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Abstract

The assessment of bone mainly relies on standard radiographs, CT, MRI, and bone scintigraphy depending on the anatomic
region complexity and clinical scenario. Ultrasound (US), due to different acoustic impedance between soft tissues and the
bone cortex, only allows the evaluation of the bone surfaces. Nevertheless, US can be useful in the evaluation of several
bone disorders affecting the limbs as a result of its tomographic capabilities and high definition. This pictorial review arti-
cle summarises our clinical experience in adults and reviews the literature on US bone examination. We first present the
US appearance of normal bone and the main congenital anatomic variations, after which we illustrate the US findings of a
variety of bone disorders. Although US has limits in bone assessment, its analysis must be a part of every musculoskeletal

US examination.
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Normal US anatomy

The normal bone appears as a hyperechoic continuous
line related to the interface between the outer cortex and
the adjacent tissues on US (Fig. 1) [1-6]. The periosteum
covers the outer surface of bone, with the exception of the
site of tendons, fasciae, and ligament insertion. It allows
vascularisation to the bone, has osteogenic properties, and
also has a mechanical role, since it receives fibres from ten-
dons [4, 7]. The normal periosteum in adults can be barely
visualised as a thin hypoechoic band, while the thicker peri-
osteum in children is easily detected at US [4]. The normal
hyperechoic bone surface can present irregularities. Local-
ised discontinuities are found where nutrient arteries enter
the bone. In children, the cartilage growth plates appear as a
wider interruption of the cortex localised between the meta-
physis and epiphysis. Non-fusions of accessory ossification
centres appear as osseous fragments with a rounded border,
separated from the adjacent main bone. Prominences of the
surface of the cortex are found at the insertion of tendons
and ligaments.
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Congenital conditions
Non-fusion of the ossification centres

Non-fusion of the ossification centres of bones is a common
anatomic variation [8, 9]. The unfused bone centre (UBC) is
linked to the adjacent bone by a fibrous synchondrosis and
appears at US as an ossicle with roughly rounded borders.
Most UBCs are incidental and asymptomatic findings [10].
Nevertheless, post-traumatic separations or fractures through
the synchondrosis can lead to UBC instability, inflamma-
tion, and pain [10]. The main US differential diagnosis of
symptomatic UBC is fractures or soft-tissue calcifications.
Standard radiographs and CT detect most UBC, but can-
not appreciate the presence of local inflammation. MRI and
bone scan allow an optimal assessment of local inflamma-
tion as a bone marrow and soft-tissue oedema at MRI and
increased local activity at bone scan. US detects UBC as
hyperechoic well-corticated fragments with posterior shad-
owing. The adjacent soft tissues are normal, without oedema
or hypervascularisation at colour Doppler. In symptomatic
patients, dynamic US can show instability of the UBC dur-
ing the movements of adjacent joints or when pressure is
applied through the transducer. Hyperaemia at colour Dop-
pler reflects local inflammation. Differentiation of the UBC
from fractures relies mainly on clinical data. In fractures,
US shows sharp borders of fragments, while UBCs have
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Fig.1 US of normal adult bone. a Longitudinal sonogram obtained
aver the palmar aspect of the distal radius. The normal periosteum
of the radius (white arrowheads) appears as a thin hypoechoic band
located on the bone palmar cortex. b, ¢ Axial conventional (b) and
colour Doppler (¢) sonograms obtained at the middle of the radius. In

well-defined rounded borders. The distinction from dense
soft-tissue calcifications can be difficult at US and some-
times requires correlation with radiographs. Most sympto-
matic UBCs are treated by rest and medications, while a few
needs surgical resection [11].

Os acromiale

Os acromiale results for failure of fusion of the anterior
ossification centre of the acromion [12]. When unstable, os
acromiale can be associated with rotator cuff pathology [13].
US shows a local interruption of the superior cortex of the
acromion associated with some local bone spurs (Fig. 2).
The inexperienced sonologist can misinterpret this as degen-
erative changes of the acromion-clavicular (AC) joint. Once
detected, the ossicle must be carefully evaluated for size in
the greater diameter and local hyperaemia at colour Doppler.
Sometimes, real-time examination during local compression
through the transducer can detect instability of the unfused
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b note, a focal break in the cortex which corresponds in ¢ to the loca-
tion where the nutrient artery (curved arrow) enters the bone. d Axial
US image obtained over the radial aspect of the distal radius. US
shows a small bone ridge at the insertion of the retinaculum (white
arrowheads) of the first compartment of the extensor tendons (ETs)

centre. Instability, when symptomatic and associated to rota-
tor cuff pathology, is frequently treated by surgical resection.
If indicated clinically, US can accurately guide a local ster-
oids/lidocaine injection as a diagnostic and therapeutic test.
There is still lack of consensus in the preferred treatment of
painful os acromiale [14].

Patella bipartita

The most frequent type of patella bipartita is type II, which
affects the superolateral quadrant [11, 15]. US habitually
detects patella bipartita in symptomatic patients examined
for a potential tendon lesion. US appearance of patella bipar-
tita is similar to that of os acromiale. In seven patients with
patella bipartita, Blankstein described an irregularity of the
bony contour associated with a cleft between patella and the
superolateral UBC [16]. Local hyperaemia at the interface
reflects inflammation due to instability of the UBC (Fig. 3).
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Fig.2 Non-fusion of ossification centres. Asymptomatic os acromi-
ale. US (a, b) with axial CT (c) correlation in a patient with os acro-
miale. Sonogram a obtained over the acromioclavicular joint (line A
in C) shows the normal joint (white arrowhead). Note smooth borders

of bone ends. b US image obtained over the Os acromiale (OA) (line
B in C) exhibits a focal interruption (black arrowhead) of the hypere-
choic line corresponding to the bone surface due to non-fusion of the
os acromiale. In b, ¢, note the rough borders of the non-fusion

Fig.3 Non-fusion of ossification centres. Symptomatic patella bipar-
tita. a, b Axial grey scale (a) and colour Doppler b sonograms with
¢, d sunrise (¢) and A-P (d) standard radiographs. In a obtained at
the anterior aspect of the patella (Pat), note the break (arrowhead) of

the bone cortex related to synchondrosis between the patella and the
unfused bone centre (UBC). b Local hyperaemia due to instability of
the UBC. ¢, d Standard radiographs confirms US appearance
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A US-guided local lidocaine injection can confirm non-
fusion as the origin of pain.

Others

Others examples of non-fusion of ossification centres suit-
able of US assessment include the accessory tarsal navicular
[17] (Fig. 4) and os hamuli proprium [18] (Fig. 5).

