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Abstract
Ultrasound (US) is widely used in pediatric musculoskeletal pathology at all ages. Although the focus is often on soft tis-
sues, joints and cartilage, the examiner might be confronted with changes in the underlying bone surface that are important 
to understand and integrate in the diagnosis. This article illustrates the normal US aspects of the cortical bone surface and 
periosteum, as well as the most common US anomalies seen in infections, trauma and bone tumors in children.
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Introduction

During examination of any part of the body, the US beam 
is reflected at the interface between cortical bone and soft 
tissue. This interface can itself be analyzed in detail with 
high-frequency transducers. In pediatrics, the small size of 
the patients and the relatively low percentage of body fat 
make the bone surface easily accessible to high-resolution 
US. The lack of ionizing radiation means there is no restric-
tion to obtaining comparative views, which are very helpful 
in distinguishing between normal and pathological features.

Ultrasound is widely used to examine soft tissues and 
joints, as well as unossified segments of the pediatric 
bone, but the focus of this pictorial essay is on the changes 
revealed by US at the surface of the cortical bone. We review 
normal findings and variants, as well as the most common 
changes of the bone surface seen in infection and inflamma-
tion, trauma and tumors in children.

Technical considerations and normal 
findings

Ultrasound analysis of the cortical bone surface is performed 
with high-frequency linear transducers (12–18  MHz), 
in standard longitudinal and transverse planes, as well as 
oblique planes adapted to each region. The skull, rib cage 
and peripheral skeleton are the easiest segments to examine. 
Analyzing the bones of the pelvis and the spine is more 
difficult, especially in older children, because of the lim-
ited access, depth of the structures and complexity of the 
anatomy. Longitudinal views in bidimensional (2-D) mode 
are the most useful to detect an anomaly in the bone sur-
face, while transverse views add complementary informa-
tion, especially in the case of periosteal anomalies or masses 
involving bone. Doppler US is not systematically needed, 
but it provides additional information regarding the vas-
cularization of inflammatory or tumor tissue involving the 
bone cortex.

For the detection of subtle differences in paired bones, 
it is mandatory to obtain comparative views of the healthy 
side. Direct access to the child and careful identification of 
painful areas during the US examination are key guiding ele-
ments. This is particularly true in young children, who when 
asked, cannot localize pain precisely. In this way, examiners 
adapt each US investigation to their direct clinical evaluation 
of the child.

On US, the normal surface of the bone cortex is a con-
tinuous hyperechoic line, reflecting the US beam almost 
entirely (Fig. 1). The cortical bone surface of the diaphysis 
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of long bones is smooth and uninterrupted, except by vas-
cular grooves. At the metaphysis, normal variants can cause 
confusion with an anomaly: examples include a slight step-
off or thickening at the metaphyseal collar [1], irregulari-
ties of the zone of provisional calcification at the junction 
between the metaphysis and growth cartilage, as well as 
cortical defects and cortical desmoids (Fig. 2). The multi-
fragmented aspect of ossification centers of the epiphyses 
and apophyses in children can be a source of error on US, 
just as on conventional radiographs (Fig. 2). Being aware of 
these normal variants, which are very common in children, 
prevents overinterpretation.

The cortical bone surface is covered by a thin layer of 
periosteum, seen as a hypoechoic line on US (Figs. 1 and 
2). In young children the periosteum is easier to identify 
because it is thicker than in adults. This is because of its 
richer metabolic activity in comparison to the adult perios-
teum [2, 3]. The periosteum is firmly attached at the physis, 
but more loosely along the bone shaft, especially in children. 
This explains the easier displacement of the periosteum by 
fluid collections such as abscess or hematoma, along the 
shaft of the bone [3]. On Doppler US, the normal periosteum 
appears avascular, but feeding vessels crossing it to reach 
and penetrate the bone cortex are well seen [4].

