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Rugby players often sustain high-impact collisions and are therefore at risk of significant 
traumatic thoracic injuries. Injury to the thoracic cage may be associated with potentially 
life-threatening sequelae. Player management is often based on the accuracy of the imaging 
report. The author suggests a combination of computed tomography and magnetic 
resonance imaging to optimally evaluate the full spectrum of these potentially serious 
injuries. 

Introduction
Rugby players often sustain high-impact collisions and are therefore at risk of significant 
traumatic thoracic injuries. Furthermore, minimal gear is worn to protect the thoracic cage. In my 
experience, there have been significant changes in the physique of the modern-day rugby union 
player who, as a consequence of advanced fitness and nutritional programmes, is of superior 
strength, size and agility. This physique has resulted in an increase in the frequency of injuries as 
well as changes in the types of injury that we (Drs Van Wageningen and Partners) often encounter 
in our practice.

The thoracic cage protects the heart, lungs, trachea and large mediastinal vessels from injury. 
Injury to the thoracic cage may be associated with potentially life-threatening sequelae. 
Computed tomography (CT) and magnetic resonance imaging (MRI) are vital in the imaging 
of these potential injuries, especially as conventional radiography can often be falsely negative. 
Since the advent of professional sport, the roles of CT and MRI have been particularly relevant 
because decisions regarding player management are often based on the accuracy of the imaging 
report. This pictorial essay highlights (1) an imaging approach and (2) the relevant anatomy of 
the thoracic cage.

Imaging approach
Plain radiography is often not sufficient for the diagnostic assessment of thoracic cage 
injuries. High-resolution ultrasound (US) can assist in the diagnosis, but is limited by operator 
dependence and is also restricted to the visualisation of superficial structures.1 A combined CT/
MRI protocol was developed at the author’s institution – a private practice with a large sports 
injury referral base – in response to the low accuracy of conventional radiography and US in 
detecting thoracic cage injuries. The author’s experience of thoracic cage injuries is in excess of 
50 patients.

The patient is scanned in the prone position to decrease respiratory motion artifact. A single 
breath-hold acquisition or respiratory-gated acquisition is utilised for CT, where possible, to 
minimise motion artifact arising from the patient’s respiration.2 Patients should otherwise be 
advised to breathe gently following diaphragmatic excursions.3 For MRI, the patient is asked to 
breathe gently.

A standard large flex surface coil is used for MRI. An MRI-visible marker (Vitamin E capsule) is 
placed at the position of maximal tenderness. Axial T1 and short tau inversion recovery (STIR) 
sequences as well as coronal oblique T1 and STIR images (Figure 1) are obtained.

A non-contrast CT scan is performed and multiplanar reconstructions (MPR) and volume 
rendering technique (VRT) lead to optimal demonstration of the relevant pathology in most cases 
(Figure 2). Adjustment of CT window settings may be necessary (Figure 3).
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Anatomy
Sternum, manubriosternal joint  
and xiphisternal joint
The sternum comprises the body, manubrium and xiphoid 
process. It articulates with the clavicles and the cartilaginous 
portion of the first to seventh ribs, providing attachment 
sites for the sternocleidomastoid and pectoralis major 
muscles.

Sternal fractures are rare owing to the elastic recoil of the 
ribs, which suspend the sternum.4 A frontal impact may 
lead to sternal contusion, fracture and manubriosternal 
joint subluxation or dislocation (Figure 4). There may be an 
associated retrosternal haematoma (Figure 5). Associated 
cardiac injury is rare.5

Sternoclavicular joint
The sternoclavicular joint (SCJ) is a synovial joint that 
represents the only skeletal articulation between the axial 
skeleton and the upper limbs (Figure 6).6

Trauma to the sternoclavicular joint may cause a 
subluxation, dislocation and/or fracture of the medial 
clavicle or a fracture of the first costochondral cartilage 

(Figure 7).7 Posterior dislocations of the sternoclavicular 
joint are less common than anterior dislocations, with a 
reported incidence ranging between 5% and 27% of all SCJ 
dislocations.8 Posterior dislocation of the clavicle can cause 
potentially highly hazardous injuries owing to proximity to 
mediastinal vascular structures, the trachea and oesophagus 
(Figure 8).9

FIGURE 1: Coronal short tau inversion recovery (STIR) magnetic resonance 
imaging (MRI) of the chest wall demonstrates two undisplaced fractures 
(arrows) of the costochondral cartilage with surrounding soft-tissue oedema.

FIGURE 2: Computed tomography (CT) scan with volume rendering technique 
(VRT) view of the chest wall. Two minimally displaced costochondral fractures 
are demonstrated (arrow).

