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Abstract
A palpable finding along the chest wall is a frequent indication for pediatric US. Accurate identification of benign lesions can
reassure families and appropriately triage children who need follow-up, cross-sectional imaging, or biopsy. In this pictorial essay,
we review chest wall anatomy, illustrate US techniques and discuss key US imaging features of common benign lesions and
normal variants.
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Introduction

Requests for radiologic evaluation of chest wall lesions are
common in the pediatric population. This region can be par-
ticularly challenging to assess, owing to unique anatomical
features and disease processes found only in this region. A
vast majority of these lesions are benign when painless [1],
and with thorough knowledge and experience, a specific di-
agnosis can often be madewithout the need for cross-sectional
imaging.

Chest wall lesions commonly present in the pediatric pop-
ulation, some overlapping with those found in adults and
others unique to pediatrics [2]. The spectrum of abnormalities
includes normal variants, superficial neoplasms, sequela of
trauma, and rib and chest wall musculature abnormalities.
Often referred as outpatients for a superficial skin lesion or
palpable abnormality, the first-line imaging modality is typi-
cally US, radiograph or both concurrently [3–5]. Many of
these lesions are radiographically occult; therefore, US is cru-
cial in determining the diagnosis and follow-up. If further
evaluation is required, the US appearance determines whether

CT or MRI is most appropriate. Although some clinical ques-
tions require multiple imaging modalities, US often fully char-
acterizes normal chest wall anatomy and diagnoses many be-
nign processes. Differentiating benign and malignant masses
on US, however, can be challenging in children. Unless a
lesion is a simple cyst or lipoma, malignancy should be a
consideration [6]. Sonographic criteria suggestive of malig-
nancy in adults such as size, margins and depth often do not
apply to children, in whom small, superficial, circumscribed
lesions can be malignant [6, 7]. Correlation with clinical his-
tory is fundamental and findings such as pain, tenderness or
interval growth can increase concern for a malignant mass [1,
8]. In addition, the presence of multiple superficial masses can
raise suspicion for malignancy such as metastatic neuroblas-
toma or leukemia [6]. Many sonographic features of benign
lesions overlap with malignancy and often histological diag-
nosis is necessary.

We present a consolidated sonographic review of benign
chest wall masses that arise in the pediatric population. It is
important for the radiologist to be familiar with these sono-
graphic findings to improve diagnostic confidence and avoid
unnecessary additional workup whenever possible.

Technical considerations

Ultrasonography is a relatively inexpensive examination that
allows for static and real-time gray-scale imaging in addition
to color and spectral Doppler evaluation. The ability to char-
acterize non-ossified structures is especially important for the
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chest wall because a significant portion of the rib cage is
cartilaginous. One of the challenges with US is inter-user var-
iability, which can be mitigated to some degree by technical
experience and comprehensive clinical knowledge.

A linear, high-frequency (9–17 MHz) transducer provides
excellent soft-tissue contrast and spatial resolution and should
be used when interrogating superficial structures. Spatial res-
olution is maximal at the focal zone, so it is important to
ensure the focal zone is placed at a depth near the area of
interest. Imaging of superficial structures immediately subja-
cent to the transducer can result in degraded resolution, which
can be mitigated by using a stand-off pad or extra US gel to
increase the distance between the transducer and the target.
Other US parameters, such as transmit gain and time gain
compensation, should likewise be appropriately adjusted.
Setting the gain too high can artifactually make an anechoic
simple cyst appear hypoechoic, while setting the gain too low
can make the features of a complex cyst difficult to appreciate.

Images should always be acquired in longitudinal and
transverse planes with respect to the adjacent anatomy. For
instance, a lesion overlying the sternum can be displayed in
true axial and sagittal planes but a lesion overlying a rib
should be imaged longitudinal and transverse to the plane of
the rib, which is often oblique to the chest wall. A cinematic
sweep that extends beyond a lesion in all directions should
always be uploaded for radiologist review on a diagnostic
workstation. The presence or absence of vascularity should
always be documented with color Doppler imaging, with the
color scale set at an appropriate level. If vascularity is present,
then the flow should be further characterized with spectral
waveforms. Representative images of the contralateral side
are often helpful as a comparative reference.

The final component in achieving ideal images involves
maximizing coordination and cooperation. Fortunately, the
low ambient light in the examination room is calming for most
children and US equipment tends to be less intimidating than
other imaging modalities because the equipment is relatively
small and virtually silent. All supplies should be readily avail-
able and immediately accessible, chairs and beds should be
easily adjustable, and the child should be positioned in a way
that prioritizes comfort while maintaining accessibility.
Whenever possible, the child should be held or comforted
by a caregiver throughout the US examination.

Prior to image interpretation, it is good practice for the
radiologist to physically inspect the lesion for consistency,
mobility, size, localized warmth, palpable thrill and associated
skin changes. These physical exam findings can directly in-
fluence and narrow the differential diagnosis. The radiologist
should scan the lesion whenever possible, particularly if there
is a confusing or indeterminate lesion. If direct inspection is
not feasible, the technologist should be asked about these
findings and might provide pictures, which can be added to
the electronic medical record or picture archiving and

communication system (PACS). The child or guardian should
also be asked about critical elements of the child’s history
(presence of pain, length of time, noticeable changes in size,
presence of trauma, discharge) that are not available in the
provided history or notes.

