
Introduction

Technical advances in the past decade have made
computed tomography (CT) increasingly valuable
in the early clinical management of patients with
polytrauma. The development of multidetector CT
(MDCT) has transformed CT from a simple, cross-
sectional imaging technique to an advanced, three-
dimensional (3-D) imaging modality, enabling ex-
cellent 3-D displays [1]. Multislice CT scanning is
associated with a substantial gain in performance,
decreased scan times, reduced section collimation,
and reduction in scan length. The combined value
of MDCT and 3-D reformations in assessment of
the musculoskeletal system has been documented
in the literature. The high contrast interface be-
tween bone and adjacent tissues in the muscu-
loskeletal system makes it ideal for 3-D evaluation.
The increased acquisition speed of MDCT with su-
perior image resolution enables rapid diagnostic
work up and institution of therapy in the setting of
musculoskeletal trauma. This chapter will discuss
the various techniques and applications of MDCT
in orthopedic trauma. The use of 3-D reformations
in the evaluation of musculoskeletal trauma will
also be emphasized. The use of minimally invasive
techniques such as CT angiography in the work up
of a patient with skeletal trauma in appropriate in-
dications will also be highlighted.

MDCT: Technical Considerations

MDCT significantly increases body coverage and
thus reduces scanning time in most instances. In-
novative detector arrays allow the acquisition of
0.5-mm-thick slices, with isotropic voxels [2]. This

enables multiplanar reconstruction (MPR) images
to be created in any plane with the same spatial
resolution as the original sections without degra-
dation of image quality.

MDCT in the Setting 
of Musculoskeletal Trauma

Extensive anatomic coverage is necessary in the
evaluation of a patient with musculoskeletal trau-
ma. MDCT is capable of acquiring multiple data
sets simultaneously in each slice, leading to larger
areas of scan coverage without correspondingly
increasing the pitch and slice thickness [3]. This
leads to longer scan ranges, near-isotropic imag-
ing, better multiplanar reformatting, and 3-D ren-
dering. Reduced scan times and motion artifacts
are valuable in the evaluation of musculoskeletal
trauma, especially in pediatric patients. MDCT can
decrease artifacts related to metallic implant de-
vices. Recently, automatic tube current modulation
has been used to allow scanning of the muscu-
loskeletal system with significantly less radiation
[4].

MDCT Scanning Protocols

Technological advances in MDCT have led to the
newer strategies to evaluate patients with orthope-
dic trauma. Radiation dose reduction is a signifi-
cant issue that must be addressed in the evaluation
of trauma patients in an emergent setting. Tables 1
and 2 present scanning protocols for facial and
cervical trauma and extremity trauma, respective-
ly, for a 16-slice MDCT scanner.
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Indications for MDCT 
in Musculoskeletal Trauma

MDCT can be used to evaluate fractures of the
spine, pelvis, and extremities. It has almost re-
placed plane radiography in the evaluation of
skeletal trauma and is the standard of care in
modern-day radiology practices. MDCT can also
be used for the evaluation of soft tissue, tendons,
and articular cartilage in conjunction with
arthrography. Additional indications include
postoperative evaluation of metallic implants.
Complex intra-articular fractures of the extremi-
ties can also be evaluated thoroughly. Multiplanar
reformatted images provide additional informa-
tion regarding complex musculoskeletal injuries.
Three-dimensional or volume-rendered images
can play a crucial role in the further management
of the patient.

Spinal Trauma

Traumatic injuries to the spine can cause perma-
nent damage and are associated with high morbid-
ity and mortality [5]. Spinal cord injuries are more
common in males (75–85%), with the majority of
the patients being younger than 30 years of age.
The faster speed of acquisition and superior image

resolution without significant patient manipula-
tion has made MDCT the imaging method of
choice for evaluation of a patients with of muscu-
loskeletal trauma. Cervical spine injuries are asso-
ciated with higher morbidity and mortality. Subtle
fractures of the cervical spine may be difficult to
diagnose on axial images alone. MPR images gen-
erated immediately after the scan in the sagittal
and coronal planes can depict these fractures more
precisely (Fig. 1). This serves as a roadmap for the
surgeon and can prove to be a valuable guide for
management of the patient.