Many processes that disrupt the normal cortical bone 
surface and the overlying periosteum can be spotted with 
US. However, as illustrated in the examples presented later, 
some US findings lack specificity. It is therefore essential to 

Fig. 1   Normal US of the cortical bone surface. a, b Longitudinal 
views of the knee in an 18-month-old boy (a) and the tibial shaft in a 
17-month-old boy (b): the interface at the surface of the normal corti-
cal bone is hyperechoic, regular and uninterrupted, reflecting the US 
beam almost entirely (arrow). The normal periosteum is visible as a 
thin hypoechoic line along the surface of the bone (arrowheads). The 
patella is not yet ossified, appearing entirely hypoechoic (*)

Fig. 2   Normal US findings of the bone surface that can be confused 
with lesions. These findings are very common and do not require 
additional imaging; in uncertain cases, consideration of the clinical 
context and sometimes the addition of a complementary radiograph 
can be helpful. a Longitudinal US of the proximal humerus in an 
18-month-old girl shows a slight step-off at the metaphyseal collar 
(solid arrow) and an irregular contour of the bone surface at the zone 
of provisional calcification (dashed arrows). b Longitudinal view of 
the normal proximal femur in a 33-month-old boy. US shows irregu-
lar surface of the ossification center of the femoral head (solid arrow) 
and slight loss of definition and irregularity at the metaphyseal col-
lar (dashed arrow). c Longitudinal view of the distal femoral meta-
physis in a 9-year-old girl shows deformation of the posterior cortex 
(arrows), with no interruption or soft-tissue anomaly at the insertion 
of the medial gastrocnemius head (arrowheads). The image and the 
location are typical of a cortical desmoid
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integrate the images within the clinical context of the child 
and reflect on possible additional imaging, when necessary. 
The combination of US and radiography often yields suf-
ficient information, especially in an emergency setting. If 
further imaging is necessary, the initial evaluation by US, 
with or without radiography, helps to guide the choice of 
additional examinations.

Infection and inflammation

Acute osteomyelitis in children is an infection of the bone 
marrow caused by hematogenous spread of bacteria [5]. 
Early diagnosis of suspected acute osteomyelitis is challeng-
ing; radiographs might demonstrate swelling of soft tissues, 
but periosteal reaction only becomes detectable when ossi-
fied, which can happen as late as 10 days to 3 weeks after 
onset of symptoms [6]. More sensitive imaging techniques, 

Fig. 3   US in a 12-year-old boy referred to the emergency room for 
suspected arthritis of the knee. US findings at the distal femoral meta-
physis are compatible with early osteomyelitis, at a stage where radio-
graphs were still normal. a Longitudinal US of the distal femur shows 
soft-tissue edema (*) and thickening of the periosteum (arrows); the 
surface of the cortical bone is slightly irregular but uninterrupted 
(arrowheads). b The periosteum and soft tissues are hypervascular 
on longitudinal color Doppler US

Fig. 4   Acute osteomyelitis in a 20-month-old girl. Longitudinal US 
of the 4th metatarsal reveals a small fluid collection along the sur-
face of the bone, representing a subperiosteal abscess (arrows) and 
edema in the soft tissues (*). The periosteal limit of the abscess is 
indistinguishable from the overlying soft tissue, but the spindle shape, 
the disposition along the bone shaft and the limit at the physis are 
all elements pointing to a subperiosteal abscess. Surgical drainage 
was performed based on the US findings, with positive cultures of the 
subperiosteal fluid for group A Streptococcus

Fig. 5   Acute osteomyelitis in a 14-month-old boy. a, b Compara-
tive longitudinal US views of the distal metaphysis of the left (a) and 
right (b) femurs demonstrate focal interruption of the bone surface 
(arrows) and periosteal thickening (*) on the right (R). The left (L) 
side is normal
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such as bone scan or MRI, are not always available and may 
require sedation in young children.

