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Abstract This review aims to cover the main congenital
and acquired lesions that arise in the thoracic wall of infants
and children. Imaging often plays an essential role in the
evaluation of symptomatic and asymptomatic thoracic wall
abnormalities. The use of appropriate imaging modalities
for each condition will be addressed, as well as the range of
benign and malignant conditions that can occur.
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Introduction

The thoracic wall encases and protects the vital structures
within the chest cavity. It is comprised of multiple layers,
including skin, subcutaneous fat, muscle, bone, cartilage
and pleura. Thoracic lesions and pseudolesions of the
thoracic wall in children can be classified into normal
variants, malformations, infection, tumours and trauma.
These lesions can be located in the superficial layer of the
thoracic wall and involve skin or subcutaneous tissues, in
the intermediate layer affecting muscles and bones, or in the
deep layers including the dorsal spine, ribs and intercostals
spaces, the sternum, several fascial layers and the parietal
pleura. Imaging often plays an essential role in the
evaluation of symptomatic and asymptomatic thoracic wall
abnormalities. Symptomatic disease usually requires imaging
evaluation to determine the localization and to characterize

P. Garcia-Pena (D<) - I. Barber

Pediatric Radiology, Hospital Materno-Infantil,
Av Vall d’Hebron 119-129,

Barcelona 08035, Spain

e-mail: pilagarc@vhebron.net

the lesion. Asymptomatic palpable lesions are usually benign
conditions, or normal developmental variations, but imaging
is often required to confirm [1].

Congenital and developmental abnormalities

The thoracic wall is usually quite symmetrical, being
somewhat narrower in the upper portion than the lower
portion. The anteroposterior diameter of the chest in infants
is generally wider than in older children. The thoracic index
(widest anteroposterior diameter/widest transverse diameter)
is about 0.85 in infants and 0.72 in older children [2]. Children
with pectus excavatum deformity or an idiopathic flat chest
have a decreased thoracic index. In the idiopathic flat chest,
the thorax is flat and wide and the thoracic kyphosis is
reduced, but the position of the sternum is normal. Children
with pectus carinatum deformity or with a “barrel chest”
shape, have an increased thoracic index. Congenital and
developmental thoracic wall abnormalities typically involve
the ribs, costal cartilage and sternum.

When chest radiographs are taken in an infant in a
rotated position, the frequently prominent double curvature
of the clavicle can simulate a fracture. In older children, the
sternal end of the clavicle may show marked cupping that
should not be misinterpreted as osteomyelitis or septic
arthritis.

Rib anomalies are very common findings with no
clinical relevance. They include agenesis or partial aplasia,
bifid ribs, supernumerary ribs and bridging between ribs.
Cervical ribs may arise from the seventh cervical vertebra
and can compress the brachial plexus or the subclavian
artery. Intrathoracic rib, a rare incidental anomaly, is
sometimes seen on the chest radiograph. It appears as a
long bony structure emerging from the vertebral body with
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its course running parallel and oblique to the spine (Fig. 1)
[3]. Eleven pairs of ribs can be an isolated finding or a part
of several syndromes, such as Down syndrome, trisomy 18,
and cleidocranial dysplasia [4].

Anterior thoracic wall anatomic variations are frequent
in children, the most frequent being asymmetry in the shape
or size of the rib cartilage or the position of the sternum [1].
Many asymptomatic palpable chest wall masses in children
are developmentally normal anatomic osseous and cartilag-
inous variants. A prominent convex anterior cartilage,
localized thickening, bifid cartilage and chondral nodule
are common. The position of the sternum in mild pectus
excavatum or carinatum can produce a chest bump, which
is frequently referred for imaging study. A palpable mass in
the anterior thoracic wall is a cause of concern for parents,
who bring their child to the physician for consultation.
Cross-sectional imaging can confirm the benign nature of
these variants, but is often unnecessary [5].

