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Preface

The sternocostoclavicular region often presents diagnostic challenges for both the
clinician and the radiologist. It is commonly involved in rheumatologic disorders,
sometimes with pain referred to areas distant from the joints. This potentially can
lead to delayed diagnosis. In addition, the region is difficult to visualise by conven-
tional radiography implying the need for more demanding examinations to con-
firm the disorder. As a result the region has generally not achieved the attention it
merits by radiologists.

The purpose of this book is to give a survey of sternocostoclavicular disorders
and their imaging based on the literature and the authors’ experience.

ANNE GRETHE JURIK
AARHUS, DENMARK
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1.1

Introduction

The sternocostoclavicular (SCC) region represents the anterior part of the chest
wall. It consists of the sternum, the adjacent articulating first to seventh costal car-
tilages, the sternoclavicular joint, the medial part of the clavicles and the surround-
ing soft tissue. The normal anatomy and development of the region has gained at-
tention, partly because it can be used for determination of age and gender.

This chapter includes a summary of the normal fetal and postnatal development
of the SCC region until the skeleton is fully developed.

1.2
Sternum, Including Manubriosternal Joint

In the embryo the sternum develops from two cartilaginous plates (sternal bands),
one on either side of the midline, which normally fuse during the 2nd month of
fetal life (Fig. 1.1) [14]. During the 9th week, the two sternal bands are completely
fused in the midline, and the sternum is uniformly cartilaginous and resembles the
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a b

Fig. 1.1 Cartilaginous sternal development. The sternal cartilaginous primordia in embryos
of 6 a, 8 b and 9 weeks c of age

&

Newborn 3 years 12 years

Fig. 1.2 Development of sternal ossification. The ossification of the individual sternebrae
starts during the 5th to 6th month of gestation. There are ossified nuclei in the manubrium
sterni and the first to fourth sternebrae at birth, but they may vary in number and configura-
tion. The ossification centres gradually expand and fuse across the midline
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mature sternum in shape. Sternal segmentation occurs shortly afterwards. Deposi-
tion of bone (ossific centres) in the cartilaginous sternebrae begins to appear in
this cartilage in the 5th to 6th fetal months [1, 9, 15]. The first centre is that of the
manubrium, followed by the nucleus of the second, third and fourth pieces during
the interval before birth (Fig. 1.2). There is a wide variability in the number and
configuration of the ossification centres of the developing sternum. Ossification
of the manubrium commonly starts from a single centre, but sometimes there are
two centres located cranially, and occasionally multiple centres [9, 13]. Some or
all of the sternebrae develop from paired or even multiple ossification centres [9].
The lower segment(s) and the xiphoid process ossify postnatally, and the more or
less final pattern of sternal ossification centres is not found until several years after
birth [9, 13]. The wide variation of sternal development in the embryo seems to
preclude its use for satisfactory gestational age estimation; it is clearly less valuable
than other morphological criteria already available [9, 15].

The postnatal development and maturation of the sternum also vary [13]. The
ossified nuclei in childhood may vary considerably in size and shape depending on
age. Expansion of individual ossification centres progresses within the peripheral
part of the cartilaginous sternal anlage in consistence with the biology of endo-
chondral ossification of hyaline cartilage [13]. The gradual expansion of ossifica-
tion centres results in decreasing areas of cartilage between the ossified nuclei in
the manubrium and sternal body (Fig. 1.2). Bifid ossification within a segment
usually coalesces prior to adjoining adjacent sternebrae (Fig. 1.3) [13]. In most
individuals there is fusion across the midline of the manubrium and the upper
sternal nuclei before the age of 6 years [16], but the horizontal segmentation of the
body usually persist until about puberty and will on radiographs appear as distinct
bones (segments) separated by a narrow strip of cartilage (Fig. 1.4). The segments
usually start to fuse at the age of 11-16 years. The fusion of sternebrae proceeds
in a caudal-to-cranial direction, and thus is reciprocal to the appearance of the
ossification (Fig. 1.5). Union of adjacent sternebrae is usually initiated through a
central osseous bridge (Fig. 1.6), which progresses to achieve synostosis. There is a
wide age variation in the development of fusion [5]. In a huge postmortem study
commencement or partial fusion of the third and fourth sternebrae had already
occurred in a majority of specimen in the 0- to 5-year-old age group. Although
the earliest complete fusion of these segments was in the 6- to 10-year-old group,
complete fusion in all subjects was first seen at 15-17 years of age. In both sexes
the earliest complete fusion between the second and third sternebrae was observed
in 11- to 14-year-olds and was present in all men over 25 years and all women over
30 years. Thus a complete fusion of all sternebrae may imply an age greater than
25 years in men and greater than 30 years in women [5].



Anne Grethe Jurik

Fig. 1.3 Sternum in a 5-year-old boy. Coronal CT
reconstruction shows fusion across the midline
corresponding to the first sternal segment but not
at the lower segments (arrow). The nuclei of the
manubrium have not yet fused

Fig. 1.4 Sternum in an 11-year-old
boy. Sagittal reconstruction shows
the persistence of cartilage between
the ossified nuclei of the sternal
body (arrows)

The “joints” between the sternal segments and between the body and the xi-
phoid process are synchondroses, composed of hyaline cartilage until they are
obliterated by fusion of adjacent bony segments [7, 12]. The manubrium usually
remains as a separate bone throughout life [7]. In the chondrified plate between
the manubrium and the upper body segment a thin layer remains hyaline in na-
ture, but an intervening zone becomes fibrocartilaginous before birth [13], to-
gether forming the amphiarthrodial manubriosternal joint (MS]). The centre of
the fibrocartilaginous plate may be modified either by a slit-like cavity lined by
synovia, as in the pubic symphysis, or by the presence of a core of pulpy soft tissue,
as in the intervertebral disc.
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OSSIFICATION BEGINS: FUSION OCCURS: Fig. 1.5 Development of sternal
fusion. Ages at which ossifica-
tion begins and fusion occurs
are indicated

5th-6th fotal month —s

-a—— up to 25 years in 10%
7th fotal month ——————= ﬁ

~&— 13-30 years
8th fotal month—— g @

—=— Puberty
9th fotal month———— JE:::2

—=— Young childhood
15t year —————— = WEC::3:

—— Up to 25 years in 30%

1st - 20th year ————

Fig. 1.6 Normal SCC region at the age of 17 years. Coronal CT reconstruction of male
(a) and female (b) previously healthy crime victims. There is persistence of segmentation
between the two upper sternal segments in the boy with a little bridging ossification indi-
cating a start of the fusion process. Secondary ossification centres are seen at the sternal
end of the clavicles in both cases (arrows)



Anne Grethe Jurik

The xiphoid process remains connected to the most caudal sternal segments via
a common zone of hyaline cartilage that ossifies in adulthood [13]. The xiphoid
process often articulates with the inferior angle of the seventh ribs [13].

1.3
Clavicle

The clavicle is the only long bone that develops almost entirely by a process of in-
tramembranous ossification, with a direct transition from mesenchyme to ossified
bone without the intermediate step of cartilage formation [3, 4]. In the embryo
the clavicle is formed by two membranous primary centres appearing in the 6th
week and fusing approximately 1 week later. The junction of the two centres of
ossification is situated between the lateral and middle thirds of the clavicle, which
does not correspond to the site of congenital pseudoarthrosis [10]. Subsequently
hyaline cartilage develops at both ends of the clavicle. These two centres contribute
to the growth in length of the clavicle, the medial cartilaginous mass more than
the lateral, whereas the primary membranous derivate centres contribute little to
the growth in length. The clavicles begin to ossify at a fetal age of about 5 months.
The development of endochondral bone formation at the ossification centres in
the ends of the clavicle in combination with their spatial orientation lead to the cha-
racteristic clavicular shape. Endochondral ossification occurs only in the sternal
and acromial ends with subsequent membranous appositional ossification [11].

Postnatally the clavicles undergo their most active growth during the first
5 years, mainly by diaphyseal membranous ossification. This may explain the
exuberant callus formation often seen in clavicular fractures in childhood [11].
Secondary ossification centres usually appear at the sternal end of the clavicle be-
tween 16 and 18 years of age (Fig. 1.6) [6]. They are among the last ones in the
body to complete ossification. Osseous fusion usually starts at 20-22 years of age
with complete fusion occurring at the age of 25-27 years [6, 8]. These features can
therefore be used to determine age in early adulthood, when the epiphyseal plates
of tubular bones are closed (Chapter 2).

1.4
Joints and Costal Cartilages

Early in the embryo the clavicle is connected with the sternal anlage without any
visible border, but an interzone develops in the 2nd fetal month as the primor-
dium of the sternoclavicular articulation and the disc [1]. The sternoclavicular
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and the temporomandibular joints are very similar morphologically throughout
the growth period with an intra-articular fibrocartilaginous disc [2]. The cartilage
on the clavicular head and the mandibular condyle are similar at each age during
growth [2], making it possible to achieve material for mandibular osteocartilagi-
nous transplantation from the clavicle.

The costal cartilages are hyaline and initially coalesce with the cartilage of the
sternal primordium. The primordium of the first rib continues into the sternum
without any border. During development, the second to seventh sternocostal junc-
tions are provided with interzones of fibrocartilage and the presence of synovial
sternocostal joint cavities has been recognised shortly after birth although not at
all levels [13]. The costal cartilages are laterally connected to the ribs by a junction
showing similarity with the growth plate of a long bone epiphysis [2].

1.5
Conclusions

The development of the SCC region varies. A single pattern of development does
not occur and morphological variants are very common, but seem not to be fun-
damental for successful growth.

The wide variation in fetal sternal development precludes its use for satisfactory
gestational age estimation, being less valuable than other morphological criteria
already available. However, knowledge about fetal development does greatly as-
sist in understanding the prepubertal and postpubertal sternal patterns, and the
development of normal variants. Postnatally the development of the sternum and
especially the clavicle can be used in the determination of age.
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2.1

Introduction

The anatomical structures of the sternocostoclavicular (SCC) region are the ster-
num, the first to seventh sternocostal joints with adjacent costal cartilages, the
sternoclavicular joint and the medial part of the clavicles, and the surrounding soft
tissue structures, including ligaments and muscles (Fig. 2.1). The normal anatomy
of the SCC region has gained great attention, partly because the region plays a ma-
jor role in forensic medicine for determination of age and gender. Unfortunately,
the anatomy of the region varies considerably. This is partly due to a wide variety
of developmental variants [14, 31, 39] and the nearly constant strain due to move-
ment of the joints during respiration.

The region is anatomically somewhat special by containing several amphiar-
throdial joints, characterised by the connection of contiguous bony surfaces by
cartilage. There are two forms of amphiarthrodial joint, a symphysis and a syn-
chondrosis. In a symphysis the bony ends are connected by fibrocartilage as in
the manubriosternal joint (MS]). A synchondrosis is a joint where the bones are
united by temporary hyaline cartilage, for example the growth plate of long tubular
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Fig. 2.1 The sternocostoclavicular region displayed on a a drawing and b a coronal MSCT
reconstruction of a 45-year-old previously healthy male crime victim. The region consists of
the sternum, the adjacent articulating first to seventh costal cartilages, the medial part of the
clavicles and the surrounding soft tissue structures. The CT image displayed slight slit-like
calcifications corresponding to the cartilages, which are a typical male pattern

bones. The junctions between sternal segments during development are synchon-
droses and the first sternocostal joint is anatomically built as a synchondrosis.

There are numerous normal variants in the SCC region, which have been excel-
lently reviewed in textbooks [14, 31], and they should not be mistaken for dis-
ease [6, 38]. This chapter includes a summary of the normal findings and the most
common developmental variants. Developmental malformations influencing life
are dealt with in Chapter 10.

2.2
Sternum, Including Manubriosternal Joint

In most healthy individuals the sternum consist of two bones, the manubrium
sterni and the sternal body, held together by the MSJ. The xiphoid process occurs
as an appendix caudally.
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2.2.1
Sternal Bones

The sternal bones are composed of highly vascular cancellous tissue covered by a
thin layer of compact bone that is thickest in the manubrium (Fig. 2.2) [23]. The
shape and size of the bones generally vary considerably. On transaxial views the
sternal bones can be ovoid or rectangular [8]. Some sex differences have been
observed, including a significantly larger manubriosternal length in men than in
women [34].

Sternal developmental variants are numerous and include persistent horizontal
segmentation, sternal foramina, asymmetric bones, accessory ossification centres,
etc. They may not be interpreted as disease. The same applies to variants regarding
ossification of sternal segments in childhood [27].

Persistent horizontal segmentation of the sternal body is a well known variant.
In a study of 580 non-rheumatologic patients 8 had persistence of a joint between
the first and second sternal segments. Five of them had a normal MS], whereas 3
had osseous fusion of the MS] [33] and their sternal segmentation can be regarded

Fig. 2.2 Axial CT slices of the manubri-
um of a 45-year-old previously healthy
man also shown in Fig. 2.1. Note the
cleft-like separation between the bone
and the partly mineralised first costal
cartilages (arrows)




16

Anne Grethe Jurik

Fig 2.3 Displaced MS]
in a 27-year-old woman
presenting with swelling
of the sternoclavicular
joints. CT, coronal MPR
shows a normal variant
with lack of the first
costal cartilage on the
right side, ankylosis of
the MSJ and instead
persistence of a joint in
the region of the third
costal cartilage (arrow).
Plain radiograph and
tomography are shown
in Fig. 5.1

Fig. 2.4 Sternal foramen, CT in a 17-year-old girl. a Axial slice. b Frontal 3D reconstruction
showing a well-delineated osseous defect in the sternal bone

as a displaced MS]J. A hot spot in the sternal body at scintigraphy may be due to
this variant [3]. An atypical location of the MSJ can occur together with other
developmental variants such as hypogenesis or agenesis of the first costal cartilage

(Fig. 2.3).
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Fig. 2.5 Sternal foramina. MRI, T1 (left) and STIR (right) of an 18-year-old girl showing
persistence of an oval foramen in the lower part of the sternum (arrows). There is still per-
sistence of non-fused cartilages around the foramen supporting the hypothesis that it is due
to lack of cartilage coalesce. There are no high signal vessels on the STIR

Sternal foramina are congenital bony defects in the sternum usually occurring
as a solitary oval defect in the lower third of the sternal body (Fig. 2.4), but can
occur occasionally in the manubrium [5]. The incidence has been reported to be
about 7%, being present in children as young as 8 years as well as in persons of
advanced age [5, 19]. Their aetiology is unknown, but they may be due to incom-
plete fusion of multiple ossification centres (Fig. 2.5) or a passage for great vessels
through the sternum. A sternal foramen is not associated with symptoms and is
usually not seen at conventional radiography, but can be an incidental finding at
CT or MRI performed for other reasons [38]. They should not be misinterpreted
as acquired lesions such as gunshot wounds and bone destruction by tumour or
infection [5, 7]. Awareness of the anomaly is important in acupuncture to avoid
heart damage [7].

Accessory ossification centres can occur incidentally. They are usually located ad-
jacent to the manubrium in the form of ossa suprasternale or ossiculum paraster-
nale [14, 31]. However, extra ossification can also be part of skeletal dysplasia such
as diastrophic dysplasia (Chapter 10) [26].

The blood supply to the sternum and the surrounding joints comes from the
internal thoracic artery (previously named internal mammary artery) [11, 32],
which has to be taken into account when suspecting infection or aseptic necrosis.
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2.2.2
Manubriosternal Joint

The MSJ is formed by two bony surfaces covered with hyaline cartilage and sepa-
rated by a disc of fibrocartilage (Fig. 2.6) [11], just as the symphysis pubis. The
fibrocartilaginous disc is anchored to the ventral and dorsal surface of the sternum
by ligaments. In about 30% of individuals, a synovial-lined cavity develops in the
disc area, probably preceded by partial or complete absorption of the fibrocartilag-
inous disc [11]. The MS] may have different orientation in the coronal plane, but is
frequently parallel [39] (Fig. 2.7). In the lateral plane the surfaces are mostly con-
vex, but occasionally slightly concave [28]. The articular margins can be irregular
due to unequal growth of the ossification centres during development [39]. Small
defects in the articular surfaces may also occur. They are considered analogous to
Schmorl’s nodes in vertebral bodies having clear-cut margins that distinguish them
from the ragged erosion with subchondral sclerosis seen in seronegative arthritis.

Degenerative changes of the MS] often occur in old age (Fig. 2.8) and consist of
narrowing of the MSJ and osteophyte formation, sometimes with bridging osteo-
phytes, but the joint margins usually remain smooth [31].

The normal appearance of the MSJ at radiography or CT varies with age. In
young individuals the MS] usually has slightly undulating well-defined bony mar-
gins [16]. In older persons bone appositions at the margins are common [16]. Ero-
sion-like changes may occur in 12% (12 of 95) of individuals, and have together
with reactive sclerosis and/or ankylosis been observed in 28% of non-rheumatic
individuals [18]. The observed erosion is probably related to osteoarthritis or to
herniation of the intra-articular disc [15].

Osteoarthritis of the MS] demanding therapy is rare, but when occurring pre-
operative CT images with three-dimensional (3D) reconstruction can be used to
measure the dimension of the material to be used at arthrodesis [1].

Fusion of the MS] (Fig. 2.9) occurs in 6-10% of adults without rheumatologic
disorders [2, 33, 39]. It is apparently more common in women than in men and

Ligament and capsule —m,_

Disk of fibrocartilage

Hyaline articular cartilage

l;‘ij%. ay >
XTI
)‘J,'; ] “';j::?.’\‘f:‘ -

Fig. 2.6 Drawing showing the anatomical structure of the amphiarthrodial MSJ consisting
of bony ends covered by hyaline cartilage with an intervening plate of fibrocartilage
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is not related to aging [37]. In a large series of necropsy material (606 bodies),
the mean incidence of fusion was 14%, but there were two peak incidences for
MSJ fusion, one at the age of 30-40 years and one at 70-80 years. The latter peak
seems related to thoracolumbar disc degeneration [4]. The large amount of com-

a ‘
Fig. 2.7 a Different types of MS] orientation in the coronal plan according to Zimmer [39].
b The most frequently occurring parallel appearance in a 41-year-old woman

Fig. 2.8 Slight degenerative changes in a 73-year-old man. Sagittal CT reconstructions
showing small osteophytes and calcification in the disc area (arrow)
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Fig. 2.9 Fusion of the MSJ in a 60-year-old woman without SCC complaints. Coronal (left)
and sagittal (right) CT reconstruction shows homogeneous osseous structure throughout
the bone

bined material (2,787 individuals) analysed by Ashley in 1954 and including pre-
viously published material also disclose two peaks, the incidence of fusion being
9.3% in 30- to 39-year-olds, 11.5% in 40- to 49-year-olds, 10.6% in 50- to 59-year-
olds and 60- to 69-year-olds, but 12.7% in 70- to 79-year-olds and 7.9% at age
80-89 years [2].

Persons with osseous fusion of the MS]J have probably failed to develop a fibro-
cartilaginous lamina between the manubrium and the sternal body in the embryo.
The joint will then be a synchondrosis comparable to the growth plate of long tu-
bular bones, which inevitably undergo fusion [2]. In accordance with this, MS]
fusion may be accompanied by a persistent segmentation between the two upper
sternal segments (Fig. 2.3) [12, 33]. The presence of a homogeneous osseous struc-
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ture across the “joint” in non-inflammatory fusion (Fig. 2.9) is in accordance with
this (Chapter 12). The osseous structure at ankylosis secondary to inflammation is
often irregular and may be accompanied by hyperostosis. It is, however, possible
that degenerative changes, including osteoarthritis and diffuse idiopathic skeletal
hyperostosis (DISH), can also be the cause of MS] fusion.

2.2.3
Xiphoid Process

The xiphoid process varies considerably in size and shape among normal persons
[14, 31]. Variants are frequent, but significant anomalies consisting of agenesis or
abnormal location seem rare (Chapter 10).

2.3
Clavicle

The clavicles occupy the ventral position of the shoulder girdle and extend from
the acromial processes to the upper border of the manubrium sterni. They serve
as the only osseous connection between the shoulder girdle and the trunk [22]
and have a superficial location at the base of the neck (making them vulnerable to
trauma). The clavicles are unique bones in several aspects. Only mammals using
their forelimbs for catching have them to enable lateral movement of the limbs.
Their shape is optimised for the function. The clavicle is double-curved, like the
letter “S”, of which the sternal two thirds are anterior convex, while the acromial
one third is anteriorly concave. Each clavicle articulates with the sternum and first
rib medially and with the acromion laterally. The clavicle consists of cancellous tis-
sue enveloped by a compact layer, which is thicker in the intermediate part than at
the medial and lateral part of the bone. The clavicle contains only a little red mar-
row. The blood supply is comparatively poor which probably accounts for the low
incidence of metastatic tumours and haematogenous bacterial infections.

The clavicle is the site of many developmental variants and acquired lesions, the
latter most commonly resulting from trauma. The unique anatomy may imply that
lesions normally exhibiting benign radiological features in other bones may have
a more aggressive appearance. Several factors can contribute to this: the unusual
shape of the bone with its irregular ridges and rough cortical surface, the variable
thickness of its cortex and the unique embryological development.

Clavicular developmental variants include rhomboid fossae, accessory ossicles,
asymmetric closure of the growth plate, etc. [14, 31, 39]. An irregular excavation
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Fig. 2.10 Rhomboid fossa in a 14-year-old boy. a At chest radiography there is irregular
excavation of the inferior part of both clavicles (arrows) most pronounced on the right side.
b Semicoronal CT reconstruction of the right clavicle displays a regular cortical bone sur-
face corresponding to the indentation and thus no signs indicating infectious or malignant
destruction

of the inferior part of the clavicle, named rhomboid fossa, is a frequent normal
variant occurring both in children and adults (Fig. 2.10) [10]. Bilateral rhomboid
fossae were found to be present in 44% of male and 54% of female children below
18 years of age and unilaterally in 16.5% of male and 20.8% of female children
[10]. The incidence is nearly similar in adulthood, where bilateral fossae occurred
in 59% of men and 54% of women, and unilateral fossae in 13% of men and 17% of
women. Unilateral fossae occurred significantly more frequently on the right than
on the left side. Factors responsible for creating a deep fossa unilaterally are not
understood, but it is not found in newborns [10].
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24
Cartilages and Their Articulation

The costal cartilages consist of hyaline cartilage extending from the ribs anteriorly
to the sternum and are part of the thoracic cage (Fig. 2.11). There are numerous de-
velopmental variants of costal cartilages mainly related to rib variants [14, 31, 39].

24.1
Costal Cartilages

In young persons the cartilages are purely hyaline, but calcification within the car-
tilage occurs as a normal aging phenomenon. Detectable calcification is rare be-
fore the age of 15 years (Fig. 1.6) [20], but at least a trace of ossification has been
found present in all cadavers over the age of 25 years and may be seen at radiogra-
phy after the age of 30 years [25]. However, calcification occurring in young adults
is usually slight (Fig. 2.11). Moderate calcification is rare below 40 years of age, but
common above 60 years, and marked calcification rarely occurs before the age of
50 years (Fig. 2.12).

At radiography the calcification is usually first detectable in the first costal car-
tilage (Fig. 2.12), but in autopsy studies has been found earlier adjacent to the ster-
nal border in the sixth, seventh and eighth cartilages, which may appear at CT
(Fig. 2.11) [20]. The calcification is usually more or less symmetrical [39]. There
are no convincing sex differences in the pattern of costal cartilage calcification of
the first rib. There is often a slit-like cleft between an ossified first costal cartilage
and the sternum (Fig. 2.2), sometimes with formation of osteophytes between the
cartilage and the bone, and a homogeneous fusion is rare. Corresponding to the
other cartilages there is a somewhat different appearance in women and men. The
cartilage calcification of women is typically irregular, speckled and centrally lo-
cated, whereas it is more peripheral at the margin of the cartilage (sheath-like cal-
cification) in men (Figs. 2.1 and 2.11) [21]. This difference may be due to different
degenerative changes in the cartilage depending on the vascularisation, different
mechanical factors, hormones, etc.

In the development of a roentgenographic method to determine age, race and
gender of cadaver material, an absolutely distinctive pattern of ossification of the
costal cartilages in older women was identified [35]. Spherical or globular foci of
calcification occurring in the subperichondrial location in the central portion of
the cartilage were a feature unique to elderly women. In a large sample of autopsy
material it was found only in postmenopausal women over the age of 50 years, and
especially after 60 years [35]. Not encountered in men, this distinctive sex and age
pattern was found in about one third of the adult female autopsy population.
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Fig. 2.11 Central costal cartilage calcifica-  Fig. 2.12 Normal sternocostal joints. Coro-
tion in a 40-year-old woman (previously nal CT reconstruction in a 4l-year-old

healthy crime victim); coronal CT recon- woman
struction

At the costochondral junctions the lateral end of each costal cartilage is held
together with the rib by the periosteum [11]. They are important sites of muscle
tensions due to muscle origin and insertion on both sides of the junction.

2.4.2
Sternocostal Joints

The anatomy of the sternocostal joints (SCoJs) is rather variable. The first SCoJ is
a synchondrosis in which the costal cartilage and the sternal bone are united di-
rectly by hyaline cartilage [9, 11, 24, 29, 36]. The second to fourth SCoJs are usually
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diarthrodial with small synovial-lined cavities and joint facets consisting of fibro-
cartilage with underlying hyaline cartilage [9, 36]. The fifth to seventh SCoJs may
be similarly diarthrodial, but sometimes the synovial membrane is absent, and the
joints are built like a synchondrosis or symphysis [9, 11, 29, 36]. The second SCo]
contains a fibrocartilaginous intra-articular sternocostal ligament that is attached
to the fibrocartilage of the MSJ and to the joint facet on the costal cartilage [9]. It
divides the joint into two cavities in about 50% of individuals. A similar ligament
occurs occasionally at the third SCoJ, but is rare at the fourth to seventh SCoJs [9].
The articular capsule of the second to seventh joints is reinforced by a ventral and
dorsal sternocostal ligament.

In young persons the joint facets are smooth without subchondral sclerosis
or peripheral osteophytes (Figs. 1.6 and 2.12). After middle age the articular sur-
faces of the second to seventh SCoJs lose their polish, become roughened and the
synovial membrane apparently disappears. In old age the joint cavities are often
obliterated [11] and the cartilage of most of the ribs becomes continuous with the
sternum [11].

The SCoJs are not visible at conventional radiography, but can be evaluated by
conventional tomography [13] or better by multislice CT (Figs. 1.6 and 2.12). The
normal appearance at imaging varies considerably due to differences in the sternal
development and the influence of ageing. There can be osteoarthritis-like changes
at the first SCoJ with osteophyte formation sometimes appearing as a pseudoar-
throsis.

25
Age Determination

Age estimations of living individuals are increasingly important in criminal mat-
ters. If doubts arise regarding the age of a person suspected of a criminal offence,
forensic age estimation is prompted by the need to ascertain whether the person
concerned has reached the age of criminal responsibility and whether general
criminal law in force for older juveniles or adults is to be applied. In such cases age
estimates are usually based on a general physical examination, X-ray examination
of the hand and odontological examination, including an Orthopantomogram.
The development of the peripheral skeleton is completed before the age of
18 years. The eruption and calcification the third molars, which is fundamental
for dental age estimation is usually completed by the age of 19 or 20 years and
cannot be used to ascertain whether a person has attained the forensically relevant
age of 21 years. If it has to be determined, it may be necessary to perform an X-
ray examination or CT of the medial clavicular epiphyseal region [30] or better
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MRI to avoid irradiation. Based on the analysis of Kreitner et al. (1998) [17] the
finding of a complete union of the medial clavicular epiphysis implies an age of
22 years or above. Age determination based on the development of the medial part
of the clavicle can also be important for identifying human remains whose age is
estimated to be under 30 years [17]. Information about age in childhood, adoles-
cence and young adulthood can be gained based on the development of the medial
clavicular epiphysis, closure of the adjacent growth plates and fusion of sternal
segments [17].

Sternal length and the pattern of costal cartilage calcification can also contrib-
ute to the determination of gender and age [17, 34].

2.6
Conclusions

The normal anatomy of the bones and cartilages in the SCC region vary consider-
ably and there are numerous normal variants that should not be interpreted as
signs of disease. Bone age estimation based on the study of the development of the
medial clavicular epiphysis may be a useful tool in forensic age identification in
living individuals, especially if the age of the subject is about the end of the second
or the beginning of the third decade of life.
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3.1

Introduction

The normal anatomy of the sternoclavicular joints varies due to many develop-
mental variations, age and different normal signs caused by a rather constant load
on the joints. They are the only synovial joints between the upper extremity and
the axial skeleton. They accompany movement of the arms and move slightly dur-
ing respiration, which contributes to continuous strain.

3.2
Macroscopic Anatomy

The sternoclavicular joint is formed by the articulation of the medial end of the
clavicle with the clavicular notch of the manubrium sterni and the adjacent car-
tilage of the first rib. The articular surfaces of the sternum and the clavicle are
incongruent. Only a relatively small area of the medial clavicle is in contact with
the manubrium sterni, but the joint contains a fibrocartilaginous intra-articular
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disc that fills the space between the apposing articular surfaces (Fig. 3.1). The disc
is strongly attached to the superior margin of the clavicular articular surface and
to the first costal cartilage inferiorly and attached to the interior of the capsule
(Fig. 3.1). The disc is an important buffer between the joint surfaces acting as a
check-rein against medial displacement of the clavicle. In 97% of individuals this
disc divides the joint into two compartments or a double gliding joint [5].

Owing to the discrepancy in size between the two articular surfaces, the stabil-
ity of the sternoclavicular joint depends on surrounding ligaments in addition to
the disc. The fibrous articular capsule surrounding the articulation is reinforced
by the anterior and posterior sternoclavicular ligaments and the interclavicular
ligament (Fig. 3.1). The joint is further stabilised by the costoclavicular ligament,

b

Fig. 3.1 Sternoclavicular joints. a Anterior aspect of the joints. The right joint is cut in the
coronal plane. I Intra-articular disc, 2 articular capsule, 3 costal cartilage, 4 interclavicular
ligament, 5 costoclavicular ligament, posterior fibres, 6 costoclavicular ligament, anterior
fibres, 7 anterior sternoclavicular ligament. b Superior aspect of the sternoclavicular joint
demonstrating the incongruence of the joint facets and intra-articular disc attached to the
capsule anteriorly and posteriorly
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which extends from the inferior surface of the medial end of the clavicle to the first
rib and the adjacent costal cartilage [2, 11]. It is a short, flat, strong, rhomboid-
shaped ligament with an anterior and posterior sheet separated by a bursa [2]. It
nearly always merges with the sternoclavicular joint capsule [2]. The costoclavicu-
lar ligament resists forces that attempt to displace the medial clavicle anteriorly,
posteriorly or medially and stabilises the joint by acting as a fulcrum with motion
occurring around the axis through this ligament [10]. Ossification of this ligament
does not occur in persons without rheumatologic disorders [9, 11]. The presence of
stabilising surrounding ligaments implies that the costoclavicular region contains
many areas with insertion of fibrous tissue into bones, usually named entheses [3],
which can be involved in inflammatory disorders (enthesopathy).

The blood supply to the sternoclavicular joints comes from the internal thoracic
artery, and this has to be taken into account when suspecting infection or aseptic
necrosis.

3.3
Microscopic Anatomy

The sternoclavicular joint is a true diarthrodial synovial-lined joint. It has been de-
scribed to differ from other diarthroses, except the temporomandibular joints, by
containing fibrocartilaginous and not hyaline articular cartilage when fully devel-
oped [4, 7, 8, 11]. The cartilage has been reported placed directly on the bone and
fixed by a network of fibrous fibres penetrating into the bone [8], making the junc-
tion between cartilage and bone anatomically somewhat similar to entheses [3].
However, examination of three necropsy specimens (a 23-year-old male, and two
47- and 49-year-old female crime victims) performed at our institution revealed
that, for their age and sex, the cartilage is hyaline, but with intermingling fibrous
fibres at the peripheral part corresponding to the attachment of the intra-articular
disc, the capsule and the surrounding ligaments (Fig. 3.2a). These areas therefore
gain an appearance similar to fibrocartilage. At the age of 47-49 years there was
also dispersed fibrous fibres in the superficial part of the cartilage centrally, but
with underlying hyaline cartilage (Fig. 3.2b). At the age of 23 years the cartilage
was also hyaline superficially (Fig. 3.2¢). Our finding of hyaline cartilage in adults
is in accordance with the reported presence of hyaline cartilage in childhood and
adolescence [4, 8]. The reported appearance simulating conversion to fibrocarti-
lage in adulthood may be explained by more prominent intermingling ligamentous
structures and probably also to the frequent occurrence of degenerative changes
[6]. Irrespective of the type of cartilage, the articular cartilage of adults has been
reported to be thicker on the clavicle than on the manubrium sterni [8, 11].



