and reactive pleural effusion presented
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a gradual and slower enhancement, due to inflammatory
reaction and not due to the tumor extension (flare
phenomenon) (Fig. 2). An open biopsy was performed and
revealed an osteoblastoma. After surgical removal of the lytic
lesion in the rib, the histopathological analysis confirmed
an osteoblastoma with tumor-free margins, proving that the
adjacent soft tissues edema and reactive pleural effusion
occurred due to an inflammatory reaction (Fig. 3).

Discussion

Osteoblastomas are locally aggressive and intermediate-
grade neoplasms that comprise 1-3% of all primary bone
tumors [1]. Histologically, osteoblastomas are often
undifferentiated from osteoid osteomas [2]. However,
these tumors can be differentiated by the nidus size,
while osteoblastoma has a nidus larger than 2 cm and
osteoid osteoma has a nidus smaller than 2 cm [3]. Most
osteoblastomas affect posterior elements of the vertebral
column [2]. Its peak incidence is in the second decade of
life, with a male predilection [1, 3]. The most commonly
affected bones are the long tubular bones of the appendicular
skeleton and vertebral bones. Tarsal bones, clavicle, and ribs
are rarely involved [4]. Clinically, the patients may present
with progressive pain, local swelling, and warmth not
relieved by salicylates [5].

On radiograph and CT, osteoblastomas present as an
expansive lytic lesion, with or without matrix mineralization,
with a sclerotic rim, associated with periosteal reaction. Soft
tissue tumor components may be present [3]. In a case series,
72% of osteoblastomas in the spine presented with matrix
ossification, and in long tubular bones, 65% presented with
matrix ossification, whereas, in the ribs, 50% had matrix
ossification [6]. Usually, the periosteal reaction associated with
osteoblastomas is solid or laminated, but can be spiculated [6].

On MRI, an osteoblastoma usually presents as an
expansive bone lesion, with an intermediate or hypointense
signal on T1-, variable signal on T2-weighted imaging,
relative to skeletal muscles, and gadolinium enhancement
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Fig. 1 Right fourth rib osteoblastoma. Chest CT demonstrated an
expansile lytic lesion in the posterior portion of the right fourth rib, in
the mediastinal (arrow in a) and bone windows (arrow in b), causing
cortical erosion, with extension to the adjacent soft tissues, associated

with a lamellar, solid, and concentric periosteal reaction and pleural

effusion. Also note the reactive periosteal reaction in the adjacent
third and fifth ribs, seen in the oblique sagittal plane, in the bone

window (arrows in ¢)

Fig.2 Right fourth rib osteoblastoma. Chest MRI demonstrated
an expansile intramedullary lesion in the posterior portion of the
right fourth rib, with an isointense signal on TI- (arrow in a),
predominantly hypointense signal on T2-weighted imaging (arrow
in b), hyperintense signal on STIR (white arrow in c), relative to
skeletal muscles, associated with avid gadolinium enhancement on
T1-weighted imaging with fat saturation (white arrow in d). Note
that there was extensive edema in the adjacent bone marrow and
soft tissues, as well as reactive pleural effusion (blue arrows in c),
which also presented avid gadolinium enhancement (blue arrows in
d). Color-coded semi-quantitative dynamic contrast-enhanced (DCE)
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perfusion-weighted imaging map showed areas of high perfusion in
the lesion (white arrow in e), as well as in the adjacent bone marrow,
soft tissues, and reactive pleural effusion (blue arrow in e). However,
the time-signal intensity curve analysis demonstrated that the lesion
presented an early, intense, and rapid enhancement, with washout (red
curve in f), due to tumor neoangiogenesis, whereas the adjacent soft
tissues edema and reactive pleural effusion presented a gradual and
slower enhancement (yellow curve in f), due to inflammatory reaction
(flare phenomenon) and not due the tumor extension. The green curve
in (f) in from the descending aorta, for comparison
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Fig.3 Histopathological examination diagnostic of osteoblastoma.
a Hematoxylin and eosin staining (original magnification, 40x)
demonstrated a tumor with a well-defined border (white arrows in
a), composed of interanastomosing trabeculae of woven bone (blue
arrows in b) within a fibrovascular stroma. b Hematoxylin and eosin