CT and MR imaging can be performed to study the
masses that are often normal variants of bone or cartilage in
asymptomatic children. US can be used as an easy alternative
method to analyze the anatomic variant or rule out other types
of chest wall masses. When evaluating palpable focal chest
wall masses in the absence of clinical signs suggesting an
aggressive lesion (e.g., pain, interval increase in size or
constitutional symptoms), chest radiography and US are
usually sufficient to exclude an aggressive condition.

The most common anatomic variations affecting the
sternum are tilting of the sternum, pectus excavatum and
pectus carinatum. Deviation of the typical horizontal
position of the sternum in the transverse axis of the body
is referred to as sternal tilting. This variant is usually not
visible on chest radiography, but the secondary lateral
displacement of the medial end of the clavicle may be a

Fig. 1 Intrathoracic rib in a 3-year-old boy. a AP chest radiograph.
There is an abnormal, dense elongated structure in a right para-
vertebral position. b Shaded-surface display image shows the
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helpful clue. Sternal tilting can be associated with anterior
subluxation of the adjacent clavicular head or abnormal
convexity of the adjacent rib causing a palpable thoracic
wall mass [1].

In pectus excavatum, the most common thoracic wall
deformity, the inferior aspect of the sternum is depressed
posteriorly, resulting in a mild or severe concavity. It can be
a sporadic or inherited isolated lesion, or be associated with
Turner syndrome, osteogenesis imperfecta, muscular dys-
trophy, Marfan and Ehlers-Danlos syndromes, or prolapsed
mitral valve, and in severe forms can compromise cardio-
pulmonary function. On the frontal chest radiograph, the
soft tissue depression results in silhouetting of the right
heart border, simulating right middle lobe consolidation; the
heart is shifted and rotated to the left. The sternum is
usually rotated to the right, the anterior rib ends have a
steep downward course and the posterior ribs are orientated
horizontally. On the lateral view, the chest is narrow and the
degree of the sternal depression is well depicted (Fig. 2).
CT is an excellent imaging modality to assess the anatomic
severity of the pectus excavatum defect, to assess the degree
of cardiac shift or compression, to identify associated
tracheobronchial compression and to assess the results of
surgery [6]. The ratio of the internal transverse diameter of
the chest to the anteroposterior diameter of the chest at its
narrowest dimension on axial CT, known as the pectus or
Haller index, can be used to characterize the degree of chest
wall deformity. Children requiring surgical correction for
pectus excavatum have a pectus index >3.25, compared to
<3.25 in normal controls [7, §]. In children, there are age-
related and sex-related differences in the chest wall configu-
ration [9]. MR imaging can be used to obtain measurements
in axial images similar to those of CT and to assess the
dynamics of the chest wall and diaphragm [10, 11].

intrathoracic rib with its anterior vertebral origin and its course
running parallel and oblique to the spine
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Fig. 2 Pectus excavatum in a 12-year-old boy with anterior chest
deformity. (a) Axial noncontrast-enhanced CT scan of the chest
demonstrates marked depression of the sternum. The Haller index is
usually measured in the axial plane. (b) Volume-rendered image
beautifully depicts the sternal depression and the position of the ribs
and cartilage, thereby demonstrating the entire chest malformation. (c)
Volume-rendered surface image to assess the soft tissues, shows the
chest wall morphology and the sternal depression

Pectus carinatum is a less common deformity charac-
terized by convexity of the thoracic wall resulting from
anterior protrusion of the superior aspect of the sternum.
The deformity seems to be caused by a growth disturbance
of the sternum and costal cartilages, with premature sternal

fusion. Most of the patients are asymptomatic. Pectus
carinatum can be an isolated abnormality, but it can also be
associated with Marfan syndrome, Ehler-Danlos syndrome,
Morquio syndrome, Noonan syndrome, congenital heart
disease and scoliosis among others [12].

Congenital abnormalities of sternal fusion are rare. They
include bifid or cleft sternum and complete absence of
sternal fusion. The severe end of sternal fusion abnormal-
ities are often associated with ectopia cordis (extrathoracic
heart) and pentalogy of Cantrell, a combination of sternal,
diaphragmatic, cardiac, and abdominal wall lesions [13].