Ultrasound first reveals swelling and hyperemia of 
regional soft tissues, which are nonspecific, but also helps 
to pinpoint the region of interest. These changes appear as 
early as 1–2 days after the onset of symptoms [7]. As soon 
as the infection has reached the cortical bone, US changes 

Fig. 6   US findings in mastoiditis. a Transverse oblique view of the 
retro-auricular region in a 6-year-old girl displays an irregular but 
uninterrupted surface of the mastoid (arrowhead) and a small subper-
iosteal abscess (*); the elevated periosteum is visible as a hyperechoic 
line limiting the fluid collection (arrows). b A more advanced case in 
a 4-month-old boy, transverse oblique US demonstrates destruction of 
the bone surface (arrows), with a large abscess extending into the soft 
tissues (*). c The same boy as in (b), the wall of the abscess appears 
vascularized on transverse oblique color Doppler US, with no signal 
in the central fluid area (*). Performing US in these cases allows a 
better selection of those children requiring additional CT imaging 
and drainage. In cases where neurologic complications are suspected 
based on the clinical presentation, CT is performed to exclude intrac-
ranial complications

Fig. 7   Inflammatory swelling of the jaw in a 5-year-old girl with 
suspected abscess. US in transverse oblique view indicates interrup-
tion (*) of the horizontal branch of the mandible (arrowheads) with 
thick hypoechoic material fistulizing in the soft tissues (arrows). The 
source of the infection was a dental abscess. The child was referred to 
the maxillo-facial surgery department for further treatment

Fig. 8   Juvenile idiopathic arthritis (JIA) in a 9-year-old girl. a Lon-
gitudinal US view shows focal deformation of the anterior cortical 
surface at the metaphysis of the left distal femur, representing a bony 
erosion (arrows), associated with synovial thickening (*). b Longitu-
dinal US of normal right side for comparison
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in the bone surface and the periosteum become visible. This 
precedes radiographic findings by several days [8]. US dem-
onstrates thickening of the periosteum, most commonly at 
the metaphysis of a long bone; hyperemia in the periosteum 
might also be present, but no earlier than 4 days after the 
onset of symptoms [7] (Fig. 3).

Pus from the infected bone can reach the bone surface, 
creating a subperiosteal abscess. On US, this appears as a 
spindle-shape fluid collection on the surface of the bone, 
with displacement of the periosteum [9] (Fig. 4). Subperi-
osteal abscess is more common in children in comparison 
to adults [9, 10] because children’s periosteum is less firmly 
attached to the bone [2]. The fluid can be either hypo- or 
hyperechoic and appears avascular on color Doppler. The 
abscess is strictly located on the surface of the bone and 
is limited by the displaced periosteum, although this limit 
is often difficult to identify from the surrounding soft tis-
sue. The detection of a subperiosteal abscess is important 
because surgical intervention is usually required in these 
cases [9, 11].

As the infection progresses, changes in the cortical bone 
become visible on US, first as irregularities of the bone sur-
face in comparison to the healthy opposite side and later as 
a defect in the bone surface (Fig. 5), corresponding to the 
radiologic finding of osteolysis [4, 5]. In cases of osteitis by 
spread of a regional infection, US detects disruption of the 
cortical bone surface with subperiosteal abscess formation, 
inflammation and fistulas in the overlying soft tissues. Some 
of the more common uses of US in the context of infection 
are detection of subperiosteal abscess in mastoiditis (Fig. 6) 
[12], intra-orbital abscess in retroseptal eye infections [13, 
14] and mandibular osteomyelitis (Fig. 7).

In the specific case of sickle cell disease, US has been 
advocated as a useful tool to distinguish between vaso-
occlusive crisis and osteomyelitis [15]. In the appropriate 
clinical setting, identification of a subperiosteal abscess in 
these children might indicate osteomyelitis. Some findings 
are, however, nonspecific because US sometimes demon-
strates thickening of the periosteum and slight elevation 

Fig. 9   Detection of fractures with US. a 12-month-old girl with a 
history of a prolonged hospital stay after liver transplantation and 
decreased movement of the right leg. Longitudinal US view identifies 
cortical interruption of the distal femur, indicating a non-displaced frac-
ture (arrow). b A 17-month-old boy assessed for limping with no clear 
history of trauma. Longitudinal US of the left tibial shaft shows cortical 
deformation of the distal tibia (arrow), consistent with a torus fracture. 
c The same boy as in (b), subsequent lateral radiograph of the left ankle 
confirms a distal tibial torus fracture (arrow)