Normal chest wall anatomy

The pediatric chest wall encompasses relatively consistent
normal anatomy (Fig. 1). The sonographic appearance can
be confusing because numerous structures exist in close prox-
imity. The skin is echogenic and should be uniform in thick-
ness. It is seen as two parallel echogenic lines: the epidermal
“entry echo” between the transducer and the skin, with the
echogenic dermis beneath. Immediately subjacent to the skin
is subcutaneous fat, which has a lobulated appearance with
fine curvilinear hyperechoic lines caused by acoustic reflec-
tions from interdigitating fascia. This tissue is most often the
reference used to describe relative echogenicity. Musculature
is slightly hypoechoic and has a striated appearance. The os-
sified and non-ossified portions of the rib cage can be follow-
ed in entirety. The superficial cortex of ossified bone is visu-
alized as markedly hyperechoic with complete posterior
acoustic shadowing. Cartilage and non-ossified bone are ho-
mogeneously hypoechoic and allow for interrogation of sub-
jacent anatomy. The pleura is also markedly echogenic but the
subjacent air-filled lung demonstrates “dirty” shadowing, pro-
ducing artifactual echoes that extend deep to the pleura and do
not provide anatomical detail. Absence of this normal artifact
might indicate an intrathoracic process (i.e. pleural effusion,
pulmonary consolidation, etc.). Blood vessels should be near-
ly anechoic and can be confirmed to have flow with color,
power or spectral Doppler imaging.

Congenital costochondral abnormalities

Chest wall anatomical variations are the most common pedi-
atric anterior chest wall lesion and usually have no clinical
significance [1, 9, 10]. Multiple developmental variations
can result in a palpable mass, especially in the setting of asym-
metry. The most common etiologies include focal convex an-
gulation of the costal cartilage (Fig. 2), asymmetry of the
costal cartilage, paracostal subcutaneous nodules, a tilted ster-
num, and pectus excavatum or carinatum [9, 11, 12].
Abnormal fusion of adjacent costal cartilages might also be
palpable, even in the absence of outward angulation (Fig. 3).
The sternalis muscle is present in approximately 8% of the
population and is unilateral in approximately two-thirds of
cases [13]. Costochondral subluxations from either acute trau-
ma or connective tissue diseases, such as Ehlers–Danlos syn-
drome, might also be present (Fig. 4). Although this entity is
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usually treated conservatively, it can be important to identify
as a child’s source of pain. Much more rarely, Poland syn-
drome is characterized by hypoplasia or absence of soft tissues
(classically the pectoralis major musculature) and sometimes
presents with associated chest wall deformities [14]. Many of
these findings are radiographically occult [12]. In all cases, the
contralateral anatomy is a valuable reference to assess for
symmetry.

Traumatic costochondral abnormalities

Although typically less sensitive for osseous pathology than
other modalities, US serves an important role in a chest wall
trauma workup, even in the setting of normal radiographs. In
addition to cartilage and non-ossified bone being radiograph-
ically occult, nondisplaced acute fractures of ossified ribs are
often not appreciable on radiographs, even with dedicated
views [15]. It has been shown that US is more sensitive than
radiographs for the detection of acute rib fractures in adults
[15, 16] and can detect radiographically occult rib fractures
and costochondral separations in children undergoing workup
for nonaccidental trauma [17, 18].

For the ossified rib, hematoma or early callous formation
and even cortical discontinuity can be sonographically evident
(Fig. 5). Fractures involving non-ossified costal cartilage can
appear as a relatively echogenic fracture line with or without
step-off deformity [19, 20]. Costochondral and chondrosternal

separations might be accompanied by linear gas, presumably
from vacuum phenomenon, which also appears echogenic
[19, 20]. Furthermore, US is a dynamic examination, and pro-
vocative maneuvers can accentuate subtle chest wall injuries.
For instance, Valsalva technique might demonstrate extrusion
of hemorrhagic and inflammatory debris in the setting of a
fracture isolated to cartilage (Fig. 6). Although rare, lung her-
niation can occur with blunt force trauma [15]. Rib fractures as
well as injuries to the sternum in younger children should raise
suspicion for nonaccidental trauma and prompt a skeletal
survey.

Osteochondroma

Osteochondroma (or exostosis) is a benign bony growth cov-
ered by a cartilage cap. The prevalence of a solitary
osteochondroma in the general population is estimated to be
1–2%; it is the most common bone tumor in children, and
overall accounts for up to 50% of benign bone tumors [21,
22]. These lesions usually arise at the metaphysis of long
bones or along metaphyseal equivalents such as the portion
of the r ib near the cos tochondra l junc t ion . An
osteochondroma typically presents as a hard, immobile, pal-
pable mass. Pain is uncommon but if present can be caused by
overlying bursitis, nerve impingement, vascular compression,
pseudoaneurysm formation or possibly fracture. If there are

Fig. 1 Normal pediatric chest wall anatomy in an 8-year-old girl. a, b
Gray-scale obliquely oriented images of the chest obtained longitudinal
(a) and transverse (b) to the plane of the rib demonstrate structures
routinely appreciated on sonography, including the skin, subcutaneous

fat, musculature, bony rib, costal cartilage (CC), costochondral junction
(arrowhead), pleura (arrow) and lung. Extra gel is used as a stand-off pad
(asterisk)

Fig. 2 Angulated costal cartilage
in a 10-year-old boy presenting
with a painless anterior chest
bulge. a, b Gray-scale US
longitudinal to the plane of costal
cartilage (a) shows anterior
angulation of a costal cartilage at
the site of palpable concern
(arrow) compared to the smooth
surface (arrowhead) of the
contralateral side (b)
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multiple lesions or the osteochondroma is sessile then hered-
itary multiple exostoses should be considered.