When there is a defect in bony or soft tissue structures of
the thoracic wall, herniation of its content can occur.
Pulmonary tissue can pass through a congenital chest wall
defect, creating a lung hernia. This is seen as an intermittent
bulging in the supraclavicular or intercostal area that
appears with crying, coughing, or straining. Hence, during
inspiration, chest radiography or CT may fail to show the
lung herniation. Lung hernias can also be an acquired
condition that occurs following chest tube placement,
surgery, trauma, neoplastic disease or infection.

Malformations of the chest wall can be a manifestation
of a syndrome or skeletal dysplasia such as short rib-
polydactyly syndromes, asphyxiating thoracic dystrophy or
Jeune syndrome and achondrogenesis [4]. Respiratory
distress at birth is common and is related to small and
narrow chests [14]. Thin ribs and small lungs can be found
in neuromuscular disorders such as myasthenia gravis,
myotonia and spinal muscular atrophy. Thin ribs are also
seen in progeria and trisomies 8, 13, and 18. In contrast,
thick ribs are seen in thalassemia and mucopolysacchar-
idosis. Coarctation of the aorta, or superior vena cava, and
neurogenic tumours can present with inferior rib notching.

Poland syndrome is a rare congenital malformation of
the thoracic wall consisting of unilateral partial or complete
absence of pectoralis muscles, hypoplasia of subcutaneous
or breast tissues, hypoplasia or absence of ribs and anomalies
of the ipsilateral upper limb. Males are affected more often
than females, and right side involvement is also more
frequent. Hypoplasia of chest wall soft tissues results in a
hyperlucency of the affected hemithorax. CT and MR imaging
with 2-D and 3-D reformatting can help to determine the
extent of the abnormalities and show the available muscles for
reconstructive surgery (Fig. 3) [15].

The scapula is also subject to a spectrum of congenital
anomalies. The most notable of these affecting the chest
wall is Sprengel deformity. In this anomaly, the scapula
position is high and rotated. The scapula fails to descend
from its cervical origin and becomes fixed to the cervical
spine by a fibrous band or an omovertebral bone. Klippel-
Feil syndrome has additional anomalies of ribs or vertebrae.
CT with 3-D reconstructions helps to delineate the
deformity when planning corrective surgery [16].
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Fig. 3 Poland syndrome in a 13-year-old girl with asymmetrical
thorax. Axial CT image shows hypoplasia of the right pectoral muscle.
The chest radiograph showed a hyperlucent right hemithorax (not shown)

Cleidocranial dysplasia is characterized by hypoplasia or
absence of one or both clavicles with hypermobile
shoulders, but other chest wall abnormalities may also be
present, such as small scapula, deficient sternal ossification,
scoliosis and short ribs [4].

Congenital pseudoarthrosis of the clavicle is a rare and
isolated anomaly of the clavicle that presents as a painless
mass.

Infection

Chest wall infections, which are relatively rare in children,
can occur by haematogenous spread or direct extension.
Infection may involve the soft tissues, cartilage and osseous
structures and can cause abscess formation. Pyomyositis is
the term used when muscles are affected, fasciitis when
only subcutaneous fat and fascia are involved, osteomyelitis
when there is bone involvement and pyogenic arthritis
when there is joint involvement.

Bacterial and fungal infections of the chest wall have
been described [17]. The responsible microorganisms
include Staphylococcus aureus (the most prevalent), Myco-
bacterium tuberculosis, Actinomyces, Nocardia, Aspergillus
and Candida [18]. Fungal infections are more common in
immunocompromised patients. Cat-scratch disease occa-
sionally causes chest wall infections [19]. Patients with
these infections present with pain, fever, local erythema and
swelling. Recognition of the chest wall infection is
sometimes difficult, particularly when it is located in the
deep layers.

