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Imaging in traumatic mandibular fractures
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Abstract: A fracture of the mandible is a common trauma presentation amongst young males and represents
one of the most frequently encountered fractured bones within the viscerocranium. Historically, assault was the
dominant contributing factor but now due to the increased number of vehicles used per capita, motor vehicle
accidents are the primary cause. Mandibular fractures can be classified anatomically, by dentition, by muscle
group and by severity. The fracture may also be closed, open, comminuted, displaced or pathological. It is
important that the imaging modality used identifies the classification as this will decide definitive treatment.
X-ray projections have typically been used to detect a mandibular fracture, but are limited to an anteroposterior
(AP), lateral and oblique view in an unstable trauma patient. These views are inadequate to detail the level of
fracture displacement and show poor detail of the condylar region. Computer tomography (CT) is the imaging
modality of choice when assessing a traumatic mandibular injury and can demonstrate a 100% sensitivity in
detecting a fracture. This is through use of a multidetector-row CT, which reduces motion blur and therefore
produces accurate coronal and sagittal reconstructions. Furthermore, reconstructive three-dimensional CT
images gained from planar views, allows a better understanding of the spatial relationship of the fracture with
other anatomical landmarks. This ensures a better appreciation of the severity and classification of a mandibular
fracture, which therefore influences operative planning. Ultrasound is another useful modality in detecting a
mandibular fracture when the patient is too unstable to be transferred to a CT scanner. The sensitivity however
is less in comparison to a CT series of images and provides limited detail on the fracture pattern. Magnetic
resonance imaging demonstrates use in assessing soft tissue injury of the temporomandibular joint but this is

unlikely to be of priority when initially assessing a trauma patient.
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Introduction

In all facial trauma, a mandibular fracture must be excluded
due to the prominence of the bone within the viscerocranium.
In an acute trauma setting, before the fracture is assessed,
care must be given to ensure the airway is secure and
associated injuries pertaining to the patient’s primary survey
are excluded. A mandibular fracture should be suspected if a
patient presents with malocclusion, trismus, broken teeth or
obvious step deformity.
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Diagnostic imaging allows the severity of the fracture
to be classified, which therefore decides treatment options.
The desired outcome is to achieve corrective occlusion
whilst preventing any nonunion, malunion or delayed union
of the fracture.

Within this paper we discuss the epidemiology and
classification of mandibular fractures as well as the varied
imaging modalities used to assess this injury. In particular,
we look at how computer tomography (CT) surpasses X-ray

gims.amegroups.com Quant Imaging Med Surg 2017;7(4):469-479



470

A

Condylar process and head Condylar process and head

Coronoid Coronoid

Angle and
ramus

Angle and
ramus

Symphyseal and
parasymphyseal

Naeem et al. Imaging in traumatic mandibular fractures

Temporalis m.

- Temporalis m. )
2\\\ 2 "— )

Masseter m.

/ Masseter m.

/ f—Medial < / Medial /<)

/ e 4
[/ Ptery90|d m J{(L( /, . Pt.erygmd m. ’
W 1/ / ¥ ¢ ./I .,’, [ "4 :’, 0 |

v 4 VAN /

//

A Horizontally B Horizontally = -

favourable unfavourable

\i\/ Lateral -~/ Lateral— =
_} \ Pterygoid m. Pterygoid m.
‘ Medial /
! Medial - Pterygoid m. \

—

T\ ) )
C Veritcally CAKAZ D Veritcally —Cr A

favourable unfavourable

Figure 1 Classification of mandibular fractures. (A) Classification by Dingman and Natvig (14); (B) classification according to favourable or

unfavourable fractures (15).

within a trauma setting, as well as the role of ultrasound and
magnetic resonance imaging (MRI).

Epidemiology

A fracture of a mandible in facial trauma commonly occurs
within young males aged between 16 and 30 years (1,2). In
comparison to other major bones within the viscerocranium,
such as the zygoma and maxilla, the mandible is noted to be
fractured significantly more, representing up to 70% of all
facial fractures (3).