FIGURE 3: Axial computed tomography (CT) scan of the chest wall demonstrating 
a displaced fracture of the costochondral cartilage – an example of ‘cartilage 
overlap’ sign (arrow).

FIGURE 4: Coronal short tau inversion recovery (STIR) magnetic resonance 
imaging (MRI) of the sternum. There is a linear hyperintense signal in the 
manubriosternal joint in keeping with disruption of the manubriosternal 
synchondrosis (arrow). Note the intact sternocostal joints and costochondral 
cartilage.
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Ribs and associated joints
The first to seventh ribs articulate with the sternum via 
the costal cartilages. The cartilages of the first to tenth ribs 
join the superjacent costal cartilage, whereas the eleventh 
and twelfth ribs have a free anterior end. The sixth to ninth 
costal cartilages articulate via a synovial joint with a fibrous 
capsule. These interchondral joints are strengthened by 
interchondral ligaments. Costal cartilages are connected to 
the ribs via the costochondral joints. Posteriorly, the head of 
the ribs articulate with the corresponding vertebral body to 
form the costovertebral joints.10

Rib fractures are often identified following a compressive force 
to the thorax. The typical site of fracture is at the weakest point, 
namely the angle of the rib. Costochondral injuries are often 
the result of direct trauma and usually involve the middle and 

FIGURE 5: Sagittal short tau inversion recovery (STIR) magnetic resonance 
imaging (MRI) of the sternum showing hyperintense fluid posterior to the 
sternum in keeping with retrosternal haematoma. Note the associated stripping 
of the posterior periosteum (arrow).
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AD, articular disc; ASCL, anterior sternoclavicular ligament; C, clavicle; 1st CC, first costal 
cartilage; CCL, costoclavicular ligament; CCLp, costoclavicular ligament posterior fibres; FC, 
fibrocartilage; IC, interclavicular ligament; M, manubrium.

FIGURE 6: Schematic illustration of the sternoclavicular joint. The right joint is 
depicted as a coronal section through the clavicle, manubrium and first costal 
cartilage, whilst the left shows the intact joint.

FIGURE 7: Coronal short tau inversion recovery (STIR) magnetic resonance imaging 
(MRI) of the manubriosternal joint demonstrates disruption of the sternoclavicular 
cartilage (larger two arrows) with surrounding haematoma (smaller arrow).

FIGURE 8: Axial short tau inversion recovery (STIR) sequence magnetic 
resonance imaging (MRI) of the sternocostal joint demonstrates fracture of 
the first sternocostal junction with posterior rib subluxation and surrounding 
haematoma (arrow). 
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lower ribs.11 These injuries may be missed or misdiagnosed 
and therefore US, CT and MRI play an important role in their 
diagnosis (Figure 9a, Figure 9b and Figure 10).12

CT-guided injections to the costovertebral and thoracic 
facet joints are administered to expedite return to activity 
(Figure 11).

FIGURE 9: Axial computed tomography (CT) scan of the chest (a) shows a subtle 
costochondral cartilage fracture (arrow). Axial short tau inversion recovery (STIR) 
magnetic resonance imaging (MRI) (b) shows the fracture with surrounding 
haematoma (arrow). This type of injury can easily be missed and emphasises 
the need to perform both MRI and CT scans.

a

b

FIGURE 10: Computed tomography (CT) scan of the chest wall shows a minimally 
displaced posterior rib fracture (arrow).

FIGURE 11: Computed tomography (CT) scan of the costovertebral joint 
demonstrating osteoarthrosis of the right costovertebral joint. There is subchondral 
sclerosis and osteophyte formation. A CT-guided intra-articular injection of the 
right costovertebral joint was performed, which gave instant pain relief.

FIGURE 12: Axial T2 FS magnetic resonance imaging (MRI) of the pectoralis 
major muscle demonstrating a tear of the muscle, with tendon retraction and 
surrounding hyperintense haematoma (arrow).
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Muscle Injury
The most common muscle injuries encountered at our 
institution involve the pectoralis major, rectus abdominus, 
transversus abdominus and oblique muscle groups. 
Pectoralis major muscle tears are observed at the sternal 
and/or clavicular heads, intramuscularly (Figure 12) at the 
musculotendinous junction (Figure 13), or may be at or near 
the humeral insertion.13

Conclusion
Imaging plays a vital role in the prompt and accurate 
diagnosis of thoracic cage injuries. The author suggests a 
combination of CT and MRI to optimally evaluate the full 
spectrum of various injuries. A thorough knowledge of the 

relevant anatomy and pathology is essential in developing 
an approach to the imaging of potential thoracic cage 
injuries in the professional athlete.
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FIGURE 13: Coronal oblique short tau inversion recovery (STIR) magnetic 
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