32

Anne Grethe Jurik and Flemming Brandt Soerensen

Fig. 3.2a Microscopic appearance of
the sternoclavicular joint. Semiaxial
10-um-thick methyl methacrylate-
embedded section though the joint

of a 47-year-old woman stained with
Goldner-trichrome. The intra-articular
disc is seen to divide the joint into two
compartments, being attached to the
capsule anteriorly and posteriorly and
also to the clavicle by a strong ligamen-
tous structure (white arrow).

Fig. 3.2b,c Microscopic appearance of the sternoclavicular joint. b Magnified views of the
clavicular (left) and the sternal cartilage (right) in Fig. 3.2a show the existence of hyaline
cartilage beneath a layer of cartilage intermingled with fibrous structures, most obvious in
the clavicular cartilage (white arrowhead). ¢ Joint from a 23-year-old man (stained simi-
larly). Magnified histological sections of the clavicular (left) and the sternal cartilage (right)
show hyaline cartilage superficially, especially on the sternal side (black arrowhead). At the
clavicular side there were some fibrous structures surrounding cartilage cells (white arrow-
head). C Clavicle, M manubrium sterni, D intra-articular disc
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34
Appearance at Imaging

The normal sternoclavicular joints are difficult to visualise by conventional ra-
diography due to overprojecting structures. Computed tomography eliminates
this problem and can visualise the osseous structures clearly, especially when us-
ing multislice CT (MSCT) with secondary reconstructions. The increasing use of
MSCT with routine multiplanar reconstructions has revealed a wide variable ap-
pearance, for example seen at chest CT for other disorders. This is due to a frequent
occurrence of degenerative changes. Advanced osteoarthritis is infrequent before
the age of 40 years, but occurs in almost all persons older than 70 years [6]. Osteo-
arthritis often includes calcification of the first costal cartilage (Fig. 3.3). MSCT is

Fig. 3.3 Computed tomography appearance of normal sternoclavicular joints. a Coronal
MSCT reconstructions of a 40-year-old woman without signs of degenerative changes. b In
a 47-year-old woman there is slight joint space narrowing inferiorly with small clavicular
osteophytes and also calcification of the first costal cartilage. ¢ A 57-year-old woman who
in addition to joint space alteration had a subchondral cyst (arrow) in the manubrium. d
see Page 34
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Fig. 3.3 (continued) Computed tomography appearance of normal sternoclavicular joints.
d Supplementary axial slices show that the cystic appearance may be due to cortical indenta-
tions (arrows)
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an excellent method for delineating calcified structures, but soft tissue structures
can only be visualised to the extent possible by X-ray attenuation.

Magnetic resonance imaging (MRI) allows detailed imaging of the normal soft
tissue structures of the sternoclavicular joint (Chapter 7). This has been docu-
mented by MRI of non-moving specimens [1]. The normal anatomical structures
can usually be delineated at clinical MRI when performed appropriately and not
influenced by the occasional problems with movement artefacts. On axial images
the anterior and posterior part of the capsule, and the anterior and posterior ster-
noclavicular ligament are delineated, in addition to the anterior and posterior at-
tachment of the disc, and the costoclavicular and interclavicular ligaments. Coro-
nal images are superior for displaying the articular surface of the medial end of the
clavicle and the manubrium in addition to the disc. The costoclavicular ligament is
also well delineated, but differentiation between the anterior and posterior portion
is not possible. The thickness of the costoclavicular ligament is best delineated on
sagittal images, but the two fascicles of this ligament and the bursa between them
are seldom seen. The extent of the anterior and posterior sternoclavicular liga-
ments and the attachment of the intra-articular disc to the capsule anteriorly and
posteriorly is also delineated by this slice orientation [1].

3.5
Conclusions

The anatomy of the sternoclavicular joint is rather complex being composed of in-
congruent joint facets with an intervening intra-articular disc and with many sur-
rounding ligaments and entheses, which may be involved in seronegative arthritis.
The joint cartilage is basically hyaline, but with intermingled fibrous fibres which
contribute to an appearance simulating fibrocartilage. This may partly be due to a
frequent occurrence of degenerative changes.
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4.1

Introduction

The sternocostoclavicular (SCC) region is part of the chest wall (Fig. 4.1) and
thereby contributes to respiratory movements. In addition, the sternoclavicular
joints are the only synovial joints between the upper extremity and the trunk.

4.2
Sternoclavicular Joints

The sternoclavicular joint is a non-weight-bearing joint, but one of the most fre-
quently used joints in the trunk. It accompanies every movement of the arm, and
functions like a ball-and-socket joint permitting motion in all planes [2, 3]. With
movement of the arm its movements consist of a cone of 60 degrees with the tip
in the middle of the clavicular head. Movement in the sternoclavicular joint con-
tributes to shoulder abduction and flexion via elevation of the lateral end and rota-
tion of the clavicle. In the first 90 degrees of abduction, the clavicle raises approxi-
mately 30 degrees. With abduction beyond 90 degrees, the clavicle rotates about its
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Fig. 4.1 Computed
tomography, 3D recon-
struction of the thoracic
cage in a 58-year-old
woman shows the
intimate relation of the
SCC region and the rest
of the thoracic cage

longitudinal axis. Due to the crankshaft shape of the clavicle, this rotation elevates
the lateral end, but also implies rotation at the sternoclavicular joint. Moreover,
the sternoclavicular joint moves slightly during respiration contributing to con-
tinuous strain, although to a lesser degree. It seems there is always some strain on
the joint especially in the upright position, and it is apparently only relaxed in the
supine position. This may explain the frequent occurrence of degenerative changes
(Fig. 3.3) (Chapter 15) [4, 5].

4.3
Manubriosternal Joint

The manubriosternal joint (MS]) is located between the manubrium sterni and
the sternal body. It is slightly moveable and contributes to the mobility of the SCC
region; it thus has a function during respiration. During inspiration, the ribs move
upward and forward to expand the thoracic cavity. The first rib is much shorter
than the succeeding ribs. Therefore, the upward and forward excursion of its an-
terior end is lesser, and the adjacent manubrium sterni is only slightly raised for-
ward. The greater excursion, especially in the forward direction, imposed upon
the rest of the sternum by the longer ribs causes a bending at the MS]. An opposite
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Fig. 4.2 Computed
tomography, 3D recon-
struction of the SCC
region in a 63-year-old
man. There is pro-
nounced calcification
of the first costal car-
tilages with a cleft-like
space and osteophytes
on the right side (ar-
rows). There are also
degenerative changes
at other sternocostal
joints most pro-
nounced correspond-
ing to the left-sided
second and fourth to
seventh joints

movement occurs during expiration [1]. The forces thus imposed on the joint may
cause degenerative changes (Fig. 2.8).

4.4
Sternocostal Joints

The first costal cartilages and sternocostal joints have a special function. The carti-
lages are originally united directly to the sternal bone forming synchondrotic first
sternocostal joints. However, mineralisation occurs early in these cartilages, but
often a non-calcified cleavage will persist between the cartilages and the sternum.
During each respiration the torsion of the cartilages is made possible by these
joint-like cleavages. Due to a nearly continuous strain imposed on the region os-
teoarthritis-like changes can occur with osteophyte formation, sometimes appear-
ing as a pseudoarthrosis (Fig. 4.2).

The second sternocostal joints are intimately related to the MSJ and adjacent
cartilages and contribute to the extension during inspiration [1]. Similarly, the
third to the seventh sternocostal joints will move during respiration, and the strain
thereby imposed on the joints may cause degenerative changes in addition to cal-
cification of the adjacent costal cartilages (Fig. 4.2).
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4.5
Conclusions

The sternoclavicular, manubriosternal and sternocostal joints are important for
the biomechanics of the chest during respiration. This implies a nearly constant
strain on the joints, which may result in degenerative changes. In addition, the
sternoclavicular joints accompany every movement of the arms being the only
joints between the trunk and the upper extremities.
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5.1

Conventional Radiography

The sternocostoclavicular (SCC) region, consisting of the sternum and the ster-
noclavicular and sternocostal joints, may be difficult to assess with routine radio-
graphic techniques. On a frontal radiograph overlaying spine, ribs, mediastinal
structures, lung and/or soft tissue of the chest wall often obscure minor joint and
bone details. However, the presence of manifest osseous hyperostosis and sclerosis
in the SCC region may be detected by frontal radiography, and even at chest ra-
diography, but a clear delineation of osteoarticular changes demands elimination
of superimposed structures (Fig. 5.1). Oblique radiographic views of the sterno-
clavicular joints allow visualisation of the sternal and clavicular contours, but fine
articular and osseous details are invisible due to the superimposed structures. Sev-
eral special views of the sternoclavicular region have been invented in an attempt
to eliminate this problem [1, 3, 6]. The success has, however, been limited, partly
because such views often are difficult to obtain and interpret.

A lateral radiograph of the sternum can visualise the anterior and posterior
cortex, and the manubriosternal joint (MS]) may be adequately visualised by this
view (Fig. 12.3a). Most sternal fractures are transverse and can be detected on a
lateral radiograph, likewise disruption of the MSJ (Chapter 11) [8]. However, the
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Fig. 5.1 a Anterior radiograph of the sternoclavicular joint in a 27-year-old woman with
swelling at both joints and left-sided pain. There is narrowing of the left sternoclavicular
joint with surrounding osseous proliferations. Also, at least on the right side, is a congenital
variant with lack of the first rib. b Supplementary tomography revealed definite narrowing
of the left sternoclavicular joint with osteophyte formation (arrows) as a sign of degenerative
changes. Supplementary CT is shown in Fig. 2.3. Coronal reconstructions confirmed the
presence of left-sided osteoarthritis, but also a normal variant with lack of the first costal
cartilage on the right side, and ankylosis of the MS], corresponding to the location of the
second sternocostal joints. There is instead persistence of a joint between the two upper
sternal segments

sternoclavicular joints and the medial part of the clavicles are usually not visu-
alised by lateral radiography due the considerable distance from the film and over-
lying shadows.
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5.2
Conventional Tomography

Elimination of shadows from overlaying structures can be achieved to some de-
gree by frontal tomography depending on the technique used [2, 4, 7]. The osseous
structures may not be clearly delineated by linear tomography. Multidirectional
tomography improves the diagnostic quality and can detect even minor joint or
bone lesions, including abnormalities of the sternocostal joints [4], but the radia-
tion dose is relatively high. Irrespective of the tomography technique, it is time-
consuming, and soft tissue structures are only shown as shadows. Computed to-
mography (CT) has the advantage of visualising soft tissue structures in addition
to elimination of shadows from superimposed structures. CT is more convenient
for the patient, less time-consuming and does not basically imply a higher radia-
tion dose than tomography [5]. Imaging of the SCC region has therefore in most
institutions been changed to CT or magnetic resonance imaging (MRI).

5.3
Conclusions

Over the years there have been many attempts to visualise the SCC region by con-
ventional radiography, but most have been unsuccessful. The osseous structures
can be visualised by conventional tomography, but not to the extent obtained by
CT or MRI, which in addition visualise the surrounding soft tissue structures. The
conventional radiographic methods have therefore been substituted by cross-sec-
tional imaging in most departments.
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6.1
Introduction

Computed tomography (CT) is today available in all advanced radiological de-
partments. It is generally accepted that the diagnostic information obtained by CT
is better than by conventional tomography [14]. CT can provide excellent visuali-
sation of osseous structures. In addition to eliminating superimposed structures
it visualises soft tissue structures to the extent possible by X-ray attenuation [7,
13, 22]. Moreover, CT is less time-consuming, more comfortable for the patient
and the radiation dose can be decreased compared to conventional tomography
[15]. CT is thus preferable compared to conventional tomography with regard to
osteoarticular lesions.

This chapter encompasses the technical aspects and the normal CT appearance
of the sternocostoclavicular (SCC) region. The chapter also deals with indications
for CT, offering advice to determine the role of CT in the imaging of the SCC re-
gion.



50

Anne Grethe Jurik

6.2
Technical Aspects

The technical level of the CT scanners available may differ due to a constant evolu-
tion of CT technique. The recent development of sub-second multislice CT (MSCT)
with up to 64 detector rows is, in particular, diagnostically important [5]. The ac-
quisition of isotropic or nearly isotropic image voxels improves the quality of sec-
ondary reconstructions, which is important in the evaluation of the SCC region.
Also, the acquisition can be obtained in less than 10 s thereby omitting problems
of breath holding. Irrespective of the technique used, the radiation dose always has
to be taken into consideration. It is important to be aware that high-contrast osse-
ous structures provide adequate image quality at a relative low mAs value [15]. The
dose can therefore be reduced compared to conventional tomography by single-
slice helical CT [15]. MSCT can also be optimised to achieve diagnostic quality of
osteoarticular structures using a relatively low radiation dose [12].

The optimal slice thickness at MSCT depends on the scanner, but is usually
< 1 mm to gain isotropic voxels and optimal secondary reconstructions. For serial
or single-slice helical CT it should be <3 mm to achieve a good visualisation of
osteoarticular structures (Fig. 6.1). Irrespective of the technique a bone reconstruc-
tion algorithm should be used for clear delineation of osseous structures.

Fig. 6.1 Single-slice helical CT, coronal reconstruction performed based on slices obtained
with a thickness of 3 mm without overlap in a 23-year-old woman with clinical signs of MS]J
arthritis. There is erosion of the MSJ joint facets, but there are irregular osseous contours
due to technical factors, most importantly the universal streaky blurring due to the slice
thickness
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The field of view (FOV) should be adjusted to fit the SCC region. Decreasing
the FOV increases the image resolution. Additional image reconstruction with a
larger FOV may be necessary when suspecting abnormalities in other areas.

Due to the joint orientation changes of the sternoclavicular, the sternocostal
and especially the manubriosternal joint (MS]) may be difficult to evaluate on
axial CT slices. Secondary multiplanar reconstructions (MPR) are often needed,
and their diagnostic quality depends upon the acquired axial slices. The use of se-
rial CT may imply irregularities of the osseous contours. This can also be the case
for single-slice helical CT (Fig. 6.1) unless the image acquisition or reconstruc-
tion is performed with overlap. MSCT makes it possible to obtain MPR images
with a high resolution (Fig. 6.2). Coronal and sagittal reconstructions should be
performed routinely in the evaluation of the SCC region, but supplementary ima-
ging planes such as oblique and curved MPR can be advantageous. With curved
reconstructions, taking into account the sternal angulation at the MSJ, both the
sternoclavicular joints and the MSJ can be delineated on a few reconstructed slices
(Fig. 6.2). In addition to MPR images other postprocessing techniques may pro-
vide additional information. Most important are three-dimensional (3D) surface
rendering and maximum intensity projection with variable thickness or volume
intensity projection (VIP) (Fig. 6.2).

For delineating soft tissue abnormalities, for example as part of infection or tu-
mour, it is often necessary to perform postcontrast scanning. It provides informa-
tion about tissue vascularisation, which is important in the diagnosis of abscesses
or tumours [24]. Visualisation of minor vessels always demands contrast enhance-
ment [9].

6.3
Normal Computed Tomography Appearance
of the Sternocostoclavicular Region

It is important to know the normal appearance at CT to be able to diagnose disor-
ders of the SCC region. Some variation may be seen for the normal sternoclavicu-
lar joints partly due to the occurrence of degenerative changes and costal cartilage
calcification with age (Fig. 3.3). In a study of 60 non-rheumatic individuals, 20-
80 years old, using serial 1.2-mm CT slices with gab of 2.5 mm, the most frequent
finding was ossification of the first costal cartilage. It occurred in 88% of individu-
als followed in frequency by subchondral clavicular erosion (27%) or subchon-
dral cyst (15%), uneven clavicular surface (23%) and meniscal ossification (15%).
Importantly sternal hyperostosis, sternal condensation and ossification of the
costoclavicular ligament never occurred in these non-rheumatic individuals [18].
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Fig. 6.2 Multislice CT. a Coronal reconstruction based on slices obtained with a collimation
of 64 x 0.67 mm in a 73-year-old man with joint space narrowing and erosion of the right
sternoclavicular joint due to septic arthritis. b Sagittal view with the reconstruction line
used to achieve a. ¢ Anterior VIP image clearly delineates the calcified structures, including
the extent of costal cartilage calcification. Narrowing of the right sternoclavicular joint space
is also seen, but the minor changes detectable by MPR are not delineated. d MRI, coronal
STIR shows signs of activity in the form of increased signal intensity, especially correspond-
ing to the joint cavity
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In accordance with this, a blind analysis of persons with and without inflamma-
tory disorders revealed cysts or erosion associated with hyperostosis or osseous
sclerosis only in patients with inflammatory disorders, whereas signs of degenera-
tive lesions (osteophytes, subchondral sclerosis, uneven joint surfaces) occurred in
both groups [17].

The normal CT appearance of the sternum was studied in 35 patients using 10-
mm serial slices obtained for chest CT [11]. At these axial views the sternal bones
were found to vary in shape and contour, the bones being ovoid to rectangular. The
cortical margins of the manubrium were often blurred and irregular, especially
caudally, which could simulate disease (Fig. 6.3a). Also irregular mottled calcifica-
tions and indistinct margins at the MSJ and xiphoid process could simulate bony
lesions [11]. Using thin slices dedicated for visualisation of the SCC region and a
bone reconstruction algorithm, the osseous contours are well defined (Fig. 6.3b).

Studies of the appearance of osseous structures of the SCC region at MSCT have
not been published, although the technique has been used for vascular imaging
in the region [16]. Based on forensic examination of crime victims performed in
our department the appearance at axial MSCT is in accordance with the descrip-
tion at serial CT. The ovoid appearance of the sternal body occurred between the
sternocostal joints whereas the shape mostly was rectangular at the level of joints.
MSCT data offer the possibility for immediate visualisation in other reconstruc-
tion planes and the use of additional reconstruction techniques (Fig. 6.2).

Fig. 6.3 Axial CT slices of a normal sternal bone. a Ten-millimetre slice of the manubrium
sterni showing irregular osseous contour posteriorly. b Two-millimetre slices in the same
region show well-defined osseous contours
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The normal CT appearance of the sternocostal joints varies considerably due
to a wide range of normal variation and a frequent occurrence of degenerative
changes with age. In young persons the joint facets are smooth and well defined
without localised subchondral osseous changes (Fig. 1.6). With age the occurrence
of osteophytes, subchondral osseous condensation and cartilage calcification may
cause quite variable appearances (Figs. 2.9 and 4.2).

6.4
Indications for Computed Tomography

Computed tomography is of great value in the evaluation of trauma patients
(Chapter 11) [10]. It can visualise subtle, complex or unusual fractures [3] and
joint malalignment. In addition CT can visualise the frequent concomitant tho-
racic or spinal injuries if the FOV is adjusted for viewing the whole thoracic cage
(Chapter 11) [26].

The osteoarticular changes in inflammatory and degenerative disorders are well
visualised by CT [23]. Serial CT has been shown to be superior to linear tomogra-
phy in the detection of erosion, subchondral cysts and sclerosis as part of psoriatic
arthritis [4, 6, 23]. By the use of MSCT detailed information regarding minor os-
seous lesions and soft tissue calcification can be obtained by CT, and not always
by magnetic resonance imaging (MRI). MSCT can therefore be diagnostically
preferable to MRI when suspecting such lesions including meniscal calcifications.
However, due to the radiation dose given by CT, MRI should always be considered
as an alternative method, giving the additional advantage of a clear delineation
of concomitant soft tissue structures, which may be needed diagnostically (Chap-
ters 12, 13 and 14).

Osteoarticular alterations as part of septic arthritis and osteitis can be delineated
by CT (Fig. 6.2), which is the best modality for detecting sequesters. CT can also
visualise the presence of local abscess formation, especially when using postcon-
trast scanning [2, 8, 24]. The use of CT is especially advantageous for demonstrat-
ing intrathoracic complications such as extensive chest wall abscess or phlegmon
and mediastinitis (Chapter 16) [20]. However, delineation of the extent of osseous
and soft tissue inflammation can be difficult at CT, also when including postcon-
trast scanning. The superior modality is in this case MRI (Chapter 16) [21].

Computed tomography can be valuable for assessing complications after ster-
notomy, depicting the extent and depth of the abnormalities [25]. CT can also be
used to plan sternal operations such as arthrodesis of the MS]J giving information
about the exact thickness of the sternum [1]. MSCT angiography may be used to
visualise the location of the internal thoracic vessels before a parasternal transtho-
racic approach [9].
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Bone tumours or tumour-like lesions can usually be diagnosed at CT, but sup-
plementary MRI is often needed for delineating the local extent of malignancies
(Chapters 17 and 18).

In rare cases CT may be needed to evaluate congenital disorders such as pectus
deformities with regard to management or exclusion of other disorders. The orien-
tation of the ribs and costal cartilages and their relationship to the sternum can be
defined by 3D surface rendering, allowing exact preoperative measurement of the
thoracic cage to guide individualised operative correction (Chapter 10) [19].

Computed tomography-guided biopsy of osteoarticular lesions can be advanta-
geous to secure a correct location.

6.5
Conclusions

Computed tomography can clearly delineate osseous structures of the SCC region
making it possible to demonstrate subtle changes. Compared to conventional to-
mography, it additionally demonstrates soft tissue structures to the extent possible
by X-ray attenuation, but not with the tissue characterisation gained by MRI. It is
important to optimise the technique for achieving high-quality diagnostic images
with a radiation dose as low as reasonably achievable.

Computed tomography can be diagnostically preferable to MRI when suspect-
ing minor osseous lesions or calcified soft tissue abnormalities such as meniscal
calcifications. In some patients CT is chosen due to a shorter examination time
and better patient comfort or contraindications for MRI. When suspecting soft tis-
sue abnormalities, MRI or ultrasonography should be the first modality of choice.

The main indications for CT are traumatic lesions, inflammatory and degenera-
tive disorders, infections, postoperative complications, bone tumours and tumour-
like lesions, and in rare cases congenital disorders.
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7.1
Introduction

Although the use of magnetic resonance imaging (MRI) has become indispensable
in the evaluation of most joints, MRI has not yet gained wide clinical acceptance
in evaluation of the sternocostoclavicular (SCC) region. This may be due to the
wide availability of CT, which is easy to perform, whereas MRI of the SCC region
can be a technical challenge. The advantage of MRI is its multiplanar capability as
well as excellent spatial and contrast resolution with a superior visualisation of soft
tissue structures. MRI characterises cartilage and soft tissue better than CT and is
also more sensitive to marrow oedema and replacement or fatty degeneration. The
disadvantage of MRI compared to CT is the longer acquisition time, which can
cause respiratory blurring.

This chapter encompasses the technical aspects and the normal MRI appear-
ance of the SCC region. Furthermore, the chapter deals with indications for MRI,
offering advice to determine the role of MRI in the imaging of the SCC region.
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7.2
Technical Aspects

The most important factor for obtaining high-quality MRI of the SCC region is to
avoid respiratory blurring. This is ensured by appropriate patient position and sur-
face coil. The region can be stabilised by placing the patient in prone position with
a surface coil over the SCC region and by supporting the patient with cushions to
secure comfort [8]. The use of a body array coil and a breath-hold technique or
respiratory gating is also a possibility [1].

Fig. 7.1 Normal sternum of a 33-year-old woman. a Coronal T1-weighted and b coronal
STIR images. The bone marrow is relatively homogeneous, but with less fat signal than cor-
responding to peripheral bones indicating persistence of haematopoietic tissue. The inter-
clavicular ligament (arrow on image a) and the intra-articular discs are well visualised on T1
images, the disc also at STIR (arrow)
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The most appropriate sequences consist of a T1-weighted sequence and a se-
quence sensitive to fluid such as short-tau inversion recovery (STIR) or fat sup-
pressed (FS) T2-weighted images (Fig. 7.1). A supplementary postcontrast T1 FS
sequence may be needed to obtain information about tissue vascularisation. To
avoid motion artefacts from the heart and lungs a saturation band should be placed
posterior to the sternum.

The field of view (FOV) and slice thickness should be adjusted to the pathology
suspected, for example a FOV of 10-12 cm for the sternoclavicular joints, a slice
thickness of 3 mm, 10% gab and a matrix of 256 or preferably 512.

The slice orientation should be chosen according to the suspected pathology
and its location. It is important always to obtain both coronal and axial slices. The
sternal bones are often best visualised on coronal images (Fig. 7.1), preferably ob-
tained in two planes to obtain better views of the manubrium and the sternal body,
respectively, due to the angulation at the manubriosternal joint (MS]) [1]. Axial
views provide additional information, particularly about the surrounding soft tis-
sue. A supplementary sagittal plane may be needed to clearly delineate the outer
cortex and the central marrow of the manubrium and sternal body. For delineating
clavicular lesions or the relation of the medial clavicle to the sternum, an oblique
axial plane along the long axis of the clavicle is often advantageous. MRI of the
sternoclavicular joints has to be performed in accordance with the anatomical
structures involved [3]. A coronal plane is best for displaying the articular surfaces
and the disc (Fig. 7.1). Also the costoclavicular ligament is well delineated by this
slice orientation. Axial and sagittal images delineate the extent of the anterior and
posterior sternoclavicular ligaments, the attachment of the intra-articular disc to
the capsule anterior and posterior, the interclavicular ligament and the thickness
of the costoclavicular ligament.

Magnetic resonance arthrography can be used to detect intra-articular abnor-
malities such as disc perforation and to delineate the extent of the capsule [3].
However, the method has not gained wide clinical acceptance.

7.3
Normal Magnetic Resonance Imaging Appearance
of the Sternocostoclavicular Region

It is important to know the normal appearance at MRI to be able to diagnose dis-
orders of the SCC region. In a study of 119 persons cortical irregularities in nor-
mal sternoclavicular joints, erosion and destruction were not detected [8]. How-
ever, poorly defined cortical margins, non-fatty bone marrow and small amounts
of fluid in the sternoclavicular joint, either alone or in combination, were iden-
tified and should not be interpreted as disease. The finding at common clinical
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imaging of poorly defined cortical margins in the normal sternoclavicular joint
region is probably due to the curved surfaces of the joints and the slice thickness
used. When performing three-dimensional (3D) volume acquisition with an ef-
fective slice thickness of less than 1 mm, the normal cortical surfaces were well
defined [8].

Haematopoietic, non-fatty bone marrow occurs as a normal finding in the
sternoclavicular region (Fig. 7.1). Relative to fatty marrow it appears as slightly
decreased signal intensity on T1-weighted images, increased signal intensity on
STIR and slightly decreased or isointense signal on T2. The bone marrow is re-
garded fatty if it is isointense to fat on all sequences. Persistence of haematopoietic
bone marrow occurs especially in young persons. When mixed with fatty tissue
the marrow signal can appear inhomogeneous (Fig. 2.5), which is predominantly
seen in the sternum, but also in the clavicle [8, 17]. Conversion of the haemato-
poietic bone marrow in the sternum begins at the age of 6-10 years, and in the
clavicle before 11 years of age. Areas of haematopoietic bone marrow often persist
throughout adult life [17], although the amount decreases with age [8].

The small amounts of fluid in normal joints are particularly visible on sequences
sensitive to fluid (STIR or T2 FS), but is a relatively rare finding [8].

It is possible to visualise the anatomy of the normal sternoclavicular joints in
detail by MRI. In an analysis of specimens all ligaments around the sternoclavicu-
lar joint were delineated with conventional MR sequences [3]. The fibrous capsule
and the ligaments had low signal intensity at all imaging sequences. The intra-ar-
ticular disc was best visualised on T2-weighted images, where the low signal inten-
sity of the disc contrasted against a high signal of the joint space and cartilage [3].
On T1 the disc displayed low-intermediate signal (Fig. 7.1) and could be difficult
to differentiate from the articular surfaces except when calcified. The study showed
that the costoclavicular ligament is well delineated, but differentiation between the
anterior and posterior portion is not possible [3].

7.4
Indications for Magnetic Resonance Imaging

If there are no contraindications for MRI, such as the presence of a pacemaker, MRI
should be the modality of choice when suspecting primary malignancies, especially
when located in the soft tissue (Fig. 7.2). The local extent and the relationship to
important structures are better visualised by MRI compared to CT (Chapter 17)
[1,9, 11]. Metastases in the SCC region and manifestation of myeloproliferative dis-
orders may be diagnosed or confirmed by MRI (Figs. 7.3 and 7.4). MRI can also be
used to monitor such disorders in the SCC region, sometimes together with other
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Fig. 7.2 Liposarcoma in a 78-year-old woman. a Axial T1 and b sagittal STIR show a large
soft tissue mass mainly consisting of fatty tissue, but also enhancing sarcomatous areas (ar-
rows). The asterisk indicates the sternal bone. Biopsy confirmed the diagnosis of a highly
differentiated liposarcoma

lesions using whole-body bone marrow MRI consisting of STIR and T1-weighted
sequences.

Magnetic resonance imaging or CT should be obtained routinely to assess septic
arthritis or osteitis in the SCC region [9, 13]. MRI has the advantage of showing the
extent of osseous inflammation in addition to destructive changes also detectable
by CT (Fig. 6.2d) [4]. In addition, soft tissue involvement and abscess formation
are better delineated by MRI than by CT (Chapter 16) [1, 14].

Magnetic resonance imaging can be valuable for the diagnosis of rheumatic in-
flammatory osteoarticular disorders, such as rheumatoid and seronegative arthritis,
and the wide spectrum of inflammatory syndromes in the SCC region, including
pustulotic arthro-osteitis and SAPHO (synovitis, acne, pustulosis, hyperostosis and
osteitis) [1, 6, 9, 10]. MRI is especially valuable to determine disease activity, but
joint destruction and osseous alteration are also visualised. Inflammatory soft tis-
sue lesions such as ganglion cysts originating from the sternoclavicular joint are
well delineated by MRI. Such lesions can also be visualised by ultrasonography, but
concomitant joint or bone lesions cannot be diagnosed or excluded with certainty
by this method [7].

Magnetic resonance imaging can be used to diagnose soft tissue injuries, includ-
ing ligamentous tears and cartilaginous injuries [2, 9]. This has been confirmed in
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Fig. 7.3 Sclerotic metastasis in the manubrium sterni of a 46-year-old woman with breast
cancer and tracer uptake at scintigraphy corresponding to this region and in two ribs. a
Axial T1 (upper) and STIR image (lower), and b coronal T1-weighted image of the ma-
nubrium show a small intramedullary process with low signal intensity centrally on both
sequences, but a surrounding rim of high signal at STIR indicating metastasis and excluding
the possibility of a bone island. ¢ Axial CT slice from a following chest scan only shows a
well-demarcated osseous condensation in addition to sclerotic metastasis in two ribs
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Fig. 7.4 Malignant lymphoma in a 21-year-old
woman with increasing swelling at the manu-
brium during 1 month. a Sagittal STIR and b
postcontrast axial T1 FS show a huge tumour
mass in and around the manubrium sterni with
surrounding soft tissue oedema (arrows)
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a study of 41 patients, where 80% had detectable articular disc injuries diagnosed
by MRI [2]. Injuries of the anterior, posterior, interclavicular and costoclavicular
ligaments occurred in 73%, 39%, 29% and 14% of patients, respectively. MRI also
displayed impingement of mediastinal structures in cases of posterior clavicular
subluxation. The potential occurrence of vascular injury by posterior sternocla-
vicular dislocations can additionally be evaluated by MR angiography [5]. Also
post-traumatic dislocation of sternal segments in children can be delineated by
MRI, being located either at the junction of the manubrium with the sternal body
or at the junction of upper sternal segments [16]. In addition MRI can be used to
assess postoperative changes in selected patients [9].

Congenital malformation, such as cleft sternum may be evaluated by MRI, which
is especially valuable in the case of associated vascular abnormalities or other ven-
tral developmental defects [1, 15]. In patients with pectus excavatum fast, breath-
hold MRI can be very informative regarding skeletal abnormalities, chest wall mo-
tion and cardiac or diaphragmatic changes [12].

7.5
Conclusions

The normal anatomical structures of the sternoclavicular region can be identi-
fied by MRI. Poorly defined cortical margins, non-fatty bone marrow and small
amounts of joint fluid, either alone or combined, can be identified and should not
be mistaken for pathological changes.

Magnetic resonance imaging is a sensitive method to diagnose disease. It should
therefore be the first modality of choice when suspecting malignancies or infec-
tion in the SCC region. MRI often adds important diagnostic information in many
other disorders such as rheumatic diseases, soft tissue injuries and congenital dis-
orders.
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8.1
Introduction

The use of ultrasonography in musculoskeletal imaging has increased during re-
cent years. This is partly due to its availability in most departments, the low cost
and high patient comfort. Ultrasonography of the sternocostoclavicular (SCC) re-
gion has the advantage of showing the soft tissue structures which are not delin-
eated by radiography. It is therefore often used as an initial examination, especially
in children.

This chapter encompasses the technical aspects and the normal ultrasonogra-
phy appearance of the SCC region. It also gives advice to determine the role of
ultrasonography in the imaging of the SCC region.