The leading cause of mandibular fractures in this present
day are motor vehicle accidents (3,4). This is partly due to
the increasing number of automobiles on roads and higher
speed limits allowed, thus increasing the prevalence of
high velocity trauma. The second leading cause is assault,
which 30-40 years ago was the first due to there being less
vehicles used per capita (4,5). Furthermore, a mandibular
fracture is demonstrated to occur in populations with a
lower socioeconomic status. This is due to the increased
prevalence of alcohol dependence and violent altercations,
such as with firearms or by physical assault (6-8).

The literature describes a range of occurrences of
mandibular fracture by site. The most frequent fractures
are of the parasymphysis (35-50%), body (21-36%),
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condyle (20-26%) and of the angle (15-26%). Less
common fractures are of the ramus (2-4%) and of the
coronoid process (1-2%) (3,9-11). Of note, fractures of the
mandibular angle are particularly encountered with physical
assault due the prominence of this anatomical location (10).

Classification

There are various methods of classifying mandibular
fractures; anatomically, by dentition, by muscle action
and by severity. The fracture itself may be closed, open,
comminuted, displaced or pathological. It is important to
remember that due to its U-shape, the mandible is covered
by the ‘ring bone rule’ and identification of a fracture
should prompt a thorough assessment for a second fracture
or dislocation. If two fractures are identified, they are more
commonly positioned opposite to each other as apposed to
being on the same side (12,13).

Anatomical classification is best described by Dingman
and Natvig, whom locate fractures of the mandible to the
symphysis, parasymphysis, body, angle, ramus, condylar
process, coronoid process and alveolar process (Figure 14) (16).

The Kazanjian and Converse Classification describes
three classes based on dentition. In a Class I injury, teeth
are present on both sides of the fracture line. If teeth are
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Figure 2 Classification of mandibular fractures. (A) Classification according to the F-F4 severity scoring system: F1, a single mobile

fragment of the alveolar or basal region; F2, single separation of the mandibular arch continuity; F3, two separations of the mandibular arch

continuity; or F4, three or more mandibular arch fragments (18); (B) classification of condylar fractures according to Lindahl (19).

only present on one side of the fracture line this is a Class II
injury and when both fragments about the fracture are
edentulous this is Class III injury. This bears clinical
relevance as teeth may be utilized for reduction of the
fracture fragments and subsequent attachment of wires to
maintain alignment (17).

Fractures of the angle and body can be classified by
muscle action. Some fractures may be displaced or held
in apposition by the surrounding musculature, which can
impede or ameliorate healing respectively. Favourable
fractures occur when the actions of the surrounding muscles
oppose the fracture fragments. When the muscle actions
result in displacement of the fracture fragments these are
unfavourable fractures. Anterior fragments are generally
pulled posteriorly or inferiorly and posterior fragments are
generally pulled superiorly and medially (Figure 1B) (5).

A fractured mandible can also be classified according to
its severity. This includes the F-F4 scoring system which
is a described as: F—an undisplayed fracture line; F1—a
single mobile fragment of the alveolar or basal region; F2—
single separation of the mandibular arch continuity; F3—
two separations of the mandibular arch continuity or F4—
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three or more mandibular arch fragments (Figure 24). This
bears clinical relevance as the higher the classification, the
increased incidence of inferior alveolar nerve dysfunction
and post-surgical complications (18).

Localised condylar fractures can also be separated
according to the Lindahl classification, which corresponds
to the anatomical location of the fracture. This can be
divided into the condylar head, neck or subcondylar
region. Of note, the terms intracapsular and extracapsular
are used to describe fractures of the condylar head and
neck respectively, referring to the joint capsule. The
fractures are then classed as being non-displaced, deviated,
displaced, deviated and dislocated, displaced and dislocated,
laterally overriding or medially overriding (Figure 2B). It is
important to be aware that if a fracture occurs at the base
of the condyle this often results in a dislocation from the
temporomandibular joint (TM]), due to the medial pull of
the lateral pterygoid muscle.