The major mechanisms of spinal injury include
hyperflexion, hyperextension, rotation, and verti-
cal compression. Anterior wedge fractures of the
thoracolumbar spine can be caused by flexion or
compression injuries. These fractures can also
cause posterior ligament injury with dislocation of
facet joints.

The “seat belt” type injury is the most common
type of injury associated with flexion distraction
forces. Three patterns of seat belt injury described
include:
• Type 1, or chance fracture: caused by disrup-

tion of posterior bony elements
• Type 2, or Smith fracture: caused by rupture of

posterior ligaments
• Type 3: tear in annulus fibrosus causes subluxa-

tion injury

Table 1. Scanning protocol for facial and cervical trauma with AutomA technique on a 16-slice MDCT scanner (GE Healthcare)

Noise index 15–20
Tube current range:
• Face 10–180 mA
• Cervical spine 10–270 mA

Gantry rotation time 0.5 s
Voltage 120 kVp
Beam pitch 0.938:1
Table speed 18.75 mm/rotation
Detector configuration 16�1.25 mm
Reconstructed slice thickness: 
• Face 1.25 mm
• Cervical spine 2.5 mm

Table 2. Scanning protocol for extremity trauma with AutomA technique on a 16-slice MDCT scanner (GE Healthcare)

Noise index 15–20
Tube current range 75–440
Gantry rotation time 0.5 s
Voltage 120 kVp
Beam pitch 0.938:1
Table speed 18.75 mm/rotation
Detector configuration 16�1.25 mm
Reconstructed slice thickness 1.25-2.5 mm (soft tissue & bone algorithm)
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The second cervical vertebra is the most com-
mon level of injury, involving the odontoid in 30%
of the cases. The vertebral body is the most frequent
site of fracture [6]. Spinal stability is crucial in de-
termining the nature of injury and deciding the
course of treatment. The most important determi-
nant of spinal stability is the integrity of the middle
column [7]. Instability of the spine is associated
with inability to maintain normal alignment under
normal physiological forces. The early detection of
neurological injury associated with spinal instabili-
ty is vital in preventing long-term disability.

Whiplash injuries result from a collision that
includes sudden acceleration or deceleration. The
person is often involved in a rear-end automobile
collision or injured as a result of contact sports.
The head swings backward, followed by a forward
flexion, causing injuriesto the cervical spine due to
the relative weakness of the anterior longitudinal
ligament. Tears or thrombotic obstruction of the
vertebral artery and traumatic dissection of the
extracranial part of the internal carotid arteries
may occur even after moderate injury [8]
.Whiplash injuries can cause significant morbidity

and impairment. A detailed history of the mecha-
nism of trauma and thorough clinical examination
can help make a diagnosis of whiplash injury. MD-
CT is useful to determine subtle fractures and facet
lesions, which can be missed on plain radiography.
MDCT is more sensitive than MRI in the detection
of fractures of the posterior elements of the spine
and to injuries of the craniocervical junction [9].

Screening helical CT has a sensitivity of 98.3%,
a specificity of 100%, and an accuracy of 99.9% in
the detection of clinically important fractures of
the cervical spine [10]. Intravenous contrast
should be administered to evaluate soft tissue and
vascular structures in the region of trauma. Vol-
ume-rendered images can help detect subtle or
hidden fractures that may have been missed on
routine axial images. The 3-D images provide exact
orientation of the fracture fragments and possible
compression of the spinal cord by the displaced
fracture fragments. This information is invaluable
in planning treatment of the patient. MDCT allows
improved imaging of orthopedic hardware by
minimizing streak artifacts that traditionally
plague CT in this setting.