Fig. 10   Subperiosteal hema-
toma at fracture site on US in 
a 5-day-old newborn girl who 
was not moving the left arm. 
Longitudinal US of the left 
clavicle shows interruption of 
the mid-clavicular shaft, con-
firming fracture with displace-
ment (arrow). Subperiosteal 
hematoma (*) is evident at the 
fracture site
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by subperiosteal fluid accumulation even in vaso-occlusive 
crisis. Careful correlation with biological markers, espe-
cially C-reactive protein and white blood cell count, as 
well as repeat US and sometimes US-guided aspiration of 
the fluid, are necessary to make this differential diagnosis 
[16].

The role of US in inflammatory conditions such as juve-
nile idiopathic arthritis (JIA) has been extensively docu-
mented [17–19] and is represented primarily by identifica-
tion of changes in the joint space, synovium, cartilage and 
entheses, which is beyond the scope of this review. Altera-
tions to the cortical bone surface by bony erosions can be 
identified with US (Fig. 8), but these are less common in 
young children than in adults and should not be confused 
with irregularities in recently ossified segments of the skel-
eton [20]. In adolescents, US depicts bony erosions in JIA 
with a similar yield to the adult population but with a lower 
accuracy in comparison to MRI [19].

Trauma

Although US is not the first-line imaging technique of choice 
in diagnosing pediatric fractures, it has a high sensitivity 
and specificity in their detection [21, 22]. Several authors 

advocate for a more extensive role for US in pediatric trau-
matology, which might reduce X-ray exposure in select cases 
[21–24].

Implementing US on a wide scale for detecting fractures 
is difficult and probably unnecessary. However, radiologists 
are sometimes confronted with a change in the bone surface 
on US in the setting of suspected or known trauma. It is 
therefore important to recognize US alterations in the bone 
surface that are indicative of fracture. These changes reflect 
the different types of fractures encountered in the pediatric 
population [25]. US can be used to identify an interruption 
of the cortical bone in the case of complete or greenstick 
fractures or simply a deformation in the bone surface in torus 
or plastic fractures (Fig. 9). Subperiosteal hematoma might 
accompany the fracture line, especially in neonates and tod-
dlers [10] (Fig. 10).

In cases of suspected fractures with negative radiographs, 
US can be a complementary tool to reveal fracture lines 
too fine to be detected by radiographs in the acute stage 
(Fig. 11). Comparative views of the opposite healthy side 
are often useful in cases of minimal deformation or cortical 
disruption.

The use of US to detect classic metaphyseal lesions 
(CMLs) in inflicted trauma has been described in several 
reports [26, 27] (Fig. 12). Although US has high specificity 

Fig. 11   Acute fracture in a 
4-year-old boy presenting with 
a limp after mild trauma to 
his left foot. a Anteroposterior 
(AP) radiograph of the left foot 
taken the day after the trauma 
appears negative for fracture. 
b US performed the same day 
in longitudinal view revealed 
slight deformation of the 
anterior cortex of the 2nd, 3rd 
and 4th metatarsals on the left 
(L) side (arrow). c The normal 
right (R) side is presented for 
comparison. d Follow-up AP 
radiograph after 10 days con-
firms consolidation at suspected 
fracture sites (arrow)
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Fig. 12   Classic metaphyseal lesion (CML) in a 1-month-old boy with 
suspected inflicted trauma. a, b Comparative longitudinal US views 
of the right (R) and left (L) proximal tibial metaphyses demonstrate 
a detached fragment at the border of the metaphyseal collar on the 
left side (arrow). This is consistent with a CML and highly sugges-
tive of inflicted trauma. c Anteroposterior left tibia-fibula radiograph 
obtained the same day demonstrates “bucket-handle” fractures of 
the left proximal tibia and fibula, consistent with inflicted trauma 
(arrows)