8.2
Technical Aspects

Ultrasonography can be performed with a wide variety of equipment and thereby
technical possibilities. Linear or curved-linear probes with a frequency of
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Fig. 8.1 Chronic recurrent multifocal osteomyelitis in a 6-year-old girl presenting with a
swelling at the medial part of the clavicle. a Conventional ultrasonography shows enlarge-
ment of the bone, but intact cortical bone (asterisks). There is no fluid collection in soft
tissue, but it appears relatively echopenic compatible with oedema. b Colour Doppler shows
increased vascularity in the surrounding soft tissue. Conventional radiographs and MRI are
displayed in Fig. 13.1

7.5-15 MHz are most suitable for imaging the SCC region. Supplementary Dop-
pler technique enables the assessment of tissue vascularisation via signals generated
by flowing blood cells (Fig. 8.1). However, the blood flow in microvessels may be
slow and difficult to detect. The administration of microbubble contrast increases
the intensity of Doppler signals from the blood and can rescue or improve a non-
diagnostic Doppler examination. More dedicated ultrasonography is appearing in
the form of colour/power Doppler. These techniques increase the accuracy of the
examination, but irrespective of the technique used, diagnostic ultrasonography is
limited to visualisation of soft tissue structures and bone surfaces [10].

Ultrasound-guided biopsy or puncture of soft tissue abnormalities should be
performed with dedicated guidance equipment to secure a correct location of the
tissue sample.



Chapter 8 Ultrasonography

71

8.3
Normal Ultrasonography Appearance
of the Sternocostoclavicular Region

There are few publications describing the normal ultrasonography appearance of
the SCC region, mainly focusing on the cartilaginous structure [3]. The costal car-
tilages appear less echogenic than the adjacent muscle and are delineated by a thin
echogenic anterior margin. From our clinical experience all soft tissue structures
can be identified including the ligaments, capsule, cartilages and intra-articular
discs anterosuperiorly, but not to the extent possible by MRI.

8.4
Indications for Ultrasonography

Ultrasonography is important as an initial diagnostic tool in children, as the proce-
dure is painless and easy to perform. Ultrasonography has been reported used to
diagnose important congenital abnormalities such as complete cleft sternum [15],
but also minor abnormalities such as superior sternal cleft [2, 11]. Ultrasonogra-
phy can provide information not obtained by radiography by showing the extent
of non-calcified chest wall abnormalities [9, 11]. The possibilities of evaluating the
sternum in the embryo by transabdominal ultrasonography has been proved in a
cross-sectional study [16], and the prenatal diagnosis of abnormalities such as cleft
sternum has been described [6, 15].

Ultrasonography can be a reliable substitute for radiography in very specific
circumstances such as diagnosis of fluid collections in the form of joint effusion,
ganglion cyst and soft tissue abscesses [1, 8, 13].

Ultrasonography has also been reported to be of value in the diagnosis of inju-
ries in the form of joint dislocation, stress or undisplaced fractures, such as physeal
fracture of the sternal end of the clavicle in children (Chapter 11) [1, 4, 7, 8, 12,
13]. It has also been proved helpful during operation for posterior sternoclavicular
joint dislocation [14].

Ultrasonography may be valuable as an initial diagnostic tool to clarify the dif-
terential diagnosis of sternoclavicular joint lesions. It can diagnose or exclude the
presence of joint inflammation, but the cause of an inflammation is seldom de-
tected [5].

Despite the interesting information obtained by ultrasonography, it may be
mandatory to compare and prove the findings with other methods such as CT or
MRI (Fig. 8.2), especially when suspecting malignancy.

Ultrasonography gives the possibility of performing guided fluid aspiration, in-
jections or biopsy, for example of soft tissue tumours.
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Fig. 8.2 Septic arthritis of the sternoclavicular joint in a 48-year-old drug addict. He was ad-
mitted due to hip pain and the diagnosis of infectious hip arthritis was established. Clinical
examination and chest X-ray (a,b) revealed a swelling in the upper sternal region (arrows)
with blurring of the mediastinal structures on the left side. Supplementary ultrasonography
(c) disclosed an irregular echopenic mass just inferior to the left sternoclavicular joint and
superficially to the first costal cartilage (asterisks) and extended laterally beneath the pecto-
ralis muscle. There was also a small intra-articular fluid collection (not shown). MRI, STIR
(d) and T2-weighted images (e) semiaxial along the clavicular bone do not delineate the
soft tissue involvement better than ultrasonography partly because a postcontrast sequence
could not be obtained due to lack of available veins. MRI, however, displayed the extent
of osseous inflammation being present in both the manubrium (M) and the clavicle (C).
Also destruction of the first costal cartilage at the bottom of the infected area was detected
(arrow)
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8.5
Conclusions

Ultrasonography can be a reliable substitute for radiography in very specific cir-
cumstances. It is especially useful to establish or exclude disease and congenital
variants in children. It can visualise soft tissue structures and diagnose fluid collec-
tions or joint effusion. Guided aspiration, injections or biopsy of soft tissue abnor-
malities can easily be performed.
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9.1

Introduction

Bone scintigraphy provides highly sensitive information about the whole skeleton
in a single examination. Tracer uptake reflects increased bone turnover and vas-
cularity, and the method is therefore very sensitive for the detection of neoplastic,
infectious and inflammatory lesions [17, 19]. The specificity, however, is not
impressive, as increased tracer uptake can appear in both normal and abnormal
conditions. It is important to know the pitfalls, including increased uptake as a
normal finding. Other forms of radionuclide imaging may be used in specific
situations.

This chapter encompasses the technical aspects and the normal scintigraphic
appearance of the sternocostoclavicular (SCC) region. In addition the chapter
deals with the indications for bone scintigraphy and other forms of radionu-
clide imaging, giving advice to determine their role in the imaging of the SCC
region.
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9.2
Technical Aspects

Conventional bone scintigraphy is usually performed as planar images 2-4 h after
injection of **™technetium-methylenediphosphonate (***Tc MDP) using a gamma
camera. The amount of tracer uptake reflects osteoblastic activity and vascularity.
Occasionally three-phase technetium bone scintigraphy can be advantageous, for
example in diagnosing infection [1].

Leukocyte scintigraphy is performed 4-20 h after injection of **™Tc-hexamethyl-
propyleneamine oxime (HMPAO)-labelled leukocytes. It can be performed as a pla-
nar scintigraphy, but the information will increase by additional use of single-photon
emission computed tomography (SPECT). SPECT can provide transverse, sagittal and
coronal slices, and thereby add information about the location and depth of changes.

Positron emission tomography (PET) is based on emission of positrons and is
usually performed with "*F-fluorodeoxyglucose (FDG). It allows sectional images
of the body and provides physiological information that enables the diagnosis of
disorders based on altered tissue glucose metabolism.

9.3
Normal Appearance of the Sternocostoclavicular Region

When evaluating bone scintigraphy, it is important to be able to distinguish be-
tween normal variants and skeletal pathology. There are two extensive publica-
tions dealing with age-related normal scintigraphic variants in the SCC region
[8, 18]. There were based on analysis of 152 (66 male and 86 female; mean age
45 + 19 years) and 334 (158 male and 176 female; mean age 33 + 20 years) pa-
tients, respectively, without sternal symptoms. The following variants of sternal
tracer uptake were identified. A uniform pattern was most common in children
(£ 10-12 years). A heterogeneous uptake was frequently seen in adolescents and
young adults, where a linear pattern corresponding to transverse sternal ridges
may occur [8]. A heterogeneous pattern was also frequent in adults and often pres-
ent as a segmented pattern in persons above the age of 60 years [18]. Predominant
focal findings were a hot spot at the manubriosternal joint (MS]) and decreased
tracer uptake in the lower sternum, just above the xiphoid process. Other spots
of increased tracer uptake in the sternal body also occurred, but not in subjects
below 12 years of age [8, 18]. Focal hot spots may be due to normal variants such
as a persistent sternal synchondrosis [2], and the occurrence of degenerative joint
changes with age, for example at the sternocostal joints [8]. A well-defined area of
increased uptake in the second sternocostal joint adjacent to the MSJ is usually a
normal finding and not a sign of disease [4].



Chapter 9 Radionuclide Imaging

79

9.4
Indications for Radionuclide Imaging

Bone scintigraphy is valuable for the staging of neoplastic diseases with regard to
metastases. The same applies to PET, which has proved useful in assessing the ex-
tension of carcinomas, detecting tumour recurrence and monitoring responses to
therapy. PET revealed more lesions than bone scintigraphy, independent of the
type of tumour and the location of bone involvement [9, 13]. The combination
of PET and CT (PET/CT) may have a great potential for diagnosing SCC lesions,
especially malignancies (Chapters 17 and 18).

Infectious lesions will display increased uptake at bone scintigraphy, which is
especially valuable regarding multifocal lesions (Fig. 9.1). Leukocyte scintigraphy
is useful for evaluation of infection in osteoarticular areas, which will display ab-
normal activity at bone scintigraphy due to other abnormalities or be located to
soft tissue. Leukocyte scintigraphy is a highly reliable method for early diagnosis of
sternal infections after sternotomy [16].

i Fig. 9.1 Septic arthritis of the
right sternoclavicular joint in a
73-year-old man with diabe-
tes mellitus and sepsis with
endocarditis. Bone scintigraphy,
anterior and posterior views,
show increased tracer uptake
corresponding to the right
sternoclavicular joint, and at
the left iliac bone and sacroiliac
joint (arrows). The coexistence
of septic sternoclavicular
arthritis, sacroiliitis and iliac

i osteitis was confirmed by MRI,
i CT and CT-guided biopsy. CT
and MRI of the SCC region is

s &% *,r e e shown in Fig. 6.2
"I w0

finterior Posterior
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In the diagnosis of SCC lesions as part of chronic recurrent multifocal osteomy-
elitis, a rare multifocal inflammatory skeletal disorder, bone scintigraphy is valu-
able for identification of clinically silent lesions (Chapter 13) [12].

Bone scintigraphy may also be of diagnostic help in confirming the presence
of rheumatic inflammatory osteoarticular lesions. The inflammatory disorders ster-
nocostoclavicular hyperostosis (SCCH) and pustulotic arthro-osteitis (PAO) may
show a characteristic “bullhead-like” tracer uptake in the SCC region with the
manubrium sterni representing the upper skull and the inflamed sternoclavicular
joints the horns (Fig. 9.2). The bullhead sign is a typical and highly specific scin-
tigraphic appearance of advanced SCCH and PAO [5, 6], but may not be present
in early or inactive stages of the disorders (Chapter 12). The use of FDG PET to
visualise metabolically active tissue has only been reported in two cases with simi-
lar disorders [10, 15] and its value has to be evaluated further. Bone scintigraphy
has been reported used to monitor the course and to assess therapeutic efficiency

Fig. 9.2 Pustulotic arthro-osteitis, bone
scintigraphy, anterior view, in a 58-year-old
woman with intermittent pain in the sterno-
clavicular region for 2 years accompanied by
an increasing firm swelling. There is increased
“bullhead-like” tracer uptake in the SCC re-
gion, most pronounced on the right side. No
other foci were found. Clinical examinations
revealed dermal changes compatible with
pustulosis palmoplantaris
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in patients with such inflammatory lesions [15]. The method can be an easy way
to monitor the disease if changes are part of a multifocal disease. When limited to
the SCC region it is more appropriate to monitor by MRI, as a STIR sequence will
give the same information about activity as scintigraphy and will provide further
pathoanatomical details. In addition, MRI is without any inherent radiation risk.
Other rheumatic disorders of the sternoclavicular joint may be difficult to visu-
alise accurately on routine bone scintigraphy [14]. Ankylosing spondylitis (AS) often
involves the SCC region (Chapter 12), but reports of scintigraphic SCC abnormali-
ties have been scarce. Bone scintigraphy has mainly been used to visualise disease
activity in the sacroiliac and spinal joints partly because scintigraphic activity in
the SCC region may be obscured by overshadowed spinal involvement [11]. How-
ever, increased activity in the SCC region has been found to be frequent if the scan
includes available views of the sternum, being present in five of six patients at the
MSJ and in five at the sternoclavicular joints [3]. Awareness of the scintigraphic
appearances of AS is important in order to avoid confusion with other pathology.
Relapsing polychondritis involving the costal cartilages may be diagnosed by
scintigraphy showing increased tracer uptake in the involved cartilages [7].

9.5
Conclusions

Scintigraphy is a sensitive method for detecting disorders with increased bone
turnover, but is in general not specific for disorders in the SCC region except for
the “bullhead-like” sign in SCCH and PAO. It is, however, valuable when suspect-
ing multifocal disorders. Leukocyte scintigraphy can add to the diagnosis of deep
infections, especially when using SPECT. PET alone or in combination with CT
(PET/CT) may be valuable in the diagnosis and follow-up of malignancies and
possibly other disorders.
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10.1

Introduction

Congenital and developmental variants of the sternocostoclavicular (SCC) region
are numerous [13, 21], but abnormalities influencing or impairing life are rela-
tively rare. They mainly consist of deformities and fusion abnormalities.

10.2
Pectus Deformities

Pectus deformities are relatively common. They are often only of cosmetic impor-
tance in childhood and adolescence. However, the elasticity of costal cartilages de-
crease with age and pulmonary complications may occur in adults [8].
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10.2.1
Pathoanatomy

Pectus excavatum is the most common congenital deformity of the sternum, in
which the sternum is displaced posteriorly with associated changes in the adjacent
costal cartilages. This results in reduction of the prevertebral space. The deformity
is usually classified in accordance with the clinical presentation according to Haje
et al. [8, 9]. It can include the whole sternum or be localised. The opposite de-
formity, pectus carinatum, with the sternum displaced anteriorly can be superior,
inferior and lateral.

The aetiology of pectus deformities is uncertain, but at least the localised form
of pectus excavatum and also pectus carinatum deformities seem to be caused by
growth disturbances. Lesions of the cartilaginous growth plates between the bony
sternal segments in childhood and adolescence can cause deformities (Fig. 10.1)
[9]. Abnormalities of rib or cartilage morphogenesis and growth are also likely
causes [20]. It is possible that costal bending in childhood may be a precursor of
deformity (Fig. 10.2).

Fig. 10.1 Pectus carinatum, anterior VIP CT reconstruction of the SCC region in a 47-year-
old man. The sternum is short and broad with ankylosis corresponding to the MS]. There are
accompanying alterations of the first costal cartilages, being less voluminous, and the first
sternocostal joints are placed more distally than normal. The left second sternocostal joint is
broad with subchondral osseous condensation as signs of osteoarthritis
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Fig. 10.2 Costal bending misinterpreted as a tumour in an 11-year-old boy. a Axial CT slice
showing prominent cartilage on the right side. b CT, VIP reconstruction shows asymmetric
ossification of the sternal body segments causing slight rotation and cartilage prominence

10.2.2
Imaging

The severity of the deformity can be accurately quantified using CT or MRI, to
decide whether or not surgical correction is needed [18]. CT with three-dimen-
sional (3D) reconstruction (Fig. 10.1) can be valuable to define the orientation of
the ribs and costal cartilages and their relationship to the sternum. In addition it
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can provide exact preoperative measurement of the bony rib cage to be used for
guiding individualised operative correction. This is especially valuable in children
who have been operated on previously [17]. Breath-hold MRI can give valuable in-
formation regarding skeletal abnormalities, chest wall motion and accompanying
diaphragmatic or cardiac changes [18].

10.3
Sternal Fusion Anomalies

Fusion anomalies of the sternum vary greatly from total cleft formation to slight
clefts at the ends or a persistent segmentation.

10.3.1
Pathoanatomy

Failure in the normal midline fusion of cartilage in the early embryo (Chapter 1)
can result in vertical/sagittal cleft sternum. This is a rare congenital anterior chest
wall defect. Depending on the degree of separation, there are complete and incom-
plete forms either superior or inferior (Fig. 10.3) [12, 16]. The clinical significance
is that a cleft may leave the heart and great vessels unprotected [11, 22], which
particularly is serious in the very rare occurrence of a complete cleft [16]. Sternal
cleft is often associated with other malformations such as craniofacial haemangio-
mas, omphalocele and cardiovascular malformations [3, 6, 12], and may be part
of a PHACES syndrome. PHACES is the acronym for a rare neurocutaneous dis-
order including the following features: posterior fossa brain malformations, facial
haemangiomas, arterial, cardiac, eye, and sternal cleft anomalies and/or supraum-
bilical abdominal raphe [1, 25]. However, cleft sternum can occur without other
abnormalities [11, 16, 23, 24].

V®Bap

Fig. 10.3 Drawings of the most common forms of sternal cleft. a Superior. b Inferior. ¢
Subtotal. d Total
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10.3.2
Imaging

Sternal fusion anomalies may be diagnosed by radiography (Fig. 10.4) [16], ul-
trasonography, CT or MRI [12, 14, 23]. Ultrasonography can be used to diagnose
complete cleft sternum [24], but also minor abnormalities such as superior sternal
cleft [1, 14]. Prenatal diagnosis of cleft sternum is also possible [6, 24] and can be
important for planning of therapy. Surgical correction should be performed during
the neonatal period when the direct suturing of the sternal halves often is possible
and the thorax can accommodate the thoracic viscera. At an older age, surgical re-
pair is feasible, but it may require additional chondrotomies of the adjacent costal
cartilages and notching of the sternal bars, to facilitate the approximation.

Fig. 10.4 Complete sternal cleft in a 27-year-old woman without SCC complaints, detected
by chest radiography. Oblique views show complete cleft (arrows) with the left side of the
sternum being less than the right side [16]
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Computed tomography and MRI can be important imaging modalities in the
case of associated vascular dysplasia or PHACES syndrome including other ven-
tral developmental defects [22].

10.4
Other Sternal Abnormalities

Partial or complete lack of the sternum is a very rare abnormality which is usually
accompanied by partial lack of other SCC structures [3, 22] or occurs together
with other malformations such as cardiac abnormalities, but it can be the only
abnormality [2, 10].

Sternal abnormalities can occur as part of skeletal dysplasia [19]. Developmen-
tal anomalies of the manubrium are constantly present in diastrophic dysplasia, a
rare skeletal dysplasia with autosomal recessive inheritance. This dysplasia is of-
ten diagnosed in infancy or childhood based on typical clinical and radiological
findings of short-limbed stature, multiple contractures and early degeneration of
joints, hitch-hiker’s thumb and spinal and foot deformities. If there is diagnostic
uncertainty the finding of an accessory ossification centre (a double-layered manu-
brium) or an anterior bulging of the manubrium on a lateral radiograph may help
to establish the diagnosis [19]. The frequent double-layered manubrium sterni in
children with diastrophic dysplasia is probably due to a divergent development in
the embryo and have by some been regarded a fusion anomaly [4].

Osseous deformity due to osteogenesis imperfecta may also occur. Osteogenesis
imperfecta is a heterogeneous group of disorders characterised by defective pro-
duction of collagen. The major features of osteogenesis imperfecta are osteoporo-
sis and abnormal bone fragility leading to fracture. Bowing of long bones is well
known and may in rare cases cause pseudomass formation due to hyperplastic
callus formation. A similar pseudomass formation may occur in the sternum [26]
and in the pelvic bones [5].

Variations in the appearance of the xiphoid process are numerous, but xiphoid
anomalies are rare and consist mainly of agenesis as part of an inferior sternal cleft
anomaly.

10.5
Clavicular Abnormalities

Clavicular abnormalities are rare, but complete absence of the clavicle or large cla-
vicular defects have been described most frequently as part of cleidocranial dysos-
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tosis [21]. Also developmental changes in hereditary disorders such as dwarfism
can involve the clavicle (Fig. 10.5). Isolated hypoplasia of the clavicle with forma-
tion of congenital pseudoarthrosis may occur. It is located in the middle part of the
clavicle and is usually right-sided and unilateral [7, 15]. Endochondral ossification
has been observed on both sides of the pseudoarthrosis. This supports that it may
be due to fusion failure of the primary ossification centres [7] although the loca-
tion, which is situated between the lateral and middle thirds of the clavicle, does
not correspond to the junction of the two centres of ossification in the embryo
[15].

Fig. 10.5 Seventeen-
week-old fetus with
deformities compatible
with thanatophoric
dwarfism. The ossified
clavicles are short and
bowed with irregular
contours, especially
laterally corresponding
to the abnormalities
present in tubular bones
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10.6
Conclusions

Congenital and developmental abnormalities influencing life are rare. They mainly
consist of pectus deformities, sternal fusion abnormalities and clavicular pseudo-
arthrosis. The most life-threatening abnormality is cleft sternum which may leave
the heart and great vessels unprotected.
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11.1
Introduction

The sternocostoclavicular region is frequently injured during chest trauma and the
injuries are characterised by a blunt trauma more often than a penetrating one.
The most common causes are car accidents and falls causing a direct blow to the
chest, or a crushing or deceleration injury [63, 82]. Sternocostoclavicular injuries
are sometimes associated with mediastinal lesions, whose prompt identification
can lead to life-saving therapies.
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Fig. 11.1 Complication of the insertion of a CVC in the right subclavian vein. a A 7.5-MHz
axial sonographic scan shows a large haematoma in the soft tissue of the right subclavian
region (white arrows). b A multirow CT scan clearly demonstrates the active bleeding origi-
nating from a penetrating injury tearing of the right subclavian artery (black arrow)

11.2
Soft Tissue Injuries

Rarely soft tissue injuries to the anterior chest wall result in significant morbidity.
Their entity is essentially dependent on the mechanism of trauma and the degree
of protection of the thoracic wall [15]. Blunt trauma to the sternocostoclavicular
region usually results in skin abrasions, burns, ecchymoses, lacerations, muscle
tears and haematomas while a penetrating injury causes soft tissue tears, venous
haemorrhages and pseudoaneurysms [84]. Blunt lesions are often the result of the
restraining action of the seat belt which causes ecchymoses and friction burns on
different sides in drivers and passengers, respectively. The compressive and shear-
ing action of the seat belt may cause a rupture of the female breast tissue and a
lactiferous duct avulsion in lactating women [52, 59]. Penetrating injuries may be
the result of gunshots, stabbings or other sharp instruments such as central venous
catheters (CVC). The insertion of CVCs in the subclavian or internal jugular veins
for intravenous therapies may sometimes produce vascular tearing with hemor-
rhagic complications (Fig. 11.1) [40]. Soft tissues injuries are usually diagnosed
clinically. Rarely large haematomas need to be imaged and drained by ultrasonog-
raphy and/or computed tomography (CT) which is particularly useful in demon-
strating great vessels injuries.
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11.3
Anterior Costal Fractures

Anterior costal fractures are very common in chest trauma and they are often mul-
tiple. The incidence is higher in elderly patients with less compliant chests com-
pared with children; hence a major intrathoracic injury may occur in children
without associated rib fractures [9, 69, 73]. They actually reflect the severity of a
chest trauma and the likelihood of damage to certain thoracic or abdominal or-
gans [25, 48, 50, 51]. In particular the involvement of the first three ribs is caused
by a significant energy transfer because they are shorter, broader and more pro-
tected by the shoulder girdles and musculature. They are associated with clavicular
fractures and brachial plexus, tracheal or vascular injuries in 3-15% of cases [23].
However the finding of fractures of the first three ribs in the absence of clinical and
radiological evidence of vascular damage is not an indication for angiography [27].
In contrast the anterior portions of the fifth to seventh ribs are barely protected
by thoracic muscles and they are thus commonly involved in blunt trauma. The
fractured ribs rarely represent a life-threatening condition except for flail chest [14,
43, 60, 80], occurring in less than 10% of cases and especially in older patients with
osteoporosis. The flail chest is a focal area of chest wall instability caused by one
of the following conditions: (a) single fractures of five or more adjacent ribs in a
row; (b) fractures of three or more adjacent ribs in two or more places; (c) contigu-
ous combined rib and sternal or costochondral fractures [55]. Flail chest may be
unilateral or, exceptionally, bilateral when anterior costochondral and/or sternal
fractures cause a complete disruption of the anterior chest wall. The paradoxical
motions of the “flail” segment impair respiratory mechanisms, produce atelectasis
and induce respiratory failure [55, 60, 84]. The degree of respiratory impairment
depends more on the underlying pulmonary injury than on the extent of the flail
and the mortality rate can reach 40% [4, 15, 86]. Flail chest may tear the intercostal
vessels and cause an extrapleural haematoma which develops between the parietal
pleural surface and the thoracic cage [62]. Due to their extrapleural nature, such
haematomas indent the parietal pleura focally and maintain a convex margin to-
wards the lung. On chest plain films they appear as peripheral, lobulated areas of
opacity which do not change with patient position, as will free pleural space fluid
collections (Fig. 11.2) [50, 51]. On CT the localisation of a haematoma to the pleu-
ral or extrapleural space is usually based on the shape of the collection, but may
sometimes be difficult. Its incorrect identification may determine an inappropriate
chest tube placement. An extrapleural haematoma produces medial displacement
of the fat layer that is just external to the parietal pleura and deep to the endotho-
racic fascia and inner intercostal muscles. The medial fat layer displacement aids in
the localisation of a haematoma to the extrapleural region [2]. The fractured ribs
can rarely tear the intercostal muscles producing a traumatic lung hernia, which
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Fig. 11.2 A 68-year-old male patient who had fallen from an olive tree. a Admission su-
pine chest X-ray displays left-sided rib fractures and an apical extrapleural haematoma
(white arrow) associated with free pleural effusion (black arrow). b Axial CT scan clearly
shows both the extrapleural haematoma, which maintains a convex margin towards the lung
(white arrow), and the free pleural effusion (black arrow)

may occur either anteriorly, near the sternum, or posteriorly, where there is only
one single intercostal muscle layer. The diagnosis of traumatic lung hernia is sus-
pected on chest plain films but it is more easily made with CT that clearly demon-
strates lung tissue extending through fractured ribs into the chest wall [84]. The
initial chest plain film overlooks anterior rib fractures, costochondral and chon-
drosternal dislocations in about 60% of cases, regardless of their location. Digital
radiology is superior to conventional radiology in diagnosing these injuries ow-
ing to its capacity of modifying window settings after a single exposure [30, 70,
71]. Ultrasonography can correctly display the rib fractures and the dislocations
[26, 85] but it cannot be proposed as a screening test for chest wall injuries in
emergency departments. CT identifies the fractured ribs, the costochondral and
chondrosternal dislocations and differentiates a haemothorax from an extrapleural
haematoma [41, 46, 77].

11.4
Costal Cartilage Injuries

Traumatic injuries of the costal cartilages are represented by fractures and by cos-
tochondral and sternochondral dislocations [65]. Costal cartilage fractures are rare
lesions, which may be located at the chondrocostal or chondrosternal junction
(Fig. 11.3). They are mostly observed in young male patients and probably occur
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Fig. 11.3 Seat-belted 35-year-
old male car driver involved

in a high-speed accident with

a significant airbag collision.

a Axial CT scan demonstrates
the fracture of the first right cal-
cified sternochondral junction
(black arrow). b An upper CT
scan shows the fracture of the
first left calcified sternochon-
dral junction (black arrow) and
the post-traumatic diastasis of
the right sternoclavicular joint
with a vacuum phenomenon
(white arrow)

Fig. 11.4 Unrestrained
53-year-old male driver with

a significant airbag collision
during a car accident with acute
anterior thoracic pain. Axial
CT scan clearly shows the ante-
rior dislocation of the bilateral
sternochondral articulation
(white arrows)

more frequently than is recognised because of their difficult diagnosis. Costochon-
dral and sternochondral dislocations may be encountered especially in children
and, when multiple, they produce an anterior flail chest (Fig. 11.4) [64, 74]. These
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injuries are usually overlooked on radiographs unless they involve a strongly calci-
fied cartilage [56]. However, costal cartilages are easily detected by ultrasonogra-
phy or CT, which are indicated in cases of severe acute post-traumatic parasternal
pain, or painful parasternal mass without an obvious recent trauma. On ultra-
sound examination the cartilages appear less echogenic than the adjacent muscle
and are delineated by a thin echogenic anterior margin (Fig. 11.5). The cartilages
are oriented along a horizontal or oblique axis and they present a round, ovoid, or
ribbon-like pattern depending on the perpendicular or parallel orientation of the
image scan [44]. Ultrasonography has the advantage of an easy multiplanar scan-
ning capability, which is also obtained with multiplanar reformatted images from
thin CT slices. There are few reports in the literature describing costal cartilage
fractures diagnosed with ultrasonography [6, 13, 26] or CT [39]. Their diagnosis
is based on the visualisation of a focal interruption in the relatively high costal
cartilage density on CT images, or in the linear echogenic anterior margin of the
hypoechogenic cartilages on ultrasonography. A significant displacement of the
adjacent segments and a soft tissue swelling on CT images are associated in about
30% of patients. Two additional abnormalities may sometimes be observed: cal-
cifications surrounding the fracture line several weeks after the trauma and accu-
mulation of gas in the fracture cleft, probably the result of a vacuum phenomenon.
Chronic symptoms may be caused by the inability of chondrocytes to respond
effectively to cartilage fracture, contrary to bone cells that generate a neoforma-
tive process generally leading to consolidation of bony rib fractures within several
weeks. Differential diagnosis includes other painful lesions of the costal cartilage,
such as costochondritis and other seronegative chest wall syndromes (Chapters 12,
13 and 14) [34-36, 38]. In fact arthritis of the anterior chest wall may be found
as part of ankylosing spondylitis, reactive arthritis and arthritis associated with
psoriasis and/or pustulosis palmoplantaris. The chondral fractures with soft tissue

Fig. 11.5 A normal 7.5-MHz sonographic axial scan of the sternal body (black arrow) and
of the costal cartilages (white arrows) in a young male patient. The costal cartilages appear
less echogenic than the adjacent muscle (black arrowheads) and are delineated by a thin
echogenic anterior margin
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swelling can be differentiated from these entities by visualisation of the fracture
line (the curved multiplanar reformatted CT images are especially helpful in this
evaluation), a step-off deformity and contained gas within the cartilage cleft, pres-
ent in some cases. When the dominant symptom is a focal mass, tumoral or infec-
tious lesions of the chest wall must be considered [56] and MRI can be relevant in
this differential diagnosis (Chapters 16, 17 and 18) [18, 19].