Chest radiography may show a mass lesion within the
chest wall, rib destruction or sclerosis, pulmonary infil-
trates, pleural effusion, calcifications and gas in the soft
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tissues. US, CT, and MR can confirm the presence, location
and extent of the infection, show fluid collections, rib
destruction and provide a guide for percutaneous drainage.
US usually suffices for diagnosing small, superficial, well-
delineated lesions and CT or MR are the techniques of
choice for imaging complex and deep lesions. On US, an
abscess has the typical appearance of an anechoic mass
with posterior acoustic enhancement and substantial
peripheral flow on colour Doppler, sometimes with swirling
echogenic material inside. An abscess on contrast-enhanced
CT appears as an isodense or hypodense lesion with a non-
enhancing centre and an enhancing rim [20]. Findings
similar to those on CT can be seen on T1-weighted MRI
sequences and high signal intensity on T2-weighted
sequences. Soft tissue inflammation is well delineated
by MRI, on fat-suppressed T2-W or short tau inversion
recovery (STIR) sequences or T1-W sequences following
administration of contrast medium (Fig. 4). MRI is very
sensitive for detecting osteomyelitis and is more accurate
than bone scan for differentiating between soft tissue

Fig. 4 Chest wall abscess. A 5-year-old boy was referred to our
hospital with weakness of the upper right arm, local pain in the
shoulder and fever. Radiography and US of the shoulder were normal.
An MR study was performed. (a) Axial T2-W image with fat saturation
(FS) at the level of the upper thorax shows a hyperintense lesion in the
right axilla with infiltration of the soft tissues. (b) Axial T1-W FS image
after gadolinium administration shows peripheral enhancement. The
findings are consistent with infectious lymphadenitis with a central
abscess. Conservative antibiotic treatment was successful in this boy
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inflammation and acute osteomyelitis. MR imaging is more
sensitive for marrow oedema without frank bone destruc-
tion in early osteomyelitis. Chronic osteomyelitis is shown
on chest radiographs or CT studies as areas of destruction
and sclerosis. Positron emission tomography (PET) is very
sensitive in the detection of clinically silent foci of infection,
particularly in immunocompromised patients.

Tuberculous infection can involve the spine but is rare in
developed countries. Spinal infection mainly stems from
primary pulmonary tuberculosis. The infection is usually
limited to the vertebral body, which can be destroyed, and
can also affect the contiguous intervertebral disc and the
adjacent or distal vertebra. Paraspinal abscess can occur and
vertebral collapse can lead to kyphosis or scoliosis and
even cord compression. CT and MRI can show the vertebral
lesion, epidural extension and delineate the abscess.

Friedrich disease is a disorder of unknown origin. It is an
aseptic unilateral or bilateral necrosis that can mimic
infection at the sternoclavicular joints [21]. Patients usually
present with swelling at the sternoclavicular region. A
lesion demonstrating destruction and repair can be seen at
the medial end of the clavicle on radiographs and histology
shows necrosis without infection. Usually the radiological
and clinical features improve very slowly.

SAPHO syndrome, which is associated with chronic
recurrent multifocal osteomyelitis, is so named because it
is a combination of synovitis, acne, pustulosis, hyperos-
tosis and osteitis. It has a predilection for the anterior
chest wall. Sclerosis and periostitis are the main radiolog-
ical findings [22].

Tumours

The thoracic wall can be affected by benign and malignant
tumours. Imaging is performed to determine their location,
size and characteristics. Chest radiography is the first imaging
technique used and enables an estimation of the location of
the lesion, its extension, rib destruction, associated intratho-
racic components, pleural effusion and presence of pulmonary
metastases. CT and MR imaging demonstrate the mass and
osseous changes, define the margins and internal structure
of the lesion, lymphatic spread and any associated pleural
effusion. These techniques are also useful for staging
purposes. CT is better than MR for investigating lung
metastases.

Tumours of the thoracic wall are uncommon in infancy
and childhood and are usually malignant [23]. Children
present with a mass, pain, cough or respiratory distress
from a pleural effusion or intrathoracic component. The
tumour may be located within the bones or soft tissues of
the chest wall. At times it may be difficult to differentiate
between benign and malignant lesions, but a sharply

marginated osteolytic lesion usually indicates a slow-
growing lesion (benign).