A pedunculated osteochondroma arising from a rib or scap-
ula has the sonographic appearance of an expansile bony pro-
tuberance with cortical continuity (Fig. 7). Larger lesions
might be evident on radiographs or CT, but small or sessile
osteochondromas are sometimes radiographically occult. The
osseous component typically continues to grow until the child
achieves skeletal maturity, and it can accelerate in growth
during puberty. The overlying cartilage cap is well evaluated
with US and often appears homogeneously hypoechoic, sim-
ilar in echotexture to normal costal cartilage. If mineralization
is present in the cartilage cap then it will appear echogenic
with a variable amount of shadowing. Malignant transforma-
tion is rare, occurring in approximately 1% of solitary
osteochondromas, and this is unusual in patients younger than
20 years [23]. Once skeletal maturity is reached, an upper limit
of 2 cm has a reported sensitivity of 100%, with 95–98%
specificity on CT and MR, respectively [24]. In a child,
chondrosarcoma should be suspected if the cartilage cap is
greater than 3 cm in thickness [23]. Osteochondromas

demonstrate no abnormal vascularity on color Doppler and
the surrounding structures should appear normal.

Ganglion/synovial cyst

The terms ganglion and synovial are often used interchange-
ably. Synovial cysts are lined with synovial cells and are
thought to represent a herniation of joint fluid. Ganglion cysts
are encapsulated by fibrous connective tissue instead of
synovium and their pathogenesis remains unclear. They might
represent an extra-synovial herniation of joint fluid or be
caused by a myxoid degenerative process or repeated trauma
[25]. Either type of cyst can be treated with percutaneous
aspiration (often with corticosteroid injection and fenestra-
tion) or surgical resection, although recurrence is common.
Addressing any internal derangement in the adjacent joint
can simultaneously address the underlying cause for synovial
cyst formation [26].

Ganglion and synovial cysts are indistinguishable on im-
aging. Both are typically well-circumscribed anechoic cysts

Fig. 3 Fused costal cartilages in a
2-year-old boy with palpable
lump. a Gray-scale US transverse
to the plane of the costal cartilage
shows fusion of two adjacent
costal cartilages (CC1 and CC2)
with focal anterior angulation
(arrow). b Gray-scale US image
transverse to the plane of the
costal cartilages of the normal
contralateral side shows separate
costal cartilages (CC1 and CC2)

Fig. 4 Sternocostal subluxation in a 10-year-old girl presenting with
chest wall protuberance. Transverse gray-scale US image shows that
the left costal cartilage (CC) is positioned anteromedially (arrow) with
respect to the normal right sternocostal articulation (arrowhead)

Fig. 5 Rib fracture in a 16-year-old boy following a fall 3 weeks prior.
Gray-scale US longitudinal to the plane of the rib shows a rib fracture
with cortical disruption (arrow). Within the superficial soft tissues, there
are ill-defined echogenic foci (arrowhead), consistent with developing
callus formation
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with thin walls and posterior acoustic enhancement (Fig. 8).
Ganglion cysts have been rarely described to have a solid
appearance, possibly related to decompression prior to imag-
ing [27]. Both can be found in juxta-articular locations, but
ganglion cysts also occur in close proximity to or directly
involve tendons and nerves. Both sometimes have a beak-
like neck extending toward a nearby joint (Fig. 8). Evidence
of possible communication with a joint should always be de-
scribed because the neck must be resected in entirety to min-
imize the chance of recurrence after resection. These cysts
have varying degrees of complexity including increased
echogenicity, thick walls and multiple loculations, but there
should be no evidence of internal flow on color Doppler im-
aging (Fig. 8). A small degree of peripheral or septal vascu-
larity might be identified, possibly from normal synovial vas-
culature or inflammation from rupture.

Fat-containing lesions

A lipoma is a benign tumor composed entirely of mature fat
cells. It is the most common fat-containing tumor in children
and represents almost 50% of soft-tissue tumors across all
ages [28]. Lipomas can be found at any location where adi-
pose tissue normally exists, most commonly in the subcutane-
ous tissues. They tend to be slow growing but can accelerate
with weight gain. Lipomas are usually clinically evident and
correctly diagnosed, but several other fat-containing lesions
can have overlapping clinical features. Lipoblastoma is the
second most common fatty tumor in young children and is
similar to lipoma except that it contains both mature and im-
mature fat cells, usually occurs before the age of 3, might
demonstrate more rapid growth, and is more frequently found
in the extremities [29]. Lipofibromatosis is a rare lesion also
seen in young children, more commonly found in the distal
extremities (hands and feet). Imaging demonstrates variable
amounts of fat and fibrosis, and diagnosis is only definitively
made with biopsy [30]. Liposarcoma is very rare in children,
with myxoid liposarcoma being the common form. Finally,
angiolipoma should be considered if the mass is painful, es-
pecially in older children.