Treatment

Depending on the classification of a mandibular fracture,
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there can be varied surgical management which is of
importance to the reporting radiologist (20),

Closed reduction would be indicated for localised
fractures involving the condylar region or the coronoid
process (21). They are also indicated in non-displaced
favourable fractures, as the opposition of the fracture is
already maintained thus allowing for the simplest treatment
option. Grossly comminuted fractures are also treated by
this method, primarily due to inadequate stabilisation that
will occur with any internal fixation (5,21).

Open reduction internal fixation (ORIF) is reserved for
fractures involving the angle, body or parasymphyseal region
of the mandible, where reduction cannot be achieved without
intraosseous screws, wires or plating (21). They are also used
in displaced unfavourable fractures in order to maintain
opposition. Mandibular fractures of elderly patients, whom
are edentulous, have poor cancellous bone and again require
an ORIF to ensure a satisfactory outcome (5).

The decision to image a mandibular injury can be justified
if a fracture is suspected. It is important for a fracture to
be identified quickly as there can be detrimental outcomes
to the patient if missed, this includes malunion, nonunion
and delayed union of the fracture. In the context of trauma,
the presence of malocclusion, trismus, pain with the mouth
closed, broken teeth or a step deformity, are all clinical
features that present with a mandibular fracture. If a patient
presents with any of these features they should receive X-ray
imaging (22).

X-ray

X-ray evaluation of a mandibular fracture follows a
set mandibular series, which involves three views; a
posteroanterior (PA), oblique and lateral view. Imaging can
be supplemented further with a reverse Towne’s view or
an orthopantomogram (OPG). Exposure settings typically
include a kVp range of 65-70 with a mAS range of 16-20.
The projection would then be at a fixed distance of 40 inches.

On first review of plain radiographs the adequate image
quality must be evaluated and then the cortical margins of
the mandible should be traced to note any discontinuity.
Particular attention should be made to the condylar
areas as they are commonly overlooked. Note that any
cortical break may range from being subtle to obvious
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where there is significant displacement. Dislocation of
the condyle from the TM]J should be ruled out next and
as aforementioned, fracture at the base of the condyle is a
likely cause. Care should be noted that a true dislocation
occurs when the condyle is anterior to the articular
eminence of the temporal bone but must not be confused
with the normal slight anterior displacement that appears
on a lateral open mouth view.

Several X-ray views are obtained at different projections
so that you are able to identify all visible fracture lines and
the displacement shown. Individual views are insufficient in
detailing the mandible and each have their own advantages
and limitations.

A PA view accurately details fractures of the ramus, angle
and body. Due to superimposed anatomy, the symphysis and
condyles are displayed poorly however, being obscured by
the cervical spine (c-spine) and mastoid process respectively
(Figure 34).

An oblique view, similarly to a PA view, visualises the
ramus, angle and body well. They also detail the mandibular
groove, which may be mistaken for a cortical break in other
projections. The disadvantages is again limited visualisation
of the condylar region as well as the symphysis. This view
also may lead to a false positive of a fractured condyle, due
to the superimposed anterior cortex of C2 (Figure 3B) (5).

The lateral view is particularly helpful in assessing the
TM] and any associated dislocation. A condylar fracture
would also be displayed better in comparison to a PA or an
oblique view, although there is limited detail in assessing
any medial or lateral displacement. Another disadvantage
includes the symphysis not being visualised at all in this
projection. (Figure 3C).

A supplemented reverse Towne’s view can help visualise
the condylar region to which is demonstrated poorly on
PA and oblique projections (5). It consists of a PA view
with the patient having their cervical spine (c-spine) flexed
and mouth open. This allows substantial detail of the
condyles and is excellent for detailing any medial or lateral
displacement, with little overlapping of the mastoid bone.
A disadvantage with this projection is as with a standard
PA view, the symphysis is detailed inadequately due to the
superimposed c-spine (Figure 44).