Fig. 1a-c. A 67-year-old man with history of motor vehicle crash. Axial CT
scan shows subtle lucency at the base of the dens (a). Axial CT scan does not
reveal the extent of the injury, which is perpendicular to the imaging plane. 
b Sagittal reformatted CT scan shows lucency through the dens just above the
body of C2. (c) Coronal reformatted CT scan shows type II dens fracture in
greater detail 
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Upper Extremity Trauma

Sternoclavicular Joint
Blunt chest trauma, such as can occur in motor ve-
hicle accidents, is usually associated with injuries
to the sternoclavicular joint. Fractures of the ribs
or shoulder joint are commonly associated with
sternoclavicular joint trauma. Injury to the tho-
racic aorta and mediastinal vessels can occur with
posterior displacement of the fracture fragments.
CT angiography (CTA) must be performed if vas-
cular injury is suspected. Complete obstruction of
the brachiocephalic vein and impingement of the
aorta can present with no clinical evidence of com-
plication. A high index of suspicion is needed to
prevent serious complications, which may appear
insidiously in these injuries [11].

Shoulder Joint
MDCT has high sensitivity in the detection and
evaluation of fractures of the shoulder with com-
plex anatomical relationships. Scapular fractures
can be difficult to detect on plain radiographs, but
MDCT can demonstrate scapular fractures with a
high degree of accuracy (Fig. 2). Fractures of the
lesser tubercle and coracoid process are difficult to

diagnose on plain radiographs and can present as
occult fractures. MDCT in conjunction with MPR
is proven to be useful in the evaluation of complex
proximal humerus fractures where the extent of
the fractures and alignment of fracture fragments
is not adequately depicted on radiography [12]
Additional information regarding injury to the
lung, chest wall, clavicle, and axillary artery can al-
so be attained. The number and relative rotation of
fracture fragments can be accurately determined,
especially with the use of 3-D reformatted images,
thus proving valuable information when planning
open reduction and internal fixation [13].

Elbow Joint
Acute elbow trauma is common in both adult and
pediatric age groups. Plain radiographs can be
equivocal, especially in children, and inadequate
characterization may warrant the use of MDCT,
with fractures being the most common finding.

Volume-rendered images can provide detailed
information regarding the alignment of fracture
fragments. Automatic tube-current modulation
has been demonstrated to effectively minimize ra-
diation from the MDCT examination of the elbow
in pediatric patients [14].

Fig. 2a-c. A 40-year-old man involved in a motor vehicle accident. Axial
images show comminuted fracture of the body of the scapula (a). Sagittal
(b) and coronal (c) reformatted images show the relationship of the fracture
fragments to better advantage. There is minimal displacement of the frac-
ture fragments
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Wrist Joint
MDCT examinations are not dependent on the
wrist position in the CT gantry due to its ability to
generate 3-D reformatted images. Distal radio-
ulnar joint injuries can occur independently or in
unison with distal radius fractures and Galeazzi
fractures. Diagnosis of stable, partially unstable
(subluxation), and unstable (dislocation) patterns
of injury can be based on MDCT evaluation. The
early diagnosis and suitable treatment of an acute
distal radioulnar joint injury is crucial to prevent
development of a chronic disorder [15]. Complex
fractures involving the distal radius and ulna can
be accurately assessed with multiplanar reformats
using MDCT (Fig. 3). Also, 3-D CT imaging is use-
ful in evaluating extensor tendons proximal to the
metacarpophalangeal joint. This method increases
the accuracy of diagnosis and is useful in surgical
planning and patient education [16]. Volume-ren-
dered CT can be performed with cast material
without significantly decreasing image quality.
MDCT provides quick and accurate information in

assessing complex wrist fractures [17]. Arthrogra-
phy is superior to diagnose scapholunate ligament
tears and ulnolunate and ulnotriquetral ligament
defects [18]. Carpal bone avulsion injuries can be
clearly assessed in the sagittal and coronal planes
(Fig. 4).