▸

Fig. 13   Osgood–Schlatter disease in an 11-year-old girl. a, b Com-
parative longitudinal views of the patellar tendon at the anterior tibial 
tuberosity insertion. a The cortical surface of the anterior tibial tuber-
osity on the right (R) side is irregular (arrowhead), reflecting frag-
mentation of the apophysis. This is, however, insufficient for the diag-
nosis because ossification centers are often fragmented or irregular; 
thickening of the patellar tendon (arrows) and inflammatory swell-
ing of the subcutaneous fat (*) are key associated elements. b The 
normal left (L) side is presented for comparison. The diagnosis of 
Osgood–Schlatter disease is based on a typical clinical presentation, 
which may be confirmed by imaging with US and/or radiographs In 
cases with atypical clinical presentation, radiographs are necessary to 
exclude more ominous causes of pain in this region
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for CMLs, its sensitivity is rather low [27]. It therefore cannot 
exclude CMLs but might complement equivocal radiologic 
findings. Examiners should be particularly careful not to 

confuse CMLs with normal variations of the bone surface at 
the metaphyseal collar (Fig. 2) or with metaphyseal anoma-
lies in relation to systemic metabolic diseases, such as rickets.

Fig. 14   Overuse injury in a 14-year-old boy complaining of lower 
limb pain after 2 weeks of intensive football training. a Longitudinal 
US view of the left tibial shaft shows a normal bone surface (arrow-
heads), thickening of the hypoechoic periosteum (arrows) and hyper-
echogenicity and swelling in the overlying subcutaneous tissue indi-
cating edema (*). These findings suggest periostitis, probably due to 

overuse of the affected limb. b Longitudinal US of the tibial shaft on 
the opposite side is presented for comparison, demonstrating the nor-
mal bone surface (arrowheads), normal periosteum (barely visible) 
and normal soft tissues. Based on the US findings no further imaging 
was performed in this boy, and his symptoms resolved 2 weeks after 
interruption of physical activity

Fig. 15   Primary bone tumor in 
a 10-year-old boy referred to 
the emergency room for recent 
painful swelling of the distal 
calf. US was the first examina-
tion performed and raised the 
suspicion of a malignant bone 
tumor based on the extensive 
destruction of the bone surface. 
a Panoramic US in the longitu-
dinal plane reveals a solid mass 
causing irregular destruction 
of the normal cortical bone 
surface of the distal femur (*). 
E epiphysis M metaphysis. b 
Longitudinal US shows that 
normal bone is replaced by 
tumor tissue, with displaced 
periosteum (arrows) and rich, 
irregular sunburst periosteal 
reaction (*). c Corresponding 
anteroposterior radiograph of 
the left knee taken immediately 
after US shows osteolysis of 
the distal femoral metaphysis 
by an aggressive process, with 
sunburst periosteal reaction 
(arrow), consistent with osteo-
sarcoma
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In older children, US is useful in cases of repetitive trau-
matic injuries, such as those related to sports activities. It 
can be used to confirm or exclude a stress fracture and to 
look for signs of osteochondrosis (Fig. 13) or avulsions at 
tendon insertions. In cases of overuse periostitis, although 
the surface of the cortical bone is normal, US may identify 
abnormal thickening of the periosteum, without displace-
ment (Fig. 14).

Mass lesions

One of the most common uses of US is to examine any kind 
of soft tissue bump or mass, which immediately depicts the 
mass and can demonstrate contact of the mass with the bone 
surface. Conversely, a bone tumor becomes visible with US 

only when it reaches and disrupts the cortex. Although not 
specific, US can point to the origin of the mass (bone ver-
sus soft tissues), its internal structure (solid versus liquid), 
vascularization and presence of periosteal reaction. As such, 
US provides the initial signs that indicate the need for more 
extensive imaging and can guide percutaneous biopsy of the 
mass, if required [28]. Careful correlation with radiographs 
will be necessary for most masses that are in contact with 
the bone, to allow more complete delineation of the extent 
of bone involvement.

Primary malignant bone tumors sometimes present as 
recent masses of the extremities, and in these cases, US 
often accompanies or precedes radiographs. The surface of 
the bone appears destroyed on US, irregular, with replace-
ment of the normal bone by a vascularized solid mass 
(Fig. 15). US can be used to identify non-mineralized peri-
osteal reaction as a thin, hyperechoic line, raised by the 
tumor [2] (Fig. 15). When the periosteal reaction becomes 
mineralized, US reproduces the aggressive types of peri-
osteal reaction, such as hair-on-end, sunburst and Codman 
triangle, that are common on conventional radiographs 
(Fig. 16) [2, 29].