OPG X-rays is another supplemented view and images
the entire mandible in a one dimensional plane. They
subsequently are the most informative radiograph and
are more sensitive in detecting a mandibular fracture in
comparison to other X-ray views (Figure 4B,C). It has
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Figure 3 Mandibular X-ray series. (A) Posteroanterior radiographic view of a left condylar fracture (arrow), note the obscured detail of the

symphysis and condylar region due to the superimposed c-spine and mastoid process respectively (5); (B) left oblique view demonstrating

a left angle fracture (arrow), note the normal appearance of the mandibular groove (5); (C) normal appearance of the mandible on a lateral

projection, note how the allocated TMJ can be appreciated in this view, case courtesy of Dr. Craig Hacking, Radiopaedia.org, rID40254.

Figure 4 Additional mandibular X-ray projections. (A) Reverse Towne’s view of a left condylar fracture (arrow), note the angle projection

allows for clearer detail of the condyles due to no overlapping of the mastoid bone (5); (B) OPG X-ray demonstrating a left parasymphyseal

fracture of the mandible (arrow), case courtesy of Dr. Ian Bickle, Radiopaedia.org, rID: 50325; (C) OPG X-ray demonstrating a left

parasymphyseal (right arrow) and right body fracture (left arrow), the segmental displacement can be appreciated in this view (5).

been reported to demonstrate a sensitivity of 92% of
detecting a mandibular fracture in comparison to 66%
with a set mandibular series (23). In particular, they
demonstrate fractures clearly through the body and allow
better appreciation of any comminution or segmental
displacement. Although they do demonstrate increased
sensitivity, similarly to oblique and PA views, OPG X-rays
provide limited detail on condylar injury, particularly with

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

medial displacement. Another limitation is that they are
prone to artefact. This is due to the high radiographic skill
required to obtain satisfactory images in this projection,
inevitably leading to frequent inappropriate image
acquisitions (24).

In unstable trauma patients whom have to remain
supine and have a cervical collar present, only limited
X-rays projections can be obtained. This would include

gims.amegroups.com Quant Imaging Med Surg 2017;7(4):469-479
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Figure 5 CT Facial bones series. (A) Coronal reconstruction of an undisplaced mandibular fracture of the left body (arrow); (B) Sagittal

reconstruction of the same patient demonstrating a displaced fracture of the right mandibular body (arrow), projecting posteriorly under the

right ramus.

a anteroposterior (AP), lateral and oblique view. These
projections are inadequate in assessing the mandible in its
entirety, as the condylar area is poorly detailed as well as the
fracture displacement angle (5). An OPG, reverse Towne’s
and a PA view are all prevented as they require the patient
to be able to stand and move their neck in order to be
performed. Thus, X-ray evaluation of mandibular fractures
is best restricted to trauma patients whom can ambulate and
have isolated injuries. When this is not the case, CT is the
initial imaging modality of choice.

cTr

The indications for performing CT imaging of the
mandible are several. Firstly, as aforementioned, they are
performed first in all unstable patients where the suspicion
of mandibular fracture is present. Secondly, they are
indicated when there are ongoing concerns that a fracture
is likely despite not being demonstrated on X-ray. Finally,
CT imaging would be performed in all patients whom have
a X-ray diagnosis of a fracture that would be amenable
for either a closed or open reduction. This is due to the
enhanced detail provided in the images allowing for better
operative planning (5,25,26).

A CT Facial bones is a series of images used to evaluate
the mandibular fracture. Exposure settings should be of
120 kVp, 180 mA and with a window level of 3,000/650.
The reconstructed slice thickness should be of 1-3 mm,
which will provide comprehensive detail in detecting even

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the most subtle fracture (5,25,27).

