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Adequate treatment of mandible fractures not only restores
an individual’s ability to speak, chew, breathe, and sleep, but
also reestablishes their occlusion and facial aesthetics. An
analysis of the American College of Surgeons National Surgi-
cal Quality Improvement Program (ACS NSQIP) database
showed that mandible fractures were the most common
isolated facial fracture.1 The causes of mandible fractures
are varied and include motor vehicle accidents (MVAs),
assault, domestic violence, falls, sports- and work-related
accidents, ballistic injuries, and pathologic fractures.1–4 One
can further subgroup the etiology and severity of mandible
fractures with respect to age, gender, socioeconomic status,
substance use, andmechanism of injury.3,5 For instance,men
most often sustain mandible fractures as a result of assault,
MVAs, and falls; whereas women sustain mandible fractures
from MVAs, assault, and trauma.2 Appreciation of the mech-
anism of injury and anatomy of the mandible will aid the
plastic surgeon, oral and maxillofacial surgeon, or otolaryn-
gologist in assessment and management of mandibular
fractures. Mandibular fractures will vary in their severity
according to number of sites involved, displacement, and
comminution (►Fig. 1).

Evaluation

Initial Assessment - History
The diagnostic work-up of mandible fractures begins with a
thorough primary survey as outlined by the Advanced Trau-
ma Life Support (ATLS) protocols.6 Mandible fractures are
unique in that severe injuries, such as bilateral body fractures
(“bucket handle”) can result in airway embarrassment
(►Fig. 2). In these situations, stabilization of the airway
may require tracheotomy. Life-threatening injuries, when
present, need to be recognized and managed early before
fracture assessment can begin. Before examination, the
physician or physicians should be sure to don any necessary
personal protective equipment (PPE) given the post-
pandemic era we now live in, with the known increased
risk of transmission related to manipulation of oronasal
mucosal tissues.7

A thorough history of present illness and past medical and
surgical history will highlight any relevant medical condi-
tions, previous trauma, bone disease, nutritional and meta-
bolic disorders, and psychiatric conditions that may
influence timing and management of the fracture.8 In

Keywords

► mandible
► mandibular fracture
► maxillofacial injury
► craniomaxillofacial

trauma
► facial trauma

Abstract Accurate evaluation, diagnosis, and management of mandibular fractures is essential
to effectively restore an individual’s facial esthetics and function. Understanding of
surgical anatomy, fracture fixation principles, and the nuances of specific fractures with
respect to various patient populations can aid in adequately avoiding complications
such as malocclusion, non-union, paresthesia, and revision procedures. This article
reviews comprehensive mandibular fracture assessment, mandibular surgical anato-
my, fracture fixation principles, management considerations, and commonly encoun-
tered complications. In addition, this article reviews emerging literature examining
3-dimensional printing and intraoperative imaging.
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addition, the patient’s premorbid dental history and
occlusion needs should be accounted for. When available,
photographs can aid in reduction of the patient’s fracture to
re-establish the premorbid occlusion.

Initial Assessment - Clinical Examination
Focused evaluation of the head and neck is a part of
the secondary survey outlined by ATLS protocols. Examina-
tion should begin with inspection and palpation. The classi-
cal signs of inflammation, pain, swelling, and erythema will
help guide the physician in thorough identification of poten-
tial injuries. After examining for any lacerations or sources
bleeding that needs to be addressed urgently, the clinician
should perform an in-depth fracture assessment. Extra- and
intra-oral findings, in addition to a neurosensory examina-
tion, will help the physician in identification of fractures or
fractures patterns that may be present.

Extra-oral Examination: An extra-oral assessment should
begin by examining the face and mandible for any abnormal
contours or step defects. Changes to the patient’s facial
profile and mandibular movements will cue the physician
for types of fractures. For instance, a flattened facial profile

may be due to a fractured mandibular body, angle, or ramus.
A retruded chin may be caused by bilateral parasymphyseal
fractures. An elongated face may be the result of bilateral
subcondylar, angle, or body fractures. Any facial asymmetry
should also signal the physician for the possibility of a
mandible fracture (►Fig. 3).