Superficial lipomas are most often isoechoic to the adjacent
subcutaneous fat but demonstrate variable echogenicity and
can be hyperechoic or hypoechoic (Fig. 9). The internal
echotexture is also similar to the adjacent fat, often with un-
dulating striations or linear bands. An echogenic capsule
might be present. No significant acoustic enhancement or
shadowing is present. A simple lipoma has no increased inter-
nal vascularity (Fig. 9). Lipomas commonly have striations
and internal structure that parallel the surrounding tissue, in
contradistinction to angiolipomas (a subtype of regular lipo-
mas), which tend to be more ovoid and well circumscribed.
Internal vascularity is also reported in 23% of angiolipomas
[31], further helping to distinguish these from a standard lipo-
ma [31]. Angiolipomas also tend to be smaller than regular
lipomas, <2 cm, and demonstrate pain on palpation, which
diminishes over time [31]. In general, any lipoma demonstrat-
ing internal vascularity or reported to be painful should under-
go histological sampling.

Fig. 6 Costal cartilage injury in a 14-year-old boy presenting with a
palpable lesion and associated clicking sound after trauma. Gray-scale
US longitudinal to the plane of the costal cartilage (CC) demonstrates
discontinuity of the cartilaginous portion of the rib (arrow) with
heterogeneity of the overlying deep soft tissue (arrowheads), likely
edema and hemorrhage

Fig. 7 Osteochondroma in a 4-year-old girl presenting with palpable rib
lump. a, bWith respect to the plane of the rib, longitudinal gray-scale (a)
and transverse color Doppler (b) US images show a bony protuberance

arising from the rib with cortical continuity (arrowhead), hypoechoic
cartilage cap (arrow) and minimal vascularity
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Accessory breast tissue

Accessory breast tissue is seen in up to 6% of the population
[32]. The axilla is the most common location, with additional
sites usually along the milk line, which extends from the an-
terior axillary fold to the medial inguinal fold, though acces-
sory breast tissue has been reported throughout the trunk, face
and proximal extremities. Accessory breast tissue is usually
asymptomatic. In the absence of an associated supernumerary
nipple, the initial presentation is likely to occur during times
where normal breast tissue is subject to hormonal stimulation
such as thelarche (the onset of pubertal breast development),
menarche, pregnancy or lactation. The pediatric patient might
experience periodic pain or swelling in the ectopic location
during puberty. Nipple discharge is rare in children and ado-
lescents but theoretically could occur in the setting of a super-
numerary nipple. The sonographic appearance of accessory
breast tissue is identical to that of normal fibroglandular tissue
(Fig. 10). Malignancy is rare, but it is important to remember
that all breast pathology, benign and malignant, can occur in
accessory breast tissue [33, 34].

Gynecomastia

Gynecomastia is the development of glandular breast tissue in
a male, which can occur unilaterally or bilaterally.

Physiological gynecomastia most commonly occurs in the
neonate, adolescent and adult older than 50. Maternal hor-
mones pass freely into the fetal circulation and a palpable
subareolar mass can be observed in up to 90% of male neo-
nates [35] (Fig. 11). This is a self-limited process that typically
resolves in the first few weeks after birth. During adolescence,
gynecomastia has been reported to occur in up to 60–75% of
normal healthy boys [36]. The child might present with a
discrete palpable mass or more diffuse breast enlargement,
often with associated pain or tenderness. This is also a self-
limited process. Multiple non-physiological causes of gyneco-
mastia present at any age and include neoplasm, systemic
dysfunction, genetic anomalies and medication-induced.
Regardless of the etiology, the sonographic appearance of
gynecomastia can be classified as nodular, dendritic and dif-
fuse [37]. Nodular gynecomastia tends to be a well-defined,
hypoechoic mass with variable amounts of ductal develop-
ment, which appear as anechoic tubular structures (Fig. 12).
The dendritic pattern is also hypoechoic but more flame-
shaped with irregular borders (Fig. 13). Diffuse gynecomastia
generally has the appearance of normal fibroglandular tissue.
These lesions often appear avascular, though a minimal
amount of internal vascularity is entirely normal.

Fig. 8 Ganglion/synovial cyst in
a 6-year-old boy presenting with a
lump at the left sternoclavicular
junction. a, b Transverse color
Doppler (a) and gray-scale
oblique (b) US images show an
anechoic avascular cystic lesion
(arrows) overlying the
sternoclavicular joint (asterisk)
with beak-like neck extending
toward the joint (arrowhead)

Fig. 9 Lipoma in a 17-year-old
girl presenting with a chest wall
mass. Longitudinal color Doppler
US image shows a well-
circumscribed isoechoic oblong
lesion (arrowheads) with
echotexture similar to adjacent
subcutaneous fat. There is an
echogenic capsule, echogenic
curvilinear striations parallel to
the skin surface, and no
significant vascularity
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Mammary duct ectasia

Mammary duct ectasia is the most common cause of bloody
nipple discharge in childhood and presents as a periareolar
palpable mass or breast enlargement [38]. This is a benign
condition characterized by dilated mammary ducts with
periductal inflammation and fibrosis [38, 39]. The cause is
unknown and proposed etiologies include bacterial infection,
hormonal factors and developmental abnormality [38].
Mammary duct ectasia is more common in girls, has been
reported in infants as young as 2 months, and can be unilateral
or bilateral [38]. The condition is usually self-limited, with
spontaneous resolution. Sonographic findings include dilated
anechoic tubular lesions or cysts, which might be simple or
complex [33, 38] (Fig. 14). Echogenic debris might be pres-
ent, suggesting hemorrhage [38].