11.5
Sternal Fractures

Sternal fractures are rare injuries in blunt chest trauma (1.5-4% of cases). They
often occur in car accidents and are caused by the action of the steering wheel,
the airbag and/or the seat belts [3, 11, 17, 51, 55]. The association with seat belts
is documented by the increased incidence (of about 100% in drivers and 150% in
front seat passengers) since the introduction of seat belt legislation in the UK [66].
Crestanello et al. [17] noted that the fractures of the manubrium, rather than the
sternal body, require high force. In rare cases the sternal fractures may result from
cardiac resuscitation [8] and may arise indirectly from flexion associated with tho-
racic spine wedge compression fractures [17, 78, 79]. Sternal fractures are always
the hallmark of a severe trauma with associated mediastinal injuries in more than
50% of cases and a mortality of 22% due to cardiac and great vessel lesions [57,
70]. Spontaneous sternal fractures may occur in osteoporotic, elderly people with
a thoracic kyphosis [47]. The fracture lines are mostly transverse and their most
common location (70% of cases) is in the sternal body, 2 cm from the manubri-
osternal joint. In 18% they occur at the manubriosternal joint [84] (Fig. 11.6).
Fractures may be displaced or undisplaced and in the former the lower fragment
in usually shifted posteriorly. The manubrial fractures may be associated with aor-
tic and brachiocephalic vessels injuries, while the depressed sternal body fractures
may determine myocardial injuries in 1.5-6% of patients [17, 31]. Thus echocar-
diography, CT and other cardiac tests are recommended to rule out pericardial
effusion or other signs of myocardial injury in case of depressed, displaced sternal
fractures [5, 24, 28, 68, 83]. In 40% of cases there are also compression fractures of
the upper thoracic spine and more rarely of the cervical and lumbar spine. Clini-
cally there is violent chest pain, tenderness, bruising and a stair-step sometimes
palpable at the fracture line. In osteoporotic patients the pain following a spon-
taneous sternal fracture may mimic a myocardial ischaemia. A retrosternal hae-
matoma, caused by a tearing of the internal mammary vessels or their branches,
is frequently seen after a sternal fracture (Fig. 11.7) [60, 67]. It is confined by the
parietal pleura and rarely produces a mediastinal widening. Thus an enlargement
of the mediastinal silhouette on chest roentgenograms requires a CT scan to be
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Fig. 11.6 Lateral chest films displaying fractures (white arrows) of sternal body (a) and of
sternal manubrium (b) after car collision

performed to exclude injuries to heart, thoracic aorta or other mediastinal great
vessels [65, 75, 81]. When a retrosternal haematoma is seen on CT, the presence
of a fat plane between the haematoma and the aorta implies that the haematoma
is not aortic in origin (Fig. 11.8) [60]. Sternal fractures are not detected by frontal
chest plain films unless associated with significant transverse displacement. Cor-
rect diagnosis requires lateral views or other special radiographic projections of
the sternum [32, 87]. Early ultrasonography is more accurate than clinical and ra-
diological evaluation in detecting sternal fractures (Fig. 11.9) [21, 61]. However, in
multitrauma patients chest plain films and sonography are substituted by a chest
CT scan, which identifies almost all sternal fractures, sternal displacements, inter-
nal thoracic injuries and retrosternal haematomas [50, 51]. Coronal and sagittal
CT reformatted images are useful to visualise horizontal fracture lines, which may
be missed on the axial scans (Fig. 11.10) [1, 37, 53].
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Fig. 11.7 Seat-belted 63-year-old male patient involved in a frontal car crash. a Contrast-
enhanced 16-row MSCT performed after 70 s of scan delay shows a “jet” of active extravasa-
tion within the haematoma (arrows). b At the same level, contrast-enhanced 16-row MSCT
performed after 180 s shows a “pooling” of active extravasation within the retrosternal hae-
matoma (arrow)

11.6
Sternoclavicular Dislocations

Sternoclavicular dislocations are rare injuries consisting of a separation of the
medial head of the clavicle from the sternal manubrium with a disruption of the
ligaments of the sternoclavicular joint [7, 16, 22, 29]. They mostly occur in young
adults, adolescents and children, and are often Salter type 1 or 2 medial clavicular
epiphysiolysis, usually missed at the initial clinical examination [20]. A fall on the
shoulder, occurring during a bicycle accident or in contact sports, is the typical
cause [42]. Anterior dislocations are more frequent and result from an anterior
blow to the shoulder that forces the lateral clavicle posteriorly. Posterior disloca-
tions are determined by an anterior or a posterior impact that pushes the medial
clavicle posteriorly and they may be associated with aortic, brachiocephalic, tra-
cheal, oesophageal and brachial plexus injuries [10, 76]. Clinically there is pain,
tenderness and a palpable or visible abnormality of the injured joint. The diagnosis
is difficult on chest frontal plain films which may show the affected medial clavicle
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Fig. 11.8 Seat-belted 45-year-old male patient involved in a head-on car crash. Axial CT
shows a sternal body fracture (white arrow) with a retrosternal haematoma (black arrow).
The presence of a fat plane between the haematoma and the thoracic aorta (white arrow-
head) implies that the haematoma is not aortic in origin

Fig. 11.9 A 25-year-old male patient involved in a motorcycle accident. a Lateral sternal
plain film shows an incomplete fracture of the anterior margin of the proximal portion of
the sternal body (black arrow). b A 7.5-MHz, sagittal, sonographic scan clearly displays the
traumatic break of the hyperechogenic line of the anterior sternal cortex (white arrow)
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Fig. 11.10 Unrestrained 30-year-old car driver after a
high-speed accident producing a steering-wheel impact.
a The axial CT scans show a right lung contusion and
no signs of sternal fracture: b The sagittal CT reformat-
ted image well demonstrates the undisplaced horizontal
fracture of sternal manubrium, missed on the axial scan
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Fig. 11.11 A 30-year-old male multitrauma patient after a high-speed motorcycle fall. Physi-
cal examination revealed an extensive haematoma in the right axilla, caused by a tearing of
the right axillary artery. a Admission chest X-ray shows an anterior and superior dislocation
of the right sternoclavicular joint (black arrow) associated with ipsilateral costal fractures.
b A three-dimensional reconstruction clearly represents the dislocation of the right sterno-
clavicular joint (white arrow)

lying at a different level than the opposite site. Posterior dislocations may cause a
retrosternal haematoma with mediastinal widening. Sternoclavicular dislocations
are best identified by CT that can also evaluate great vessel, trachea and oesopha-
gus injuries (Fig. 11.11) [20]. After a blunt chest trauma gas may be detected in
the sternoclavicular joint (“vacuum” phenomenon) (Fig. 11.3). Patten et al. [58]
noticed this finding more frequently in patients undergoing chest CT for blunt
chest trauma than in those undergoing chest CT based on other indications. Ac-
cording to their report it does not represent a marker for significant mediastinal
or thoracic injury.
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11.7
Manubriosternal Dislocations

Manubriosternal dislocations are rare lesions usually resulting from a high-energy
trauma [12]. Sometimes they are determined by a minor trauma in patients with a
pre-existing manubriosternal disease, as rheumatoid arthritis or seronegative chest
wall syndromes [34-36, 54]. Anatomically the manubriosternal joint may have a
synovial, synchondral or synosteal structure. The dislocations usually occur with
the synovial type of joint, while synchondral and synosteal joints typically frac-
ture through the manubrium rather than dislocate at the joint [72]. There are two
types of manubriosternal dislocation: type 1, in which the sternum is dislocated
posteriorly with respect to the manubrium, and type 2, more common, in which
the manubrium is dislocated posteriorly with respect to the sternum. Type 1 dis-
locations are determined by a direct blow to the body of the sternum, while type 2
dislocations generally are caused by hyperflexion of the upper thoracic spine that
discharges the traumatic energy on the first ribs and on the manubrium [33]. The
diagnosis of manubriosternal dislocations is based first of all on the physical ex-
amination, as their detection on frontal chest plain film is usually difficult. An ab-
normal horizontal interface, projecting over the superior mediastinum, has been
described as a clue to diagnosis, but there is no specific sign [54]. Lateral chest
radiographic projections are necessary to identify the manubriosternal disloca-
tion. CT examination can confirm the diagnosis and reveal any associated medi-
astinal injury [77], which can include potentially life-threatening injuries to the
aorta, great vessels, trachea and oesophagus. It is important to underline that the
identification of an internal mammary artery injury without a known manubri-
osternal dislocation or sternal fracture warrants further evaluation of these struc-
tures. Investigations, such as catheter angiography, oesophageal contrast studies
or bronchoscopy should be performed if there is any suspicion of injury to the
corresponding mediastinal structure [12].
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12.1

Introduction

Seronegative arthritides or spondylarthropathies (SpA) encompass the disorders
ankylosing spondylitis, reactive and enteropathic arthritis and arthritis associated
with psoriasis, including pustulosis palmoplantaris [17]. The sternocostoclavicular
(SCC) region is often involved in SpA [22], but pain indicating involvement may
be referred to areas distant from the SCC region, such as the shoulder and neck
[31, 48] or may be overshadowed by spinal or sacroiliac joint symptoms. This po-
tentially leads to delayed or missed diagnosis of SCC involvement in SpA.

The frequency and appearance of sternoclavicular joint (SCJ) involvement may
vary depending on the type of SpA, in addition to its duration and severity. Pro-
nounced changes with osseous hyperostosis can usually be detected by conven-
tional radiography (Fig. 12.1) [49] and is therefore seldom missed, but cross-sec-
tional imaging (CT or MRI) or conventional tomography is usually needed for
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Fig. 12.1 Sternocostoclavicular hyperostosis. a PA chest radiograph of a 56-year-old woman
with PPP shows osseous hyperostosis and sclerosis around the SCJs extending to the me-
dial part of the clavicles, especially on the left side. b Coronal CT reconstruction displayed
sclerosis and hyperostosis of the entire sternum and the medial part of the clavicles. ¢ Three-
dimensional (3D) surface reconstruction shows a hyperostotic ossified plate in the SCC
region. d MRI, coronal postcontrast T1 FS shows only vascularised activity in the upper part
of the manubrium sterni (arrow) and at the medial part of the right clavicle in addition to
some enhancement in the costal cartilages
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detecting subtle changes [10]. Involvement of the manubriosternal joint (MS]) in
SpA is generally frequent [22, 41], and the imaging features usually correspond to
those of intervertebral SpA lesions. The sternocostal joints also seem frequently
involved when looked for at cross-sectional imaging or conventional tomography
[77]. Apart from hyperostotic involvement of the first sternocostal joint often oc-
curring together with arthritis of the SCJ, the imaging features mostly correspond
to those of other joints.

The clinical and radiological findings of SCC involvement in SpA may vary de-
pending on the type of SpA, but this aspect has generally gained little attention,
although differences related to different forms of SpA have be reported [40, 60].
Instead involvement of the SCC region has been extensively described as separate
syndromes, such as SAPHO syndrome, sternocostoclavicular hyperostosis, etc. The
SCC changes reported in different syndromes are often accompanied by other signs
of SpA and could then have been termed in accordance with the basic disorder.

This chapter encompasses a summary of the findings in the different well-known
SpA forms, in addition to an overview of the syndromes including SCC lesions.

12.2
Ankylosing Spondylitis

Ankylosing spondylitis (AS) is a chronic inflammatory disease that primarily in-
volves the sacroiliac and spinal joints and their adjacent ligamentous structures.
As a rule changes of the sacroiliac joint progress to ankylosis, and the involvement
of vertebrale, apophyseal joints, intervertebral ligaments or entheses may result in
spinal ankylosis. The disease occurs predominantly in males and is frequently as-
sociated with the tissue type HLA-B27 [39-41].

12.2.1
Features Related to Sternocostoclavicular Involvement

Involvement of SCC joints as part of AS occurs in all adult age groups and seems
related to long disease duration [40, 79]. In accordance with this, SCC involvement
usually occurs after the appearance of other skeletal lesions [39, 40, 44]. It may,
however, be the first manifestation [37] or appear early in the disease [44] some-
times simultaneously with sacroiliitis [40, 79]. The symptoms of SCC involvement
may be interpreted as, or overshadowed by pain due to spinal involvement or can
present as referred pain to the shoulders [73]. Radiographic changes of the SCJs
and especially of the MSJ can therefore occur without recognised SCC symptoms
[16, 39, 40, 81].
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Fig. 12.2a Ankylosing
spondylitis. CT slices of
relatively early changes of
the SCJs. There is erosion
with subchondral sclerosis
and joint space widening,
especially on the right side

12.2.2
Imaging Features

Changes in the SCJ at radiography or CT vary with the disease duration and se-
verity. Early changes consist of erosion with slight or moderate subchondral scle-
rosis and often joint space widening or narrowing (Fig. 12.2a). Later, some degree
of ankylosis with slight or moderate surrounding osseous hyperostosis occurs
(Fig. 12.2b). There is usually concomitant involvement of the first SCJ and ossifica-
tion of the adjacent costal cartilage (Fig. 12.2¢) [39, 40, 73]. Lesions characterised
by pronounced osseous hyperostosis and/or ligamentous ossification have, how-
ever, also been reported in AS. Such changes, often termed “sternocostoclavicular
hyperostosis” (SCCH) or “intersternocostoclavicular ossification” (ISCCO), have
been described in patients with AS of a rather long duration [12, 40, 49, 72, 77,
92]. It is, however, possible that some of the patients reported with AS and SCCH/
ISCCO do not have typical AS, but AS-like axial lesions or sacroiliitis as part of
other forms of SpA. In accordance with this HLA-B27 seems less frequent than in
typical AS patients [41, 77, 92].

The radiographic features of MSJ involvement are usually like those of the sac-
roiliac joints. In the early stages they consist of osteoporosis followed by erosion
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Fig. 12.2b,c Ankylosing
spondylitis. CT slices of
advanced changes with
ankylosis of the left SCJ
and partial ankylosis on
the right side. There is con-
comitant ankylosis of both
first sternocostal joints with
pronounced ossification of
the costal cartilages

of the joint facets with subchondral sclerosis and later on ankylosis with irregular
osseous structure (Fig. 12.3) [39, 40, 79]. Accompanying erosion, irregularity and
broadening of the second SCJs may occur, as may similar changes of the third SCJs
[39].

Magnetic resonance imaging can be valuable in the detection of both disease
activity and structural changes in the SCC region, but has not been systematically
analysed in AS. Involvement of the MSJ is, however, often observed in AS patients
evaluated at MRI for spinal involvement, if the SCC region is not obscured by MR
saturation bands (personal experience) (Fig. 12.3).

Scintigraphy may sometimes be used to visualise the activity of AS especially
corresponding to the spine and sacroiliac joints. Activity in the SCC region may
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Fig. 12.3 Ankylosing spondylitis. a Lateral radiograph of the manubriosternal joint in a
45-year-old man with severe chronic AS. There is osseous ankylosis with a slightly irregular
structure across the joint and some degree of hyperostosis (arrow) as signs of previous in-
flammation. b T1-weighted sagittal MR image obtained at spinal imaging shows ankylosis,
but also surrounding fatty marrow changes (arrow) due to sequelae of inflammation

be difficult to detect due to overshadowing spinal activity. It seems, however, to be
frequent, reported in 50% of patients [22]. In six AS patients with available views
of the sternum, increased uptake was present in five at the MSJ and in five at the
SCJs [13]. MRI is, however, preferable with regard to the SCC region as, in addi-
tion to signs of activity, it delineates structural abnormalities.

12.2.3
Frequency of Sternocostoclavicular Involvement

Signs of SCC involvement have been found present in 5-25% of patients with AS
[1, 29, 40, 75], but may be more common. When specially looked for the MSJ has
thus been reported involved by history or physical examination in 5-60% [16, 29,
30, 37, 40, 75, 97] and the SCJs in 1-14% of AS patients [16, 29, 37, 40, 75, 97].
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Radiographic changes of SCC joints occur in over half of patients with AS of
varying severity and duration, and slightly more frequently in men than in women.
The changes are located predominantly to the MSJ [40]. The frequency of radio-
graphic changes at the SCJs has mainly been evaluated based on radiography [16,
40, 75, 89]. In three series abnormalities occurred in 16-28% of the patients [16,
40, 89], but in one group with AS of rather long duration only 2% of the patients
had changes [75].

Radiographic changes of the MSJ have been found to occur in 39-85% of AS pa-
tients [16, 40, 57, 61, 66, 75, 79, 81, 84]. The wide range of frequencies seems mainly
due to differences regarding disease duration and severity [40, 41, 79]. The radio-
graphic method can, however, also play a part, but this has not been verified [41].

12.2.4
Associated Skeletal Lesions and Other Findings

The presence of SCC involvement is related to long disease duration and signs
of severe disease such as advanced sacroiliitis, spinal changes and involvement of
root joints [40, 79]. The presence of inflammatory spondylodiscitis with erosion of
nearly the whole vertebral plate seems to increase the likelihood for SCC involve-
ment [40].

12.2.5
Conclusion

Patients with AS often have radiographic changes of SCC joints. They are located
predominantly to the MS], but involvement of the SCJs also occurs. Changes of
the MSJ are usually like those of the sacroiliac joints. Early involvement of the
SCJs is characterised by erosion, but later some degree of ankylosis usually occurs
accompanied by involvement of the first SCJ and ossification of the adjacent cos-
tal cartilage. The presence of SCC involvement is related to long disease duration
and radiographic signs of severe disease in the form of advanced sacroiliitis, spinal
changes and involvement of root joints.

12.3
Osteoarthropathy Associated with Pustulosis Palmoplantaris

Pustulosis palmoplantaris (PPP) is a rare chronic skin disease, mainly occurring in
middle-aged women. It is characterised by recurrent eruptions of sterile pustules
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with erythema and exfoliation situated on the palms and/or soles. The relationship
of PPP to psoriasis is controversial. It is not certain whether PPP can be regarded
as a variant of pustular psoriasis or not. PPP, however, differs from psoriasis vul-
garis by a frequent occurrence of accompanying skeletal lesions often located to
the SCC region [63, 87]. In an analysis of 23 age- and gender-matched patients
with skeletal disorder associated with PPP and psoriasis, 83% of the patients with
PPP had signs of SCC involvement compared to 44% of the patients with psoriasis
[63].

12.3.1
Features Related to Sternocostoclavicular Involvement

Sternocostoclavicular involvement associated with PPP may occur in all age
groups, but usually starts between the ages of 30 and 50 years [11, 41, 87]. It is
seen predominantly in women and can appear before, simultaneously with, or af-
ter the skin disease and other skeletal abnormalities [41, 51, 87]. Symptoms of SCC
involvement have been reported present in 83% of patients, located to the SCJ in
61%, to the MSJ in 22% and to the sternocostal joint in 30% of these patients [63].
The presence of radiographic SCC changes seems always to be accompanied by
symptoms [41, 47].

The course of SCC involvement is prolonged over several years and fluctuates
with recurrent pain and swelling usually accompanied by exacerbation of the skin
disorder [11, 41, 45, 51, 87]. The exacerbations are often more acute in children/
adolescents than in adults, and the location of changes differs depending on age
[41]. Children/adolescents usually appear with pain, tenderness and swelling lo-
cated to the clavicle, often with accompanying slight inflammation of the overlay-
ing dermal structures and sometimes slight malaise and fever. Children/adoles-
cents are mostly healthy during remissions [45]. Adults have swelling of SCC joints
and their adjacent bones, cartilages or ligamentous structures usually without der-
mal inflammation, malaise and fever [38-40, 43, 46, 56, 87]. Their disease often
starts with swelling in the region of one joint and spreads to other joint regions
during the course of several years [39, 43, 46]. Associated shoulder pain is frequent
and there is usually persistence of some SCC discomfort between exacerbations
[38-40, 43, 46, 87]. Otherwise the well-being of the patients is good, except for
pain. Complicating subclavian vein obstruction or thrombosis can occur, but is
rare [50, 58].
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12.3.2
Imaging Features

The most characteristic SCC lesions encountered at radiography or CT are those
characterised primarily by osseous sclerosis. In adults they usually present as scle-
rosis and hyperostosis of the manubrium sterni. Sclerotic and hyperostotic cla-
vicular lesions occur especially in children/adolescents, but have been observed
in adults. Such osseous lesions may also occur in patients without PPP and are
therefore described separately in Chapter 13.

Adults with PPP can also present with primary joint and/or ligamentous in-
volvement. Based on analyses in our department, changes in the region of SCC
joints seem more frequent than osseous lesions in adults, whereas the lesions of
children/adolescents are nearly always osseous [41].

The primary joint changes of adults can be located to the SCJs, the MSJ and/or
the upper sternocostal joints [38-40, 56, 63, 94]. In the early stages involvement
of the SCJ is usually unilateral and radiographically characterised by erosion with
pronounced subchondral sclerosis and ossification of the adjacent cartilage, some-
times also in the region of the costoclavicular ligament (Fig. 12.4a,b) [39, 40, 63,
67, 82]. Bilateral involvement mostly occurs with time [39]. The changes usually
progress and can then present as joint erosion or ankylosis with subchondral scle-
rosis and surrounding new bone formation causing hyperostosis. Involvement of
the medial part of the clavicle, the sternum and the anterior aspect of the upper
ribs accompanied by soft tissue calcification, including the costoclavicular liga-
ment, may result in a hyperostotic SCC plate [28, 39, 40, 58, 62]. Such changes can
usually be detected by conventional radiography (Fig. 12.1), but tomography or
cross-sectional imaging (CT or MRI) is needed for further characterisation. Such
advanced changes seem to be rather characteristic for PPP-associated SCC arthri-
tis in Caucasians [12, 39, 40, 77, 92, 94]. In Japanese patients pronounced ligamen-
tous ossification without accompanying joint changes have been reported [10, 11,
85, 87].

Changes of the MS] in the early stages are characterised by erosion, usually with
pronounced subchondral sclerosis and associated irregularity of the second ster-
nocostal joint [50]. Later ankylosis may supervene [38-40, 43].

Involvement of sternocostal joints mainly occur at the first sternocostal joints
(Fig. 12.4¢,d). In this region involvement can appear as the only abnormality or
together with changes of the SCJ [10, 38-40, 44, 94]. Isolated abnormalities at the
first sternocostal joint can appear as erosion or ankylosis with subchondral scle-
rosis and ossification of the adjacent costal cartilage or as predominantly osseous
sclerosis adjacent to an irregular sternocostal joint facet [38, 44]. Changes of the
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Fig. 12.4a,b Pustulotic arthritis. Early changes located to the SCJ in a 53-year-old woman
with PPP during 4 years and swelling in the region of the right SCJ. MRI, coronal T1-
weighted (a) and axial postcontrast T1 FS (b) show swelling of the right SCJ with slight
subchondral enhancement. There is a mass corresponding to the costoclavicular ligament
with pronounced enhancement (arrows)

second sternocostal joint also occur, but often accompanied by involvement of the
MS]. There may be changes of lower sternocostal joints, but less frequently [39].
This suggests a relationship between the presence of PPP lesions and changes in
the region of the first sternocostal joint.

At MRI the appearance depends on the activity, duration and severity of the dis-
ease. In the active stage there are signs of oedema and enhancement correspond-
ing to areas of activity. On T1-weighted images the lesions often have irregular
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Fig. 12.4¢,d Pustulotic arthritis. Early changes located to the first sternocostal joint in a
57-year-old woman with PPP and increasing swelling at the left first sternocostal joint. ¢
Axial CT slices at the first sternocostal joint show erosion of the joint facet with pronounced
subchondral sclerosis and calcification at the peripheral part of the costal cartilage. Osseous
proliferation on the surface of the bone is clearly delineated (arrow). d Coronal CT recon-
structions display the erosion and subchondral sclerosis and also an osseous lesion at the
second costochondral junction (arrow)

borders and display low and slightly inhomogeneous signal intensity depending
on the content of fatty marrow changes caused by previous inflammation. On T2-
weighted images the signals may remain relatively low, but there is contrast en-
hancement corresponding to active areas [26, 56]. Erosions are not always demon-
strated as well as by tomography or CT [26].

Scintigraphy has been widely used in the evaluation of patients with skeletal
disorders associated with PPP, often termed pustulotic arthro-osteitis (PAO).
During exacerbations there is usually increased activity in the SCC region and
the presence of other lesions may be detected [23, 35, 53, 58, 63, 68, 76, 94]. In-
creased uptake in the SCC region has been reported to occur in 52% of patients
with PPP being located to the SCJ in 48% and to the MS] in 4% of the patients
[63]. A characteristic “bullhead-like” tracer uptake in the SCC region has been de-
scribed [23]. In this appearance the manubrium sterni represents the upper skull
and the inflamed SCJs the horns of the bullhead (Fig. 9.2). The bullhead sign has
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been regarded not only as the typical and highly specific scintigraphic appearance
of advanced PAO, but also of SCCH [23, 26]. Whole-body scintigraphy may in
addition show a possible existence of other skeletal lesions. In an analysis of 49
patients with SCCH and/or PAO examined with scintigraphy and radiography, 43
of 49 patients showed a characteristic bullhead-like high tracer uptake in the SCC
region. Additional skeletal manifestations (spondylitis, sacroiliitis, osteitis) were
revealed in 33 of the patients, sometimes in unexpected locations. The finding of
a bullhead sign at scintigraphy can be important in patients without skin disease
at the time of presentation to avoid unnecessary biopsies. PPP may develop later
and, therefore, it can be justified to classify the disorders as incomplete PAO with
high risk to develop other skeletal manifestations later in the course of the disease
[23]. The bullhead sign is, however, not specific for PAO as it occur in patients with
SCCH. Besides, there can be other appearances, such as predominant uptake cor-
responding to the clavicle [68], and the bullhead sign may not be present in early
or inactive stages of the disorders.

Bone scintigraphy has been reported used to monitor the course and to assess
therapeutic efficiency (e.g. of biphosphonate) in patients with SCC lesions [14, 68].
The method can be an easy way to monitor the disease if the changes are part of a
multifocal disease. When limited to the SCC region it is more appropriate to moni-
tor by MRI, as a STIR sequence will give the same information about activity as
scintigraphy and will provide further pathoanatomical details. In addition, MRI is
without any inherent radiation risk.

The use of FDG PET to visualise metabolically active tissue has been reported
in only two cases [53, 68] and its value has to be evaluated further.

12.3.3
Frequency of Sternocostoclavicular Involvement

Radiographic SCC changes occur in about 20% of adult Danes with PPP of varying
severity [38]. Half of the patients have predominantly osseous sclerotic lesions and
half have joint changes located to the SCJs, the two upper sternocostal joints and/
or the MS] [38]. The frequency of radiographic SCC changes is apparently lower
in Japanese with PPP, reported to be present in about 10% [86]. Ethnic diversities
and a different composition of patients regarding age and sex can possibly explain
some of the differences. It is possible that SCC involvement is more frequent in
Scandinavians than in other Caucasians with PPP. The finding of increased scin-
tigraphic SCC activity in 7.4% of a German group of PPP patients compared with
22% of a Swedish group supports this [32]. Significant relationships between SCC
involvement and other features of patients with PPP have not been detected [32,
38], except that severe skin disease increases the risk of SCC involvement [38].
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Sternocostoclavicular involvement occurs frequently in patients appearing with
arthropathy associated with PPP. It has been found present in 68-82% of Cauca-
sians [9, 39, 40] and in 93-100% of Japanese patients [51, 87].

The radiographic SCC changes found during surveys on adults with PPP are
generally minimal compared with those of patients appearing with manifest ar-
thropathy associated with PPP [32, 38-40, 43, 46, 51, 87]. Based on the finding
in epidemiological studies of PPP in 0.01-0.05% of Scandinavians, and the result
of the Danish frequency study, such minor changes can be estimated to occur in
0.002-0.01% of the population [38]. Thus, advanced SCC changes associated with
PPP must be rare.

12.34
Associated Skeletal Lesions and Other Findings

Adults with SCC changes primarily in the region of joints often have accompany-
ing pelvospondylitis [9, 19, 32, 39, 40, 43, 45-47, 51, 59, 67, 77, 82, 87].

Spinal changes are usually characterised by erosion of vertebral plates with sub-
chondral sclerosis, sometimes involving the entire vertebral body [9, 38, 39, 51,
59, 82, 87]. The erosion may be located to one side of the intervertebral space only
[39], but involvement of both vertebral plates accompanied by disc space narrow-
ing or paravertebral ossification is also seen [38, 47, 51]. Occasionally there are
syndesmophytes, either located to single intervertebral spaces or extending over
several levels [9, 38, 39, 87], and bulky paravertebral ossifications [43, 67, 77, 87].
There can be associated unilateral or bilateral sacroiliitis, which usually is slight
and thereby differs from the changes in AS [9, 19, 32, 38-40, 51, 87], but ankylosis
has been reported [50]. Sclerosis of pelvic bones adjacent to irregular joint margins
at the pubic symphysis or at the sacroiliac joints may also occur, but is rare [9, 39,
47, 51]. Peripheral joint complaints, arthritis or tenosynovitis may be present, but
as a rule without erosion [9, 32, 38, 39, 43, 67, 82, 87]. Involvement of the shoul-
ders and hips (root joints) is rare [41, 87].

Biochemical findings are non-specific [38, 39, 43-46, 87]. They mainly consist
of elevated erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) [35,
38, 39, 43-46, 58] and protein electrophoretic signs of active inflammatory disease
during exacerbations [39, 43, 45, 46]. Abnormal white blood cell and differential
counts are rare [51]. Tests for rheumatoid factor and antinuclear antibodies are
generally negative [36, 39, 43, 45, 46, 50]. In adults appearing with joint involve-
ment the frequency of HLA-B27 may be slightly increased compared to the normal
population [19, 39, 40], but it does not occur in patients with primarily osseous
SCC lesions. SCC lesions associated with PPP can therefore generally be regarded
not associated with HLA-B27.
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Histopathological findings are also non-specific. In adults with primary joint in-
volvement non-specific synovial and soft tissue inflammation or fibromatosis have
been detected, in addition to changes in the subchondral bone similar to those of
patients with primary osseous lesions [11, 19, 49, 58, 87]. Inflammatory changes
of the costoclavicular ligament merging into the bone, consistent with inflamma-
tion of the enthesis, have also been observed [87]. Bacterial cultures are generally
negative [11, 43, 45, 46, 59, 87]. Propionibacterium acnes [19] and a non-specified
corynebacterium [59] have been detected in a few patients, but are probably due to
contamination, as such species are normal skin/nose parasites.

The process leading to hyperostosis probably relates to periosteal, endosteal
and/or heterotrophic reactive bone formation including enthesopathic ossification
of the costoclavicular ligament. The costoclavicular ligament merges with the SC]J
capsule [8], and it is likely that ossification is due to enthesopathy associated with
arthritis of this joint. It does not occur in healthy individuals [91].

The nomenclature of PPP-associated skeletal lesions has varied considerably.
In the first studies, which confirmed a connection between SCC involvement and
PPP, the changes were named PAO [34, 35, 62, 86, 87, 94]. This term was some-
times used in subsequent reports on adult patients [67, 82], but several other names
have been used including SCCH [36], “sternocostoclavicular arthro-osteitis” [19],
“spondarthritis hyperostotica pustulo-psoriatica” [80], SAPHO syndrome (syno-
vitis-acne-pustulosis-hyperostosis-osteitis) [9, 14, 15, 28, 53, 56, 64, 68, 76], “jux-
tasternal arthritis” [49] and “bone and joint lesions, or arthritis and osteitis asso-
ciated with PPP” [32, 51, 59]. This may be confusing, and it is proposed that the
skeletal abnormalities associated with PPP are termed PAO.

12.3.5
Conclusion

Changes in the SCC region associated with PPP may have different radiographic
features. The most characteristic lesions are primarily located to the bones. They
appear as sclerosis and hyperostosis, which in adults are located to the sternum
or clavicle and in children/adolescents predominantly to the clavicle. Such lesions
can occur as part of a multifocal osseous disease. Erosive changes of SCC joints
also occur in adults, but generally not in children/adolescents. Radiographically
they are usually characterised by joint erosion or ankylosis with pronounced sub-
chondral sclerosis and hyperostosis of the adjacent bones. Concomitant ossifica-
tion of the first costal cartilage and the costoclavicular ligament usually occurs as
part of SCJ involvement. Changes of SCC joints are often accompanied by spondy-
lodiscitis with sclerosis of adjacent bone, sometimes involving the entire vertebra.
Accompanying paravertebral ossifications, syndesmophytes, sacroiliitis, sclerosis
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of pelvic bones and peripheral non-erosive arthritis may also occur, but are less
frequent.

124
Psoriatic Arthritis

Common psoriatic arthritis is associated with the dermal disease psoriasis vul-
garis. It is a chronic skin disease characterised by sharply demarcated brownish-
red papules and plaques often covered with layers of fine silvery scales [63]. It is
mostly located on the extensor prominences and the scalp. Accompanying periph-
eral arthritis may occur and sometimes also pelvospondylitis.

12.4.1
Features Related to Sternocostoclavicular Involvement

Sternocostoclavicular involvement associated with psoriasis vulgaris is often clini-
cally silent and may remain undiagnosed. It is seen in all age groups [40], and
appears equally often in men and women, just as psoriasis and psoriatic arthritis
[40]. SCC changes at imaging can occur without significant local symptoms [40,
54] (Fig. 12.5). Their presence is related to long disease duration and SCC abnor-
malities therefore usually follow other skeletal manifestations [40, 54], but they
can appear simultaneously [54] or be the first lesion [43, 44].

12.4.2
Imaging Features

Radiographic changes of the SC] may vary from unilateral or bilateral erosion with
joint space narrowing accompanied by slight subchondral sclerosis and/or osteo-
phytes to pronounced hyperostotic changes [40, 49, 93]. Hyperostotic changes are,
however, rare in patients with psoriasis vulgaris only. The patients reported with
hyperostotic lesions and psoriasis often had accompanying PPP lesions [12, 21, 25,
39, 40, 42, 49, 88].

Changes of the MS]J associated with psoriasis vulgaris are characterised by joint
erosion with slight subchondral sclerosis and joint space narrowing or widening
[40, 54]. The erosive changes may progress to ankylosis [40]. Patients with both
psoriasis and PPP usually have more pronounced subchondral sclerosis [3, 39],
just as patients with PPP only [39, 43].
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Fig. 12.5 Psoriatic arthritis. MRI of a 48-year-old woman with psoriatic arthritis and pain
in the lower neck, left shoulder and upper arm. Radiological examination of the neck and
shoulder were normal and because of slight swelling at the left sternoclavicular region an
MRI screening examination was performed. Coronal STIR (left) and T1-weighted image
(right) show fluid in the left SCJ with erosion of the left clavicle (arrow) and also erosion
with surrounding oedema at the MS] as signs of arthritis

12.4.3
Frequency of Sternocostoclavicular Involvement

The reported frequency has varied considerably, which may be due to inclusion
of patients with PPP in some analyses. When specially looked for clinical involve-
ment of SCC joints has been found to be present in 44% of 23 patients with pso-
riatic arthritis being located to the SCJ in 30% and to the MS] and sternocostal
joints in 9% and 17%, respectively [63]. In comparison the frequency of SCC in-
volvement was 82% in patients with arthropathy associated with PPP [63]. In an-
other study including separation of patients with regard to dermal disease, clinical
involvement occurred in only 1% of patients with psoriasis vulgaris, but in 27%
of the patients with both psoriasis and PPP, and in 50% of the patients with PPP
only [40]. These results are not directly comparable with other clinical studies of
patients with non-specified psoriasis and arthritis. In such groups the SCJs have
been found involved by history or physical examination in 0-15% and the MSJ in
1-68% of the patients [54, 61].
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Based on plain radiographs, abnormalities of SCC joints occur in about a quar-
ter of patients with peripheral arthritis associated with psoriasis vulgaris [40] and
are predominantly located to the MS] [40]. Changes of the MS] have been reported
present in 24% of patients, and changes of the SCJs in 9% of the patients [40].