Bone coalition

Bone coalitions are developmental conditions that occur
when two adjacent bones are connected with a bridge that
can be fibrous, cartilaginous or osseous. Most coalitions
affect the talocalcaneal, calcaneo-navicular and talonavicu-
lar joints. Upper extremity coalitions are uncommon and
mostly observed at the lunotriquetral and radioulnar joints.
US detects talocalcaneal bone coalition as a continuous
hyperechoic line joining the two bones [19] (Fig. 6). In

Fig.4 Non-fusion of ossifica-
tion centres. Symptomatic
avulsed accessory navicular. a
Axial oblique grey scale and
b, ¢ sagittal T1-weighted MR
images obtained (b) at the
same level and then (a) at the
contralateral ankle (c¢). In a
obtained at the medial aspect of
the navicular bone (Nav), note
the break (arrowheads) of the
bone cortex related to avul-
sion of the unfused bone centre
(UBCQC). The centre is retracted
posteriorly (dotted double
arrow) due to traction from the
tibialis posterior tendon. In b,
MR confirms the retraction of
the UBC. Note normal appear-
ance of the navicular in ¢
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the more common fibrous coalition, US shows local beak-
like bony excrescences that mimic degenerative changes
[19]. The advantage of US in coalition detection relies on
its tomographic nature that allow their recognition also in
patients with negative or doubtful radiographs. In addition,
US, as well as MRI, can assess the pathological changes of
tendons and nerves due to impingement with the aggressive
borders of the coalition [19, 20]. CT and MRI are required in
pre-surgical planning. Bone coalitions are differentiated by
bone ankylosis following longstanding rheumatoid arthritis
by correlating the US appearance with clinical data.

Hyperplasia
Peroneal tubercle
The peroneal tubercle (PT) is a small bone protuberance

found at the lateral aspect of the calcaneum that acts as a
pulley for the peroneal longus tendon [21]. An anatomic
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Fig.5 Non-fusion of ossification centres. Asymptomatic os hamuli
proprium. US (a) with axial T1-weighted MR image (b) correlation
in a patient with os hamuli proprium. Sonogram a obtained over the
palmar aspect of the wrist shows a focal interruption (black arrow-
head) of the hyperechoic line of the ulnar aspect of the hamatum (H)
corresponding to non-fusion of the ossification centre. In B, the MR
image confirms the US findings. White arrows =ulnar artery

study on 114 calcaneal specimens revealed a PT in 90.4% of
specimens [21]. In an MRI prospective study of 65 healthy
volunteers, Saupe et al. found the PT in 55% of ankles [22].
Hyperplasia of the PT can be associated with peroneal
tendons disorders [23], chiefly peroneus longus stenosing
tenosynovitis and ruptures (Fig. 7). Saupe evaluated that the
cut-off to diagnose a hypertrophied PT was 5 mm [22]. The

PT can be easily detected at US because of its superficial
position. Measurement of its height requires accurate scan-
ning in the coronal oblique plane. In addition to PT evalu-
ation, US permits a detailed assessment of both peroneal
tendons and of their common synovial sheath [23, 24]. When
a surgical resection of the enlarged PT is necessary, CT is
usually performed.

Hypoplasia/aplasia
Hook of the hamate

The hamate bone is located at the distal-ulnar wrist. It is
made by a large body and a protuberance pointing ante-
riorly, the hook of the hamate (HH). Variations in size of
the HH are more frequent than previously thought [18]. In
an anatomic study on 2000 hamates, Huang evaluated the
height of the HH to 9.8 + 1.4 mm. In 3.1%, the HH showed
a statistical decrease in size defined as hypoplasia (height
less than 7 mm) or aplasia (height less than 4 mm) [25].
Chow et al. studied hyo/aplasia of the HH using carpal
tunnel view radiographs and found a significantly higher
incidence in patients affected by CTS [26]. US visualises
the HH in axial sonograms or when a specialised view is
used [27] and can detect hypo/aplasia (Fig. 8). HH hypo-
aplasia predisposes to instability of the small finger flexor
tendons in patients with the previous carpal tunnel surgery
[28]. Dynamic US can easily detect intermittent tendons
dislocation over the HH during finger’s flexion/extension.

Glenoid hypoplasia

Glenoid hypoplasia is a rare developmental condition of
unknown origin in which the lower part of the glenoid cav-
ity is hypoplastic [29]. The condition is usually diagnosed
at plain radiography in young patients presenting pain/lim-
itation of motion due to secondary degenerative changes
or instability of the shoulder. Although glenoid hypoplasia
is mostly detected by X-rays, it can be suspected at US
performed as a first examination of a painful shoulder syn-
drome in young subjects (Fig. 9). Once suspected at US,
the diagnosis must be confirmed by standard radiographs.
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Fig.6 Bone coalition. Symptomatic avulsed accessory navicular. a, b
Coronal oblique US (a) and 3D CT reformatted image (b) in a patient
with talocalcaneal osseous collation. ¢, d Axial oblique sonogram
(c) and PD fat Sat sagittal MR image (d) in a patient with calcaneo-
navicular fibrous coalition. a US shows a continuous hyperechoic line
(black arrowheads) joining the two bones. b CT confirms the com-

plete bone coalition (black arrowheads). ST substentaculum tali. ¢
The fibrous coalition appears as a beak-like pseudo-joint with irregu-
lar borders (white arrowhead). In d, MR confirms the coalition (white
arrowhead) and images oedema of the bone marrow (small white
arrowheads) due to inflammation related to local impingement

Fig.7 Bone hyperplasia. Symptomatic hyperplastic peroneal tuber-
cle. a, b Coronal oblique US (a) and PD fat Sat coronal MR image
b in a patient with symptomatic hyperplastic peroneal tubercle. a
US shows a hyperplastic “beak-like” peroneal tubercle (arrow). The
tubercle impinges on the peroneus longus tendon that appears irregu-
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lar (arrowheads). The peroneus brevis tendon (PB) is normal. b MRI
confirms the US appearance. Note oedema of the tubercle and longi-
tudinal split of the peroneus longus tendon (arrowheads) associated
with tenosynovitis
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Fig.8 Bone hypoplasia. Hypoplasia of the hook. a Axial US and b
PD axial MR image in a patient with hypoplasia of the hook of the
hamate. US shows a small (black arrowhead) hook of the hamate
bone (H). Note the transverse carpal ligament (white arrowheads)
inserting on the tip of the hook. CT carpal tunnel. b MRI confirms the
US appearance

Sternal foramen

A sternal foramen is an asymptomatic full-thickness focal
defect due to an incomplete fusion and ossification of the
cartilaginous sternum (Fig. 10). It occurs in 2.5-13.8%
of the population [30]. Awareness of a sternal foramen is
important, because it must not be confused with an osteo-
lytic lesions at imaging. Most importantly, blinded ster-
nal punctures in patients with a sternal foramen can be

complicated by cardiac tamponade [31]. Babinski et al.
suggested that a previous CT must be performed before
sternal acupuncture to avoid fatal complications [32].
US appearance of sternal foramen has been previously
described [33]. The foramen appears as a well-defined dis-
continuity located in the sternum and acts as “a window”
allowing visualisation of the underlying heart. The regular
continuous surface of the foramen and the normal appear-
ance of the local soft tissues indicate an anatomic variant
more than a lytic bone lesion.