Benign tumors

Lymphangiomas and haemangiomas are the most common
vascular lesions of soft tissue in the chest wall in neonates,
infants and young children. In lymphangiomas, lymphatic
vessels predominate. When the dilated lymphatic vessels
lead to cyst formation, they are referred to as cystic
hygromas. These benign tumours are present at birth and
can occur anywhere, but are most commonly located in the
neck, chest wall and axilla and can extend into mediastinum.
Lymphangiomas of bone are very rare. Bleeding within a
mixed lymphangiohaemangioma leads to a sudden increase in
size. Possible complications are infection, chylothorax and
chylopericardium. Sonographically, the microcystic lesions
are predominantly anechoic masses that contain septations.
Colour Doppler may demonstrate arterial or venous flow
within the septations. Microcystic lesions are more echogenic
and can mimic solid soft-tissue lesions. When the lesion is not
confined to the subcutaneous layer, MR imaging is the best
method to assess its extent. Blood or protein products within
the cysts can result in fluid—fluid levels.

Haemangiomas are very common benign soft-tissue
tumours composed of abnormally proliferating endothelial
cells. They are typically located in the head and neck, chest
wall and extremities. Haemangioma of the chest bones is
not frequent. These tumours may be present at birth or
appear in the first weeks of life. Classically they are divided
into capillary, cavernous and mixed types depending on
their vascular composition: arterial, arteriovenous, venous
and capillary. Haemangiomas can increase in size during a
proliferative phase and later involute spontaneously. Imaging
may be indicated for deeper or larger lesions. US is often the
initial imaging modality used with the lesions typically
appearing as well-defined hypoechoic, or less commonly,
hyperechoic masses. Large haemangiomas may have a
complex echotexture containing dilated vascular channels.
Colour Doppler depicts their hypervascular nature demon-
strating high-velocity arterial and venous flow. MR imaging is
useful for assessing the extent and the relationship with
adjacent structures before surgical procedures. Haemangio-
mas appears as lobulated soft-tissue masses that are isointense
to muscle on T1-W images and hyperintense on T2-W
images. They often contain tubular signal voids reflecting
the high-flow vessels and show diffuse enhancement after
gadolinium administration (Fig. 5).

“Vanishing bone disease” or diffuse cystic angiomatosis
of bone (Gorham-Stout disease) is a rare condition with
spontaneous progressive resorption of bone, and some-
times, pleural effusion (Fig. 6). Rare benign soft-tissue
tumours that affect the thoracic wall include lipoblastoma
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Fig. 5 Congenital haemangioma in the left cervicothoracic region.
MRI was performed in a l-year-old boy with a cervical mass. (a)
Coronal T2-W FS image shows a hyperintense mass in the left
laterocervical region with caudal extension to the thoracic wall; flow
voids (asterisk) representing arterial vessels are also seen. (b) and (c)

and fibrous tumours of childhood, such as fibroma, fibroma-
tosis, fibrous hamartoma of infancy and neurofibromatosis.
Neurogenic tumours such as schwannomas and neurofibro-
mas arising from the intercostal nerves or sympathetic ganglia
can erode adjacent ribs.

The osseous structures of the chest wall can also be
affected by benign lesions. The most common is osteo-
chondroma or exostosis. These consist of excrescences
composed of cortical and medullary bone with a hyaline
cartilaginous cap. Osteochondromas usually affect the
metaphysis of tubular bones, but they can also be found
in the ribs, vertebra, clavicle, scapula and sternum, as
solitary or multiple lesions. Multiple osteochondromas
occur with an autosomal-dominant disorder. When they
are located in ribs, pleural effusion or haemothorax may
occur. Chest radiography, CT, and MR imaging can depict
the lesions and the origin from the parent bone. Malignant
transformation is rare [24].

Fibrous dysplasia is a developmental anomaly of bone-
forming mesenchyme in which the osteoblasts fail to
undergo normal morphologic differentiation. The ribs are
commonly affected. Radiologically, this condition is char-
acterized by a focal, expansile, multiloculated lucent lesion
or fusiform enlargement with a ground-glass or sclerotic
appearance. It can be an incidental finding [25].