Abscess/purulent soft-tissue infection

In the setting of a soft-tissue infection, US can help differentiate
between nonpurulent cellulitis and purulent processes with and
without a drainable collection. This distinction helps guide treat-
ment because children with a collection might benefit from inci-
sion and drainage [40–42]. Soft-tissue infection has been observed
to progress in a step-wise fashion starting with soft-tissue thicken-
ing, proceeding to phlegmon/inflammatory mass, and eventually
organizing into an abscess [43]. The size of the fluid collection
might be used to help determine whether incision and drainage is
warranted. Although guidelines are institution-specific, collections
greater than 1–2 cm are typically candidates for drainage. In the
setting of methicillin-resistant S. aureus (MRSA) infection, puru-
lent collections might not demonstrate discrete well-defined walls
on US; however, these might still produce drainable fluid and
positive cultures [44]. Purulent MRSA infections can present with
sonographic findings of cobblestoning or branching interstitial

Fig. 10 Accessory breast tissue in
a 17-year-old girl presenting with
palpable mass in the right axilla
with pain and burning.
Longitudinal color Doppler US
image shows an axillary mass of
fibroglandular breast tissue
(brackets)

Fig. 11 Physiological enlargement of the breast bud in a 14-day-old boy.
Transverse gray-scale US image shows a well-defined lesion (arrows)
deep to the nipple (asterisk) with multiple prominent mammary ducts
(arrowhead)

Fig. 12 Nodular gynecomastia in a 5-year-old boy presenting with a
palpable lump. Transverse gray-scale US image shows a well-defined
hypoechoic lesion (arrows) deep to the nipple (asterisk), consistent
with nodular gynecomastia
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fluid, which can overlap with the imaging appearance of cellulitis
[44]. In this setting, correlation with physical exam findings of
fluctuance or induration can increase suspicion for drainable puru-
lent fluid [44]. In addition to the primary site of infection, draining
lymph nodes can become enlarged from reactive hyperplasia or
become necrotic and an additional nidus of infection. Finally, US
might also help exclude signs of severe complications requiring
urgent attention including necrotizing fasciitis, osteomyelitis and
septic arthritis [45, 46]. Findings raising concern for necrotizing
fasciitis include perifascial fluid, air within the deep soft tissue, and
irregular or distorted appearance of the deep fascia [47].

Discrete purulent fluid collections are variable in appear-
ance. They might be nearly anechoic or heterogeneously
hypoechoic with multiple low-level echoes from the presence

of pus and other cellular debris (Fig. 15). Compression with
cinematic imaging might induce movement or swirling of ab-
scess contents, which can be especially helpful in cases where
the fluid collection is nearly isoechoic to surrounding fat. An
abscess will demonstrate posterior acoustic enhancement.
Abscess walls tend to be thick, irregular and echogenic,
though they might be less well formed in the setting of
MRSA infection [44]. The surrounding subcutaneous fat is
often markedly echogenic from edema. Hyperemia is evi-
denced by increased flow on color Doppler and is commonly
seen along the abscess wall and adjacent soft tissues. Color
flow should not be present within the collection, except for
within thick septations if the lesion is multiloculated. The
underlying bones should be closely scrutinized for evidence
of subperiosteal fluid collections and frank cortical destruction
(Fig. 16). Subcutaneous emphysema, from a laceration or skin
defect, appears as scattered “dirty shadowing” from gas in the
subcutaneous tissues. A strongly echogenic focus within the
collection should raise suspicion for a retained foreign body.
While metallic foreign bodies are easily seen on radiographs,
US has a high sensitivity and specificity for radiolucent for-
eign bodies [48].

Self-limiting sternal tumors of childhood

Self-limiting sternal tumors of childhood are rare benign rapidly
growing parasternal tumors arising from an exaggerated immune
response to an aseptic inflammatory process [49]. These tumors
typically present in infancy or young childhood, at 7–50 months
of age, and rapidly grow over a period of 2 weeks [50]. These
children might present with local pain and elevated body tem-
perature. Laboratory evaluation can show mild elevation of C-
reactive protein and erythrocyte sedimentation rate [49, 50]. On
physical exam, the mass might feel elastic and skin can some-
times have a reddish or bluish discoloration [49]. Characteristic
sonographic features in combination with young age, sternum-
related location and clinical presentation can favor this diagnosis
and avoid biopsy [49, 50]. On US, self-limiting sternal tumors of
childhood appear as a smoothly marginated hypoechoic
dumbbell-shape mass without significant internal vascularity
and without invasion of surrounding structures [49–51]. The
dumbbell shape occurs because the mass typically protrudes an-
terior and posterior to the sternum, involving the cartilage be-
tween sternal segments or between a sternal segment and carti-
laginous rib [50, 51]. This often leads to an increased distance
between sternal ossification centers. The diagnosis is confirmed
by observation, with the lesion decreasing in size and resolving,
usually within 6months; however, this can take more than a year
[50, 51]. Follow-up with US is recommended [49, 51].

Fig. 13 Dendritic gynecomastia in a 10-year-old boy presenting with a
palpable lump. Transverse gray-scale US image shows an ill-defined,
flame-shape hypoechoic lesion (arrows) deep to the nipple (asterisk),
with hypoechoic fingerlike projections (arrowhead) extending into the
surrounding tissue, consistent with dendritic gynecomastia

Fig. 14 Mammary duct ectasia in a 2-year-old boy presenting with
bloody nipple discharge and palpable subareolar lump. Transverse color
Doppler US of the retroareolar region shows multiple tubular anechoic
cystic lesions (arrowheads) in the subcutaneous tissues without flow