Traumatic disorders
Occult acute fractures
General considerations

The first-line imaging technique in the detection and
assessment of acute fractures (AF) is standard radio-
graphs. US, performed to evaluate post-traumatic soft-
tissue changes, has shown to be able to identify occult
fractures undetected by the previous X-ray [27, 34-36].
The US findings must be always correlated to clinical
data (presence and type of trauma) and physical exami-
nation (local swelling and pain at palpation) [37]. The
possibility to detect an AF by US must be known by the
sonologists who must suggest further investigations, if
clinically necessary.

The US hallmark of an AF is a localised interruption of
the hyperechoic line corresponding to the outer bone cor-
tex [36, 38]. Associated findings are abnormalities of the
periosteum (sub periosteal hematoma), adjacent soft tissues
(local haematoma, oedema, and bursitis) and joints (articular
effusion in intra-articular fractures and intra-articular loose
bodies). Other bony irregularities can mimic a fracture at
US [36]. They include vascular channels and UBC. Vas-
cular channels can be easily differentiated, since they are
well localised and non-associated with soft-tissue oedema.
Colour Doppler shows the nutrient vessel entering the cor-
tex. The US differential diagnosis with UBC has been previ-
ously discussed. It must be underlined that non-fusions can
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Fig.9 Bone hypoplasia. Gle-
noid hypoplasia. a, b Posterior
(a) and anterior (b) axial US
of the gleno-humeral joint. ¢
A-P standard radiograph and

d 3D reconstructed CT of the
shoulder. US shows a posterior
displacement (double dotted
arrow) of the humeral head
(HH) with respect to the glenoid
(G). The radiograph images
hypoplasia of the inferior
glenoid and a small osteophyte
of the humeral head. In d, the
posterior instability of the
humerus is evident

be painful [11, 39], after trauma and can show local inflam-
matory changes at US.

Upper limb

Clavicle and scapula US can detect fractures of the clavi-
cle and scapula [40]. The coracoid process can barely be
assessed by standard radiographs because of its orientation
and superimposition with the adjacent bone structures. In a
retrospective study of US rotator cuff examinations in post-
traumatic patients, Botchu et al. found seven coracoid frac-
tures that were not detected by standard radiographs [41].
Fractures were imaged as a break in the upper cortex of the
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coracoid, associated with a variable degree of displacement
and pain at local pressure under US guidance. The authors
described a specialised view the “apical sonographic view”,
obtained tilting the transducer cranially when examining the
anterior coracoid, which enabled the optimal detection of
the fracture [41]. This view does not require changes in the
shoulder position and, in our opinion, must be performed
in every patient with post-traumatic anterior shoulder pain
[42].

Humerus Greater tuberosity fractures, when minimally dis-
placed, can be missed at radiographs [34, 43]. In a retro-
spective study of 31 patients with post-traumatic shoulders



Journal of Ultrasound (2020) 23:227-257

235

Fig. 10 Bone hypoplasia. Sternal foramen. a, b Axial grey scale (a)
and colour Doppler (b) US of the anterior cortex of the sternum. ¢, d
Axial native (¢) and d 3D reconstructed CT of the sternum. In a. US
shows a sternal foramen as a focal discontinuity (black arrowhead) of
the anterior cortex of the sternum (S). Note the regular cortex sur-

and US signs of greater tuberosity fracture, radiographs
confirmed the fracture in 24 patients. In 10/24 patients, the
fracture was missed at the initial radiographs [43]. Patients
typically have a history of a fall and present for US evalua-
tion after 1-2 weeks because of persistent pain, to rule out
a rotator cuff tendon tear. Fractures appear on US as subtle
irregularities of the superior aspect of the greater tuberosity
(Fig. 11). Correlation with clinical findings and pain at US-
guided palpation help to establish the diagnosis.

rounding the foramen, absence of periosteal reaction, or soft-tissue
masses. In b, note visualisation of the heart (H) due to a full-thick-
ness interruption of the sternum. ¢, d CT confirms the diagnosis of a
sternal foramen

Ribs Rib fractures are very common and mostly diagnosed
by X-ray. Griffith et al. showed that US is more effective
(78% vs. 12%), than the conventional radiographs in reveal-
ing ribs fractures [44]. US examination is prompt and easy
to perform since focused on the painful area (Fig. 12) [45].
Pain at US-guided palpation confirms the diagnosis [46]. In
anterior post-traumatic chest pain, when the ribs are nor-
mal, a careful examination of the rib cartilages must be per-
formed. US can detect cartilage fractures and assess associ-
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Fig. 11 Occult acute fractures. Greater tuberosity fracture. a Coro-
nal oblique US obtained over the supraspinatus tendon (SSt). b A-P
standard radiograph and ¢, d 2D (c) and 3D (d) reconstructed CT of
the shoulder. In a, US shows a non-displaced fracture of the greater
tuberosity (GT) of the humeral head (HH). Associated thickening

ated displacement [47, 48]. In addition, US can also detect
small associated pleural effusions.

Sternum Compared to standard radiographs (70.8% and
75.0%), US has a higher sensitivity and specificity (100%
and 100%) for the detection of sternal fractures [49]. Frac-
tures are better detected on sagittal sonograms as a step in
the anterior cortex [33]. Independent movements of the two
parts of the sternal fracture with respiration indicate simul-
taneous fracture of the anterior and posterior cortex. US can
easily differentiate a sternal fracture from a sternal foramen.
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of the wall of the subacromial bursa is present (white arrowhead).
Standard radiographs were interpreted as normal. A second lecture
made after US showed a possible “in situ” fracture (arrow). CT con-
firmed the US findings

Elbow Ultrasound imaging proved to be an effective method
for the diagnosis of occult fractures of the radial head or
neck when the initial radiograms showed only intra-articular
effusion [50]. US confirms presence of joint effusion and
can detect a focal interruption of the cortex, especially of
the radial head. Axial images obtained over the head dur-
ing gentle prono-supination of the forearm are useful in this
field.