A CT scout image taken prior to the series should be
reviewed first, as it serves as a helpful comparison with
initial AP and lateral X-rays views taken. The sensitivity of
a scout image in detecting a mandibular fracture is however
noted lower in comparison to radiograph images, and
therefore should not be used as a replacement. This has
been evidenced by a study conducted by the Santa Clara
Valley Medical Centre after retrospectively reviewing the
images of 400 traumatic mandibular fractures (5).

The advantages of CT vs. X-ray in mandibular fractures
are several, and partly due to the presence of images
in a three-dimensional (3D) plane. This is through the
reconstructed coronal and sagittal (Figure 5) planes taken
from an axial CT image (Figure 6). This therefore provides
views where superimposed anatomy is avoided, which
commonly occurs with X-rays projections. For example,
condylar or symphyseal fractures are detailed well in
CT, which is commonly obscured in a PA radiograph as
discussed earlier. Furthermore, another advantage of having
images in a 3D plane is that it overcomes the limited views
gained by X-rays in an unstable trauma patient (5,28).

A CT facial bones series also contains a reconstructed
3D view of the mandible, which provides several benefits
when assessing a fracture (Figures 7,8). Firstly, it is
particularly helpful in identifying the classification and
severity of this injury. This is due to a better display of
the spatial relationship of the fracture with surrounding
structures, and a more precise calculation of its the location
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Figure 6 CT Facial bones series. (A) Axial CT image demonstrating a minimally displaced fracture of the right mandibular body (arrow),

case courtesy of Dr. Ali Abougazia, Radiopaedia.org, rID: 22763; (B) axial CT image demonstrating a longitudinal fracture of the left

mandibular ramus (arrow), case courtesy of Dr. Ali Abougazia, Radiopaedia.org, rID: 22763.

Mb Yisws: 385

Figure 7 3D Reconstruction of a CT Facial bones series. (A) 3D Reconstructed view of bilateral mandibular body fractures (arrows) of

the patient in Figure 5; (B) 3D reconstructed view of bilateral mandibular body fractures (arrows) of the patient in Figure 5. The spatial

representation of the displacement of the right mandibular body fracture can be appreciated in this image.

and direction of displacement (27,29). This therefore allows
easier identification of the fracture’s F-F4 severity score and
whether it is favourable or unfavourable for example (18).
Secondly, a reconstructed 3D view allows a maxillofacial
surgeon a more realistic interpretation of how the fracture
may appear in an operating theatre, ultimately influencing
the choice of ORIFE.

The overall advantages discussed with CT result in an
increased sensitivity in detecting mandibular fractures in
comparison to X-ray, with values reported at up to 100% (30).
The lower sensitivities noted for X-ray projections is partly

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

due to undisplaced fractures not appearing until 7-10 days
after the initial injury, therefore being commonly missed
upon review of the initial radiograph (1).

Although there is higher sensitivity in assessing a fracture
with CT imaging, as is the radiation dose. A CT Facial
bones is measured at approximately 2 mSv where as a
panoramic mandibular X-ray is measured at 0.010 mSv (31).
Another advantage of OPG against CT is that it provides
better detail in evaluating dental structures. As a result,
when a dental fracture is suspected, particularly at the
mandibular angle, an OPG should be performed in addition

gims.amegroups.com Quant Imaging Med Surg 2017;7(4):469-479
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Figure 8 3D Reconstruction of a CT Facial bones series. (A) 3D reconstructed view of patient in Figure 64, demonstrating a minimally

displaced fracture of the right mandibular body (arrow), case courtesy of Dr. Ali Abougazia, Radiopaedia.org, rID: 22763; (B) 3D

reconstructed view of patient in Figure 6B demonstrating a longitudinal fracture of the left mandibular ramus (arrow), case courtesy of Dr.