Langerhan cell histiocytosis can affect the ribs, clavicles,
scapula and vertebral bodies. Vertebral body flattening is
classically seen. Lesions in the other locations can have a
variable appearance ranging from a poorly defined, expansile,
lytic lesion to a sharply marginated, sclerotic lesion. A soft
tissue mass adjacent to the bony lesion may be present [26].

Mesenchymal hamartoma of the thoracic wall is a rare,
benign lesion that arises from the ribs. Histopathologically
it has both a cystic and solid component. The solid component
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Coronal 3-D maximum intensity projection (MIP) reconstruction of a
dynamic MR angiography shows arterial enhancement and a tissue
component with delayed enhancement, consistent with congenital
haemangioma

comprises normal maturing mesenchymal tissues including
bone, cartilage, fat and fibroblasts. The cystic component
reflects haemorrhagic cavities related to secondary aneurys-
mal bone formation. On chest radiography, mesenchymal
hamartoma appears as a partially calcified, extrapleural chest
wall mass with involvement of one or more ribs. The rib
lesion consists of partial or complete destruction, erosion and
enlargement. CT and MR imaging can detect the mineralized
matrix and haemorrhagic cystic components [27].

Malignant tumours

Thoracic wall malignancies often involve many layers of
the chest because of their aggressive nature. Malignant
masses of the chest wall include primary soft-tissue
neoplasms, soft-tissue extension of a primary osseous
neoplasm or a primary mediastinal neoplasm infiltrating
the thoracic wall. In children several malignant tumours can
affect the thoracic wall [23, 28, 29].

The most common malignant tumours affecting the
chest wall in children (50-65%) are the Ewing sarcoma
family of tumours (ESFT), including primitive neuroectoder-
mal tumour (Askin tumour), Ewing sarcoma of bone and
extraosseous Ewing sarcoma [30]. It can be difficult to
differentiate between these tumours. Hence, electron micro-
scopic identification of neurosecretory granules and immuno-
histochemical analysis for neuron-specific enolase are
required to make the correct diagnosis. Histology of these
tumours is to that of small, round, blue-stained cells. They are
also associated with chromosome 11 and 22 translocation and
MIC2 gene [31, 32].

On initial examination, chest wall tumours can be
mistaken for empyema because of the signs and symptoms
of inflammation or infection and a pleural mass. Moderate
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Fig. 6 Gorham disease in a 2-year-old boy with respiratory distress.
(a) AP chest radiograph shows a dense lesion in the entire right
hemithorax with the mediastinum displaced to the left and bone
lesions. The right clavicle contains a sclerotic/lytic lesion, and the first
two right ribs have an altered bone trabecula pattern. (b) Axial CT
scan shows the lytic bone lesion in the sternum and the first right rib.
A pleural effusion is occupying the right hemithorax and a soft-tissue
lesion is seen in the chest wall. (¢) Coronal T2-W MR image shows an
enlarged, hyperintense right clavicle with soft tissue involvement and
a large ipsilateral pleural effusion. The results of open surgical biopsy
of the clavicle were consistent with bone lymphangiomatosis

to high pyrexia, elevated C-reactive protein and elevated
white cell count in combination with an opacity on chest
radiography suggest a pleural collection rather than a
tumour. Children with a tumour can present with pain,
cough, dyspnoea, pleural effusion and a chest wall mass.
Plain radiography sometimes shows only pleural effusion,
which can hide the underlying lesions, or a soft-tissue mass
with erosion or destruction of the adjacent rib (Fig. 7)
[33, 34]. US can be of help in making the diagnosis, but
sometimes misses the evidence of tumour. CT or MR

Fig. 7 Askin tumor in an 8-year-old girl who was initially diagnosed with
right lung pneumonia and pleural fluid. (a) Chest radiograph shows a
right lower lobe density and pleural effusion. US of the thorax (not
shown) showed a mass in the right thorax. (b) Axial T2-W MR imaging
at the level of the mass shows an extrapleural soft-tissue mass originating
in the posterior arch of the rib of heterogeneous high signal intensity. (c)
A localized low-dose CT slice also shows the bone involvement
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imaging with intravenous contrast is necessary to detect the
underlying tumour, its origin and metastases [35]. MR
shows a heterogeneous mass with high signal intensity on
T2-W images and contrast-enhanced T1-W images. MR
may be superior to CT for defining tumour extension and
CT may be better at detecting lung metastases. Cross-
sectional imaging is useful to assess tumour response to
chemotherapy during follow-up [36]. These tumours usu-
ally have a poor prognosis and often recur.