Carpal bones Carpal bone fractures are frequent in routine
practice. Most affect the scaphoid but every bone can be
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Fig. 12 Occult acute fractures. Rib fracture. a, b Longitudinal (a)
and axial b oblique sonograms obtained over the ninth rib. In a, US
depicts a focal interruption (black arrow) of the external cortex of
the rib compatible with a minimally displaced fracture. Note thicken-
ing of the periosteum (callipers) and swelling of the local soft tissues
(black arrowheads). In b, early callus formation appears as a small
hyperechoic area (white arrowhead)

Fig. 13 Occult acute fractures. Scaphoid tubercle fracture. a, b Con-
ventional (a) and colour Doppler (b) sagittal oblique US obtained
over the palmar aspect of the scaphoid (Sc). ¢, d sagittal 2D (c) and
3D (d) reconstructed CT of the wrist. Previous standard radiographs

involved. Due to the local complex anatomy, radiographs
are limited in displaying non-displaced fractures. US can
show fractures in patients with post-traumatic persisting
pain examined for soft-tissue assessment.

Scaphoid Scaphoid fractures account for 70% of carpal
bone fractures [51], but may be missed on the initial radi-
ographs in up to 25% of cases. They must be promptly
recognised to avoid non-union and secondary degenera-
tive joint changes. Several articles reported the utility of
US in detecting scaphoid fractures [52—-54]. The sensitiv-
ity and specificity of US in the assessment of scaphoid
fracture was evaluated at 92% and 71% with a positive
predictive value of 46% and a negative predictive value
of 97% [52]. Fractures can also affect the palmar tuber-
cle of the scaphoid (Fig. 13). These fractures can mimic
post-traumatic tendinopathy of the flexor carpi radia-
lis tendon or sprain of the scaphoid—trapezio-trapezoid
joint [36, 55]. These fractures can be well imaged by US,
which can additionally assess the flexor carpi radialis
tendon [55].

were normal. In a US shows a non-displaced fracture (arrow) of the
scaphoid tubercle which appears as a small fragment (arrowhead). In
b, note local hyperaemia at colour Doppler. ¢, d CT confirmed the US
findings
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Fig. 14 Occult acute fractures.
Trapezium tubercle fracture.

a Axial US obtained over the
palmar aspect of the trapezium
(Tr). ¢, d Axial native (c¢) and
3D (d) reconstructed CT of the
wrist. Previous standard radio-
graphs were normal. In a, US
shows a non-displaced fracture
(arrow) of the tubercle of the
trapezium which appears as a
small fragment (arrowhead). c,
d CT confirmed the US findings

Hamate Kato et al., in a retrospective analysis of 16
patients with fracture of the HH proven by CT, found that
the fracture was visible at X-ray in only 31% of patients
[56]. If undiagnosed, HH fractures can evolve towards
a painful pseudo arthrosis or can injure the small finger
flexor tendons, ulnar nerve, or ulnar artery branches [57,
58]. US can detect HH fracture if a special technique of
examination is used [27]. US can also differentiate a frac-
ture from non-fusion of the ossifying nucleus of the HH, a
condition known as os hamuli proprium [18].

Trapezium Fractures of the tubercle of the trapezium are

rarely diagnosed by radiographs, since the carpal tunnel
view, the only view that can detect them, is difficult to
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obtain in traumatised patients. US can detect and assess
such fractures (Fig. 14) [59].

Sesamoid bones Sesamoids are small ossicles found
inside the periarticular tendons. They increase the effec-
tiveness of tendons and prevent excessive overload. Frac-
tures of metacarpophalangeal joint thumb sesamoids fol-
low hyperextension traumas. A high degree of suspicion
is necessary to detect them on X-ray because of the size
of sesamoids and their superposition on the first metacar-
pal head [60]. US shows cortex discontinuity with local
inflammatory changes and tenderness via US-guided
palpation [61, 62]. In addition, associated injuries of the
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Fig. 15 Occult acute fractures. Peroneal malleolus fracture. a, b Con-
ventional (a) and colour Doppler (b) coronal US obtained over the
inferior fibula (Fib). ¢, d Coronal 2D (c¢) and 3D (d) reconstructed
CT of the ankle. Previous standard radiographs were normal. a US

MCEP collateral ligaments or palmar plate can be demon-
strated [61, 62].

Lower limb

Femoral fractures are diagnosed with radiographs, while CT
enables an optimal detection of the number and positions
of fragments in the pre-surgical scenario. US has no role in
the diagnosis of femoral fractures. US findings in fractures

shows an non-displaced fracture (arrow) of the fibula and hypoechoic
thickening of the periosteum (arrowheads) that shows hypervascular
changes at colour Doppler (b). ¢, d CT confirmed the US findings

of the patella [36, 63], tibia [64], and malleoli [65] (Fig. 15)
have been described.

In the foot [66], US can detect AF, including the lateral
process of the talus [35], anterosuperior process of the cal-
caneus [67], and the cuboid and the base 5th metatarsal
[68, 69]. Sonologists must be aware that US can detect
these fractures and must assess bones in patients with
sprained ankles.
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Fig. 16 Complications of fractures. Tendons lesions. a, b Axial (a)
and sagittal b colour Doppler in a patient with the previous frac-
ture of the distal epiphysis of the radius. Images show irregularity
of the dorsal aspect of the radius with a local beak-like appearance
(arrows). The adjacent extensor tendons (arrowheads) are irregular
and inflamed secondary to impingement of the aggressive bone

US and callus formation

US can detect the early callus formation and non-union [37,
38, 70]. Several stages were described in fracture healing
[71]. First, a haematoma can be detected between the two
bone ends, followed by soft callus and progressive calcifi-
cations until osseous union. Colour Doppler helps with the
evaluation of vascular invasion of the early callus. High vas-
cularity beyond 3 months is associated with delayed union.

Complications of fractures

Tendon lesions

Tendons can be injured in acute fractures, but are most fre-
quently damaged secondary to impingement on the irregular

bone surfaces after fracture healing. This is mostly seen at
the wrists, where extensor tendons run over the dorsal cortex
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Fig. 17 Complications of fractures. Nerves lesions. a, ¢ Sagittal (a)
and axial (b, ¢) sonograms in a patient with the previous fracture of
the radius shaft. In a the superficial branch of the radial nerve (black
arrowheads) is hypoechoic and thickened. The nerve is displaced
by bone callus (asterisks) which is partially calcified. In b, note the
swelling (black arrowheads 3.5 mm) of the nerve in the axial plane
compared with the nerve (white arrowhead 1.6 mm) imaged at a more
distal level (c)

of the radius and ulna [72] (Fig. 16). Local impingement
causes tenosynovitis, and partial and complete tears. US-
guided injection of steroids/anaesthetics can be performed as
a first-line treatment in tenosynovitis. Surgical resection of
the bone spur and eventually a tenodesis in tendon rupture is
the treatment of choice if the injection is ineffective or only
temporarily effective.