Ali Abougazia, Radiopaedia.org, rID: 22763.

to a CT (32). A longer scanning time is another limitation
of CT wvs. X-ray and can lead to motion blur producing
artefacts within the image. This is seen particularly with
planar sagittal and coronal reconstructions as well as
reconstructed 3D views (33). To overcome motion blur,
the use of multidetector-row CT (MDCT) scanners are
increasingly being used as they allow faster scanning times
and improve z-axis resolution (34). Its value in trauma
imaging is particularly useful, as they produce acceptable
reconstructive coronal imaging whereby direct coronal
views cannot be obtained due to the supine patient (5).
Concomitant injuries with traumatic mandibular
fractures are common, particularly intracranial lesions.
They have been shown to be prevalent in up to 19% of
mandibular fractures, emphasising the important of CT
Brain imaging if the patient has any suspicion of head injury
at the time of presentation (35). Cervical spinal injuries (CSI)
are a another concomitant injury and should be suspected
in patients with an altered neurological status or whom
have sustained a high velocity MVA (36). Interestingly,
where multiple mandibular fractures were sustained, this
has demonstrated to be inversely correlated with CSI. This
was hypothesised to be due to more energy being dissipated
in multiple mandibular fractures therefore leading to less
force transmitted to the cervical spine (37). Overall, due
to the high incidence of concomitant injuries, commonly
a combined CT Brain, Facial Bones & C-Spine should
be performed, which will also reduce radiation through
avoidance of subjecting the patient to separate scans.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Ultrasound

Ultrasonography (U/S) has been demonstrated as a useful
imaging modality in detecting mandibular fractures (38,39).
Sensitivities have been demonstrated at up to 94%, which is
slightly higher in comparison to an OPG which has earlier
been reported at 93% (30,38). The parameters of a scan
should include a linear probe with a frequency of 10-15 MHz
(38,40). This will allow for identification of fractures with
a step-deformity, but prove harder in diagnosing non-
displaced fractures. This is primarily due to a minimum of
0.2 mm displacement required to be detected by U/S (37).
If high resolution echography is used however, detection
can be improved to as little as 0.1 mm of displacement (41).
The overall advantages of U/S are being a fast imaging
technique, relatively inexpensive and one that does not
use ionising radiation. This would be particularly useful
in trauma patients whom are too unstable to have a CT
performed or whom are pregnant and therefore wanting to
limit radiation exposure (38). U/S however, provides limited
detail on quantifying the severity of the fracture due to the
limited views achievable and the lack of spatial detail.

MRI

MRI of a mandibular injury is performed when assessing
any associated soft tissue injuries. In particular, assessing
for temporomandibular disc disruption or capsular tear
which can occur with high condylar fractures (42). Detail
of bony injury, which is what is required in an traumatic
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mandibular injury, is reserved for CT due to quicker scan
times and typical 24-hour access. MRI does however serve
the advantage of not using ionising radiation to the patient.

Conclusions

Diagnosis of a traumatic mandibular fracture can be
performed by a variety of imaging modalities. A typical
mandibular series can provide good sensitivity in detecting
a fracture, whilst including quick scan times and minimal
radiation dose. They are however ineffective in detailing
condylar fractures due to superimposed anatomy. This
can be addressed through a reverse Towne’s view but is
often prevented due to restricted range of the c-spine in a
trauma patient. CT imaging of the mandible, in particular
MDCT, has been demonstrated to have higher sensitivity
in detecting a mandible fracture in comparison to X-ray,
and provide excellent detail in detecting a condylar fracture.
This is due to high z-axis resolution and detailed coronal
and sagittal reconstructions which have minimal artefact.
In addition, the benefit of a 3D reconstructed view with
CT, allows the classification and severity of the fracture
to be evaluated due to the spatial information it provides.
This can also be achieved with an OPG but requires an
ambulant patient and a radiographer with high technical
skill. Ultrasound remains useful in patients whom are too
unstable to a have CT and have sensitivities comparable
to X-ray in detecting a fracture. They do however provide
limited detail on classification and should serve as an adjunct
when evaluating a mandibular fracture. MRI is reserved
for assessing soft tissue injuries associated with condylar
fractures. It can be used as an additional imaging modality
once the patient is stable and clinical suspicion pertinent of

such injury is high.
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