436 Pediatr Radiol (2022) 52:429–444



Myofibroma/myofibromatosis

F i r s t des c r i bed in 1951 and co ined “ i n f an t i l e
myofibromatosis” by Enzinger and Chung in 1981, the 2013
World Health Organization (WHO) classification now in-
cludes myofibroma and myofibromatosis as morphological
points along the spectrum of myopericytic neoplasms [52].
Up to 88% of cases arise in children younger than 2 years,
but it has been recognized that myofibromas can occur in
older children and adults [30, 53]. Myofibroma refers to a
single lesion, usually involving the dermis or subcutaneous
tissues, and often presents as a firm, flesh-colored or purple
nodule. Myofibromatosis refers to multiple lesions. The most
common form is solitary myofibroma, which is a single lesion
only involving the skin and soft tissues; this form accounts for
50–80% of all cases and does not require any intra-abdominal
or visceral imaging. In multicentric myofibromatosis, multiple

myofibromas are seen involving the skin, soft tissues and
deeper musculature and bones. In a third of cases of
multicentric myofibromatosis, there might be visceral in-
volvement of the solid organs. Therefore in cases of
multicentric myofibromatosis, it is recommended to undergo
cross-sectional imaging to screen for visceral involvement.
Visceral involvement is most commonly identified in the
young infant and indicates a very poor prognosis, with a
75% mortality rate, especially when the heart or bowel is
affected. In cases of solitary myofibromatosis and multicentric
myofibromatosis without visceral involvement, there is a high
rate of spontaneous regression of myofibromas [54].

A myofibroma appears as a well-defined heterogeneous mass
with posterior acoustic enhancement (Fig. 17). There might be
central necrosis, which appears hypoechoic. Calcifications might
be present and appear as echogenic foci with or without evidence
of acoustic shadowing. Typically, no internal vascularity is identi-
fied on color Doppler but peripheral vascularity has been reported
[55]. These sonographic findings are nonspecific and, in the ab-
sence of a family history, biopsy is usually warranted [56].
Differential diagnosis for this lesion includes hemangiomas, fi-
brous hamartoma of infancy, infantile fibrosarcoma, soft-tissue
sarcoma, neuroblastoma, neurofibromas and histiocytosis [54].

Fibrous hamartoma of infancy

Fibrous hamartoma of infancy is a rare benign fibrous tumor
that almost always occurs before the age of 2 years but does
present as late as middle age [57]. This is generally a slow-
growing tumor, though rapid growth can occur up to about
age 5 years [58]. This lesion is most commonly found in the
trunk, especially in the region of the axilla and shoulder [59].
Fibrous hamartoma of infancy arises in the subcutaneous tis-
sues but can invade more deeply through fascia. If a lesion is
seen primarily within the muscle, then lipofibromatosis

Fig. 15 Subcutaneous abscess in a 13-year-old girl presenting with
enlarging chest wall “pimple.” a Transverse gray-scale US images
show an irregular cystic lesion (white arrows) with posterior acoustic
enhancement (black arrows) and both anechoic (white asterisk) and
debris-filled (black asterisk) portions. b Sagittal color Doppler US

image shows predominantly peripheral vascularity. There is thickening,
architectural distortion and relative hyperechogenicity (bracket) of the
surrounding subcutaneous fat, with areas of interstitial fluid
(arrowhead), consistent with inflammation

Fig. 16 Osteomyelitis of the rib in a 5-week-old girl presenting with chest
wall swelling and redness. Oblique gray-scale US image shows frank
cortical disruption and fragmentation of the underlying rib (arrow) and
an adjacent hypoechoic, subcutaneous fluid collection (arrowheads)
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(previously infantile fibromatosis) or infantile fibrosarcoma
should be considered [58]. Local excision is usually curative,
with low recurrence rates even with incomplete excision [60].
Although recurrence rates are as high as 16%, the recurrence
is usually cured by re-excision [58].

The sonographic appearance of fibrous hamartoma of
infancy is nonspecific; imaging findings include an ill-
defined, heterogeneously hyperechoic lesion that some-
times has a serpentine pattern (Fig. 18). As mentioned,

this lesion can be locally aggressive, with involvement
of the skin and extension through the fascia into the
subjacent muscle. Although these features can have a
worrisome appearance, this benign lesion demonstrates
no significant vascularity.

Infantile hemangioma and other vascular
tumors

Infantile hemangiomas present shortly after birth and progress
through three phases: proliferation, plateau and involution. The
lesions usually reach maximal size when the child is 3–5 months
of age [61]. The involuting phase usually begins at about
12 months but might not be fully complete until 12 years of
age [61]. They are most commonly found in the head and neck,
with approximately 25% occurring on the trunk [61]. The classic
appearance of a cherry-red or strawberry lesion infantile heman-
gioma might be evident on physical examination. However, if
the lesion is in the deep dermis or subcutaneous tissues it can
have a blueish hue (Fig. 19). In these cases, US is helpful for
establishing a diagnosis so the child can receive the
appropriate treatment. Screening US of the liver should
be performed to exclude visceral involvement if there
are five or more cutaneous infantile hemangiomas [62,
63].