Nerve lesions

Acute nerves injuries can be associated with fractures if
the nerve runs close to the bone [73]. A typical example is
radial nerve injuries associated with fractures of the mid-
shaft of the humerus [74]. During fracture, healing nerves
can be displaced/stretched by the callus or entrapped inside
it (Fig. 17). US shows the thickening and hypo-echogenicity
of the nerve as well as its relation with the callus.
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Fig. 18 Complications of fractures. Postsurgical complications. a
Axial sonogram in a patient with the previous fracture of the radius
shaft treated by an osteosynthesis plate. A screw’s tip (black arrow)
can be seen protruding from the surface of the bone cortex. Note
swelling, oedema (asterisks), and hypervascular changes in the soft
tissues surrounding the screw due to local impingement. b Longitu-
dinal US images obtained over the lateral aspect of the inferior fib-
ula in a patient with local fracture treated by an osteosynthesis plate.
US images the surgical plate (black arrow). Note that the superficial

Postsurgical complications

US is accurate in assessing the impingement of soft tissues
against orthopaedic hardware (OH) (Fig. 18). The main
advantage of US compared to MRI is the absence of metal
artefacts that limit MRI assessment. Compared with CT, US
allows a better evaluation of soft tissue [75, 76]. US detects
orthopaedic hardware as a hyperechoic structure with poste-
rior artefacts. Screw tips are prone to injury the adjacent soft
tissues, because the sharp cutting thread appears as multiple

branch of the fibular nerve (black arrowheads) is hypoechoic and
thickened because of trauma during recent surgery. ¢ Axial sonogram
obtained over the proximal metaphysis in a patient with previous
arthroscopic surgery for ACL tear. The screw inside the tibial tun-
nel (arrows) protrudes from the bone cortex and causes local bursitis
(white arrowhead) and pain to local pressure. To confirm the origin of
the patient’s pain, a US-guided anaesthetic injection was performed.
Note the needle (void arrowheads) inserted under real-time scanning
the tip of the needle is in contact with the screw

oblique parallel hyperechoic lines [75]. US assesses the rela-
tionship between OH and the adjacent structures, the pres-
ence of collections, and hyperaemia on the colour Doppler
or tears. Painful local compression, under US guidance, over
the orthopaedic hardware confirms that this is responsible
for the symptoms. In selected cases, a US-guided injection
of lidocaine at the interface between the OH and local soft
tissues is requested by the surgeon as an anaesthetic test.
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Fig. 19 Intra-articular fractures: haemarthrosis. a, b Longitudinal
(a) and axial (b) sonograms on the long head of the biceps tendon
obtained over its intra-articular (a) and extra-articular (b) portion.
Images were acquired in a patient with post-traumatic shoulder and
negative radiographs. ¢ Coronal oblique T2-weighted MR image. US

Intra-articular fractures

Intra-articular fractures are associated with a joint effusion
and carry a high degree of complications, even if minimally
displaced. The effusion can be composed of blood (haemar-
throsis) or blood mixed with yellow marrow (lipohaemar-
throsis). Horizontal bean X-ray can detect lipohaemarthrosis
by showing fat floating on the blood effusion. Haemarthrosis
appears at US a hyperechoic homogeneous articular effusion
(Fig. 19). In vitro [77] and in vivo US allow detection of
lipohaemarthrosis [77-79] (Fig. 20). The US detection of
haemarthrosis/lipohaemarthrosis must stimulate a careful
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shows a normal biceps tendon (asterisks). The tendon is surrounded
by a hyperechoic intra-articular effusion (arrowheads) suggesting a
haemarthrosis. Since no fractures were detected by US, MRI was per-
formed (c) and showed a “in situ” fracture of the surgical neck of the
humerus and confirmed haemarthrosis (arrowhead)

US evaluation of articular surfaces to detect possible occult
fractures. If a fracture is not found in symptomatic patients,
a CT or MRI must be performed.

US can appreciate Hill-Sachs fractures (Fig. 21) [80],
Freiberg disease (Fig. 22), osteochondral injury, and osteo-
chondral fragments (Fig. 23) [81, 82].

Bone avulsions
Bone avulsions are traumatic cortical detachments at the

insertion of tendons or ligaments due to a pulling force. US
can detect the avulsed fragment and prove its connection
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Fig.20 Intra-articular fractures. Lipohaemarthrosis. a Sagittal sono-
gram on the suprapatellar recess obtained in a patient with post-trau-
matic knee effusion and pain with negative radiographs. b Horizon-
tal bean radiograph. In note a, the presence of an effusion inside the
suprapatellar recess presenting a three-layered appearance separated
by two fluid—fluid levels (arrowheads). The superior layer is hypere-
choic and corresponds to fat (F) and the thin middle hypoechoic layer
corresponds to serum (S), while the deep layer is due to sedimenta-
tion of cells content (CC). Radiograph (B) confirms the presence of
intra-synovial fat (F) floating on blood (B), but cannot visualise the
serum content. CT (not shown) showed an occult non-displaced frac-
ture of the tibial plateau

with the tendon or ligament. Local inflammation and pain
at local pressure are found in acute cases. Examples of bone
avulsion detectable by US at the upper extremity are: dorsal
cortical avulsion of the triquetrum, avulsion at the distal end
of the collateral ligament of the MCP joint in gamekeeper
thumb (Fig. 24), palmar plate avulsion (Fig. 25), avulsion
of the flexor tendons or extensor apparatus of the fingers
(Jersey finger) [83], and mallet finger. At the lower extrem-
ity, US can detect bone avulsion of the ischial tuberosity

Fig.21 Intra-articular fractures. Hill-Sachs fracture. a Axial sono-
gram on the posterior aspect of the humeral head (HH) obtained
in a patient with the previous anterior shoulder luxation. b, ¢ Axial
T1-weighted (b) and axial CT arthrogram (c). In a, US shows the
fracture impaction (arrow) of the head at the level of the superior
infraspinatus tendon (ISt). MRI and CT arthrography in the same
patient confirm the US findings

(Fig. 26) [84], insertion of the rectus femoris [85], tibialis
posterior (Fig. 27), peroneus longus (Fig. 28) [86, 87], and
anterior talofibular ligament (Fig. 29).