[3, 7, 8]. Positron emission tomography with 2-deoxy-2-
[fluorine-18]fluoro-D-glucose integrated with computed
tomography (18-FDG PET-CT) shows a nodular lesion
with intense uptake, with a maximum standard uptake value
(SUVmax) of 12.3-16.0 [3].

Flare phenomenon is an inflammatory reaction, presenting
as bone marrow edema, periosteal reaction, and soft-
tissue edema surrounding the tumor [3]. This peritumoral
inflammation associated with osteoblastoma was first
described on MRI in 1990 [9]. On immunohistochemical
analysis, positivity for cyclooxygenase-1 and -2 is seen
in patients with this phenomenon, indicating that the
neoplasm activates the arachidonic acid metabolic pathway,
producing prostaglandin [1]. Then, it is hypothesized that
prostaglandin production by the tumor can lead to the
aggressive appearance on MRI, with peritumoral bone
marrow edema, multifocal periostitis, soft tissue swelling,
articular facet hypertrophy, and gadolinium enhancement
that can completely resolve after the tumor is surgically
resected [7].

Therefore, the flare phenomenon may lead to
misinterpretation of the MRI, especially if the CT or
radiograph features are not considered. The presence of bone
marrow and soft tissue edema with gadolinium enhancement
can lead to the consideration of a malignant tumor, such as
osteosarcoma or Ewing sarcoma [2, 3].

Dynamic contrast-enhanced MRI may be useful to
distinguish the tumor nidus from the peritumoral edema
occurring due to the flare phenomenon. Tumor nidus
demonstrates an early, intense, and rapid enhancement, with
washout, seen on the time-signal intensity curve graph, due to
tumor neoangiogenesis. Peritumoral edema presents a gradual

staining (original magnification, 200X) demonstrated that the osseous
trabeculae are lined by a single layer of osteoblasts (red arrows in b).
Also note the presence of an osteoclast type, multinucleated giant cell
(green arrow in b)

and slower enhancement, due to inflammatory reaction (flare
phenomenon), with an enhancement curve with a 20% slope
or less, in comparison with the adjacent tumor [5].

It is important to consider the difference between the flare
phenomenon related with osteoblastoma, which occurs before
treatment, from the also-called flare phenomenon, related with
an initial apparent deterioration of some bone metastasis or
detection of novel lesions on imaging exams of patients with
prostate cancer, after chemotherapy treatment initiation [10].

The main differential diagnosis of a lesion with
aggressive characteristics in a rib in a young patient
includes chondrosarcoma, osteosarcoma, and lymphoma.
Chondrosarcomas usually appear in the costochondral or
costovertebral junctions, with calcified rings-and-arcs
matrix [5, 11]. Osteosarcomas occur in the costochondral
junction, with a dense-ossified matrix, with internal
hemorrhage and necrosis associated with a sunburst
periosteal reaction. Chest wall lymphoma typically
appears in the rib body, with a permeative appearance,
with lamellated periosteal reaction, and restricted diffusion
[11]. Fibrous dysplasia is commonly seen in the ribs, but
it has non-aggressive characteristics, with a ground-glass
appearance on CT, which did not occur in the presented
case [11]. Furthermore, none of these lesions present with
the flare phenomenon.

In conclusion, this case demonstrated that the flare
phenomenon should be considered in the interpretation
of imaging exams of patients with osteoblastoma. The
performance of perfusion-weighted imaging with the
analysis of the time-signal intensity curve pattern can be
an important tool for the correct diagnosis of several bone
tumors.
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