Trismus (►Fig. 4), or limited mouth opening, and devia-
tion on opening may be due to guarding of the muscles of
mastication, non-functioning of muscles, or bony impinge-
ments. Deviation upon opening may signify a mandibular
condylar fracture due to unopposed contraction of the
contralateral lateral pterygoid muscle. Inability to fully
open may be due to impingement of the coronoid process
on the zygomatic arch when fractures of the ramus and
coronoid process or depression of the zygomatic arch is
present. On the other hand, inability to fully closemay signify
dentoalveolar process, angle, ramus, or symphysis fractures.
Inability to fully bring one’s teeth together may be due to an
open bite that was present pre-injury; the presence of
mammelons on the incisal edges of the anterior dentition

Fig. 1 Frequency of mandibular fracture by location (Image courtesy:
Avery et al.80).

Fig. 2 Bilateral mandibular fractures in an edentulous 55-year-old
man. The anterior mandibular segment was pulled inferiorly by the
suprahyoid muscles and resulted in airway obstruction.

Fig. 3 Frontal and intraoral views of a 19-year-old male patient with
bilateral mandibular fractures involving the right mandibular angle
and left mandibular parasymphysis. There is asymmetry of the lower
facial soft tissues, with loss of the mandibular inferior border contour
on the right (dashed line) relative to the left (solid line). Intraorally,
there is a gingival laceration and step at the parasymphysis, between
the left mandibular canine and lateral incisor (arrow).

Fig. 4 Trismus (limited mouth opening) may be a frequent exam
finding in patients with mandibular fractures, particularly those
involving the angle or ramus-condyle unit. This patient sustained a
left-sided subcondylar fracture. Maximal incisal opening was 20mm.
The mandibular dental midline deviates toward the fracture with
opening, due to the unopposed motion of the right lateral pterygoid
muscle.
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may be a clue to determining a premorbid anterior open bite
(►Fig. 5).

Intra-oral Examination: The physician should be vigilant
in intra-oral assessment. This includes assessment of the
mandibular arch form and occlusion and identification of
gingival lacerations, hematomas, or ecchymosis, and injuries
to the teeth. Themandible is unique in that it is a continuous,
U-shaped bone that crosses midline; deviations from this
arch formmay indicate a fracture. Any change in occlusion is
highly suggestive of a mandible fracture. The mandible
should be palpated bimanually to assess for fracture
mobility.

The patient should be asked if their bite feels different.
This can identify injuries to the teeth, dentoalveolar process,
mandible, or temporomandibular joint (TMJ). Premature
posterior contacts between the maxillary and mandibular
dentition can result from bilateral mandible fractures of the
angles or ramus-condyle units or signify the presence of a
displaced maxillary fracture. Asking for premorbid photo-
graphs of the patient’s premorbid occlusion can help to
ensure accurate reduction of fractures based upon the
occlusion.

Gingival lacerations, hematomas, or ecchymosis may in-
dicate injury to the mandible (►Fig. 6). For instance, sublin-
gual ecchymosis is a pathognomonic sign for symphysial,
parasymphyseal, or body fractures. In addition, retromolar
trigone ecchymosis can signify angle fractures. Segments of
fractured teeth may indicate fractures to the dentoalveolar
process or mandible itself. Fractured teeth, mobile teeth, and
any grossly carious teeth in the line of fracture may require
extraction for reduction and to prevent aspiration. Missing
teeth should that have not been accounted for should be
considered swallowed, aspirated, or displaced into soft tis-
sue. Radiography and operative exploration may help iden-
tify lost teeth and may require removal to prevent infection
or airway issues.

Any neurosensory deficits should be accurately docu-
mented. Paresthesia, dysesthesia, or anesthesia of the lower
lip indicates injury to the inferior alveolar nerve distal to the
mandibular foramen.Most injuries are neuropraxic in nature

and related to transient ischemia, inflammation, and trac-
tion. Various classification systems, such as Sunderland
grading and Medical Research Council Scale, can aid in
diagnosis of nerve injuries and give not only the patient,
but also the clinician the prognosis of return of sensation.