Stress fractures
General considerations and US findings

Stress fractures (SFs) can be divided into fatigue (FSFs) and
insufficiency fractures (ISFs) depending on whether they
result from an abnormal load to a normal bone or a normal
load on a weak bone [88].

Lower extremity FSFs are the most frequent in sport
activities [89] with an incidence of over 95% [90]. In a
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Fig.22 Intra-articular fractures. Freiberg disease. Sagittal conven-
tional (a) and sagittal colour Doppler (b) sonograms on the dorsal
aspect of the second metatarsophalangeal joint. ¢ A-P radiograph.
Sonograms illustrate a flattened joint surface (black arrowhead) asso-
ciated with a small dorsal osteophyte of the second metatarsal (MT2).
In b, note synovial hypertrophy with hyperaemia (white arrowhead).
Radiograph shows a dense head of the metatarsal with a slightly fat
articular surface

study of 320 bone scan-positive stress fractures, the most
frequently injured bone was the tibia (49.1%), followed by
the tarsals (25.3%), metatarsals (8.8%), femur (7.2%), fibula
(6.6%), pelvis (1.6%), sesamoids (0.9%), and spine (0.6%)
[91]. Patients with FSFs are classically high-level sportsmen
enrolled in competitions [91, 92]. Recently, with the increase
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in the age of the population and the higher frequency of
“weekend sports”’, FSFs are more widely observed in the
general population.

ISFs result from normal loading upon abnormally weak-
ened bones [93]. They mostly affect aged patients with pri-
mary or secondary osteoporosis, such as patients with cor-
ticosteroid or metabolic bone diseases, rheumatoid arthritis,
and neurological disorders. ISFs affect mostly the sacrum
and pelvis, femoral neck, or subchondral regions of the knee,
calcaneum, and metatarsals.

Although the location of FSFs and ISFs is different, the
clinical appearance is similar. Patients present with local
mechanical pain associated with local soft-tissue swelling.
The clinical diagnosis of an SF is based on the history and
clinical findings, but an imaging technique is almost always
required to confirm the suspicion. Treatment consists of rest,
non-weight-bearing, and NSAIDs.

Imaging assessment of SF classically relies on standard
radiographs, CT, MRI, and bone scans, depending on the
anatomic region and clinical scenario. Standard radiographs
are often negative initially [88, 94]. Computed tomography
scans (CT scans) are usually obtained in longitudinal frac-
tures of the tibia, but have a low sensitivity compared with
MRI. Bone scintigraphy is very sensitive, but is aspecific.
MRI is the imaging gold standard for the early detection
of SF, but is not always available and expensive. In SF, US
detects changes to soft tissues, the periosteum, and the bone
cortex. Soft-tissue oedema appears on US as an ill-defined
hyperechoic area. Its detection must encourage examina-
tion of the bone surfaces, in particular assessing whether
the local tendons are normal. Thickening of the periosteum
appears to be hypoechoic thin band located over the bone
cortex. The vessels of the inflamed periosteum can be visu-
alised by colour Doppler. Attention must be made to avoid
excessive pressure through the transducer to prevent vessel
compression. Frequently, the cortical surface shows small
irregularities. It must be noted that changes in the perios-
teum and cortex can be very subtle in early SFs. Although
the overall US appearance strongly suggests an SF, it must
be stressed that the US findings are aspecific and the US
appearance needs to be correlated to clinical data.
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Fig. 23 Intra-articular fractures. Osteochondral injury and osteo-
chondral fragments. a, b Axial conventional sonograms on the dor-
sal aspect of the humeral head (HH) obtained (A) at the level of the
infraspinatus tendon (ISt) and b in a more inferior position during
maximal internal rotation (curved arrow) of the arm. ¢ Axial native
CT image, d, e 3D reconstructed CT images. In a, an intra-articular

Specific location

Knee region: femur condyles and proximal tibia SFs of the
femoral condyles and proximal epiphysis of the tibia are
mainly due to local overload, such as in malalignment of the
lower extremities or complete tears of a meniscal root. MRI

osteochondral fragment (white arrow) is depicted at the posterior
joint space. Note the hyaline cartilage (curved arrow) at the surface of
the fragment that has a convex shape. In b, the nidus of the fragment
depicts a defect in the joint surface (arrowheads). TMm teres minor
muscle, Gl glena. C-E CT confirms the US appearance

is the imaging technique of choice. The US appearance of
SFs of femoral condyles (Fig. 30) is very similar to that of
osteonecrosis and differentiation is not achievable by US.
Nevertheless, US can play a role in addressing the patient
for further evaluation with MRI, since it excludes soft-tissue
disorders and focuses attention on the bone. The appearance
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Fig.24 Bone avulsion. Gamekeeper’s thumb. a Coronal oblique
conventional sonogram obtained on the ulnar aspect of the meta-
carpophalangeal joint of the thumb in a patient with gamekeeper’s
thumb. Image shows a bone avulsion (white arrow) resulting from
a retraction (dotted curved arrow) of a fracture avulsion of the base
(white arrowheads) of the proximal phalanx (PP). US can appreciate
both the size of the avulsed fragment and then the entity of the proxi-
mal retraction. MT first metatarsal

of tibial epiphysis SFs is similar. SF of the tibial proximal
metaphysis can be misinterpreted as pes anserinus tendini-
tis. Bilateral simultaneous involvement is rare [95].

Tibial shaft Fractures of the tibial shaft mostly affect
athletes, especially runners. Their typical location is the
anteromedial aspect of the distal third of the tibia [96, 97]
(Fig. 31). Most fractures are suspected clinically due to
the mechanical pain and location. The US examination is
pointed to the area of maximal tenderness and compared
with the contralateral side. Changes are frequently subtle
particularly when the patient is seen early.

Malleoli Bianchi et al. reported a retrospective study of six
patients (4 women and 2 men, age range of 24-52 years,
and mean age of 39 years) in which US diagnosed an SF of
the ankle malleoli [98]. In all patients, the diagnosis was
not suspected clinically and US was obtained to evaluate
soft tissues. Sonologists must be aware of the US appear-
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Fig.25 Bone avulsion. Palmar plate. a, b Sagittal conventional sono-
grams obtained on the palmar aspect of the proximal inter-phalangeal
joint of the third finger in a patient with previous joint sprain. In a,
the palmar plate (white arrow) is detached (void arrowhead) from
the base of the middle phalanx (MP). Note a fluid effusion (asterisk)
inside the palmar proximal joint recess. In a slightly more medial
image (b), a cortical fragment (white arrowhead) avulsed from the
base (black arrowhead) of the proximal phalanx is evident. US can
appreciate both the size of the avulsed fragment and then the entity
of the proximal retraction. PP proximal phalanx, FTs flexor digitorum
tendons

ance of malleoli SF and should include this condition in
the differential diagnosis of mechanical perimalleolar
pain.