Pelvis
Plain radiography has low sensitivity in determin-
ing if the pelvic injury is stable or not. Tile classifi-
cation describes pelvic injuries as stable, rotation-
ally unstable, or rotationally and vertically unsta-
ble [19]. MDCT with MPRs and 3-D reformats has
greater sensitivity in detection of complex pelvic
and acetabular traumatic injuries and is preferred
as the imaging of choice in severe trauma in the
emergency department [20]. Comminuted acetab-
ular fractures can be better visualized on the mul-
tiplanar reformat images (Fig. 5). A vascular map
of the abdominal aorta, iliac, and femoral vessels
can be obtained after contrast administration, es-
pecially in the setting of penetrating trauma.

Fig. 3a, b. A 38-year-old man with history of fall on outstretched
hand. Axial image shows comminuted fracture of the distal radius
(a). Coronal reformatted images better demonstrate comminuted
fractures of the distal radius involving the articular surface and frac-
ture of the ulnar styloid process (black arrowhead) (b)

a

b

Fig. 4a, c. A 51-year-old man with history of industrial accident to the wrist joint. Triquetral avulsion fracture (arrow) on axial image (a)
is better demonstrated on sagittal (b) and coronal (c) reformatted images

a b c
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Lower Extremity Trauma

Knee Joint
Subtle fractures can be missed on plain radiogra-
phy. Intra-articular extension of the fracture line
can be depicted clearly using sagittal and coronal
reformats (Fig. 6). This is critical in determining
appropriate therapy. CT arthrography and virtual
arthroscopy have shown good diagnostic accuracy
in detecting anterior cruciate ligament and menis-
cal abnormalities [21]. Patellofemoral joint evalua-
tion after arthroscopic stabilization can be as-
sessed in various degrees of knee flexion [22].

Ankle Joint
On axial CT images alone, it can be difficult to in-
terpret the complex anatomy of the ankle and foot.
Comminuted fractures of the distal tibia and fibu-
la can be accurately assessed using MDCT (Fig. 7).
Articular facets of the subtalar joints may not be

seen clearly depicted on routine axial scans. MPR
images can significantly improve visualization of
the subtalar joint anatomy. Talar and calcaneal in-
juries can also be easily assessed (Fig. 8). Volume
rendering is useful for determining anatomic rela-
tionships between ankle tendons and underlying
bones. Surface shaded display is valuable when
fractures extend to the articular cortex and a dis-
articulatedview is needed [23].

Summary

MDCT enables rapid and thorough evaluation of
the musculoskeletal system. It has transformed an
axial imaging modality to a multiplanar one in
which reformations and 3-D reconstructions can
be obtained routinely and at will [24]. Evolving
techniques such as automatic exposure control
have led to lower radiation doses in MDCT evalua-

Fig. 5a-c. A 40-year-old woman involved in a motor vehicle accident. Axial im-
age reveals a comminuted fracture of the posterior acetabulum (a). Sagittal (b)
and coronal (c) images depict the fracture without dislocation of the hip joint
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Fig. 6a-c. A 39-year-old man with history of fall from a motorcycle. Axial image shows fracture of the tibial epiphysis, but degree of de-
pression is difficult to assess (a). Sagittal (b) and coronal (c) images reveal fracture involving the tibial plateau with extension to the artic-
ular surface of the knee joint. Degree of depression can be accurately determined

a b c

a

b c

Fig. 7a-c. A 31-year-old man with fracture due to a motor vehicle accident. Fracture involves the distal tibia, as well as the fibula. Align-
ment is difficult to assess (a). Sagittal reformats demonstrate pilon fracture with displacement (b). Coronal reconstructions show complex-
ity of fracture, with involvement of distal fibula (c)
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tion of the musculoskeletal system. Appropriate
scanning protocols should be tailored to incorpo-
rate these advances.
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