The proliferating infantile hemangioma is usually a fairly well-
circumscribed heterogeneous mass with variable echogenicity
(Fig. 19). Color Doppler shows marked internal vascularity with

Fig. 17 Infantile myofibromas in
two brothers. a, b Infantile
myofibroma in a 6-month-old boy
presenting with a palpable chest
wall mass increasing in size.
Longitudinal gray-scale (a) and
color Doppler (b) US images
show a well-defined
heterogeneous mass within the
subcutaneous tissue superficial to
the costal cartilage (CC).
Calcification (arrow) and central
necrosis (arrowhead) are noted
with minimal internal vascularity.
cMyofibroma in the sibling, who
presented at 8 weeks old with
enlarging palpable chest and back
lesions. Gray-scale US image
shows a similar-appearing mass
in the chest wall with a central
calcification (arrow)

Fig. 18 Infantile fibrous hamartoma in a 1-year-old girl with nontender
axillary lumps. Longitudinal color Doppler US image shows an ill-
defined heterogeneously hyperechoic subcutaneous lesion (brackets)
with a serpentine pattern (arrow). There is focal extension into the
subjacent musculature (arrowheads) and no significant vascularity
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>5 vessels per square centimeter. Spectral Doppler demonstrates
both venous and low-resistance arterial waveforms. During the
involuting phase, theremight be increased echogenicity, decreased
vascularity, and increased vascular resistance [62].

Tufted angiomas are another vascular neoplasm, arising
from capillary vessels, that demonstrate more aggressive be-
havior and imaging characteristics than hemangiomas and are
closely related to Kaposiform hemangioendothelioma
(Fig. 20). The tufted angioma can be distinguished from the
infantile hemangioma because it can be seen at birth, is
multicompartmental, and is a relatively superficial lesion, just

below the skin. It might sweat more and develop relatively
more hair than the surrounding skin. It can be associated with
a serious complication called Kasabach–Merritt phenomenon,
which is a rapid growth of the lesion resulting in thrombocy-
topenia, microangiopathic hemolytic anemia and consumptive
coagulopathy. Kaposiform hemangioendothelioma is some-
times indistinguishable from tufted angioma on imaging and
can be included in the differential diagnosis.

Fig. 19 Infantile hemangioma in
a 6-month-old boy presenting
with a chest wall mass that
appeared after birth and enlarged
in size. a Clinical photograph
shows a bluish chest wall mass
(arrows). b Longitudinal gray-
scale US image shows a well-
defined echogenic mass
(arrowheads). c Color Doppler
US image shows dense
vascularity, more than 5 vessels/
cm2. dDuplex Doppler US image
shows low-resistance arterial and
venous waveforms

Fig. 20 Tufted angioma in a 20-
week-old boy. a Clinical
photograph shows patchy red/
purple plaques on the chest wall.
b, c Sagittal gray-scale (b) and
color Doppler (c) US images
show patchy ill-defined
hypoechoic lesions (arrowheads)
in the subcutaneous tissues with
marked internal color flow
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Vascular malformations

Vascular malformations are congenital lesions that are often
present at birth but might not be noticed until childhood or
later because they grow in proportion or faster than the child
[64]. Growth can be exacerbated in the setting of hormonal
changes, thrombosis, infection or trauma [64]. Vascular
malformations can be classified as simple, which can be high
flow (arteriovenous malformation, arteriovenous fistula), low
flow (venous, lymphatic or capillary) or combined. US is of-
ten the first imaging test ordered in the workup of a suspected
vascular malformation.

Venous malformations are the most common type of vas-
cular malformation, and 20% of cases occur on the trunk [64].
Venous malformations have variable appearances on US, in-
cluding a lobulated well-defined spongelike structure with
variable echogenicity or a tortuous collection of veins [65].
Identification of only low-velocity monophasic venous wave-
forms on spectral Doppler can help suggest this diagnosis. If
phleboliths can be identified as echogenic foci with posterior
acoustic shadowing, they are pathognomonic [66]. Venous
malformations are also compressible and increase in size with
Valsalva [65].

Lymphatic malformations are the second most common
type of vascular malformation, with 20% occurring in the
axillary region [64]. Lymphatic malformations can be
microcystic, macrocystic or mixed. The most recent classifi-
cation system defined macrocysts as measuring more than 1–
2 cm [62]. Because macrocystic lesions can be treated with
percutaneous sclerotherapy, some institutions describe lesions

greater than 3–4 mm as macrocystic if they are capable of
being accessed [61, 67]. An uncomplicated macrocystic lym-
phatic malformation is typically a lobulated, nearly anechoic
cystic mass with thin septations (Fig. 21). These lesions are
not limited by fascial boundaries and are often transspatial. It
is important to exclude the presence of intrathoracic extension,
andMRI can be helpful. Few internal echoes might be evident
from cellular debris. Fluid-fluid levels can be seen in the set-
ting of intralesional hemorrhage. Internal echoes with or with-
out fluid levels might represent infection, especially if there is
surrounding hyperemia and edema. Color Doppler might
demonstrate normal flow within thin septations. If
intralesional flow is identified within the cystic cavities, then
a venolymphatic or another slow-flow vascular lesion should
be considered. Lymphatic malformations should not change
in appearance with respiration or repositioning and should not
collapse under pressure. These provocative maneuvers sug-
gest a vascular component to the lesion.

Plexiform neurofibroma

Plexiform neurofibromas often involve multiple nerve seg-
ments next to the vertebral column and are considered patho-
gnomonic for neurofibromatosis-1 (NF-1). Both the localized
and diffuse forms of neurofibroma are much more commonly
sporadic (approximately 10% are associated with NF-1)
[68–70]. Except for the plexiform neurofibroma, which usu-
ally begins to develop in childhood, other benign nerve sheath
tumors typically do not present until early adulthood.