For some bone tumors, US features may be highly char-
acteristic, although never entirely pathognomonic. One 
example is Langerhans cell histiocytosis, in which 45% of 
bone lesions are in the skull [30]. US demonstrates a solid 
mass that interrupts the normal cortical bone, with regular 
contours and beveled edges, resulting from asymmetri-
cal destruction of the inner and outer tables of the skull 
(Fig. 17) [31]. The mass is hypoechoic and homogene-
ous, with low vascularity on color Doppler [30] (Fig. 17). 
Although this US presentation is highly suggestive, it is 
not entirely specific. The differential diagnosis includes 
more aggressive lesions, such as myofibromatosis, leu-
kemia, lymphoma and metastatic neuroblastoma [31]. In 
other skeletal locations, histiocytic lesions are less char-
acteristic, and histological confirmation is almost always 
required (Fig. 18).

One other common mass of the skull that must be dis-
tinguished from histiocytosis is the dermoid or epidermoid 
inclusion cyst. This is not a neoplasm but rather a con-
genital anomaly occurring in the region of the head and 
neck [32]. US shows a well-defined mass within the bone, 
with chronic deformation but no interruption of the inner 
table. The internal structure of the mass is also highly sug-
gestive: hypoechoic, with small focal bright echoes and no 
vascularization on color Doppler (Fig. 19) [31, 33]. These 
US features, in conjunction with a chronic evolution and 
typical localization on the skull or at the outer edge of the 
orbit, are diagnostic of inclusion cysts and no further imag-
ing is required.

Fig. 16   Ewing sarcoma in a 7-year-old girl referred for US by her 
pediatrician for swelling of the forearm of several weeks’ duration. 
a Panoramic longitudinal US view demonstrates aggressive destruc-
tion of the proximal radius (arrowheads) by a large tumor mass (*). b 
Transverse US of the radial shaft shows hair-on-end periosteal reac-
tion (arrowheads). The workup was continued with radiographs, MRI 
and surgical biopsy, confirming the diagnosis of Ewing sarcoma
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Although some US features are highly suggestive of cer-
tain types of tumors, as presented in the examples here, it is 
important to keep in mind the clinical context in each case. 
The US diagnosis requires consideration of the general and 
local symptoms, as well as chronology and evolution of the 
mass.

Conclusion

Ultrasound is a highly sensitive technique for detecting 
any changes in the cortical bone surface and overlying 
periosteum. Although some of the changes on US lack 
specificity, being aware of and correlating them with 
clinical and biological information is of real value to the 
diagnostic process. Because US requires no sedation and 
involves no ionizing radiation, it is a useful tool in chil-
dren not only to examine the soft tissues, but also for the 
initial identification and characterization of underlying 
bone lesions.

Fig. 17   Langerhans cell histio-
cytosis in a 2-year-old boy. a 
US of swelling in the right fron-
tal region reveals a solid mass 
with interruption of the inner 
and outer tables of the frontal 
bone, subperiosteal extension 
(*) and beveled edges (arrow). 
b The mass is hypovascular 
on color Doppler US. These 
findings were considered highly 
suggestive of Langerhans cell 
histiocytosis and the workup 
was completed with radio-
graphs. The lesion proved to be 
solitary

Fig. 18   Langerhans cell histiocytosis of the left 8th rib in a 9-year-
old boy. a Longitudinal US of the rib reveals destruction at the ante-
rior extremity, close to the chondrocostal junction, replaced by solid 
tissue (*), with subperiosteal extension (arrow). C cartilage, R rib. b 
Transverse US at the same level demonstrates persistence of a small 
portion of cortical bone (arrow), with the remainder being replaced 
by the tumor mass (*). Diagnosis was confirmed by surgical biopsy
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Supplementary Information  The online version contains supplemen-
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