Involvement of the SCJs may, however, be more frequent. In an analysis of 10
patients with non-specified psoriatic arthritis, changes at CT occurred in 9 pa-
tients. They consisted of erosion, subchondral cysts, sclerosis and joint space nar-
rowing sometimes associated with osteophytes. Ankylosis did not occur [93]. Joint
space narrowing, sclerosis and osteophytes, however, also occurred in a few con-
trol persons.

The MS] has received more attention with radiographic changes reported pres-
ent in 0-100% of patients with psoriatic arthritis [54, 61, 66, 81]. The wide range is
probably due to differences regarding the composition of patient groups. The type
of dermal disease and the duration and severity of arthritis are important factors.
The radiographic method may also play a part, but it has not been proved [41].

Increased SCC uptake at scintigraphy occurs in 30-50% of patients with pso-
riatic arthritis [22, 63, 71], being located to the SCJs in 17% and to the MSJ in
13% [63].

12.4.4
Associated Skeletal Lesions and Other Findings

The presence of SCC involvement is related to signs of advanced generalised pso-
riatic arthritis, such as peripheral erosive polyarthritis and involvement of root
joints [40, 54]. Radiographic changes of peripheral and root joints are similar in
patients with, and those without, SCC involvement, except for the degree [40]. The
same applies to abnormalities of the spine and the sacroiliac joints.

Biochemical and histopathological findings are non-specific [40, 43]. SCC in-
volvement associated with psoriasis vulgaris is not related to HLA-B27, but it may
be the case in patients with both psoriasis and PPP [40]. SCC changes have been
analysed histologically in only a few patients with psoriasis. Some of them had hy-
perostotic SCC lesions and accompanying PPP [21, 25]. Their changes consisted of
increased bone remodelling, periosteal, entheseal or heterotopic bone formation,
and subacute osseous and soft tissue inflammation [21, 25]. Evaluation of non-
hyperostotic sternoclavicular changes has apparently been performed in only one
patient, in whom the joint was replaced by scar tissue [83].
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124.5
Conclusion

Radiographic changes of SCC joints occur in about a quarter of patients with ar-
thritis associated with psoriasis vulgaris. They are located predominantly to the
MS], but changes of the SCJs also occur. The MS] involvement is characterised by
erosion with slight subchondral sclerosis and joint space narrowing or widening,
or by ankylosis. Changes in the region of the SCJs are usually slight. They consist of
joint space narrowing and erosion with slight subchondral sclerosis and minimal
or no hyperostosis. The presence of SCC abnormalities is related to peripheral ero-
sive polyarthritis and involvement of root joints. Patients with both psoriasis and
PPP often have SCC and associated skeletal lesions somewhat similar to those of
patients with PPP only.

12.5
Reactive Arthritis

Reactive arthritis (ReA) is a non-pyogenic arthritis that develops soon after or
during infections elsewhere in the body, often non-gonococcal urethritis or cer-
vicitis and intestinal infections [2, 55]. It is usually transient, but recurrences and
development of chronic peripheral erosive arthritis or pelvospondylitis may occur
[55, 69, 70].

12.5.1
Features Related to Sternocostoclavicular Involvement

Sternocostoclavicular involvement as part of ReA occurs in all adult age groups,
but appears predominantly in men, as does ReA [39, 40, 70]. Radiographic changes
may occur without significant local symptoms [40, 55]. Their presence is related to
long disease duration. Consistent with this the involvement usually occurs after
other skeletal manifestations [39, 40], but can appear early in the disease or be one
of the first manifestations [40].

12.5.2
Imaging Features

Changes of the SCJs in the early stages are usually unilateral and consist of ero-
sion with slight or moderate subchondral sclerosis and joint space narrowing, but
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Fig. 12.6 Reactive MS] arthritis.
MRI of a 28-year-old-man with
pain and swelling at the MSJ
during 3 months following an
episode of urethritis; coronal
STIR (left) and sagittal T1-
weighted image (right). There is
erosion of the joint facets with
signs of inflammatory activity
in the form of oedema on the
STIR image and extension of
the capsule (arrow)

usually minimal or no hyperostosis [39, 40]. Bilateral involvement may occur with
time, and the involvement in chronic ReA may progress to joint ankylosis with
moderate degrees of osseous sclerosis and hyperostosis. Such changes are accom-
panied by involvement of the first SCJ and ossification of the adjacent costal car-
tilage [39, 40]. Pronounced hyperostotic and sclerotic involvement of the SCJ has,
to the author’s knowledge, not been verified in ReA. It is, however, possible that
some of the patients described with hyperostotic SCC lesions accompanied by AS-
like pelvospondylitis had ReA initially and develop AS-like changes at a later date
[39].

The imaging features of MS]J involvement in the early stages are characterised
by erosion with subchondral sclerosis, sometimes progressing to ankylosis [39, 40,
66] (Fig. 12.6). Accompanying erosion, irregularity and broadening of the second
SCJs may occur, as may similar changes of the third SCJs [39].

12.5.3
Frequency of Sternocostoclavicular Involvement

Clinically manifest SCC involvement occurred in 2-14% of patients with ReA [39,
40], being detected at the SCJs by history or physical examination in 2-14% [69,
70, 96] and at the MS] in 0-10% of the patients [39, 40, 69, 70, 96].

Abnormalities of SCC joints have been found in 36% of patients with ReA at
tomography [55] and in 20% of patients based on radiography [40]. Changes of
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the SCJs were found in 4-6% of the patients at plain radiography [40, 96]. Most
analyses of the SCC region have been centred on the MS]J, which has been reported
involved in 0-56% of the patients [61, 66, 81]. This wide range is probably due to
differences regarding disease duration and severity. The radiographic method may
also play a part, but it has not been proved [41].

12.5.4
Associated Skeletal Lesions and Other Findings

The presence of SCC involvement is infrequent in patients with uncomplicated
ReA, and occurs especially in those with a chronic or recurrent disease [39, 40, 55].
SCC changes are related to signs of advanced generalised arthritis in the form of
peripheral erosive polyarthritis, sacroiliitis and spinal changes [39, 40]. The asso-
ciated spinal changes mainly consist of parasyndesmophytes [39, 40, 61].

Biochemical findings are non-specific except a frequent association with HLA-
B27, in patients both with and without SCC involvement [2, 40, 55].

12.5.5
Conclusion

Sternocostoclavicular changes as part of ReA occur especially in patients with a
chronic or recurrent illness resulting in peripheral erosive polyarthritis or pelvo-
spondylitis. The involvement is located predominantly to the MS], but changes of
the SCJs also occur. Abnormalities of the MS]J are radiographically characterised
by erosions with subchondral sclerosis, occasionally progressing to ankylosis.
Early changes of the SCJ consist of erosion and joint space narrowing with slight
or moderate subchondral sclerosis, but usually minimal hyperostosis. They may
progress to ankylosis with moderate surrounding hyperostosis and sclerosis. There
is then accompanying involvement of the first sternocostal joint and ossification of
the adjacent costal cartilage.

12.6
Enteropathic Arthropathy

Spondylarthropathy associated with inflammatory bowel diseases such as Crohn’s
disease and ulcerative colitis is usually named enteropathic arthropathy. This dis-
order can present as an axial and/or peripheral arthropathy (Fig. 12.7).
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Fig. 12.7 Enteropathic ar-
thropathy. CT of a 26-year-old
man with inflammatory SCC
and spinal symptoms dur-

ing 1 year accompanied by
huge weight loss (40 kg) due

to colitis. a Axial CT slices
through the SCJs shows erosion
of the joint facet in both joints
(arrows). b Axial slice at the
third sternocostal joints reveals
broadening of the left joint with
subchondral sclerosis. ¢ Coronal
reconstruction clearly delin-
eates the involvement at both
the sternoclavicular and the
sternocostal joints. In particular
the left third sternocostal joint
involvement is better delineated
on the reconstruction. d MRI,
coronal T1 FS after intravenous

contrast shows enhancement

in the erosion (arrows) and the
synovia of both SCJs in addition
to enhancement at the third
sternocostal joint (arrow)
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Sternocostoclavicular involvement as part of enteropathic arthropathy has not
been systematically evaluated, but has been described in case reports. SAPHO syn-
drome including SCC involvement has been reported associated with Crohn’s dis-
ease [27] and non-specified inflammatory bowel disease [98]. Also, SCCH changes
corresponding to the clavicle and manubrium have been observed together with
colitis [74]. The presence of such manifest changes implies that preliminary mi-
nor changes can occur. In accordance with this, clavicular periosteal new bone
formation [95] and ligamentous ossification have been described associated with
ulcerative colitis [92].

12.7
SAPHO, Sternocostoclavicular Hyperostosis
and Other “Syndromes”

Hyperostotic osteoarticular involvement of the SCC region can occur as a domi-
nant disease manifestation. It is a rare abnormality that has received many names.
The most frequently used names today are SAPHO syndrome (synovitis-acne-pus-
tulosis-hyperostosis-osteitis), SCCH (sternocostoclavicular hyperostosis), ISCCO
(intersternocostoclavicular ossification) and PAO (pustulotic arthro-osteitis) when
associated with PPP. Many other names have been used, including “acquired hy-
perostosis syndrome”, “hyperostotic pustular psoriatic spondathritis’, juxtasternal
arthro-osteitis [49], etc.

SAPHO syndrome is a term coined for diseases that manifest sterile inflamma-
tory bone lesions together with skin eruptions [4, 7, 90]. It groups together several
separately well described osteoarticular disorders such as chronic recurrent multi-
focal osteomyelitis (CRMO), PAO and arthro-osteitis associated with acne and dif-
ferent forms of psoriasis [6, 7, 9, 18, 33, 90]. The SAPHO syndrome is mostly con-
sidered to belong to the group of SpA disorders. Most hyperostotic SCC changes
can in accordance with this be classified as belonging to one of the common forms
of SpA [17]. These do not include acne arthropathy. The SCC lesions associated
with acne are, like those associated with PPP, often characterised by more osseous
sclerosis than generally seen in other forms of seronegative arthritis [5, 9, 20, 43,
45, 49]. It seems appropriate to name the arthropathy in accordance with the ac-
companying dermal disease as acne arthropathy. SAPHO syndrome must not be
regarded a disease entity itself, but more a combination of signs, which may guide
the way to a more specific diagnosis. The use of the term SAPHO may therefore
confuse the classification of the different disorders included.

Sternocostoclavicular hyperostosis is a term often used to designate SCC changes
radiographically characterised by hyperostosis in the region of the SCJs with
joint erosion or ankylosis, and varying degrees of calcification of the upper costal
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cartilages. Such changes were first reported in Caucasians by Kohler in 1975 [52].
Since then many case reports and also series of patients with SCCH have been
published [41]. The findings on radiographic examination have varied consider-
ably. Some of the adults described with SCCH had pronounced changes of the
SCJs with ankylosis, but others had less advanced erosive joint changes [36, 41, 52,
74]. Quite different, predominantly osseous sclerotic and hyperostotic lesions of
the manubrium sterni or the clavicle [24, 25, 65] and predominantly ligamentous
changes [10, 11, 85] have also been described under the term SCCH.

Intersternocostoclavicular ossification was initially described in Japanese patients
[85]. The features of ISCCO differ somewhat from those of SCCH in Caucasians
[12]. ISCCO changes consist of ossification in the region of the costoclavicular
ligament graduated in three stages: stage 1: ossification localised to the area of the
costoclavicular ligament; stage 2: pronounced ossification filling the space between
the clavicle and the first rib accompanied by irregularity of the inferior margin of
the clavicle and the superior margin of the first rib; and stage 3: additional hyper-
ostosis of the medial part of the clavicle, and in severe cases also of the manubrium
sterni [85]. It was claimed that the disease always progresses from stage 1 to 3, but
the radiographic method used mainly consisted of plain radiographs, and most of
the patients had stage 1-2 changes [85]. By the use of tomography, joint changes
were sometimes detected in subsequent Japanese studies, but ossification of the
costoclavicular ligament occurred in most of the patients and seemed to be a more
dominant trait than in Caucasians [10, 11]. Ligament ossification also occurs in
Caucasians, but apparently less frequently [12, 78].

The changes in SCCH/ISCCO have often been reported accompanied by other
skeletal abnormalities [49, 77, 85, 92]. Four radiographic types of associated spi-
nal lesions have been described: spondylodiscitis with erosion of vertebral plates
usually with some degree of subchondral sclerosis, and sometimes also syndesmo-
phytes or paravertebral ossifications; AS-like lesions; parasyndesmophytes or pro-
nounced paravertebral ossifications resembling those of diffuse idiopathic skeletal
hyperostosis (DISH); and diftuse metastasis-like vertebral sclerosis [41]. Changes
of the sacroiliac joint have been reported to vary from unilateral or bilateral mild
sacroiliitis to advanced symmetrical involvement in patients with AS or AS-like
lesions. Peripheral lesions have also been described, consisting of hyperostosis of
tubular bones, erosive arthritis sometimes accompanied by para-articular new
bone formation, non-erosive arthritis and ossification in the region of ligament
attachments [41]. In addition, associated involvement of the mandible and pelvic
bones has been reported [9].

A connection between ISCCO/SCCH and the dermal disease PPP was already
noticed in the early Japanese study [85] and later mentioned in Caucasians. Co-
existence of PPP and psoriasis or severe acne have been reported in Caucasians
[41].
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12.8
Conclusions

Hyperostotic SCC lesions can occur in nearly all forms of SpA. They have been de-
scribed under several names such as SAPHO syndrome, SCCH and ISCCO. Con-
ditions included under such syndrome terms may therefore represent different
disorders. The described changes either encompass a spectrum of erosive, sclerotic
and hyperostotic changes in the region of the sternoclavicular and upper sterno-
costal joints or consist of predominantly osseous sclerotic or ligamentous lesions.
The SCC involvement either occurred as an isolated skeletal lesion occasionally as-
sociated with PPP, or appeared together with other abnormalities suggesting gen-
eralised arthritis or DISH. A close analysis of patients with such “SCC syndromes”
will often reveal other lesions seen as part of SpA. A hyperostotic SCC lesion may
thus be a manifestation of different arthritic, enthesopathic and/or osteitic condi-
tions. Their presence therefore demands a search for one of the classified SpA dis-
orders. If this is diagnosed, the SCC lesion should be named accordingly.

The SCC joints are often forgotten in patients with known SpA. The frequency
and features of involvement are therefore not fully established. The SCC region
thus deserves more attention in patients with inflammatory disorders, includ-
ing modern imaging to establish the features of SCC involvement in the different
forms of SpA.
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13.1
Introduction

Predominant osseous lesions in the sternocostoclavicular (SCC) region occur in
the form of non-pyogenic osseous inflammation involving the clavicle, the ster-
num or costae. Inflammatory sclerotic involvement of the clavicle mainly occurs
in children, adolescents and young adults and may be part of “chronic recurrent
multifocal osteomyelitis” (CRMO). In adults osseous lesions of the sternum and/or
the clavicle are often associated with dermal diseases, especially pustulosis palmo-
plantaris (PPP). A fluctuating clinical course occurs both in children and adoles-
cents and in adults accompanied by a gradual development of the sclerotic and
hyperostotic osseous lesions that display signs of inflammatory activity clinically
and at MRI or scintigraphy during exacerbations.

Although it is possible that the disorders of children and adolescents and adults
are similar, just with age-related differences, the description in this chapter in-
cludes a separation. The disorders in children and adolescents are described under
the heading CRMO, and those of adults as osteoarthropathy followed by a section
about terminology.
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13.2
Chronic Recurrent Multifocal Osteomyelitis

Chronic recurrent multifocal osteomyelitis is a well-established, relatively rare,
skeletal disorder of unknown aetiology mainly occurring in children and adoles-
cents. It affects girls more often than boys [28, 40, 55] and occurs predominantly
in children and adolescents, but has occasionally been described in adults [40].
CRMO is a diagnosis of exclusion based on the characteristic features listed in
Table 13.1. The lesions of CRMO are predominantly located to tubular bones fol-
lowed by the clavicle, the spine and pelvic bones, but involvement of ribs, the ster-
num, the mandible and small tubular bones may also occur [32]. The lesions are
often multiple and sometimes symmetrical, but the disease can manifest in only
one location [23, 32]. There may be accompanying skin disease, most frequently
PPP, but an association with acne, psoriasis vulgaris and pyoderma gangrenosum
has also been reported [3, 10, 15, 16, 23, 26, 27, 32, 33, 40, 48, 51, 52, 55]. The pres-
ence of skin disease supports the diagnosis, which usually is based on a character-
istic clinical course and conventional radiography supplemented by bone scintig-
raphy and/or MRI. Histopathological and microbiological examinations may be
necessary to exclude tumour and infectious diseases.

Table 13.1 Characteristic features of CRMO

Clinical signs Local pain with gradual onset
Improvement by anti-inflammatory drugs
Sometimes accompanying dermal disease

Clinical course Prolonged and fluctuating with recurrent pain episodes
during several years corresponding to the bones involved

Location of lesions Atypical compared to infectious osteomyelitis with a frequent
involvement of the clavicle and often multifocal lesions

Radiographic appearance  Suggests subacute or chronic osteomyelitis
Scintigraphic appearance  Clinically silent lesions may be revealed

Laboratory findings Compatible with non-specific subacute or chronic in-
flammation, e.g. elevated CRP and/or ESR

Bacterial culture Negative

Histopathological findings Non-specific subacute or chronic inflammation
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13.2.1
Clavicular Lesions

Non-pyogenic inflammatory sclerotic clavicular lesions are generally rare findings.
They mainly occur in children and adolescents with CRMO, but can also appear in
young adults. Irrespective of age there is a female predominance [37].

13.2.1.1
Clinical features

Clavicular lesions are characterised by recurrent episodes of pain, swelling and
slight redness of the skin in the region of the clavicle without suppuration or fistula
formation [6, 37, 41, 50, 52, 54]. Accompanying malaise and low-grade fever occur
occasionally [10, 37, 40, 49, 50, 55], but eliciting infections are usually absent. The
course is prolonged over several years, but the patients are usually without symp-
toms of the lesion during remissions except the presence of a clavicular promi-
nence [37]. Complicating subclavian vein obstruction or fracture may occur, but is
rare [49, 53]. The disorder is sometimes accompanied by PPP or acne [6, 37].

13.2.1.2
Imaging Features

The radiographic features of clavicular lesions in the early active stages are charac-
terised by lytic medullary destruction in the medial part of the clavicle and peri-
osteal new bone formation, occasionally like onion skin simulating malignancies
(Fig. 13.1) [10, 16, 32, 36, 41, 54, 56]. During periods of remission the clavicular
destruction tends to heal with the formation of sclerosis, and the periosteal new
bone to organise, sclerose and fuse with the clavicular bone (Fig. 13.1) [22, 33, 36,
37, 40, 50, 54, 55]. If the periosteal new bone formation is mineralised peripherally
a “bone within bone” appearance can occasionally be seen, especially at CT or MRI
[56, 60] (Fig. 13.1g,h). The course usually implies several exacerbations during
which new lytic osseous destruction and sometimes periostal new bone formation
occur, similarly healing with sclerosis. This may results in progressive clavicular
sclerosis and hyperostosis [33, 36]. It can be difficult by conventional radiography
to detect activity in such hyperostotic and sclerotic bone lesions unless there is
periosteal new bone formation or areas with lytic destruction.

The hyperostotic and sclerotic clavicular changes usually persist for several
years and gradually extend laterally [10, 15, 16, 36]. Although some spontaneous
regression occurs during remissions, complete healing is rare. The features of the
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Fig. 13.1 Clavicular lesions in CRMO: non-specific appearance. a AP radiograph of the me-
dial part of the clavicles in a 6-year-old girl with left-sided clavicular pain and swelling dur-
ing 3 months. There are lytic destruction (black arrow) and periosteal new bone formation
(white arrow) at the medial part of the clavicle. b Coronal CT reconstruction showed lytic
destruction of the medial part of the bone including the joint facet with irregular medullary
and periosteal new bone formation. ¢,d MR, axial T1 (c) and semiaxial STIR (d) show a
mass with low signal intensity at T1 and high signal intensity at STIR both corresponding
to the bone and in the surrounding soft tissue. e Scintigraphy revealed increased uptake
at the clavicle and at the upper growth plate of the left tibia (arrow). Biopsy revealed non-
specific inflammatory changes. f AP radiograph 6 months later showed smoothing of the
osseous contours and more pronounced sclerosis. g,;h Bone within bone appearance in a
15-year-old girl with pain and swelling during 4 months. Coronal T1 (g) and postcontrast
T1 ES sequence (h) showing a characteristic bone (arrow) within the periosteal new bone
formation
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Anterior view Posterior view
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disorder can therefore be seen also in adults. In contrast to the adult disease, the
sternoclavicular joint, sternum and rib are rarely involved in childhood and ado-
lescence [16].

The appearance at MRI in the early stage is often non-specific. On T1-weighted
images the lesion appears as a rather homogeneous mass of low signal intensity
containing the bone marrow, cortical bone and the periosteal new bone formation.
On STIR or T2-weighted images the mass displays high signal intensity corre-
sponding to the bone and periosteal new bone with concomitant high signal inten-
sity in the surrounding soft tissue (Fig. 13.1). After the administration of gadolin-
ium (Gd), a marked, somewhat inhomogeneous, signal enhancement is seen both
in the bone lesions and the adjacent soft tissue [22], but there is no delineated soft
tissue mass or abnormalities suggesting abscess formation or tumour (Fig. 13.1)
[16, 33]. Sometimes the bone within bone appearance is seen at MRI (Fig. 13.1g,h).
The addition of this MRI appearance to the clinical and radiographic features aids
the attainment of a definitive diagnosis and improves the specificity of a CRMO
diagnosis [3]. In addition MRI can be used to indicate the most appropriate biopsy
site for the highest potential diagnostic yield. MRI can also be helpful in disease
monitoring, especially with regard to disease activity [33]. Active lesions present
with increased signal intensity on STIR or T2-weighted images and decreased sig-
nal intensity on T1 images.

In later, more chronic stages, the MRI appearance includes sequels of previ-
ous inflammation. On both T1-weighted and STIR or T2 FS images an inactive
sclerotic clavicular lesion presents with low signal intensity corresponding to the
sclerotic bone. However, on T1-weighted images the lesion often contains scat-
tered high signal intensity areas (fatty marrow degeneration) as sign of sequels
of inflammation (fatty marrow degeneration). Despite these chronic changes MRI
can be valuable in detecting activity. During exacerbations high signal intensity
areas will occur corresponding to inflammatory areas on STIR or T2 FS images.
For the delineation of such areas it is important to use fat suppressed sequences
such as STIR, and when contrast is needed a T1 FS sequence to secure suppression
of signals from fatty areas in the chronic lesions [16, 33].

13.2.2
Sternocostal Lesions

Sternal and costal lesions are far less common than clavicular involvement, but
involvement of ribs [48, 51, 52, 54], the sternum [27] or the manubriosternal joint
(MS]J) [26, 51, 52] has been reported (Fig. 13.2). Such lesions mainly occur in ado-
lescents and young adults.
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Fig. 13.2 Rib and sternal lesion in a 27-year-old woman with pain and swelling at the first
right rib. a,b AP and oblique radiograph show a hyperostotic irregular osseous mass simu-
lating the clavicular lesions, presenting irregular hyperostosis. ¢,d CT, axial slices (c) and
coronal CT reconstruction (d) showed an irregular hyperostotic lesion of the rib, but also a
predominant osseous sclerotic lesion at the lower part of the manubrium sterni

At imaging, the sternal changes often consist of sclerotic osseous inflammation
adjacent to the MS]J with concomitant irregular joint facets (Fig. 13.2). Rib lesions
usually occur at the costochondral junction. They can be predominantly sclerotic
as in the sternal lesions, but can also appear inhomogeneous as in the clavicular
lesions (Fig. 13.2).
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13.2.3
Associated Skeletal Lesions and Other Findings

In children and adolescents there may be accompanying lesions of other bones in
accordance with the description of CRMO [6, 32, 52]. Although clavicular involve-
ment is a characteristic feature of CRMO, the lesions are, based on all patients
reported, predominantly located to tubular bones followed by the spine and the
clavicle [23, 32, 37]. Pelvic bone lesions [49, 52] and sacroiliitis [6, 52] also occur,
but are infrequent as are short tubular bone and mandibular lesions [32, 49, 52,
54]. Peripheral arthritis is not a feature of CRMO.

13.2.3.1
Imaging Features

Bone scintigraphy can be helpful in assessing the extent of lesions as some of them
can be asymptomatic [11, 22, 24, 28, 41, 45, 55, 57]. Active lesions display a high
tracer uptake (Fig. 13.1). The diagnosis of tubular bone lesions can, however, be
difficult in childhood due to the normal high uptake in growth plates. It can there-
fore be difficult to make a certain diagnosis of such lesions, especially when they
are symmetrical.

Changes of tubular bones usually have a characteristic although not pathogno-
monic appearance at radiography [33, 40]. Initially the lesion consists of eccentri-
cally located lytic metaphyseal destruction adjacent to the growth plate with a scle-
rotic rim demarcating it from normal bone, but no periosteal new bone formation
or sequesters (Fig. 13.3) [6, 37, 49, 50]. Concomitant involvement of the epiphyseal
bone seems rare [11, 33, 46]. The destruction usually heals with sclerosis followed
by normalisation of the osseous structure [37, 49]. Progressive sclerosis and hy-
perostosis of adjacent metaphyseal and diaphyseal bone occasionally occur linking
the changes to those previously described under the term Garré osteomyelitis [32,
37, 49].

Magnetic resonance imaging is useful in assessing the extent and activity of tu-
bular bone lesions. In the early stages it usually reveals more pronounced involve-
ment of the metaphyseal bone marrow than deemed by conventional radiography.
Delineated abscess formation often seen in infectious lesions does not occur, but
there may be slight surrounding soft tissue inflammation [32].

Spinal lesions may appear as a lytic osseous destruction occasionally with col-
lapse of the vertebral body or as a spondylodiscitis-like lesion with erosion of ver-
tebral plates sometimes accompanied by reduced intervertebral space and/or sub-
chondral sclerosis [6, 32, 37, 52]. Such changes can heal with minimal sequels or
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Fig. 13.3 Tubular bone lesions.
AP radiographs of the left
knee show characteristic lytic
metaphyseal destruction adja-
cent to the growth plates with
surrounding osseous sclerosis
(arrow)

with the formation of vertebral fusion [37]. MRI can be of help in differentiating
the lesion from tumour or infection [32].

Pelvic lesions either present as destruction at joint facets or synchondroses with
surrounding sclerosis or as predominant osseous sclerotic lesions, which may heal
with minimal sequels [32, 52].

13.2.3.2
Biochemical and Histopathological Features

Biochemical findings in most patients with CRMO include an elevated erythrocyte
sedimentation rate (ESR) or C-reactive protein (CRP) during exacerbations, but
they have normal white blood cell (WBC) and differential counts [6, 9, 10, 20, 23,
28, 37, 40, 49, 50, 55, 60]. Rheumatoid factor, antinuclear antibodies and HLA-B27
are usually negative [6, 23, 37, 49, 50].

Histopathological findings usually consist of non-specific subacute or chronic
inflammation with intertrabecular spaces filled with fibrovascular material con-
taining inflammatory cells, mainly lymphocytes, but also plasma cells, macro-
phages, histiocytes, multinucleated giant cells and some polymorphonuclear leu-
kocytes [9, 10, 15, 23, 28, 37, 49, 54, 55]. More acute changes may occur especially
corresponding to clavicular lesions [9, 55]. Organisms, eosinophils, granulomatous
foci, abscess formation or sequesters are generally absent and bacterial cultures are
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negative [23, 28, 37, 49]. Later spongiosclerosis, signs of remodelling and predom-
inantly chronic inflammation may occur, corresponding to the changes of adults
[37]. The sclerosis is probably elicited by osteitis, which can cause increased endos-
teal, medullary or periosteal new bone formation. The detection of inflammatory
changes, however, depends upon the disease duration and the activity at the time
of biopsy [37].

13.2.4
Long-term Outcome

The characteristic course of CRMO is prolonged with periods of exacerbation, of-
ten involving the same osseous lesion (or lesions) affected previously, or alterna-
tively occurring in an entirely new site [4, 11, 19, 40]. The patients may be symp-
tom-free between attacks except for persistence of a hard non-tender swelling
corresponding to hyperostotic lesions.

The long-term clinical course is generally unpredictable [23]. Most cases are
self-limited and their lesions eventually resolve without major sequels or func-
tional impairment [1, 5, 20, 23, 28, 32, 40, 52, 55]. Sequels due to premature closure
of the epiphysis, bone deformity and kyphosis may occur, but are rare [11, 40, 55].
The duration of symptoms may be in the range of 7-25 years [14, 27, 40], but there
may be long periods without symptoms and the symptoms related to the initial le-
sion may have been replaced by other symptomatic lesions [40]. However, in two
analyses with follow-up after skeletal maturity noticeable deformity and leg-length
inequality were found to be relatively frequent [14, 27]. Continued symptoms as a
result of CRMO occur in about a quarter of the patients, sometimes due to associ-
ated medical problems such as arthritis, sacroiliitis, psoriasis, recurrent pustular
rashes and inflammatory bowel diseases [27]. These associated disease manifesta-
tions also occur in seronegative spondylarthropathy (SpA), indicating that CRMO
can progress to a form of SpA. This is supported by the finding of CRMO evolving
to SpA in another study [62].

13.2.5
Cause and Pathophysiology

The pathophysiology of CRMO is poorly understood. Haematogenous spread of
an infection seems unlikely because pathogens are generally not cultured from the
blood, bones or joints. Occasionally an organism has been isolated, usually Staphy-
lococcus epidermidis and Propionibacterium acnes. It has generally been considered
a result of contamination rather than true infection [32, 55]. In accordance with
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this, the course of the disease is not altered by antibiotic therapy, but it remains
possible that a slow-growing unknown organism with fastidious growth require-
ments, not detected on common media, causes CRMO.

Chronic recurrent multifocal osteomyelitis is more likely an autoimmune dis-
order as it has been reported associated with several autoimmune diseases, includ-
ing chronic inflammatory bowel diseases, Wegener’s granulomatosis, psoriasis and
Takayasu’s vasculitis [3, 7, 9, 27, 28, 32, 55]. It is possible that CRMO represents a
juvenile form of SpA. This is supported by the occasional occurrence of the follow-
ing findings: (1) association with disease manifestations seen in adults with SpA
such as PPP, inflammatory bowel disorders and psoriasis, (2) observed familiar
relation to SpA, PPP and psoriasis vulgaris and (3) observed proceeding of CRMO
to SpA [3, 26-28, 40, 52, 55, 62]. CRMO has clinical and radiographic similari-
ties with pustulotic arthro-osteitis (PAO) of adults and dissimilarities may be ex-
plained by different phases of bone development with the absence of tubular bone
synchondrosis in adults. It is therefore possible that some CRMO patients have a
juvenile form of PAO. The occurrence of CRMO-like lesions in adults with PAO
and a rather frequent occurrence of PPP in patients with CRMO are consistent
with this [32].

13.2.6
Differential Diagnoses

The differential diagnosis mainly includes infectious osteomyelitis, juvenile idio-
pathic arthritis and tumour or tumour-like lesions [28, 55]. Biopsy may be needed
to exclude by histological examination the rare case of a tumour presenting with a
similar picture, for example Ewing sarcoma and leukaemia or histiocytosis X/eo-
sinophilic granuloma, and to provide material for microbiological studies. In the
differential diagnosis the CRMO features listed in Table 13.1 should be taken into
account. The presence of skin disease strongly supports the diagnosis, so biopsy
and culture may be unnecessary.

13.3
Adult Osteoarthropathy

Inflammatory predominant osseous lesions of the sternum or the clavicle also oc-
cur in adults, sometimes as part of a multifocal disease. The clavicular lesions seem
similar to those of children and adolescents apart from the occasional concomi-
tant ossification of the first costal cartilage, whereas sternal lesions occur mainly
in adults.
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13.3.1
Sclerotic and Hyperostotic Sternocostoclavicular Lesions

13.3.11
Sclerosis and Hyperostosis of the Sternum

Diffuse inflammatory osseous sclerosis of the manubrium sterni is a rare finding
[2, 13, 21, 29, 30, 34, 38, 39, 42, 47]. Less pronounced, localised changes are more
common [17, 25, 29, 35, 59] and they probably represent early changes in patients
who later develop diffuse sclerosis [30, 34, 38, 39]. The lesions may occur in all
adult age groups, but are predominantly seen in women.