Calcaneus Both FSFs and ISFs can affect the calcaneus [99,
100]. Fractures are mainly located at the posterior third of
the bone, i.e., the site of maximal load during weight bear-
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Fig.26 Bone avulsion. Rectus femoris tendon. a Sagittal sonogram
obtained on the anterior inferior iliac spine (AIIS) shows avulsion
(dotted arrow) of a bone fragment (white arrow) from the AIIS which
shows irregularity of its surface (white arrowhead). The asterisk

ing (Fig. 32) [101]. Calcaneal FSFs are mainly seen in sed-
entary patients that increase physical activity and do not
respect a schedule. Calcaneal ISFs are typically seen in aged
females affected by osteoporosis. The clinical signs are the
same for FSFs, i.e., mechanical pain associated with local
oedema. In these patients, US is frequently the first exami-
nation demanded to exclude tendinopathy [100].

points to a local hematoma. b, d STIR (b) and T1-weighted post-
injection (c¢) confirm the US findings. d Anterior oblique standard
radiographs

0S peroneum SF of the os peroneum (OP), a sesamoid
bone located inside the peroneus longus tendon, is one
of the causes of painful os peroneum syndrome. When
subject to excessive chronic overload, the OP displays
internal oedema, followed by an SF and its possible dis-
placement associated with the proximal migration of the
posterior fragment [86, 87]. Patients present with mecha-

@ Springer



248 Journal of Ultrasound (2020) 23:227-257

Fig. 27 Bone avulsion. Tibialis posterior tendon. a Sagittal sonogram obtained on the distal insertion of the tibialis posterior tendon (TP) shows
avulsion (dotted arrow) of a thin bone fragment (white arrow) from the navicular bone (Nav). Note the defect in the surface of the navicular
(white arrowheads). b Corresponding “D reconstructed sagittal CT image confirms the US findings

Fig. 28 Bone avulsion. Os
peroneum. a, b Axial oblique
conventional (a) and coronal
oblique colour Doppler (b)
sonograms obtained on the

Os peroneum in a patient with
recent trauma. Images show a
fracture of the ossicle with the
presence of a proximal large
(white arrow) and a small distal
(white arrowhead) fragment.
Note proximal displacement
(dotted arrow) of the proximal
fragment due to traction through
the peroneus longus tendon.

b Colour Doppler shows local
hyperaemia (black arrowheads).
¢, d Internal oblique radio-
graphs of the affected (¢) and
contralateral (d) foot. In ¢, note
the fracture avulsion of the
upper pole of the os peroneum
associated with proximal
displacement confirming the
US appearance. d A normal os
peroneum
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Fig.29 Bone avulsion. Anterior talofibular ligament. Axial oblique
sonogram obtained on the talofibular ligament (white arrowheads)
shows avulsion of the anteroinferior lateral malleolus (LM) with pres-
ence of a displaced (dotted arrow) fragment (white arrow)

nical pain located at the lateral cuboid region. Upon US,
oedema surrounding the OP and the peroneus longus ten-
don is evident (Fig. 33). The OP presents hypervascular
changes on colour Doppler, sometimes associated with
similar changes to the cuboid. Displacement of the frac-
ture with proximal migration of a bone fragment can be
easily appreciated by US and is confirmed by comparison
to the contralateral side. In addition, an US-guided local
steroid injection can be helpful in relieving pain [102].

Metatarsals Due to their high frequency, the US appear-
ance of metatarsal SFs affecting the distal metaphysis
received the early attention [103—107]. One of the clinical
landmarks of metatarsal SFs is the soft-tissue oedema of
the dorsum of the foot associated with local pain. The US
appearance is the same for the other SFs, including irregu-
larity of the cortex, thickening of the periosteum local
oedema, and increased vascularity (Fig. 34). An interest-
ing additional sign is the increase in the posterior shado-
wing of the affected metatarsal [108]. SFs of the proximal
bases of the second metatarsal are rarer, more frequently
affect ballet dancers and, contrary to distal SFs, can require
surgical treatment [109]. The infrequent location, as well
as the less pronounced clinical and US findings, make the
detection of base fractures more challenging on US.

Femur A

Fig.30 Stress fracture. Femur condyle. a US image obtained over the
lateral aspect of the knee, b, ¢ MR images, coronal DP fat sat (b),
and sagittal DP in a jogger with clinical suspected iliotibial band
syndrome. In a, US shows hyperaemia of the thickened periosteum
(black arrowheads) as well as intra-osseous extension of the vessels
(void arrowhead). The iliotibial tract and the adjacent soft tissues
were normal. MRI (b) images of oedema of the periosteum (white
arrowheads) associated with cancellous bone oedema (asterisk). In c,
MRI detects a stress fracture as a hypointense line (arrow) parallel to
the condylar surface

Hallux sesamoids SFs of the hallux sesamoids are mainly
FSFs [110] due to overload of the first ray of the foot. They
appear as a thickening of the periosteum and an irregularity
of the cortex. A focal break in the cortex, especially if associ-
ated with local hyperaemia on colour Doppler, suggests an SF
(Fig. 35). The differential diagnosis with a bipartite sesamoid
can be made by the fact that bipartite sesamoids are larger
compared to the adjacent sesamoid, are mostly painless and
show no local inflammation on colour Doppler. In cases of
doubt, MRI and CT must be obtained for further evaluation.
US is useless in diagnosing osteonecrosis of sesamoids.
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Fig.31 Stress fracture. Tibial shaft. a, b Axial (a) and coronal and oedema (curved arrows) of the subcutaneous soft tissues. ¢ MR
oblique (b) sonograms, d Coronal t2-weighted fat sat MR image. illustrates in a better detail oedema (asterisk) of soft tissues but also
Sonograms show a focal irregularity of the bone surface (black bone marrow oedema

arrowheads) associated with periosteal thickening (white arrowheads)

Fig.32 Stress fracture. Calcaneum. a, b Axial oblique conventional Doppler and associated oedema (curved arrows) of the subcutaneous
(a) and colour Doppler (b) sonograms. ¢ Sagittal T2-weighted fat soft tissues. ¢ MR illustrates bone marrow oedema (asterisk) and the
sat MR image. Sonograms show periosteal thickening (white arrow- stress fracture as a hypointense line (black arrowheads)

heads) of the calcaneum (Calc). Note local hyperaemia at colour
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Fig.33 Stress fracture. Os peroneum. a, b Axial oblique conven-
tional (a) and colour Doppler (b) sonograms. ¢ Internal oblique radio-
graph centred at the cuboid region. In a, b US shows discontinuity
(black arrowhead) of the cortex of the os peroneum associated with
mild periosteal thickening (white arrowhead) and associated oedema
(curved arrow) of the adjacent soft tissues. The inflamed periosteum

Infections

US plays a complementary role in the assessment of osteo-
myelitis, since it cannot evaluate the cancellous bone.
Nevertheless, it allows good evaluation of the extent of the
infection into the local soft tissues [111]. US can detect
subperiosteal effusion, especially in children, as well as
abscesses (Fig. 36) and fistula in the adjacent tissues.