Fig. 21 Lymphatic malformation
in a 16-year-old girl presenting
with a painful palpable lesion for
1 week and history of a childhood
cyst in the same location, which
resolved. a Clinical photograph
shows the mass inferior to the
right clavicle (arrows). b, c
Longitudinal (b) and transverse
(c) color Doppler US images
show a lobulated multiseptated
mass with fluid-debris levels
(arrowhead). Vascularity is
observed along the periphery and
within septations (arrow)
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Although plexiform neurofibroma is a benign lesion, it is a
known precursor for malignant peripheral nerve sheath tumor,
with a rate of transformation as high as 2–5% [71].

Neurofibromas are generally hypoechoic, similar to
schwannomas and traumatic neuromas. The appearance of
multiple adjacent enlarged nerves has often been described
as a “bag of worms.” Plexiform neurofibromas grow progres-
sively and can extend beyond the perineurium (the outer-most
layer of the nerve) with an aggressive, ill-defined, infiltrative
and lobulated appearance (Fig. 22). The adjacent fat might be
hyperechoic from regional edema, and the overlying skin
might be markedly thin (Fig. 22). Color Doppler US usually
demonstrates significant internal vascularity. The differential
diagnosis includes vascular anomalies, soft-tissue sarcoma,
and malignant peripheral nerve sheath tumors.

Dermal and epidermal inclusion cysts

Epidermal inclusion cysts (epidermoid cysts) are lined with
epithelium and contain desquamated keratinized debris.

Dermal inclusion cysts (dermoid cysts) are also lined with
epithelium but additionally contain dermal structures such as
hair follicles or glandular elements. These subcutaneous in-
clusion cysts, although similarly named, are unrelated to neo-
plastic benign cystic teratomas (e.g., ovary, mediastinum) [72,
73]. Dermal and epidermal inclusion cysts are usually asymp-
tomatic unless they become superinfected or rupture and cause
a chemical inflammatory response. Congenital dermal inclu-
sion cysts are usually midline in location, with up to 14%
occurring in the neck, sometimes in a suprasternal location
[4]. Most of the radiology literature has focused on the imag-
ing appearances of these lesions in the head and neck [72, 74].
Inclusion cysts found at other locations are often diagnosed
and treated with resection, without the need for imaging [75].

Dermal and epidermal inclusion cysts cannot reliably be
distinguished on US. Both are well-circumscribed,
hypoechoic and often demonstrate posterior acoustic enhance-
ment (Fig. 23). If present, echogenic debris (from calcifica-
tion, fat, mucoid or purulent material) can diminish posterior
acoustic enhancement or rarely even result in shadowing.
Both types of inclusion cysts sometimes have an identifiable

Fig. 22 Superficial plexiform
neurofibroma in a 17-year-old
boy with enlarging right chest
wall mass. a Transverse gray-
scale US image shows an
infiltrative hypoechoic
subcutaneous mass (brackets)
with marked thinning of the
overlying dermis (arrowhead)
and diffusely increased
echogenicity of the adjacent
subcutaneous fat (arrow). b
Transverse color Doppler US
image reveals marked internal
vascularity. c Corresponding
axial T1-W fat-saturated post-
gadolinium MR image shows the
corresponding avidly enhancing
mass (arrow)

Fig. 23 Dermoid cyst in a 23-
month-old girl presenting with a
painless lump on her chest for
1 week. a, b Longitudinal gray-
scale (a) and transverse color
Doppler (b) US images show a
well-defined avascular
subcutaneous lesion with
posterior acoustic enhancement
(arrows), edge shadowing, and
scattered internal echogenic foci
(arrowhead)
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sinus tract extending to the skin. Like other cysts, these lesions
are avascular. If there is surrounding hyperemia, then chemi-
cal inflammation from rupture is much more likely than true
infection, especially in the setting of mural irregularity.

Pilomatricoma

Pilomatricoma is a relatively common benign tumor arising
from the hair cortex cells. It is usually asymptomatic and pre-
sents as a small, slow-growing, mobile, pebble-like mass. The
overlying skin often has a bluish discoloration but can become
inflamed and even ulcerate later in presentation. These lesions
are usually solitary and, though the most common location is
the head and neck, approximately 8% arise in the trunk [76].
Spontaneous regression has never been reported, malignant
transformation has been rarely described, and incomplete ex-
cision almost always results in recurrence. Therefore, the rec-
ommended treatment is complete excision, which results in an
estimated recurrence rate of 1.4% [76]. The accuracy of clin-
ical diagnosis, however, has been reported as low as 16% [76].

The sonographic characteristics of pilomatricoma have
been well described [77–80]. The lesion is typically rounded
and well-circumscribed, with a hypoechoic rim (Fig. 24). The
echotexture is heterogeneous, most commonly with reticula-
tion or scattered echogenic foci from calcifications. The over-
all echogenicity is most commonly hypoechoic but can be iso-
or even hyperechoic. Dense calcifications often result in
shadowing, but posterior acoustic enhancement can also be
seen. Color Doppler demonstrates both internal and peripheral
vascularity, more pronounced along the periphery. It has re-
cently been proposed that hypoechogenicity, heterogeneous
echotexture, scattered calcifications and hypoechoic rim are
the sonographic characteristics that yield the highest diagnos-
tic accuracy [79].

Conclusion

Apalpable chest wall mass is a very common pediatric clinical
concern. When imaging is requested, US is usually the ideal
modality for the initial radiologic evaluation because there is
no ionizing radiation or need for sedation. A thorough knowl-
edge of the sonographic appearances of benign masses can
help improve diagnostic confidence, minimize the need for
additional imaging, and avoid biopsy or excision when
appropriate.
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