Clinically the involvement is characterised by recurrent attacks of pain and
swelling in the region of the manubrium sterni and the surrounding joints, often
with accompanying shoulder pain, but rarely malaise and fever [39]. The symp-
toms usually start in the region of one SCC joint and gradually spread in the bone
to the region of other joints. The course is fluctuating and prolonged over several
years, often with persistence of slight SCC discomfort during remissions [39]. Ac-
companying PPP occurs in about half of the patients [29, 34, 39, 42, 47].

The findings at conventional or computed tomography in the early stages are
characterised by osseous sclerosis of the manubrium sterni adjacent to uneven
joint facets, often those of the sternoclavicular and first sternocostal joints, but the
sclerosis may also start at the MS] (Figs. 13.4 and 13.5) [30, 34, 39, 43]. Gradually
the sclerosis spreads to involve nearly the entire manubrium. Periosteal new bone
formation and lytic areas within the sclerosis are occasionally seen during exacer-
bations, best delineated at CT (Fig. 13.5) [38, 39]. The disease sometimes crosses
the MSJ and the first sternocostal joints, which may ankylose. Changes adjacent to
the sternoclavicular joints seem to be different. The joint facets may be uneven, but
erosion of the opposite clavicular facets conforming to ordinary arthritis or devel-
opment of ankylosis is rare. It seems as though the intra-articular disc can resist
spread of the disease [30, 34], but accompanying clavicular sclerosis analogous to
that of the sternum can occur [30, 34, 38, 39]. Degenerative changes of the ster-
noclavicular joints in the form of joint space narrowing and/or osteophytes are,
however, a frequent finding in late stages [30, 38, 39], and there is usually accom-
panying ossification of the first costal cartilages, and sometimes also slight ossifica-
tion of the costoclavicular ligaments [30, 38, 39]. The osseous sclerosis persists for
many years and although regression has been observed the bone will never return
to normal [38, 39]. Nearly diffuse sclerosis of the manubrium sterni may also oc-
cur together with advanced arthritis of the sternoclavicular joints, but it is usually
uncertain whether their sclerosis evolved primarily or was secondary to arthritis.
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Fig. 13.4 Early adult osteoarthropathy in a 38-year-old man with pain and swelling cor-
responding to the left first sternocostal joint during 9 months. a,b Axial CT slice (a) and
coronal reconstruction (b) show slight broadening of the sternocostal joint (arrow) with
irregular joint facet and concomitant calcification of the costal cartilage. ¢,d MRI, axial (c)
and coronal postcontrast T1 FS (d) images showed mainly enhancement of the upper part of
the manubrium sterni, but also some enhancement around the adjacent costal cartilage

The findings at MRI depend on the degree and activity of the disease. Active in-
flammatory areas present as high signal intensity on STIR images and/or enhance-
ment on postcontrast images (Fig. 13.4). There is not always correspondingly low
signal intensity on T1-weighted images because sequels of inflammation may have
caused fatty marrow changes presenting as high signal intensity. MRI can be used
to locate active areas for biopsy, for example guided by CT [43].

Activity in sternal lesions can be detected by scintigraphy, which in addition
may reveal concomitant lesions [12, 18].
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Fig. 13.5 Advanced adult osteoar-
thropathy. a Coronal and sagittal CT
reconstruction in a 47-year-old woman
with SCC complaints during 3 years.
Sclerosis and hyperostosis of the lower
part of the manubrium sterni adjacent
to the MS], but without changes on
the other side of the joints. b Ten years
later sagittal CT reconstruction of a
whole body CT shows diffuse osse-
ous sclerosis of the manubrium sterni
extending to the sternal body and
accompanied by ankylosis of the MS].
There are concomitant osseous scle-
rotic lesions of vertebral bodies with
some erosion of the vertebral plates
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13.3.1.2
Sclerosis and Hyperostosis of the Clavicle

Adults can have sclerotic and hyperostotic clavicular lesions somewhat similar to
those of children and adolescents [37, 42], but often accompanied by ossification
of the first costal cartilage [30]. An association of such changes with PPP [42], acne
[8] and inflammatory bowel diseases [61] has been described. CRMO-like lesions
in adults have been regarded by some as a manifestation of SAPHO [3].

13.3.2
Associated Skeletal Lesions and Other Findings

Sclerotic sternal lesions often occur as an isolated skeletal abnormality, but can be
accompanied by vertebral or pelvic bone lesions [29, 38, 39]. Sclerotic lesions of
tubular bones may also occur [12].

13.3.2.1
Imaging Features

The vertebral lesions appear as diffuse metastasis-like sclerosis [38, 39] or as a
spondylodiscitis with pronounced subchondral sclerosis [29] (Fig. 13.5). The pel-
vic lesions are usually characterised by pronounced sclerosis adjacent to an un-
even joint facet at the pubic symphysis or the sacroiliac joint, but sacroiliitis has
also been observed [38, 39]. Hyperostotic and sclerotic clavicular lesions may be
accompanied by similar lesions.

13.3.2.2
Biochemical and Histopathological Features

Biochemical findings are non-specific. They mainly consist of elevated ESR or CRP
[15, 34, 39, 47] and protein electrophoretic signs of active inflammatory disease
during exacerbations. Abnormal WBC and differential counts, and positive sero-
logical reaction for bacterial agents are rare [39] (Fig. 13.5). The disorders are not
associated with HLA-B27 [39], and tests for rheumatoid factor and antinuclear
antibodies are negative [37] as are bacterial cultures for pathogens [37]. Propioni-
bacterium acnes has been reported [43, 44], but is probably due to contamination.

The histopathological findings are also non-specific. They consist of spongio-
sclerosis with broad trabeculae of bone surrounding relatively small marrow
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spaces filled with a fibrovascular material that occasionally contains lymphocytes
and plasma cells [2, 15, 34, 39]. The detection of inflammatory changes, however,
depends upon the disease activity at the time of examination [37].

13.3.3
Differential Diagnoses

The main differential diagnoses of inflammatory osseous lesions in adults are
chronic infectious osteitis, benign and malignant osteoblastic bone tumours, met-
astatic and lymphoproliferative lesions, Paget’s disease and metabolic disorders.

13.4
Terminology

Hyperostotic and sclerotic SCC lesions in adults are generally rare findings. This
may be the reason for the varying nomenclature. During recent years the two most
frequent used terms are “pustulotic arthro-osteitis” (PAO) and SAPHO syndrome
(synovitis acne-pustulosis-hyperostosis-osteitis) [12, 43]. The sternal lesions have,
however, been described under the terms SCCH [21], “sternocostoclavicular ar-
thro-osteitis” [17] and “acquired hyperostosis syndrome” [13]. They have also be
named “skeletal lesions associated with PPP” [25, 42], “sternal hyperostosis” [2]
and “sclerotic changes or sclerosis and hyperostosis of the manubrium sterni” [38,
39]. Sclerotic clavicular lesions occurring in adults have been named PAO, SCCH,
SAPHO syndrome [54], “clavicular hyperostosis”, “multiple hyperostosis with uni-
lateral sacroiliitis” and “bone lesions associated with PPP” [42].

The lesions of children and adolescents have been described under several
headings such as SAPHO [10, 16, 56, 60], “recurrent hyperostosis of the clavicle’,
“clavicular hyperostosis’, “idiopathic cortical hyperostosis”, “condensing osteitis of

» <« » «.

the clavicle”, “sclerosing osteitis”, “inflammatory metachronous hyperostosis of the
clavicle”, “chronic sclerosing osteomyelitis or inflammatory hyperostosis and scle-
rosis of the clavicle” [37], “tumour of the medial end of the clavicle” and “bone
lesions associated with PPP or acne” [42]. When part of a multifocal disease, the
changes have often been termed CRMO [6, 37, 52], but also “chronic multifocal
cleido-metaphyseal osteomyelitis” [50] and “subacute and chronic symmetrical
osteomyelitis”

The disorder of children and adolescents conforming to CRMO has by some
been regarded a paediatric variant of the SAPHO syndrome, a term coined for

diseases that manifest sterile inflammatory bone lesions together with skin erup-
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tions [3, 58]. This only points to a connection with SpA in adulthood, but can be
confusing.

The finding of PPP in some of the patients indicates that the lesions represent a
manifestation of a seronegative osteoarthropathy, and the nomenclature should be
in accordance with this.

The clinical, radiographic, laboratory and histopathological findings are similar
in patients with and without PPP [6, 37-39, 52]. Irrespective of the presence of
PPP, the abnormalities probably represent identical diseases. It may be hypoth-
esised that some of the patients with osseous sclerotic SCC lesions, but no PPP,
have a PPP-related involvement without manifest skin disease. The time lag often
occurring between the skin and SCC lesions in patients with both findings implies
that some patients for a period have only one of the findings [31]. Patients without
accompanying PPP may later develop it.

13.5
Conclusions

Chronic recurrent multifocal osteomyelitis is a clinical entity different from bacte-
rial osteomyelitis. It mainly occurs in children and adolescents and is characterised
by a prolonged, fluctuating course with recurrent episodes of pain occurring over
several years. It is often multifocal and can involve the clavicle. The radiographic
picture suggests subacute or chronic osteomyelitis. Histopathological and labora-
tory findings are non-specific and bacterial culture negative. CRMO lesions are
often diagnosed by exclusion of the two main differential diagnoses, infectious dis-
eases and tumours, by its characteristic course and the findings by conventional
radiography, if necessary supplemented by scintigraphy and/or MRI. The MRI fea-
tures of clavicular lesions may however be non-specific unless it displays a bone
within bone appearance. Inflammatory predominant osseous SCC lesions also oc-
cur in adults located to the sternum or the clavicle. They may simulate tumour,
Paget’s disease, chronic infection and metabolic disorders. The presence of con-
comitant dermal disease supports the diagnosis. In case of doubt, complementary
biopsy with histopathology and culture must be performed.

It is important to be aware of these rare disorders and make the diagnosis in
order to avoid unnecessary diagnostic procedures, initiate an appropriate therapy
with non-steroidal anti-inflammatory drugs and inform the patient about the rela-
tively benign, but usually prolonged and recurrent course.

The occurrence of osseous sclerotic SCC lesions in both adults and children and
adolescents sometimes accompanied by lesions of other bones and PPP indicates
that they may be similar diseases just with a different location depending on age.
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A female predominance in both groups supports this. Based on a frequent asso-

ciation with PPP, the lesions of adults can be regarded as a sign of a seronegative
PPP-related osteoarthropathy, and the disorder of children and adolescents has to
be classified accordingly.
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14.1
Introduction

All rheumatic inflammatory disorders can involve the sternocostoclavicular (SCC)
region. The most frequently encountered disorder is osteoarthritis (Chapter 15),
but other manifestations of arthritides such as rheumatoid arthritis also occur.
Moreover, involvement of SCC joints can occur as the only disease manifestation.

14.2
Rheumatoid Arthritis

Rheumatoid arthritis (RA) can involve any of the SCC joints, but especially the
sternoclavicular joint [42]. The frequency of SCC involvement in RA is, however,
low compared to that of seronegative spondylarthropathies (SpA). Clinical evi-
dence of SCC joint involvement in RA occurs in only 10% of patients with RA, al-
though symptoms of pain and swelling related to the sternoclavicular, MS] and
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sternocostal articulations when looked for may be present in more than 70% of
patients with erosive RA [28].

The pathoanatomical RA changes in the sternoclavicular joints are similar to
those in other joints, including pannus formation and bony erosion [45]. The in-
volvement of the MS] in RA may be related to the occasional occurrence of syno-
via in the MSJ [29, 43, 44] or spread of inflammation from the adjacent synovial
second sternocostal joints. At autopsy over half of RA patients have been found to
have erosion of the MSJ [29].

The symptoms of joint involvement may be overlooked or misinterpreted as
caused by shoulder or neck involvement [15]. RA involvement of the SCC joints is
therefore seldom obtained at imaging.

14.2.1
Sternoclavicular Joints

Clinical signs of sternoclavicular joint involvement consist of pain, tenderness and
swelling. It has been reported present in 1-19% of patients with RA [9, 17, 30], but
may be more frequent when specially looked for.

Radiographic features are like those of other synovial joints involved by RA
characterised by subchondral and marginal erosions, and joint space narrowing
(Fig. 14.1) [24]. However, involvement of the sternoclavicular joints in RA can
manifest as large synovial cysts or a more solid tumour-like mass representing a
rheumatoid nodule [1, 11]. Such lesions demands ultrasonography or MRI for ob-
taining the diagnosis.

14.2.2
Manubriosternal Joint

Clinical signs of MS] involvement consist of pain, swelling and tenderness. In com-
parison with the sternoclavicular joint, clinical involvement of the MS] is relatively
infrequent in RA, occurring in 2-9% of patients [9, 17]. Based on radiographic
analysis the joint has been found more frequently involved [29]. The lack of spe-
cific symptoms referred to MS] involvement may be due to symptoms presenting
as referred pain or resembling pleuritic pain [10]. Involvement occurs especially in
patients with an aggressive and destructive course. There can be complicating MS]
subluxation, described associated with severe cervical spine disease [31] or thoracic
kyphosis [28]. Complicating septic arthritis can also occur (Chapter 16; Fig. 16.1).

On lateral radiographs the changes consist of diminution in height of the fibro-
cartilage with erosion or slight irregularity of the bony ends [10, 41]. The osseous
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Fig. 14.1 Rheumatoid arthritis in a 52-year-old woman with known seropositive erosive
peripheral RA for 10 years and pain, swelling and tenderness corresponding to the left ster-
noclavicular joint during 2 months. a Initial CT, coronal reconstruction shows distension of
the left sternoclavicular joint (arrows) and superficial erosion of the lower two thirds of the
clavicular joint surface. b Six months later, axial CT slice shows clavicular erosion (arrow)

proliferation seen in SpA does not occur, but some of the abnormalities detected
have also been observed in healthy persons [41]. Radiographic changes have been
reported in 15-71% of RA patients [9, 14, 31, 44]. However, unequivocal radio-
graphic abnormalities are also frequent in patients in the same age range, having
osteoarthritis, found to occur in 32% of patients compared with 44% of patients
with RA [46].

14.3
Gout

Acute gout may involve the SCC region although rarely. The sternoclavicular joint

[12, 40], the costochondral articulations [12] and the MSJ [27] can be affected.
The appearance by radiography is not specific and may simulate degenerative

changes [27]. The definite diagnosis is obtained by arthrocentesis followed by
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polarising microscopy showing needle-shaped crystals, or by histology in the rare
occurrence of tophus formation [45].

14.4
Pseudogout — Chondrocalcinosis

Calcium pyrophosphate deposition disease (CPPD) mainly occurs in the knees,
wrists, hips, glenohumeral and acromioclavicular joints, but can involve the SCC
region. Involvement of the sternoclavicular joint predominantly occurs in the
polyarticular form of chondrocalcinosis.

The radiological changes consist of calcification in the articular disc and usually
a gradual development of secondary degenerative changes with marginal osteo-
phytes, particular on the clavicles [37, 49]. Involvement of the MS] may also oc-
cur, probably corresponding to the occasional involvement of the pubic symphysis
[37]. The rare occurrence of tophaceous CPPD in the soft tissue of the SCC region
simulating chondrosarcoma have been described [38].

14.5
Monarthritis

Monarthritis of the SCC region is rare, but can occur corresponding to the ster-
noclavicular, manubriosternal and sternocostal joints. Such involvement should
always be considered as a differential diagnosis of chest and shoulder pain and/or
swelling in the SCC region. Involvement of the SCC joints may manifest as pain
referred to areas distant from the joints [15, 21, 22].

Monarthritis of the sternoclavicular joint without evidence of systemic disease
and radiography showing erosion of the clavicular end have been reported in post-
menopausal women corresponding to the dominant sternoclavicular joint and re-
solving within a year [5]. Such changes are usually due to degenerative changes.
Consistent with this, self-limited monoarticular subacute arthritis of the sterno-
clavicular joint has also been reported on the dominant side in women performing
strenuous physical activities [13]. It probably represents post-traumatic arthritis or
erosive episodes as part of osteoarthritis. Osteoarthritis presenting as monarthri-
tis of the sternoclavicular joint may be more common than is usually recognised
(Chapter 15).

Monarthritis of the manubriosternal joint is rare [20, 33, 34, 36]. In the early
reports it was suggested to be due to trauma [33, 34] or to repeated overexertion
by hard manual work [36], which can have elicited osteoarthritis. In later studies
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an association with PPP, psoriasis, acne and HLA-B27 was observed [19, 20]. This
indicated that MS] monarthritis sometimes belongs to the group of seronegative
arthritides. In accordance with this, MS]J arthritis may occasionally be the first
manifestation of a generalised arthritis, and then for a period be monoarticular
[18, 20]. However, persistent MS] monarthritis may occur and can be associated
with psoriasis vulgaris or HLA-B27 (Fig. 14.2).

The MSJ monarthritis associated with psoriasis, psoriasis in the family or HLA-
B27 may be viewed as a variant of psoriatic or reactive arthritis, although trig-
gering infection may escape detection [18, 20]. The involvement associated with
PPP or acne can be regarded as a sign of a PPP- or acne-associated arthropathy
(Chapter 12).

The pain of MS]J involvement often radiates to the shoulders, and sometimes
also to the arms. If it is precipitated by exertion, it can simulate angina [4, 20].

Monarthritis of the sternocostal joint is also a rare finding. It may occur as a
sign of degenerative changes or be the first manifestation of a systemic disease

Fig. 14.2 Monarthritis of the MS] in a
48-year-old woman with psoriasis. Sag-
ittal CT reconstruction shows erosion
of the joint facets and distension of the
capsule posteriorly
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Fig. 14.3 Osteoarthritis of the second right sternocostal joint in a 56-year-old man with
synostosis of the MSJ. a Coronal CT reconstruction and b VIP view show broadening of the
right second sternocostal joint with osteophyte formation (arrow)

(Fig. 14.3) [21]. Such changes have sometimes been termed Tietze’s syndrome.
This syndrome was described in 1921 as a benign self-limiting entity characterised
by non-suppurative, tender, painful swelling of costal cartilage of unknown aetiol-
ogy, and absence of other lesions that could establish a definite diagnosis [25, 32].
Despite the definition several disorders have been described under the term, com-
prising sternocostal joint swellings as part of rheumatoid [39] or seronegative ar-
thritis [8], rheumatic fever [8] and gout [12]. Patients with idiopathic monarthritis
of the sternoclavicular joint have also been included under the term Tietze’s syn-
drome [26, 47], which should be reserved for sternocostal swellings of unknown
origin and without associated disorders [23].

When looked for there are often well-defined disorders causing swelling of ster-
nocostal joints. An analysis of 16 patients with rather similar sternocostal joint
swellings disclosed different types of disorders. Nine patients had no other diseases.
Five patients had concomitant PPP and/or psoriasis, one also systemic arthritic
disorder, and two had HLA-B27-associated sacroiliitis. Radiographic changes with
a possible bearing upon the condition occurred in seven of the nine patients with
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isolated sternocostal joint changes. Three patients had sternocostal joint osteoar-
thritis, two had persistent segmentation between the two upper segments of the
sternal body, and two had ankylosis of the MS]. Conventional tomography was
normal in two patients, and a subsequent CT revealed non-specific enlargement of
the involved costal cartilage adjacent to the sternum. According to the definition,
the name Tietze’s syndrome is to be used only in the two patients with non-specific
cartilage enlargement visualised by CT. The involvement of the other seven pa-
tients with isolated sternocostal joint changes should be named in accordance with
the finding of anatomical variants and/or degenerative changes.

All the patients with skin disease or HLA-B27 had radiographic changes, either
erosion of the involved first sternocostal joint or erosion and/or ankylosis of the
MSJ with irregularity of the adjacent second sternocostal joint. The sternocostal
joint involvement in patients with systemic arthritis and/or skin disease can be
regarded as a sign of seronegative arthritis, and has to be classified accordingly.

The second sternocostal joints and costal cartilages are the sites most frequently
involved clinically, followed by the level of the third and fourth cartilages, equally
often on the right and left side [21, 25, 32]. Involvement predominantly at the MS]
may be explained by the strain imposed on the MS] during respiration as local
strain generated during respiration can cause osteoarthrosis. One of our patients
with osteoarthritis had a displaced sternal joint, and one had MS]J synostosis, con-
ditions that alter the pattern of sternocostal mobility and can thereby cause strain
on the cartilages and/or sternocostal joints during respiration (Fig. 14.3) [21]. Also
the persistent sternal segmentation may alter the strain pattern [3, 21].

The SCC symptoms and clinical findings in patients with sternocostal joint
swellings are rather uniform [21]. There are typically swelling and pain aggravated
by deep inspiration, coughing and sneezing. The pain sometimes radiates to the
shoulder [21, 25, 32] and may simulate angina [2]. The duration of symptoms var-
ies. The pain can subside and the swelling diminish, but usually there is persistence
of a hard non-tender swelling [21].

14.6
Other Disorders

Other inflammatory disorders including relapsing polychondritis and Behget’s
syndrome can involve the SCC region.

Relapsing polychondritis is considered an acquired disorder of mucopolysaccha-
ride metabolism with a possible hypersensitivity or altered immunity component
[35]. Chondritis of the ear and nose is the most common manifestation, but in-
volvement of the costal cartilage also occurs. This causes anterior chest wall pain
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and the diagnosis can be suspected by increased tracer uptake at scintigraphy cor-
responding to the cartilages, but has to be confirmed histologically [16].

Behget’s syndrome is a rare clinical triad of recurrent mouth ulcers, genital ulcers
and anterior uveitis. It can be associated with joint symptoms located to the SCC
region [7, 48], and also clavicular hyperostosis in children [6].

14.7
Conclusion

All rheumatic inflammatory disorders can involve the SCC region. SCC involve-
ment may, however, be overlooked or misinterpreted due to the pain being re-
ferred to regions distant from the joints.

Manubriosternal joint arthritis may occasionally be the first manifestation of a
generalised arthritis, and may then for a period be monoarticular. Persistent MS]
monarthritis is a rare finding, which sometimes occurs together with psoriasis or
HLA-B27.

Monoarticular swelling of sternocostal joints may be due to anatomical vari-
ants, osteoarthritis and arthritic changes. Such swelling is sometimes termed Tie-
tze’s syndrome. To avoid misinterpretation this term should be used only if there is
no detectable cause of the swelling at imaging or clinically.

In non-rheumatology clinics SCC pain and swelling may be regarded as signs of
tumour, and the symptoms can be interpreted as signs of cardiac disease.
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15.1

Introduction

This chapter concentrates on osteoarthritis (OA) of the sternoclavicular joint
(SCJ), the archetypal degenerative joint disease and the commonest condition to
affect this joint. It also covers the rather controversial topic of condensing osteitis
of the clavicle. Although some authors have suggested that this condition would be
better termed post-traumatic clavicular sclerosis, it is now widely accepted that it
is most likely to be a degenerative process. It is still not clear whether all or any of
these patients subsequently develop OA of the SCJ.

15.2
Osteoarthritis of the Sternoclavicular Joint

Osteoarthritis is the most frequently identified disorder of the SCJ. Osteoarthritic
changes are seen increasingly commonly with age. Kier et al. [12] performed block
dissections of 55 SCJs in consecutive autopsy specimens and then performed high-
resolution PA radiographs and subsequently a histological assessment to deter-
mine the severity of OA present. Some degenerative changes were identified in
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50% of patients under 40 but, in comparison, were found in 97% of patients over
60. Moderately severe degenerative changes were present in only 12% of patients
under 40 compared with 33% of patients over 60, while severe changes were pres-
ent in no patients under 40 and 20% of those over 60. The changes were typically
bilateral but often asymmetrical.

In addition to advancing years, there may be an identifiable cause of SCJ osteo-
arthritis. The SCJ can be involved in patients with systemic or primary OA. Arlet
and Ficat [2] found clinical evidence of OA in 21 of 25 patients with generalised
systemic OA. In other patients, repetitive trauma may produce a monarthritis. This
may be seen in manual labourers and in those playing a lot of racket sports. There
is some evidence that degenerative changes in these patients are most prominent
on the side of the dominant hand [2]. Yood and Goldenberg [24] reported 18 cases
of SCJ monarthritis in patients aged 20-50 years. Most of these patients were man-
ual labourers and all of them had monarthritis on the dominant hand side. Other
studies have not reliably demonstrated a strong link with dominant handedness
[12]. The third group of patients with a definitive cause are those with a history of
a single traumatic event, such as dislocation, subluxation or periarticular fracture
[16]. Finally, there is some evidence that other conditions of the SCJ region may
produce OA. These include condensing osteitis, previous joint infection and other
systemic arthritides, but in all of these cases OA is not an inevitable consequence.

Patients presenting with symptomatic OA of the SCJ tend to be in or beyond the
sixth decade of life. The principle symptom is local pain and this has often been
present for many months or years. The pain is usually aggravated by abduction of
the arm and by forward elevation of the arm above the horizontal. Swelling of the
SCJ is usually present. An irregular bony prominence may be palpable and crepitus
may be detected in severe cases. However, it remains surprising that patients may
remain asymptomatic even with quite advanced degenerative changes. Inflamma-
tory markers are almost invariably normal irrespective of symptoms.

The plain radiograph is usually the initial imaging investigation and this dem-
onstrates the typical features of OA seen in most other joints. These comprise joint
space narrowing, subchondral sclerosis, osteophyte formation and subchondral
cysts. Kier et al. [12] found a good correlation between radiographic abnormalities
and histological changes. Although sclerosis, cysts and osteophytes can be found
on either side of the joint, the commonest site for these changes is the articular
surface of the inferomedial clavicle [2, 12]. Osteophytes are particularly common
here and are much less frequently identified at the superior clavicular surface or
the sternal surface of the SCJ. There may also be partial or complete ossification of
the costal cartilage of the ipsilateral first rib. However, Kier et al. [12] felt that this
was more likely to represent part of the normal ageing process rather than being
directly linked to OA of the SCJ as there was no significant correlation with the
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presence or absence of degenerative changes in the SCJ. Calcification here may be
misinterpreted as a large osteophyte from the SCJ.

There are limitations to the ability of plain X-rays to demonstrate reliably SCJ
pathology. Overlapping or composite shadows may obscure degenerative changes.
Consequently, small subchondral cysts may be particularly difficult to define. The
joint space is often difficult to assess, as the direction of the X-ray beam does not
always pass perfectly through the centre of the joint. Oblique views and conven-
tional tomography were used in the past to provide a better assessment but have
been superseded by CT. Modern equipment allows the acquisition of a narrow
collection of slices between 0.6 and 1.25 mm thick and these provide effectively
isotropic voxels. Using a high-resolution bone algorithm and if necessary overlap-
ping slices, reformatted images can be generated which have the same resolution
in the coronal plane as they do in the axial. With an acquisition time of less than
10 s, breath-holding is not a problem.

The grading of the severity of OA is rather arbitrary but is made according to
the degree to which the various radiographic features are present. So, for example,
minor joint space narrowing with subtle osteophytes and small cysts represents
mild disease while definite joint space narrowing with obvious osteophytes and a
small number of large cysts corresponds to moderate disease. Obliteration of the
joint space, large osteophytes and dense sclerosis is seen in severe cases.

These radiographic features of OA are easily identified on CT (Fig. 15.1). In
particular, the joint space narrowing is much more readily identified than on plain
radiographs (Fig. 15.2). CT is also able to identify degenerative changes in other
nearby joints such as the acromioclavicular joint. Air may be seen within the SC]
on CT in cases of OA but this is a non-specific finding as it may be seen in normal
patients with arms placed above the head. The decrease in joint pressure that this
causes produces a vacuum phenomenon.

Magnetic resonance imaging (MRI) can elegantly demonstrate the changes of
OA of the SCJ. Although obtaining optimal images can be difficult, we have found
the most consistently useful technique is to use anterior and posterior linked coils
with the patient supine and gently breathing. Small surface coils, prone examina-
tions and respiratory gating are options. Spin echo T1 and STIR sequences are the
primary weightings although spin echo T2 with or without fat saturation and pro-
ton density with fat saturation may be useful. Images should be obtained axial and
coronal to the plane of the SCJ. Sagittal images are of only limited value. A slice
width of 3-5 mm is usually sufficient and gadolinium is not required routinely.

Areas of subchondral sclerosis appear as low signal on both T1- and T2-
weighted sequences. Subchondral cysts are usually well-defined round areas of low
signal on T1 and high signal on T2 and STIR images (Fig. 15.3). The joint space
loss is clearly demonstrated. Occasionally a joint effusion may be present and this
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Fig. 15.1a,b Axial plane CT
demonstrating OA of the right
SCJ. Subchondral sclerosis and
cysts are present and the joint
space is narrowed

is typically of high signal on T2 and STIR images (Fig. 15.4) [7]. This may outline
remnants of the degenerated intra-articular disc (Fig. 15.5). It is believed that the
effusion may be due to a synovitis secondary to debris within the joint as a result
of the degenerative process [20]. This may produce acute symptoms, particularly
local pain, and it may be the trigger for the patient to seek medical advice. Interest-
ingly in their series, Kier et al. [12] found no evidence of synovitis in the histologi-
cal assessment of their cases, although it may be that none of their patients had
symptomatic SCJ OA during life.
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Fig. 15.2 Computed tomog-
raphy of the sternoclavicular
joint with axial oblique (a) and
coronal oblique (b) reconstruc-
tions. There is OA of the right
SCJ with typical degenerative
changes on both sides of the
joint. The changes are most
marked in the inferomedial
aspect of the clavicle

Ultrasound may be used to assess the SCJ and can demonstrate degenerative
features such as osteophytes and joint space loss. The assessment of the state of the
subchondral bone is less reliable.

Bone scintigraphy is rarely indicated in these patients. However, increased up-
take of tracer is commonly seen around the SCJ in elderly patients and this un-
doubtedly corresponds to OA here. The amount of tracer uptake corresponds with
osteoblastic activity in the subchondral bone.

15.3
Condensing Osteitis

This is a rare and benign condition of unknown aetiology. It was first reported by
Brower et al. in 1974 [3] and typically produces sclerosis of the inferomedial aspect
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Fig. 15.3 Magnetic reso-
nance image of the SCJs
with coronal oblique

T1 (a) and STIR (b)
sequences. OA of the
right SCJ with subchon-
dral cysts and some
subchondral sclerosis,
joint space loss and
osteophyte formation

of the clavicle (Fig. 15.6). It is most commonly seen in women of mid-to-late child-
bearing years but it has been reported to occur in men [6, 7].

Brower et al. [3] in their initial report suggested that this may be a degenerative
process. Although the SCJ and the manubrium are normal and not involved in
the disease process, the region of the clavicle involved is the same as seen in OA
and there are several reports of an inferior spur with an appearance suggestive of
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Fig. 15.4 Coronal
oblique STIR showing
subchondral cysts and
a joint effusion. The
intra-articular disc has
degenerated

Fig. 15.5 a Coronal
oblique T2 demonstrat-
ing right subchondral
sclerosis, a joint effusion
and loss of much of

the intra-articular disc.
b Coronal oblique STIR
image showing a joint
effusion with irregular-
ity and disruption of
the disc
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Fig. 15.6 Radiograph of the left clavicle with sclerosis of the inferomedial clavicle. This ap-
pearance should raise a suspicion of condensing osteitis

Fig. 15.7 Axial plane CT demonstrating marked sclerosis and expansion of the inferomedial
left clavicle typical of condensing osteitis. The anterior surface is deformed and protuberant
although this is not strictly a true spur. The overlying soft tissues are displaced

an osteophyte (Fig. 15.7). Several studies have reported the histological features
of the sclerotic process and this typically shows trabecular and cortical reinforce-
ment with thickening of existing trabeculae [3, 13]. Much of the marrow space is
obliterated. This is most likely to represent a hyperostotic response to mechani-
cal stress [3, 4]. However, published series show a wide variation in the incidence
of recognised local stress in these patients. Outwater and Oates [18] found only
2 of their 11 patients had a history of possible mechanical stress, while Jurik et
al. [11] described 5 cases, 3 of whom had identifiable predisposing mechanical
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causes. Recorded stress mechanisms include excessive gardening, shooting, soft-
ball playing, heavy lifting and swimming [3, 11, 17]. The condition is found more
commonly on the side of the dominant hand [21] but patients with bilateral con-
densing osteitis have been reported [11, 14].