US can guide needle aspirations of peri-osseous col-
lections or, in the case of infective arthritis, intra-articular

shows important hypervascular changes (void arrowhead) in b. Note
associated oedema (curved arrows) of the subcutaneous soft tissues.
In c, the ossicle, enlarged and irregular, presents a fracture with mild
displacement. MRI (not shown) confirmed the US data showing bone
marrow oedema of the ossicle and associated soft-tissue hyperaemia

effusion. Data from culture and antibiogram are imperative
to choose the correct treatment.

Tumors

Osteochondromas (OCs) are the most common bone tumour
(20-50% of benign bone tumours and 10-15% of all bone
tumours) [112]. They are localised outgrowths of bone, in
continuity with the normal cortex and medullary, covered by
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Fig.34 Stress fracture. Metatarsal. a, d Axial and sagittal conven-
tional (a, b) and colour Doppler (¢, d) sonograms. US shows peri-
osteal thickening (white arrowheads) of the second metatarsal (MT2).

Fig.35 Stress fracture. MTP sesamoids. a, b Axial (a) and sagittal
(b) colour Doppler sonograms. US shows a focal break (black arrow-
head) of the medial sesamoid (MS) associated with periosteal thick-
ening (white arrowheads) and hyperaemia. The lateral sesamoid (LS)
is normal. MT1] first metatarsal, FHKL flexor hallucis longus tendon
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The inflamed periosteum shows important hypervascular changes in
the colour Doppler images (¢, d). Note associated oedema (curved
arrows) of the subcutaneous soft tissues

a cartilaginous cap. Since OCs alter the contour of the bone
surfaces, they can be detected by US [113]. The diagnosis of
OCs is mostly made because of their pathognomonic appear-
ance on radiographs. Nevertheless, asymptomatic OCs can
be detected fortuitously by US. US has two potentials in the
assessment of OC. First, it can accurately judge the thick-
ness of the cartilaginous cap (Fig. 37) which is related to
an eventual chondrosarcoma transformation, and second, it
can judge local soft-tissue complications such as bursitis
(Fig. 38).

US has very limited capabilities in assessing other bone
tumours. The only possibility is when the outer cortex is
interrupted by the tumour. In these cases, US can, through
the “cortical window”, detect an intra-osseous mass [2, 114]
and assess the extent of the tumour in soft tissues (Fig. 39).

In tumours of the soft tissues adjacent to the bone cor-
tex, pressure erosions (scalloping) on the local cortex can
be detected by US and facilitate the detection of tumours
(Fig. 40).
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Fig.36 Infection. Metatarsal. a, b Axial colour Doppler (a) and sagit-
tal conventional (b) sonograms. ¢, d axial T1-weighted MR images
obtained before (¢) and after (d) i.v. contrast administration. US
shows a focal break (white arrow) of the superior cortex of the first
metatarsal (MT1) related to the previous surgery for chronic osteo-
myelitis. An abscess (white arrowheads) of the adjacent soft tissues

Fig.37 Tumour. Solitary osteo-
chondroma in an asymptomatic
paediatric patient. a Coronal
conventional sonogram obtained
over the medial aspect of the
proximal tibia in a paediatric
patient with a suspicion of

pes anserinus tendinitis. b, ¢
A-P (b) and L-L (c) standard
radiographs obtained after US.
US discloses a focal bulg-

ing (large white arrow) of the
cortical bone contour just distal
to the growing cartilage of the
proximal tibia (small white
arrow). Note regular thick car-
tilage cap (white arrowheads).
The US appearance is that of
an osteochondroma. Standard
radiographs confirm the US
findings

appears on US as an irregular area with peripheral hyperaemia and
a fluid-fluid level (void arrowheads). MRI confirms the US appear-
ance. A small fluid collection is located at the plantar aspect of the
abscess (white asterisk) surrounded by an area of contrast enhance-
ment (black asterisk)
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Fig.38 Tumour. Solitary osteochondroma in a symptomatic adult.
a Coronal conventional sonogram obtained over the lateral aspect
of the distal femur in an adult with suspicion of iliotibial band syn-
drome. b A-P radiograph and coronal STIR MR image (c¢) obtained
after US. US discloses an osteochondroma (large white arrow) cov-
ered by a thin cartilage cap (white arrowhead). The osteochondroma
displaces the iliotibial band (black arrowheads) which appears hypo-
echoic and slightly irregular. As a result of local frictions during knee
movements, a bursitis is detected by US as a fluid collection (asterisk)
located proximally to the osteochondroma. The US appearance is that
of an osteochondroma. Standard radiographs show the osteochon-
droma. MRI confirms the bursitis (asterisk) secondary to frictions of
the iliotibial band (black arrowheads) against the osteochondroma

Fig.40 Tumour. Glomus tumour. a, b Sagittal conventional (a) and
colour Doppler (b) sonograms obtained over distal phalanx (DP)
of the third finger. The glomus tumour (asterisk) presents as an ill-
defined ovular mass located between the nail (white arrowhead)
matrix (void arrowhead) and the superficial bone cortex. Note scal-
loping of the cortex (black arrowheads) due to chronic local pressure.
In b, the tumour shows internal vascular signals

Fig.39 Tumour. Metastasis. a Coronal conventional sonogram
obtained over the spine of the scapula in a patient with night shoul-
der pain. b A-P standard radiographs obtained after US. US discloses
a hypoechoic mass (asterisk) located inside the spine of the scapula.
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The mass is associated to osteolysis (white arrows) of the superfi-
cial and deep cortex. Note extension of the mass into the soft tissues
(white arrowheads). b Standard radiograph shows an osteolytic lesion
(asterisk) associated with a pathologic fracture (black arrowhead)
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