Rhabdomyosarcoma is the most common soft-tissue
sarcoma in children and the second most common malignancy
of the thoracic wall [30]. They can arise from any location,
but rhabdomyosarcomas of chest wall origin have a poor
prognosis [37]. The embryonal form is the most common
histologic subtype of chest wall rhabdomyosarcoma. Chest
radiography may show a soft-tissue mass with variable rib
involvement and CT and MR can help in assessing tumour
extension. CT shows a nonspecific, enhancing heterogeneous
mass with adjacent rib destruction and pleural effusion. MR
imaging depicts heterogeneous increased signal intensity on
T1-and T2-W images and heterogeneous contrast enhance-
ment on T1-W images [38].

Thoracic lymphoma usually presents as mediastinal
masses. It can affect the thoracic wall as an isolated soft-
tissue mass or by direct mediastinal or parenchymal
extension. CT is the most common imaging modality used
to evaluate and stage lymphomas. The isolated chest wall
mass appears as a homogeneous soft-tissue mass within the
chest wall muscles. Lymphomatous extension of a medias-
tinal mass usually occurs in the parasternal region and will
appear as a homogeneous soft-tissue mass obliterating
normal fat planes and displacing chest structures. MR
imaging is very sensitive in the study of soft-tissue chest
wall masses, and shows increased signal intensity in the
mass on T2-W images [39, 40].

Other less common malignant soft-tissue masses affect-
ing the thoracic wall in children include neuroblastoma,
congenital fibrosarcoma, mesenchymal chondrosarcoma,
osteosarcoma and malignant peripheral nerve sheath
tumours. Neuroblastoma can invade the thoracic wall by
direct extension from the posterior mediastinal mass. MR is
the best imaging modality to analyze the extent of the
tumour and neural invasion (Fig. 8). The main MR findings

Fig. 8 Neuroblastoma; posterior mediastinal mass involving the chest p>

wall in a 3-year-old boy with posterior chest pain. (a) AP chest
radiograph shows a dense paravertebral lesion. The fourth and fifth
posterior ribs are thinner and the intercostal spaces are wider in this
area. The well-defined borders of the elongated mass associated with
the bone lesion, confirms the findings of an extrapleural lesion. Axial
(b) and coronal (¢) T2-W MR images show a mass located in the
posterior mediastinum invading the extradural canal, several foramina
and the posterior soft tissue in the right side. MR imaging is the best
technique for the study of neurogenic tumours with invasion of
adjacent structures
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are abnormal high signal intensity on T2-W images and
heterogeneous enhancement after contrast administration
[41]. Congenital fibrosarcoma is rare in children and has a
better prognosis than in adults. It typically occurs in the
axilla or thigh. MRI shows a mass isodense to muscle on
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T1-W images and a hyperintense mass with heterogeneous
contrast enhancement on T2-W sequences [42]. The ribs
and mandible are the most commonly affected bones in
mesenchymal chondrosarcoma. CT can detect calcifications
in the mass, reflecting the cartilaginous matrix. MR shows a
mass with low signal intensity on T1-W images and high
signal intensity on T2-W images.

Conclusion

A wide spectrum of disorders can involve the thoracic wall
in children. These conditions can be congenital, develop-
mental or acquired. Chest radiography is still the primary
screening modality for palpable, symptomatic or asymp-
tomatic chest wall disorders, as well as for symptomatic
nonpalpable processes in children. The recent technological
advances in cross-sectional imaging (CT and MR) have
expanded the capacity for lesion characterization and
assessing anatomical location and extension. Radiologists
have an important role in analyzing the wide spectrum of
pediatric chest wall variations and diseases and can limit the
differential considerations, establish a specific diagnosis, and
even suggest potential management options.
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