The exact mechanism is unclear but several possibilities have been suggested.
Jurik et al. [11] suggested that there may be microfractures in the medial clavicle
and that these lead to a sclerotic response. Several authors have proposed a lo-
cal osteonecrosis [5, 10, 11], particularly given the finding of marrow fibrosis in
some cases. This had led several groups to conclude that condensing osteitis and
Friedrich’s disease are either the same or closely related diseases [10, 11, 18]. In
fact, Friedrich’s disease is a condition of children and adolescents which typically
produces sclerosis of the entire medial end of the clavicle [15] and is typified his-
tologically by necrosis and fibrosis. However, it remains the principle differential
diagnosis of condensing osteitis. There may be histological evidence of marrow
fibrosis in cases of condensing osteitis and this could be due to a low-grade local
ischaemia, probably again related to recurrent mechanical stress. The process is
strikingly similar to osteitis condensans ilii and osteitis condensans pubis. Both of
these latter conditions are seen in women of mid-to-late child-bearing years and
are thought to be related to mechanical stress and may represent early degenera-
tive changes [3].

Some authors have proposed different aetiologies. Jones et al. [8] reported three
cases of condensing osteitis in children. Two of the cases had positive anti-staph-
ylolysin titres which led the authors to conclude that this disease was in fact a
low-grade osteomyelitis. Other studies have performed bacteriological cultures on
clavicular biopsy specimens and these have all produced no evidence of bacterial
growth [13, 17]. Greenspan et al. [5] suggested that the Jones series did indeed
represent low-grade osteomyelitis but that these were not cases of condensing os-
teitis.

Appell et al. [1] described a series of seven cases but none of these cases had
typical features of condensing osteitis. At least some of the cases were believed to
have a low-grade chronic osteomyelitis and four of the seven cases showed sig-
nificant improvement with antibiotics. All of the cases had elevated inflammatory
markers and the radiographic appearances included periosteal reactions and bone
destruction. Subsequent publications have suggested that these cases also did not
represent condensing osteitis [5].

Patients with condensing osteitis usually present with pain in the region of the
medial clavicle although the pain can radiate to the ipsilateral supraclavicular re-
gion and the ipsilateral shoulder. Some patients describe intermittent pain while
others have a more constant pain and it is not clear whether the constant pain
represents a more chronic or severe form of the disease. The pain is usually mild
although rarely may be intense and it has usually been present for many months
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prior to medical referral. Symptoms are aggravated by abduction of the arm and
by forward elevation. Occasionally, patients may be asymptomatic. There is often
a palpable swelling in the region of the medial clavicle and this is firm and vari-
ably tender. When tenderness is elicited it is usually mild. The overlying skin and
subcutaneous tissues are invariably normal, with no signs of local inflammation.
Although the range of joint movement may be reduced, it is usually normal. In-
flammatory markers are always normal and alkaline phosphatase is also within
normal limits.

The radiographic appearances are as originally described by Brower et al [3]
with homogeneous dense sclerosis present in the inferior aspect of the medial third
of the clavicle (Fig. 15.8). There may be slight expansion of the clavicle here but no
bone destruction has been reported (Fig. 15.9). Several authors have identified a
slight periosteal reaction histologically [3, 13] but there are no reports of periosteal
reaction on plain radiographs. An inferior protuberance similar to an osteophyte
has been frequently identified [4, 5]. The SCJ is normal as is the articular region of
the manubrium and this is the most useful feature in excluding OA in these cases.
These appearances are exquisitely demonstrated by CT which in addition identifies

Fig. 15.8a,b Axial plane CT with dense sclerosis of the inferomedial left clavicle due to con-
densing osteitis. The manubrium and the SCJ are normal
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the obliteration of the marrow space that the intense sclerosis causes. There may be
minor swelling of the overlying soft tissues but this is usually absent.

There are now several reports of the MR appearances in condensing osteitis.
Vierboom et al. [23] reported one case in which T1 and T2 images demonstrated
low signal in the medial clavicle (Fig. 15.10). They found no high signal nidus in

Fig. 15.9 Sclerosis of the left medial clavicle. This is expanded slightly and the overlying soft
tissues are consequently displaced but not otherwise thickened. The appearances are more
in keeping with condensing osteitis than other diagnoses such as a sclerotic metastasis

Fig. 15.10 Axial T1-weighted MR image showing low signal in the medial left clavicle. The
clavicle is expanded here. This is the MR equivalent of the typical CT appearance of con-
densing osteitis shown in Fig. 15.7
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Fig. 15.11 Oblique coronal T1 image demonstrating low signal in much of the medial left
clavicle, although this is most marked in the inferomedial clavicle. These appearances to-
gether with the patient’s presenting symptoms and history were indicative of condensing
osteitis

the centre of the low signal abnormality and the overlying soft tissues were normal.
Tait et al. [22] reported the MR findings in one patient in whom there was low sig-
nal in the medial clavicle on T1 and low to intermediate signal on T2-weighted im-
ages. Rand et al. [19] published a series of four cases and every case demonstrated
low signal on T1 images (Fig. 15.11). However, T2 spin echo images showed low-
to-intermediate signal, T2 gradient echo sequences showed moderate-to-high sig-
nal while T1 post-gadolinium images demonstrated mild-to-moderate intra- and
periosseous enhancement. Interestingly, those patients with imaging appearances
of some bone marrow oedema were those with worsening symptoms. Some re-
ports of STIR imaging have described some evidence of increased signal in the
medial clavicle (Fig. 15.12) [7].

Several studies have routinely performed bone scintigraphy on these patients
and generally there is increased activity in the region of the SCJ [4, 6, 13]. There is
usually no evidence of other abnormal tracer uptake in these patients. Noonan et
al. [17] reported one case in which SPECT imaging was also performed and this
confidently identified the abnormal activity as being solely within the medial clav-
icle. With current cross-sectional imaging techniques, bone scans probably have
less of a role in the routine investigation of these patients.

Ultrasound also has a relatively minor role to play in these patients. It may be
used to confirm that there are no degenerative changes in the joint but again it has
only a limited ability to assess the subchondral bone.

The natural history of condensing osteitis remains a matter of some debate. Ju-
rik [9] followed up 11 patients for a mean of 5 years (range 1-13 years) and found
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Fig. 15.12 Coronal oblique T1-
weighted MR image (a) in this
34-year-old woman demonstrates
low signal in the inferomedial right
clavicle, typical of condensing oste-
itis. She represented after an 8-year
interval with identical symptoms on
the left and at this time the coronal
T1 images (b) show low signal in
both medial clavicles. STIR images
(c) show low signal in the right
medial clavicle and intermediate to
high signal on the now symptom-
atic left side. Note that the manu-
brium and the SCJs remain normal

that the degree of sclerosis regressed but that all patients developed signs of os-
teoarthrosis. Sng et al. [21] followed up 9 patients for a mean of 3 years and 5 of
these patients had follow-up CT imaging. Of these 5 patients, 4 showed partial
resolution of sclerosis compared to the previous CT but the authors acknowledged
that these changes were not quantified and therefore the changes were rather sub-
jective. The other patient showed complete resolution of sclerosis. Clearly longer
term follow-up studies are required to determine the true natural history but if
the improvement in sclerosis is confirmed it might indicate that this is a different
disease process from OA of the SCJ.

The imaging features of condensing osteitis are quite characteristic and al-
though OA and Friedrich’s disease are the principle differential diagnoses these
are usually not difficult to exclude. When this condition was first described, it was
believed that it was frequently being misdiagnosed as a sclerotic bone lesion such
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as a metastasis, with consequent extensive investigation to search for a primary
tumour. Now that it is more widely known, this occurs much less frequently.

15.4
Conclusions

Degenerative disorders of the SCJ are commonly present radiographically but
produce symptoms less frequently. When they do the presence of local swelling,
tenderness and an abnormal radiograph can give rise to concern. In these patients
MRI or CT should be used to exclude malignant or infective conditions while si-
multaneously differentiating the various degenerative processes.

Acknowledgements. We are grateful to the editor of Clinical Radiology for allow-
ing us to reprint several of the images in this chapter from our recent article [7].
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16.1

Introduction

Infectious lesions in the sternocostoclavicular (SCC) region are relatively rare.
They mainly occur in persons with common risk factors such as intravenous drug
abuse, diabetes mellitus, distant infection, steroid-treated rheumatoid arthritis,
immunodeficiency including immunosuppressant therapy and alcoholism [18,
21]. Local abnormalities such as sequels of trauma or operation, the presence of a
central venous catheter and definite joint disease (e.g. rheumatoid arthritis) may
also play a part [12]. SCC infection in previously healthy subjects is a very rare
occurrence requiring a high awareness of suspicion for the diagnostic assessment
[26].

The infection may primary be located to bones or involve the joints. In the case
of septic arthritis there will always be some degree of spread to bone. The micro-
organisms involved are often those usually encountered in septic arthritis and os-
teitis [6, 13, 18], and tuberculosis also occurs [19].
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16.2
Pyogenic Infections

16.2.1
Septic Arthritis

Septic arthritis of the sternoclavicular joint is relatively rare, but well recognised,
especially among heroin users [7]. It accounts for about 1% of septic arthritis in
the general population, but for 17% in intravenous drug users [18]. The increased
incidence in drug users may be explained by bacteria entering the sternoclavicular
joint from the adjacent subclavian vein after injection of contaminated drugs into
the upper extremity, or the joint may become infected after attempted drug injec-
tion between the heads of the sternocleidomastoid muscle (Fig. 8.2) [18].

Septic arthritis of the manubriosternal joint (MS]) is rare and mainly reported
as case histories. It is important to be aware that it can occur as a complication to
existing joint disorders such as rheumatoid arthritis (Fig. 16.1), reactive arthritis
[24] and systemic lupus erythematosus [8], which may be associated with abnor-
malities of host defences and corticosteroid therapy.

It is important to diagnose septic arthritis as recovery without sequels can be
obtained if it is promptly diagnosed and treated. In addition serious complications
such as chest wall abscess or phlegmon and mediastinitis may occur [9, 18]. Ag-
gressive surgical therapy is therefore often needed [15, 20].

16.2.1.1
Clinical and Laboratory Findings

The symptoms and clinical findings may vary. Unlike septic arthritis of most other
joints, bacterial infection of the sternoclavicular joint frequently is insidious in on-
set [10]. Clinical findings can consist of erythema, warmth, swelling of the joint
and fever (generally low grade), and abnormal laboratory values are consistent

Fig. 16.1 Septic arthritis of the manubriosternal joint in a 68-year-old woman with
steroid-treated rheumatoid arthritis and increasing swelling at the MS] during 2 weeks.
a,b Sagittal STIR (a) and axial T1-weighted (b) images show irregular osseous contours at
the MSJ (arrow) with pronounced surrounding oedema both in the bones and soft tissue.
¢,d Postcontrast axial (c) and sagittal (d) T1 FS images reveal a non-enhancing multilobu-
lated abscess (arrows) superficially to the bones in addition to vascularised inflammation in
the surrounding soft tissue and in the bones
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with infection [10]. However, in a recent review of 180 cases (mean age 45 years;
73% men), 78% of the patients presented with chest pain and 24% with shoulder
pain after a median symptom duration of 14 days. Only 65% of the patients were
febrile [18].

Staphylococcus aureus is the most frequent cause of septic sternoclavicular ar-
thritis, also in intravenous drug users [18]. Certain gram-negative bacilli, particu-
lar Pseudomonas species, have a predisposition for spread to the sternoclavicular
joint and were previously often the cause of septic sternoclavicular joint arthritis in
intravenous drug abusers [6]. However, the frequency of Pseudomonas infection
in drug users has declined with the end of an epidemic of pentazocine abuse in the
1980s [18].

16.2.1.2
Imaging

The radiographic features can consist of soft tissue blurring at the superior medi-
astinum (Fig. 8.2). Radiographic evidence of joint space narrowing and osseous
destruction gives this diagnosis. Early plain radiographs are, however, often nor-
mal, but tomography or CT may reveal erosion [10]. Cross-sectional imaging [20]
in the form of CT or MRI is valuable in confirming a mass in the region of the
sternoclavicular region and detecting associated osteolysis of the clavicular head
and/or the manubrium (Fig. 6.2) [13]. CT or MRI should be obtained routinely to
assess a possible chest wall phlegmon, retrosternal abscess or mediastinitis, which
will influence the therapy (Fig. 16.2) [18]. Contrast-enhanced spiral CT scanning
supplemented by multiplanar reconstruction has been found to be of value in the
evaluation of suspected infection of the sternoclavicular joints. The scans obtained
during the phase of high-contrast enhancement allowed definition of the extension
into the soft tissue and muscle (Fig. 16.2). Bone windows demonstrated subtle cor-
tical and periosteal abnormalities (Fig. 6.2) [21]. The sensitivity and specificity of
CT for the determination of complicating mediastinal infection including abscess
formation has been reported 100% [15, 16]. CT may therefore be helpful for de-
termining surgical intervention. MRI often adds information about the extent of
osseous and soft tissue involvement (Figs. 16.2 and 16.3) and early changes may
be detected by MRI. Scintigraphy is valuable when suspecting multifocal disease
(Fig. 9.1).
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16.2.2
Pyogenic Osteitis

Some degree of sternal and/or clavicular osteitis occurs in patients with septic
sternoclavicular or manubriosternal arthritis (Figs. 8.2 and 16.1-16.3). Primary
haematogenous sternal or clavicular osteitis is rare, and when recognised usually
occurs in intravenous drug users [2], or is caused by Staphylococcus aureus from a
local or distinct focus. However, clavicular osteomyelitis (or septic sternoclavicu-
lar arthritis) can be a complication of subclavian vein catheterisation [11], which
also in rare cases may cause infection of the first costal cartilage [17]. Soft tissue
infections around the puncture site occur frequently. If symptoms persist for sev-
eral weeks despite topical treatment, osteomyelitis or septic sternoclavicular ar-
thritis should be considered. Sternal osteomyelitis can also be a complication of
sternotomy [22].

Clinical Findings: Acute osteitis is manifested by the cardinal signs of infection,
but low-grade osteomyelitis with fewer symptoms also occurs.

Imaging: Computed tomography or MRI are valuable for achieving the diagno-
sis [11], if necessary supplemented by scintigraphy (Figs. 6.2, 8.2 and 16.1-3).

16.3
Tuberculosis

Tuberculosis in the SCC region is rare. It may involve the sternoclavicular joints
or only the bones [19]. Of 15 patients (8 men and 7 women; 16-78 years old) with
tuberculosis in the SCC region, 8 had sternoclavicular joint involvement, 5 had
isolated sternal involvement and 2 had isolated clavicular involvement [19].

16.3.1
Tuberculous Arthritis

Tuberculous arthritis is a rare form of extrapulmonary tuberculosis and involve-
ment of the sternoclavicular joint has been reported to account for only 1-2% of
cases with tuberculous arthritis [5, 25]. Compared to other sites of skeletal tubercu-
losis, the SCC region has received little attention [4, 25], but some conclusions may
be stated. Tuberculous infection in the sternoclavicular joint has been reported
both in adults and adolescents [14], and may mimic neoplasm [5]. Patients in hae-
modialysis are known to develop the complication of extrapulmonary tuberculosis
more frequently than the general population [5].
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Fig. 16.2 Septic arthritis of the sternoclavicular joint in a previously healthy 61-year-old
man who, after a pneumonia, developed pain, swelling and tenderness corresponding to
the left sternoclavicular joint accompanied by recurrence of fever. a Axial postcontrast CT
slices demonstrate an avascular collection in the region of the left sternoclavicular and first
sternocostal joint (arrows). b Coronal STIR shows a huge area of increased signal intensity
corresponding to the left sternoclavicular joint, the surrounding bone and soft tissue
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Fig. 16.2 (continued) Septic arthritis of the sternoclavicular joint in a previously healthy
61-year-old man who, after a pneumonia, developed pain, swelling and tenderness corre-
sponding to the left sternoclavicular joint accompanied by recurrence of fever. Postcontrast
coronal T1FS sequence (c) shows an avascular area within the joint (arrow) which was
confirmed at axial slices (d)

Early diagnosis is important for a good outcome. With a worldwide occurrence
of this disease, suspicion is mandatory, especially in immunocompromised pa-
tients such as AIDS patients [19] and emigrants from areas with a high frequency
of tuberculosis.
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Fig 16.3a,b Post-traumatic sternoclavicular arthritis in a 26-year-old man who after a right-

sided clavicular fracture developed pain, swelling and tenderness corresponding to the right
sternoclavicular joint. Axial CT slice (upper) and coronal reconstruction (lower) show de-
struction of the joint facets in the right sternoclavicular joint b Coronal STIR (leff) and
T1-weighted image (right) show a huge oedema corresponding to the right sternoclavicular
joint, the surrounding bone and soft tissue. The intra-articular disc is ruptured (arrow).
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Fig 16.3 (continued)Post-traumatic sternoclavicular arthritis in a 26-year-old man who after
a right-sided clavicular fracture developed pain, swelling and tenderness corresponding to
the right sternoclavicular joint. ¢ Postcontrast T1 FS sequence did not detect any abscesses,
but shows enhancement corresponding to the infected areas

16.3.1.1
Clinical Findings

Clinically the symptoms may be non-specific and appear insidious. They usually
consist of swelling and pain, sometimes accompanied by fever [4, 19].

16.3.1.2
Imaging

Radiographs have been found diagnostic in about half of the patients only [19].
Imaging should therefore include either CT or MRI, which are helpful for defining
the extent of the disease [3, 19, 25] (Fig. 16.4). MRI is particular useful in deter-
mining the extent of the lesion including marrow involvement and soft tissue ex-
tent [19, 25]. Destruction and signal intensity changes of the sternum, clavicle and
adjacent cartilage and soft tissue structures may occur, representing granulation
tissue or abscess formation. Displacement of the adjacent structures (vessels, tra-
chea, etc.) and inflammatory changes in the adjacent structures in the form of cel-
lulitis and myositis have been reported common imaging features [19].
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Fig 16.4 Tuberculous sternoclavicular arthritis. a Axial T1-weighted MR images show
a mass with decreased signal intensity corresponding to the left sternoclavicular joint (ar-
rows). b Coronal STIR shows hyperintense tissue corresponding to the joint and surround-
ing bone and soft tissue, most pronounced corresponding to the joint space (arrow). ¢ Coro-
nal postcontrast T1 FS images reveal enhancement corresponding to the abnormal tissue on
STIR, but no non-enhancing areas suggesting abscess formation. d,e Supplementary MSCT,
coronal reconstructions (d) and VIP (e) show huge osseous destruction of the joint surfaces
with medial displacement of the clavicle consistent with rupture of the intra-articular disc
and the costoclavicular ligament

16.3.2
Tuberculous Osteitis

Primary tuberculous sternal osteitis can occur. It has been reported in a series of
patients together with patients having arthritis, and also as recent case histories
[19, 27]. Clavicular tuberculosis is, however, rare [23].

Plain radiography is usually not diagnostic [10] and cross-sectional imaging is
needed. CT and MRI can delineate tuberculous sternal osteomyelitis [1]. CT vi-
sualises the osseous destruction and may demonstrate ring-enhancing hypodense
soft tissue masses surrounding the sternum [1, 27]. At MRI the sternal bone mar-
row and peristernal soft tissue lesions are hypo- and hyperintense on T1-weighted
images and display high signal intensity on STIR with enhancement post-gado-
linium except corresponding to avascular areas. Bone scintigraphy usually shows
increased tracer uptake, but there may also be areas with decreased uptake corre-
sponding to osseous destruction [1].

16.4
Differential Diagnoses

The clinical presentation of septic and tuberculous sternoclavicular arthritis and
osteitis may mimic a malignancy or rheumatic arthritis, and differentiating these
entities can be a challenge. However, infectious arthritis is often unilateral whereas
rheumatic arthritis usually is bilateral [12].

16.5
Conclusion

Infection in the SCC region is a rare finding mainly occurring in patients with
decreased resistance to infection. Early diagnosis is important for a good outcome,
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and it is therefore important to be aware of the diagnostic possibility. Cross-sec-
tional imaging, either CT or MRI, is important for achieving the diagnosis and
delineating the extent of the disease.
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17.1
Introduction

Primary bone tumours of the sternocostoclavicular region are generally uncom-
mon. They consist of both malignant and benign tumours of osseous and carti-
laginous origin, and tumours evolving from fibrous tissue and other mesenchymal
structures. Although primary bone tumours are uncommon, almost every bone
tumour that occurs anywhere in the skeleton has been described in the sternocos-
toclavicular region [1, 2, 7, 13, 19, 25, 26, 32, 36, 37]. Tumour-like lesions such as
bone cysts can also occur.

Imaging is important in the assessment of these tumours, particularly in iden-
tifying their origin and extent, response to therapy and recurrence. The imaging
features of many of the lesions are non-specific, but the combination of imaging
appearance, location and clinical information may suggest the diagnosis in some
cases [41, 42]. Conventional chest radiography can be used to determine the loca-
tion, size, rate of growth, calcification/ossification within the tumour and bone
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involvement. CT allows more accurate assessment of tumour morphology, compo-
sition, location and extent. When the relevant anatomy is poorly visualised on axial
images, for example when the lesions parallel the ribs or are in the supraclavicular
region, CT can be obtained with an angled gantry or using a thin-slice breath-hold
technique with multiplanar reconstruction to clarify the anatomical relationships.
MR imaging often allows tissue characterisation, accurate assessment of tumour
extent and differentiation from adjacent inflammation. '*F-fluorodeoxyglucose
(FDG) positron emission tomography/computed tomography (PET/CT) may
improve the localisation of regions of increased FDG uptake and the accuracy of
staging of primary bone tumours of the sternocostoclavicular region.

17.2
Primary Malignant Bone Tumours

This rare group of tumours mainly consists of chondrosarcoma, osteosarcoma, Ew-
ing sarcoma or primitive neuroectodermal tumour, and pleomorphic malignant fi-
brous histiocytoma, which may involve both the bones and soft tissue structures.

17.2.1
Chondrosarcoma

Chondrosarcomas are the most frequent primary malignant bone tumours of the
chest wall, usually arising from either the costochondral arches or the sternum.
Extraosseous chondrosarcomas are far less common [21, 50]. Most chondrosarco-
mas occur in the ribs, usually as primary lesions, but 10% arise from pre-existing
benign tumours. Two peak periods of prevalence have been identified, the first
before 20 years of age and the second during the sixth decade. Chest wall chondro-
sarcomas have a 2:1 male predilection, and most frequently occur along the upper
five ribs adjacent to costal cartilage.

A permeative pattern of bone destruction, irregular contour and intratumoral
mineralisation are characteristic but variable features are detected by conventional
chest radiography. The degrees and types of calcification vary widely, and include
calcification in the form of rings and arcs, flocculent or stippled calcification, and
dense calcification.

Computed tomography is a sensitive method for delineating chondroid matrix
calcifications (Fig. 17.1). The highly differentiated chondrosarcomas appear as
well-defined, densely calcified masses on CT.

Magnetic resonance imaging reveals a lobulated soft tissue mass whose signal
intensity is similar to that of muscle on T1-weighted MR images and equal to or
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Fig. 17.1 Chondrosarcoma in a 53-year-old woman presenting a mass arising from the right
rib. Axial non-enhanced CT image demonstrates a mass with chondroid mineralisation and
invasion of the overlying musculature

greater than that of fat on T2-weighted MR images. Following administration of
intravenous contrast material, enhancement is typically heterogeneous, especially
at the periphery (Fig. 17.2). Myxoid chondrosarcomas do not contain chondroid
calcifications or exhibit bone formation, and they sometimes appear as markedly
high signal intensity on T2-weighted MR images [24].

Imaging by FDG PET/CT shows significantly higher uptake in high-grade than
in low-grade chondrosarcomas. Low-grade tumour often shows no radioisotope
uptake on FDG PET/CT [44]. FDG PET/CT may thus be useful for predicting
high-grade chondrosarcomas.

17.2.2
Osteosarcoma

Osteosarcomas are malignant mesenchymal neoplasms, and they are rare in the
sternocostoclavicular region. In the thoracic area they most frequently originate
in the rib, scapula and clavicle and they may be accompanied by an extrapleural
mass. Extraosseous osteosarcomas are less common, and the mean age of patients
at presentation is 50 years in contrast to patients with its intraosseous counterpart,
who usually present in their twenties or thirties. Tumours are typically manifested
clinically as painful masses. Local recurrence and metastases to the lungs and
lymph nodes are more frequent compared to osteosarcoma of the extremities, and
they contribute to the poor survival.
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Fig. 17.2a,b Chondrosarcoma in a 61-year-old woman. a Axial contrast-enhanced CT im-
age shows hypoattenuating mass compared to adjacent musculature. b Axial T1-weighted
MR image shows a mass, hypointense relative to muscle
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Fig. 17.2¢,d Chondrosarcoma in a 61-year-old woman. ¢ Axial T2-weighted MR image
shows a homogeneous mass with long T2, suggestive of the chondroid matrix. d Axial con-
trast-enhanced fat saturated T1-weighted MR image shows slight peripheral and heteroge-
neous enhancement

Radiographs show calcification or osteoid bone matrix within a mass that may
be lytic or sclerotic. An important feature of the mineralisation on CT is its spatial
distribution, which is greatest at the centre of the lesion and least at the periphery.

Magnetic resonance imaging shows a multilobulated mass that may be hetero-
geneously hypo- to isointense relative to muscle on T1-weighted MR images.
Mixed but predominantly high signal intensity is observed on T2-weighted MR
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Fig. 17.3 Osteosarcoma in a 58-year-old woman. Axial FDG PET/CT image shows abnor-
mal accumulation in the rib and scapular region

images. The tumour shows heterogeneous enhancement after administration of
intravenous contrast media [39]. FDG PET provides a precise tool for non-inva-
sive evaluation of the therapeutic response of osteosarcoma [34, 43]. The decreases
in FDG uptake by osteosarcomas correlate well with the amount of tumour necro-
sis. Patients whose lesions show a marked decrease of FDG uptake after therapy
have a more favourable prognosis (Fig. 17.3).

17.2.3
Ewing Sarcoma/Primitive Neuroectodermal Tumour

Askin first described a clinicopathological entity characterised by malignant small
cell tumours in 20 children and adolescents, which appeared to originate in the
soft tissues of the chest wall [4]. The tumour, known as primitive neuroectoder-
mal tumour (PNET), is now recognised as a more aggressive type of Ewing sar-
coma (ES). Both of these tumours probably develop from embryonal neural crest
cells, and they contain several balanced reciprocal translocations. The transloca-
tion points have been cloned, and they have been found to be identical in all the
tumours. ES/PNET develops either as a solitary mass or multiple masses with an
eccentric growth pattern [10]. The sarcoma usually arises in the ribs, scapula, clav-
icle or sternum, but occasionally is of extraskeletal origin. Expansion of chest wall
tumours may cause the lung to collapse, or the neoplasm may invade the lung. It
tends to displace adjacent soft tissue structures rather than to invade or encase
them. Larger tumours show direct infiltration of the surrounding structures.

At CT, the tumours are visualised as large, ill-defined masses having an inho-
mogeneous appearance due to extensive haemorrhage or cystic degeneration [52].
They may be seen to contain calcification.

At MRI, tumours generally have signal intensity equal to or greater than that of
muscle on T1-weighted MR images (Fig. 17.4). Larger tumours appear as heteroge-
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Fig. 17.4 Ewing sarcoma/primitive neuroectodermal tumour (ES/PNET) in a 57-year-old
woman. a Axial contrast-enhanced CT scan shows an ill-defined mass arising from the left
supraclavicular region. b Axial T2-weighted MR image shows isointense signal relative to
muscle. ¢ Axial contrast-enhanced fat-saturated T1-weighted MR image shows heteroge-
neous enhancement extending into the surrounding soft tissues
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neous masses, frequently with evidence of haemorrhage or necrosis, while smaller
ones tend to be more homogeneous. On T2-weighted images, the tumours tend
to manifest as inhomogeneous high signal intensity [52]. Tumours show marked
enhancement after intravenous administration of contrast material (Fig. 17.4).

The appearance of ES/PNET on FDG PET imaging correlates with their his-
tological response to neoadjuvant chemotherapy [16]. A peripheral rim of FDG
accumulation has been found to correlate pathologically with the formation of a
fibrous pseudocapsule. The pretreatment maximal standard uptake values (SUV)
after neoadjuvant chemotherapy independently identify patients at high risk of re-
currence.

17.2.4
Pleomorphic Malignant Fibrous Histiocytoma/
Undifferentiated High-grade Pleomorphic Sarcoma

Pleomorphic malignant fibrous histiocytoma (PMFH) is the most common soft
tissue sarcoma of late adult life, but it rarely occurs in the chest wall. The tumours
arise in deep fascia or skeletal muscle, and rarely in bone, although involvement
of adjacent bone is common. PMFH was initially described as having a histiocytic
origin, although the histogenesis of the tumour is still uncertain [12]. PMFH are
the most common form, accounting for over two thirds of all cases.

Pleomorphic malignant fibrous histiocytoma appears on CT as a non-spe-
cific, heterogeneously enhancing mass arising along muscle and fascial planes
(Fig. 17.5). At MRI, PMFH may be either homogeneous or heterogeneous on both
T1-weighted and T2-weighted MR images. Most tumours have signal intensity
equal to that of muscle on T1-weighted MR images and show iso- or hyperinten-
sity relative to fat on T2-weighted MR images [40]. FDG PET shows intense accu-
mulation in PMFH. Maximal SUV correlates well with tumour grade [45].

17.3
Primary Benign Tumours

17.3.1
Osteochondroma

Osteochondromas are relatively common skeletal lesions, and are regarded as neo-
plasms or aberration of normal tissue growth. In the ribs, they are particularly
frequent at the costochondral junction. The tumours are characteristically pedun-
culated osseous protuberances arising from the surface of the parent bone.
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Fig. 17.5 Pleomorphic malignant fibrous histiocytoma (PMFH) in a 65-year-old man. a
Axial contrast-enhanced CT scan shows a destructive mass originating in the left rib and
extending into the surrounding soft tissues. b Axial T2-weighted MR image shows hetero-
geneous signal intensity within the tumour ¢ Axial contrast-enhanced fat-saturated T1-
weighted MR image shows heterogeneous enhancement
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Conventional radiography may show a “cap” composed of hyaline cartilage that
can be calcified and is then optimally visualised on CT. The cartilaginous tissue in
the cap appears as high signal intensity on T2-weighted MR images. Continuity
between cortical and medullary bone in the extremities can be detected by CT or
MRI studies, but it is seldom present in the ribs (Fig. 17.6). Several complications
are associated with this tumour, including fractures, osseous deformity, vascular
injury, neural compression, bursa formation and malignant transformation [28].
Bone destruction, irregular calcification, thickening of the cartilage cap or the de-
velopment of pain at the lesion site suggests malignant transformation. Although
FDG PET imaging of osteochondromas does not show significant accumulation,
tumours that have undergone malignant transformation may show abnormal up-
take of FDG.

17.3.2
Giant Cell Tumour

Giant cell tumours (GCTs) are relatively common benign skeletal tumours of un-
certain origin that contain abundant giant cells mixed with spindle stromal cells
and vascular sinuses filled or lined by tumour cells. Tumours are typically solitary,
although in rare cases multicentric GCTs occur simultaneously or metachronously.
GCTs typically present in the fourth or fifth decades of life after closure of the
epiphyses. Thoracic GCTs are rare, usually arising in the subchondral regions in
the flat or tubular bones of the chest wall, including the sternum, clavicle and ribs.

On conventional radiographs, the tumours appear as eccentric, osteolytic le-
sions causing cortical thinning and expansion. CT allows evaluation of tumour
extent and its relationship to surrounding structures. At MRI, the tumour typically
manifests as low signal intensity on T1-weighted and relative high signal inten-
sity on T2-weighted MR images [8, 9]. Fluid-fluid levels within the tumour are
less common than in aneurysmal bone cysts [23, 29]. FDG PET imaging of GCTs
shows abnormal uptake reflecting tracer trapping in giant cells, foamy cells and
lymphocytes within the lesion. Enhanced FDG uptake is attributable to enhanced
vascular angiogenesis and increased FDG transport [38].

17.3.3
Chondromyxoid Fibroma

Chondromyxoid fibromas are the least common benign cartilaginous neo-
plasms, composed of varying proportions of chondroid, myxomatous and fibrous
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Fig.17.6 Osteochondroma in a 6-year-old boy. a Chest radiograph shows dense calcifi-
cation in the left rib. b Axial non-enhanced CT image shows a tumour with pronounced
calcification projecting slightly
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components arranged in lobules separated by vascular sclerotic bands. Chondro-
myxoid fibromas typically occur in patients under 30 years of age. The tumour is
rare in the chest wall, but occasionally occurs in the ribs, spine or scapula.

On conventional radiographs, chondromyxoid fibromas usually appear as well-
demarcated masses with scalloped, sclerotic borders and no internal calcification
[11]. Cortical expansion, exuberant endosteal sclerosis and overlapping areas of
cortical scalloping, which may give the impression of coarse trabeculation, are
present [51]. At MRI, the tumours show heterogeneous signal intensity on T2-
weighted and diffuse enhancement on T1-weighted MR images after intravenous
administration of contrast media.

17.4
Tumour-like Lesions

17.4.1
Aneurysmal Bone Cyst

Aneurysmal bone cysts (ABCs) are non-neoplastic masses with potential for rapid
growth, bone destruction and extension into adjacent soft tissue. The masses con-
tain a meshwork of multiple blood-filled cysts lined by fibroblasts and multinucle-
ated osteoclast-type giant cells. Although a sclerotic margin around the lesion may
indicate its benign nature, soft tissue extension can make it difficult to differentiate
an ABC from a sarcoma. Most ABCs occur in patients under the age of 30 years.
The most common site of involvement in the thoracic region is the posterior ele-
ments of the spine.

Conventional radiography shows an expanding lesion with a well-defined in-
ner margin. CT is useful in delineating the size and location of the intraosseous
and extraosseous components of the tumour (Fig. 17.7). MRI typically shows an
expanding, lobulated or septated mass with a thin, well-defined rim of low signal
intensity [5, 53]. The presence of a fluid-fluid level within the tumour indicates the
haemorrhagic nature of the cyst contents; however, fluid-fluid levels may also be
found in other osseous lesions, including GCTs, simple bone cysts and chondro-
blastomas [17, 18].

17.4.2
Fibrous Dysplasia

Fibrous dysplasia is a skeletal developmental anomaly of bone-forming mesen-
chyme in which osteoblasts fail to undergo normal morphological differentiation
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Fig. 17.7 Aneurysmal bone cyst in a 13-year-old boy. a Radiograph of the left clavicle shows
an expansive mass. b Axial non-enhanced CT image through the clavicle shows a lytic mass
with poorly delineated septations. ¢ Axial T1-weighted MR image shows a mass, slightly hy-
perintense relative to muscle. d Axial T2-weighted MR image shows a heterogeneous mass

with signal hyperintense to fat and containing a fluid-fluid level with multiple septations of
hypointense signal. e Axial contrast-enhanced fat saturated T1-weighted (600/15) MR im-
age shows heterogeneous enhancement
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and maturation. Approximately 70-80% of cases are monostotic, and the other
20-30% are polyostotic. The age of patients with monostotic disease ranges from
10 to 70 years, but recognition is most frequent between 20 and 30 years of age. Pa-
tients are usually asymptomatic, although complication by pathological fracture is
sometimes manifested clinically as pain. The ribs are commonly affected, whereas
the clavicle is only occasionally involved.

Conventional radiography characteristically shows unilateral, fusiform enlarge-
ment and deformity with cortical thickening and increased trabeculation of one
or more ribs. Amorphous or irregular calcification is often seen in the lesion on
CT (Fig. 17.8). MRI is useful for accurately determining the full extent of the le-
sion (Fig. 17.8). The signal intensity characteristics are various, although the areas
of involvement typically display low signal intensity on T1-weighted MR images
and low, intermediate or high signal intensity on T2-weighted MR images [20, 22,
49]. Monostotic involvement does not usually convert to polyostotic disease and,
in most patients, the size and number of lesions do not increase at the time of
the initial radiological evaluation. Malignant transformation is rare, although os-
teosarcoma and fibrosarcoma may develop after radiation to the involved bones.
FDG PET imaging of fibrous dysplasia shows abnormal uptake similar to that of
malignant bone tumours [35].

17.5
Management of Primary Bone Tumours
of the Sternocostoclavicular Region

Tumours involving the sternocostoclavicular region are rare and a heterogeneous
group that ranges from benign lesions to highly aggressive lesions. The clinical
management of these tumours therefore differs substantially from the wait-and-
see policy or local marginal surgery to cases that need a multimodality approach,
including systemic chemotherapy, radiotherapy and surgical intervention. Surgical
resection of the tumour is the only acceptable goal of treatment for most of these
tumours. For low-grade tumours, such as chondrosarcomas, the preferred treat-
ment is complete resection, because no effective chemotherapy or radiotherapy is
available for these tumours. Osteosarcoma and ES/PNET respond to chemother-
apy, and ES/PNET responds to radiotherapy. Perioperative chemotherapy or/and
radiotherapy of these tumours result in improved local control, fewer metastases
and better postoperative survival than in patients who do not receive perioperative
treatment. Surgical resection of tumours involving the sternocostoclavicular re-
gion, however, often presents a challenge, because the presence of the thoracic cage
and adjacent neurovascular structures make dissection with tumour-free margins
difficult.
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Fig. 17.8 Fibrous dysplasia in a 34-year-old man. a Axial non-enhanced CT scan shows an
expansive mass with ground-glass mineralisation. b Axial T1-weighted MR image shows a
mass with signal isointense to muscle. ¢,d see page 222
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Fig. 17.8 (continued) c,d Fibrous dysplasia in a 34-year-old man. ¢ Axial T2-weighted MR
image shows heterogeneous signal intensity within the tumour. d Axial contrast-enhanced
fat-saturated T1-weighted MR image shows heterogeneous enhancement
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17.5.1
Surgical Management of Primary Tumours of the Sternum

Surgery for sternal tumours has long been considered a challenge because the ana-
tomical aspects make full-thickness resections difficult without compromising the
stability and reconstruction of the thoracic wall [7, 19, 25, 26]. For these reasons,
the aggressiveness, size and location of the tumour determine the extent of resec-
tion. Preoperative imaging allows precise location of the tumour and detection
of possible invasion of the lung, pericardium, brachiocephalic vein and superior
vena cava. The use of musculocutaneous flaps and prosthetic materials allowing
simultaneous reconstruction of defects in the chest wall make wide full-thickness
resection of the sternum recommended [33, 46]. Ensuring a tumour-free margin
defines the extent of resection. Tumours of the upper third of the sternum require
resection of the manubrium, most of the sternal body, the proximal ends of the
clavicles and the adjacent sternocostal cartilages. Tumours of the middle third of
the sternum require resection of the sternal body but not of the manubrium or
xiphoid process. In the deep aspect of the tumour, adherent pleura or pericardium
should be resected. To restore the ventilatory mechanics and protect the intratho-
racic organs, many prosthetic materials with various degrees of flexibility are avail-
able to reconstruct the defects after removal of the sternum (Fig. 17.9).

17.5.2
Surgical Management of Primary Tumours of the Clavicle

Surgical management of primary clavicle tumours includes partial or total resec-
tion. Total resection of the clavicle is only performed if needed to obtain tumour-
free margins as it may influence the function of the shoulder. Fortunately it is
rarely needed. For partial resection of the clavicle, preservation of the coracocla-
vicular ligament is important when resecting the lateral end of the clavicle because
the stump of the clavicle loses its stability without it and presses upwards against
the soft tissues in the supraclavicular region, resulting in pain and disability. If the
coracoclavicular ligament cannot be preserved or repaired, the lateral two thirds of
the clavicle must be resected [1, 46]. Resection of the middle third of the clavicle
is acceptable and there is no functional disability [1]. When the medial end of the
clavicle is resected, the costoclavicular ligament should be preserved or the inner
third of the clavicle should be resected for the same reasons as in resection of the
lateral part of the clavicle [1]. If the tumour is near the sternoclavicular joint, it
may be necessary to perform an en bloc resection of the sternoclavicular joint with
a portion of the sternum. When the tumour has a soft tissue component, the deep
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Fig. 17.9 a Drawing showing the skin and muscle excision to be incorporated with resec-
tion of the sternum. b Titanium mesh is used to reconstruct the defect of the anterior chest
wall

anatomical aspect of the clavicle sometimes makes it difficult to obtain a tumour-
free margin. The subclavian vessels and the brachial plexus lie beneath the clavicle
as they pass from the root of the neck to the axilla. When the tumour is very near
these vital vessels, it is important to remove the myofascial layer covering the ves-
sels with the tumour when the clavicle is resected en bloc.

17.5.3
Surgical Management of Primary Tumours of the Ribs

The distribution of rib tumours depends on whether they are benign or malignant
[3, 14, 15, 31, 33, 47, 48]. It is generally agreed that all primary rib tumours should
be treated by complete en bloc resection. Even when large segments of the chest
wall are resected, it is well tolerated and usually results in little functional impair-
ment [6]. Careful evaluation of clinical and radiological findings is important to de-
termine whether it is a benign or malignant tumour prior to surgery. There should
be no hesitation to perform radical wide resection if the tumour is malignant to
prevent local recurrences and dissemination of tumour cells in the thoracic cavity.
The resection must include the involved rib and a wide surgical margin including
the corresponding costochondral arches, and several partial ribs above and below
the tumour [14, 31, 33, 47]. If there is infiltration of the soft tissue, pleura, lung pa-
renchyma or diaphragm, the involved parts should also be resected. If the tumour
is near the sternum, combined sternal resection should be performed. When there
is a large defect in the chest wall, reconstruction of the bony thorax is necessary to
maintain sufficient chest wall fixation and adequate respiratory function. Materi-
als used to repair the bony defect include autologous tissue, such as periosteum
or ribs, or prosthetic materials [3, 27, 30]. In some situations, musculocutaneous
flaps may be necessary to cover soft tissue defects.

17.6
Conclusion

Primary bone tumours of the sternocostoclavicular region include a diverse group
of lesions of osseous and cartilaginous origin. Radiological assessment is an essen-
tial component of the management of these tumours. Evaluation usually includes
conventional chest radiography to detect and localise the lesion, cross-sectional
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imaging (CT or MRI) to further characterise and define tumour extent, and anato-
metabolic correlations with FDG PET/CT. Several of the primary bone tumours of
the sternocostoclavicular region have characteristic features that allow confident
identification. However, many tumours have non-specific imaging features and bi-
opsy is frequently required for diagnosis. Despite this, imaging remains important
to patient management and is frequently used to facilitate biopsy, assess postpro-
cedural complications, monitor tumours that are not excised and assess significant
prognostic imaging characteristics.
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18.1

Introduction

Malignant disorders of the sternocostoclavicular region include a diverse group of
lesions having a wide variety of histological lineages. The region can be involved in
all forms of malignancies, but those usually encountered are metastases (Fig. 7.3),
primary bone tumours (Chapter 17), soft tissue tumours and myeloproliferative
disorders.

Although radiographs are useful for detecting cortical destruction, they do not
allow comprehensive assessment of chest wall tumours [1]. CT and MR imaging
often provide additional information regarding local extent and focal tumour in-
vasion as well as tissue characterisation. **F-fluorodeoxyglucose (FDG) positron
emission tomography combined with CT (PET/CT) can reveal the localisation of
target lesions and increase the accuracy in staging and grading of malignant disor-
ders of the sternocostoclavicular region.

This chapter reviews the clinical and imaging features of malignant disorders of
the sternocostoclavicular region except primary bone tumours (Chapter 17).
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18.2
Malignant Soft Tissue Tumours and Allied Disorders

Malignant soft tissue tumours are more frequent than primary bone tumours. The
most frequent tumour types are aggressive fibromatosis, liposarcoma (Fig. 7.2) and
malignant fibrous histiocytoma (sometimes involving the bones; Chapter 17), but
a large variety of other tumour types are seen as described in the following.

18.2.1
Aggressive Fibromatosis

Aggressive fibromatosis or desmoid tumour is a common tumour. It accounts for
54% of low-grade sarcomas of the chest wall. The chest wall has been reported as
the site of origin in 10-28% of patients with shoulder involvement being most com-
mon. Aggressive fibromatosis is generally regarded as a neoplasm having interme-
diate behaviour and tends to occur in adolescents and young adults. The lesions do
not metastasise, but usually infiltrate locally although spontaneous regression has
been observed. The exact pathogenesis is unknown; however, trauma, endocrine
and genetic factors representing chromosomal abnormalities of +8, +20, and 5q-
may be implicated. Aggressive fibromatosis may occur as a feature of Gardner’s
syndrome, but this association is strongest for abdominal fibromatosis.

Computed tomography shows variable attenuation and enhancement due to
variations in tumour composition. An infiltrative pattern is common in young pa-
tients, whereas a nodular pattern is frequent in adults. The tumour is usually con-
fined to the musculature and adjacent fascia, but encasement of adjacent nerves
and vessels sometimes occurs (Fig. 18.1). Infiltration of overlying subcutaneous
tissue is uncommon. The lesion may cause pressure erosion of adjacent bones, but
bone invasion is unusual.

At MR, the tumours show hypo- or isointense signal areas compared to muscle
on T1-weighted images, while on T2-weighted images, they are mostly intermedi-
ate, although very low and extremely high signal intensities are occasionally seen
[8]. Low signal intensity areas on T2-weighted images are thought to be attribut-
able to an increased amount of collagen [1]. Differences in signal intensity between
different tumour components, between asynchronous multicentric tumours and
between primary and recurrent lesions represent combinations of variations in
cellular content, amount of collagen, water content of the extracellular space and
vascularity [5]. FDG PET imaging of aggressive fibromatosis shows abnormal up-
take similar to that of malignant bone tumour [18].
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Fig. 18.1 Aggressive fibromatosis in a 42-year-old man. a Chest radiograph shows increased
attenuation of soft tissue mass in the right clavicular region. b Axial T2-weighted MR image
shows infiltrative mass isointense relative to muscle. ¢ Axial contrast-enhanced fat satu-
rated T1-weighted MR image shows marked enhancement with invasion of the muscula-
ture. d Sagittal contrast-enhanced fat saturated T1-weighted MR image shows invasion of
adjacent vascular structures

18.2.2
Angiosarcoma

Angiosarcomas are malignant endothelial neoplasms characterised by vasoforma-
tive architecture. Patients with angiosarcoma frequently present with an enlarg-
ing, painful mass that is occasionally associated with haemorrhage, anaemia or
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coagulopathy [17]. Chronic lymphoedema is the most widely recognised predis-
posing factor to angiosarcoma, but the tumour is also associated with radiation
therapy and chemical exposure. Tumours arising in the deep soft tissues show
a predilection for the lower extremities, whereas the cutaneous forms are often
found in the head and neck. Angiosarcomas are thus rare in the sternocostocla-
vicular region.

Magnetic resonance imaging shows a heterogeneous mass, which becomes
sharply delineated with intravenous gadolinium administration [6]. Feeding ves-
sels are usually seen in the periphery of the tumour (Fig. 18.2). Fibrous thicken-
ing, soft tissue nodules, increased fat attenuation and fluid collection around the
muscles characterise the tumours associated with lymphoedema. FDG PET reveals
intense accumulation in angiosarcomatous lesions and may contribute to the diag-
nosis of distant metastases and thereby the selection of treatment [15].

18.2.3
Synovial Sarcoma

Synovial sarcomas are rare, malignant mesenchymal neoplasms that mostly occur
in the para-articular regions, usually close to joint capsules, bursae and tendon
sheaths of the extremities. Synovial sarcoma in the chest wall is extremely rare and
usually occurs in patients between the ages of 15 and 40 years. Synovial sarcoma
is a clinically and morphologically well-defined entity that has been extensively
described, but its biological features remain a matter of controversy. A definitive
diagnosis is made by identifying a t(x;18)(pl1; q11) translocation in the tumour
cells.

Computed tomography shows a soft tissue mass of slightly higher density than
muscle which may infiltrate adjacent structures. Cortical bone erosion or inva-
sion is well depicted on CT, as are intratumoral calcifications, which are noted in
20-30% of cases.

At MRI, most tumours show heterogeneous signal intensity that is predomi-
nately isointense relative to muscle on T1-weighted images [10]. Small foci of high
signal on T1-weighted images suggest haemorrhage and are noted in 45% of cases.
Fluid-fluid levels can be a striking finding, and they are seen in 15-25% of patients.
Haemorrhage with fluid-fluid levels or high signal intensity on all pulse sequences
may be associated with a poorer prognosis, because such tumours are usually large
with extensive tissue invasion. On T2-weighted images, marked heterogeneity is
the rule, and various degrees of internal septation may be noted (Fig. 18.3). This
finding is especially true for larger tumours, which show a heterogeneous signal
pattern in more than 85% of the cases. A triple signal pattern on T2-weighted im-
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Fig. 18.2 Angiosarcoma in a 77-year-old man presenting with a large mass arising from the
subclavicular region. a Tumour infiltrates from the subclavicular region to the axilla. Coro-
nal T2-weighted MR image shows a multiloculated heterogeneous mass. b Tumour shows
heterogeneous and peripheral enhancement suggestive of necrosis
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Fig. 18.3 Synovial sarcoma in a 13-year-old boy. a Axial T1-weighted MR image shows soft
tissue mass isointense relative to muscle. b Axial T2-weighted MR image shows heteroge-
neous signal intensity and internal septations. ¢ Coronal contrast-enhanced T1-weighted
MR image shows heterogeneous enhancement

ages is noted in 33% of cases, which consists of a high signal similar to that of fluid,
an intermediate signal intensity iso- or hyperintense relative to fat, and low signal
intensity closer to that of fibrous tissue. This triple signal pattern on T2-weighted
images together with the small high signal foci on T1-weighted images, the pres-
ence of calcifications and proximity to a joint suggest the diagnosis [20, 21].

18.2.4
Malignant Peripheral Nerve Sheath Tumour

Malignant peripheral nerve sheath tumours (MPNST) are malignant neoplasms
of nerve sheath origin that can locally infiltrate and metastasise. They represent
approximately 6% of all malignant soft tissue tumours. Although up to 50% of
MPNSTs are associated with type 1 neurofibromatosis (NF-1), only about 5% of
patients with NF-1 develop MPNST. MPNSTs have a predilection for the proximal
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portions of the limbs and the trunk followed by the head and neck. A slow-growing
mass and pain are the most common symptoms. However, the onset of pain and
sudden enlargement of a pre-existing neurofibroma indicate malignant transfor-
mation. Necrosis, haemorrhage and calcification are common features and cause
heterogeneity of the tumour.

Plain radiographs can be used to detect calcification or osseous change within
the area of a pre-existing neurofibroma and, when observed, the possibility of ma-
lignant transformation to MPNST should be considered.

Precontrast CT usually shows a large heterogeneous mass with or without intra-
lesional calcification, bone erosion and bone destruction. Contrast-enhanced CT
shows heterogeneous, predominantly peripheral, enhancement.

Magnetic resonance imaging can show an invasive mass located along the course
of a nerve [13]. MPNST shows isointensity or slightly high intensity compared
to muscle on T1-weighted images and markedly high intensity on T2-weighted
images. On contrast-enhanced T1-weighted images they appear as areas of het-
erogeneous enhancement (Fig. 18.4). These findings reflect the heterogeneity of
the tumour. Ill-defined margins, invasion of surrounding fatty tissue or adjacent

Fig. 18.4 Malignant peripheral nerve sheath tumour. MRI, coronal contrast enhanced im-
age show a large inhomogeneous tumour with compression of the chest wall, mediastinal
viscera, liver and the right lower lobe of the lung
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structures, perilesional oedema, irregular bone destruction, involvement of lymph
nodes and pleural effusion can be helpful in establishing the diagnosis of MPNST.
Malignant transformation of neurofibromas may result in loss of the target-like
appearance of the benign lesions (a peripheral area of high signal intensity with a
central area of low signal intensity) on T2-weighted images.

Abnormal *Ga-citrate uptake in patients with NF-1 suggests malignant trans-
formation and indicates the need for further evaluation by other imaging meth-
ods. FDG PET has become the predominant non-invasive technique for biologi-
cal tumour evaluation. Several studies have reported the usefulness of FDG PET
in differentiating high-grade soft tissue sarcomas from low-grade or benign soft
tissue tumours. MPNSTs yield higher standard uptake values (SUV) than benign
tumours, but there is an overlap between the SUVs of malignant and benign tu-
mours. FDG PET has been reported capable of identifying sarcomatous change
within neurofibromatosis.

18.2.5
Low-grade Fibromyxoid Sarcoma

Low-grade fibromyxoid sarcoma (LGFMS) is a spindle cell tumour with mixed
histological features. The tumour is grossly well circumscribed, but there is often
extensive microscopic infiltration of the surrounding soft tissue. Histopathologi-
cally, the tumour shows intermingled fibrous and myxoid zones with abrupt abut-
ting or gradual transition. Paradoxically LGFMS often has an aggressive behav-
iour. LGFMS can be a serious disease with a recurrence rate of 68%, a metastasis
rate of 41% and a mortality rate of 18%. However, in a recent study ascertained
prospectively, the rates of recurrence, metastasis and death were 9%, 6% and 2%,
respectively [9]. LGEMS typically affects young adults. The median age at presen-
tation is 15-34 years, and there is no sex difference. It presents as a slow-growing,
non-tender and firm tumour. Up to 19% of cases occur in patients younger than
18 years old. Most lesions arise from the deep soft tissue at the lower limbs or tho-
racic wall, followed by the groin, buttock, axilla and retroperitoneum. Superficial
lesions occur in less than 10-20% of cases.

Only a few reports have described the imaging features of LGFMS. Plain ra-
diographs reveal well-delineated soft tissue mass. Precontrast CT sometimes
demonstrates a homogeneously isodense mass displaying heterogeneous contrast
enhancement. To our knowledge, there has been only one report in the English
literature describing the MRI features (Fig. 18.5). Koh et al. have reported MRI
features of two cases with LGFMS [11]. The first patient had a large and ovoid mass
within the thigh, including some intralesional nodules within the tumour showing
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a target-like appearance. The second patient had a dumbbell-shaped lesion with
invasive features. There have been no reports of the scintigraphy or FDG-PET
findings in LGFMS.

Fig. 18.5 Low-grade fibromyxoid sarcoma in the left supraclavicular region of a 10-year-old
boy. a On coronal T2-weighted MR images, the tumour showed heterogeneously low to high
signal intensity. b The tumour enhanced heterogeneously on coronal contrast-enhanced T1-
weighted MR images. The area of lower signal intensity on T2-weighted MR image enhances
less than areas of higher signal intensity on T2-weighted MR image; the former represents
the area of increased cellularity and the latter the myxoid area
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18.2.6
Ossifying Fibromyxoid Tumour of Soft Parts

Ossifying fibromyxoid tumour of soft parts is a rare histologically benign or low-
grade malignant tumour of uncertain origin [7]. It affects men more frequently
(64%) than women, and occurs from 14 to 79 years of age with a median of
50 years. Approximately 70% of the lesions arise in the extremities and the second
most common site is the chest wall. Most patients present with a small, painless,
well-defined, subcutaneous mass, typically covered by a thick fibrous pseudocap-
sule with or without a shell of bone. Approximately 80% of the lesions are sur-
rounded by an incomplete shell of metaplastic lamellar bone, and the other 20%
completely lack a shell of bone (non-ossifying variant). Fatty marrow spaces can
be seen between the metaplastic bone trabeculae. The atypical or malignant type
of this tumour is characterised by hypercellularity and/or increased numbers of
mitotic figures, and they tend to have a much less complete shell of bone than
benign examples.

Plain radiographs reveal a well-circumscribed, lobulated mass containing ir-
regular calcifications and surrounded by an incomplete ring of calcification [19].
Erosion or destruction of underlying bone and a periosteal reaction simulating
a parosteal osteosarcoma has been reported. CT is capable of demonstrating the
typical lamellar bone formation. Contrast-enhanced CT may reveal significant en-
hancement of the soft tissue because of high vascularity. At MRI, a high intensity
area on T1-weighted images reflects fatty marrow spaces, and a high intensity area
on T2-weighted images corresponds to myxoid material. Contrast-enhanced T1-
weighted images show heterogeneous enhancement (Fig. 18.6). At bone scintigra-
phy, the localised increase in uptake correlates with the mature bone formation in
the tumour, although this is not a specific finding.

18.3
Myeloproliferative and Allied Disorders

18.3.1
Malignant Lymphoma

Extranodal diffuse B-cell lymphoma is the most frequent primary chest wall lym-
phoma and presents a multinodal or diffuse infiltrative pattern. Malignant lym-
phoma mainly occurs in the sixth decade of life. An increased incidence has been
described in patients who have undergone orthopaedic surgery using metallic
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Fig. 18.6 Ossifying fibromyxoid tumour in
a 59-year-old man. a On axial T1-weighted
MR image, tumour shows homogeneous
isointensity compared to that of muscle.

b Focal myxoid components show high
intensity on axial T2-weighted MR image.
¢ On axial contrast-enhanced T1-weighted
MR image, the tumour shows heteroge-
neous enhancement

implants, in patients with AIDS or those receiving immunosuppressive therapy,
for example after organ transplantation.

Computed tomography shows attenuation similar to that of muscle, and poor,
diffuse enhancement after intravenous injection of contrast material [12, 16]. At
MRI, lymphomas appear as large masses with signal intensity comparable to or
slightly lower than adjacent muscle on T1-weighted images, and hyperintense on
T2-weighted or STIR images (Fig. 7.4). Infiltration along the neurovascular bundle
and extension through the subcutaneous tissues is common. FDG PET has been
reported to detect viable tumours in malignant lymphomas, and can be used to
improve staging at the initial diagnosis by detecting active lesions. FDG PET may
also be used in patients with residual masses, and can be used to differentiate be-
tween active lymphoma and inactive fibrotic tissue.
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18.3.2
Solitary and Multiple Myeloma

Solitary and multiple myeloma are plasma cell tumours that occur in the form
of a single mass or as diffuse marrow involvement. Solitary myelomas occur in
a younger age group (mean age about 50 years) than multiple myeloma that has
a peak age of presentation at 65-70 years. Many cases of apparently solitary my-
eloma progress over time to multiple myeloma.

Solitary myeloma of bone manifests radiologically as a multicystic expansive
mass or purely osteolytic focus without expansion. The less common extraosseous
solitary myeloma, which presents as a non-specific soft tissue mass, progresses to
multiple myeloma less frequently [3]. In multiple myeloma, the abnormal accumu-
lation of plasma cells in bone marrow is associated with multiple areas of osteolysis
because the plasma cells produce an osteoclastic stimulating factor.

Multiple osteolytic lesions with discrete margins are typically detected radio-
graphically in the vertebral column, ribs and clavicles. Sclerosis in the lesions gen-
erally develops after a pathological fracture, irradiation or chemotherapy for os-
teolytic lesions, although it is occasionally seen in untreated lesions.

Tumours are detected as low signal intensity on T1-weighted images and high
signal intensity on T2-weighted images. Contrast-enhanced MR images may be
an effective means of monitoring the response to therapy [14]. Bone scintigraphy
may be false-negative, but FDG PET is highly accurate for detecting the extent of
multiple active lesions [4]. FDG PET may also contribute to the initial staging of
solitary myelomas.

18.3.3
Granulocytic Sarcoma

Granulocytic sarcoma, also called extramedullary myeloblastoma, is an uncom-
mon malignant tumour that rarely involves the chest wall. It is essentially a solid
tumour that contains precursor cells. This tumour can occur as a complication
during the course of chronic myeloid leukaemia or other myeloproliferative disor-
ders. Tumour manifests as an infiltrative mass in the periosteal regions, soft tissues
of the neck or trunk, central nervous system and skin.

Fig. 18.7 Granulocytic sarcoma in a 47-year-old man. a Axial T2-weighted MR image
shows a mass with heterogeneous increased signal intensity relative to muscle in the sternal
region. b Axial contrast-enhanced fat saturated T1-weighted (600/15) MR image shows pro-
nounced and heterogeneous enhancement of tumour. ¢ Axial FDG PET/CT image shows
abnormal uptake within the tumour
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Computed tomography shows non-calcified, irregular masses with poorly de-
fined margins. At MRI, tumours appear as irregular and homogeneous masses
with signal intensity comparable to or slightly lower than that of adjacent mus-
cles on T1-weighted images and hyperintense on T2-weighted images [2]. Con-
trast-enhanced MR images reveal homogeneous enhancement and may be an
effective means of detecting and monitoring the response to therapy. FDG PET
reveals hypermetabolic masses and may also be useful for detecting active lesions
(Fig. 18.7).

184
Conclusion

Malignant disorders of the sternocostoclavicular region include a diverse group of
lesions with a wide variety of histological lineages. Evaluation of tumours usually
includes conventional chest radiography to detect and localise the lesions, CT or
MRI to further characterise the tumour and define its extent, and investigation of
anato-metabolic correlation by FDG PET/CT. Although the majority of these tu-
mours have a non-specific appearance, in some patients, the combination of clini-
cal and imaging findings may suggest the diagnosis. Despite their non-specific ap-
pearances, imaging is important for the staging, grading, therapeutic planning and
follow-up of malignant disorders of the sternocostoclavicular region.
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The sternocostoclavicular (SCC) region can be involved by all kinds of musculo-
skeletal disorders. Apart from the disorders dealt with in Chapters 10-18 the fol-
lowing disorders have been observed.

19.2

Metabolic Disorders

Osteoarthropathy in primary and secondary hyperparathyroidism can involve the
sternoclavicular region. Subperiosteal bone resorption and sclerosis, particularly
along the inferior margin of the clavicle, result in widening and irregularity of the
sternoclavicular joint. The changes are related predominantly to trabecular de-
struction beneath cartilage surfaces, substitutive fibrosis and new bone formation
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Fig. 19.1 Hyperparathyroidism. AP radiograph of the sternoclavicular joints in a 25-year-
old woman with secondary hyperparathyroidism. There are irregular joint facets with mani-
fest osseous resorption in the medial part of the clavicles (arrows). The joint space thereby
looks widened

(Fig. 19.1) [8]. Careful analysis of the sternoclavicular region on frontal chest film
will usually disclose manifest changes. A radiographic diagnosis of hyperparathy-
roidism can thus be obtained from an otherwise negative chest study [13]. Also
tumour-like calcific deposition may occur in the SCC region as part of hyperpara-
thyroidism [7].

19.3
Amyloidosis

Amyloid deposition is an important complication of long-term haemodialysis. It
may be deposited in and around synovia, ligaments, tendons and bones, and may
involve the sternoclavicular region [2]. The main radiographic features are periar-
ticular soft tissue swelling, subchondral cysts and articular erosion. This appear-
ance may simulate arthritis or infection [2]. Bone scintigraphy can sometimes be
used to differentiate amyloidosis from infection because joint destruction due to
amyloid deposition may fail to take up tracer.

19.4
Synovial Osteochondromatosis

Synovial osteochondromatosis is a disorder characterised by hyperplastic prolifer-
ation of connective tissue in the synovial membrane with formation of metaplastic
cartilage. It occurs mainly as a monarticular involvement of large joints, but can
occur corresponding to the sternoclavicular joint even in children [14].
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19.5
Postoperative Disorders

Sternotomy for heart and vessel surgery may imply several postoperative changes
or complications. Postoperative infection can be a serious complication with ab-
scess formation and fistula. In a later stage pseudoarthrosis may be seen due to
inadequate healing with widening of the sternotomy cleft and smoothing of the
bone surface [12]. Occasionally broken cerclage wires cause pain and can be seen
at radiography [11]. Osseous resorption around fixation material can also occur
due to metalosis.

19.6
Spontaneous Atraumatic Subluxation

Spontaneous atraumatic subluxation of the sternoclavicular joint is a relatively rare
problem, occurring most commonly in teenagers and young adults who have gen-
eral laxity. The subluxation occurs either during routine overhead activities or dur-
ing overhead sports activities [9]. Spontaneous subluxation can also occur as part
of a degenerative process or non-infectious subacute arthritis (Fig. 19.2) [10].

19.7
Other Disorders

Pagets’ disease occurs rarely in the SCC region. Polyostotic Pagets’ disease may
involve the manubrium and sternal body [3], and monostotic lesions can be seen
in the clavicle. It presents as an enlarged and irregular dense osseous lesion. The
definite diagnosis is usually based on typical histological features of active osteo-
clast resorption and osteoblast production.

Osteopetrosis, also named Albers Schoenberg disease, and other disorders in-
volving the bone marrow may involve the SCC region (Fig. 19.3). Osteopetrosis
represents a heterogeneous group of disorders characterised by an increase in
bone density due to a defect in osteoclastic bone resorption [1].

Avascular necrosis or aseptic necrosis of the clavicular head (Friedrich’s disease)
has been reported [5] and may also occur corresponding to the sternum in dis-
orders disposing to necrosis, such as sickle cell disease [6]. Also Langerhans’ cell
histiocytosis has been reported in the sternum [4].
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Fig. 19.2 Spontaneous atraumatic subluxation of the sternoclavicular joint in a 62-year-old
woman with a sudden swelling at the right sternoclavicular joint. a Axial CT slices show
the clavicular joint facet displaced anteriorly (arrow) in relation to the sternum. b Coronal
reconstruction shows definite signs of osteoarthritis in the form of osteophytes (arrows) and
subchondral cysts



Chapter19 Miscellaneous Disorders 249

Fig. 19.3 Osteopetrosis. Frontal tomography of a 20-year-old woman with inherent osteo-
petrosis. There is a homogeneous increased osseous density of the sternum and the medial
part of the clavicles
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19.8
Conclusions

Many different disorders may involve the SCC region and have to be taken into
consideration in patients with SCC symptoms or abnormal radiological findings.
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