Initial Assessment - Radiographic Examination
Most patients with mandible fractures, especially in the
setting of polytrauma, present to the emergency room and
undergo radiographic assessment with computed tomo-
graphic (CT) imaging of the head and cervical spine (C-spine).
Although CT imaging is now considered the gold standard,
various other imaging studies can be helpful when CT is not
available. These include plain films with Reverse Towne,
Caldwell posteroanterior, lateral oblique, or occlusal views
or panoramic radiograph (panorex). Panorex is advantageous
in allowing visualization of the entiremandible including the
subcondylar unit/TMJ unit (►Fig. 7); however, its availability
may be limited in the acute setting. In addition, certain

Fig. 5 Assessment of premorbid occlusion is readily accomplished
with careful history and, if available, dental or orthodontic records.
Anterior open bites may be the result of bilateral fractures involving
the condyles with posterior shortening of the rami. Anterior open
bites that are premorbid may be identified by the presence of
mammelons (rounded protuberances on the incisal edges) on the
incisors, as seen in this orthognathic surgery patient. Fig. 6 Intraoral assessment may reveal the site of the fracture.

Gingival lacerations, vestibular or sublingual ecchymoses, and/or
steps at the occlusal plane suggest a bony injury. Bimanual palpation
across the suspected fracture site may demonstrate independent
mobility of the mandibular segments. The presenting anterior open
bite is likely related to the trauma, as there is evidence of wear on the
incisal edges of the anterior dentition.

Fig. 7 Panoramic radiographs may be useful for demonstrating
fractures of the mandible, but frequently do not provide sufficient
detail regarding displacement in multiple dimensions. This patient
has right mandibular angle and left mandibular parasymphysis
fractures, which are easily visualized on the panoramic view (arrows).
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fracture patterns, particularly in the posteriormandible,may
be missed on single-view panoramic radiography. When
evaluating a patient with mandibular injury with only plain
film imaging it is prudent to obtain atleast two views of the
mandible.

The advent of faster helical-CT imaging has 100% sensi-
tivity in diagnosing mandible fractures compared with 86%
sensitivity of panorex imaging. These CT images can be
reformatted into three-dimensional reconstructions to fur-
ther aid in operative planning of fracture management
(►Fig. 8).

Surgical Anatomy

The osteology of the mandible, various muscle attachments
and their influence, and presence of developing or perma-
nent dentition, or lackof dentition, need to be understood for
accurate treatment of mandible fractures. A full description
of a mandibular fracture should include an assessment of its
relationship to the external environment (ie, simple/closed,
compound/open), type (ie, incomplete, greenstick, complete,
comminuted), dentition (ie, primary, mixed, permanent, or
lack of dentition), displacement, favorability, and location.

Bony Anatomy of the Mandible
The mandible is a U-shaped bone that crosses anatomical
midline. The mandible has thirteen muscle attachments.
Organized by function, these are jaw closers (temporalis,
masseter, medial pterygoid), openers (digastric, lateral pter-
ygoid), and glottic attachments (genioglossus and genio-
hyoid). The remaining muscles can influence displacement
of fractures and may be involved in soft tissue closure
(buccinator, platysma, mentalis, mylohyoid, depressor labii
inferiorius, and depressor anguli oris).

The major vascular supply to the mandible during devel-
opment is from the inferior alveolar artery, but transitions to

the involvedperiosteumandmuscle attachments as thebody
ages. During fixation of comminuted or atrophic mandible
fractures, areas with poor blood supply, such as the body,
careful soft tissue management is mandatory, as the blood
supply to these regions is periosteal, rather than endosteal.
Periosteal stripping in these areas should be minimized and
done only to the extent necessary to apply fixation. Supra-
periosteal placement of hardware has been studied in this
context, but bears no discernable advantage for healing. The
course of the facial artery and vein around the mandible in
the antegonial notch should also be appreciated when treat-
ment requires a transcervical approach.

The mandibular branch of the trigeminal nerve includes
the auriculotemporal, buccal, inferior alveolar, and lingual
nerves. Innervation of the mandible is supplied by the
inferior alveolar nerve (IAN) and its branches, themylohyoid,
dental, incisive, and mental branches. The IAN enters the
mandibular foramen on the medial aspect of the ramus
behind the lingula, travels within a bony canal, and exits
themental foramen of themandible near the apexof thefirst
and second premolars. IAN injuries in the setting ofmandible
fractures have been reported to range from 5.7 to 58.5%.9–12

Definition of Sites of Fracture
As defined by Dingman and Natvig, the mandible can be
subdivided as follows (►Fig. 1E): symphysis, bounded by
vertical lines distal to canine; parasymphysis, distal aspect of
the roots of lateral incisors to distal of roots of canine teeth;
body, from distal roots of canine to line corresponding to
anterior border of the masseter muscle (usually coincides
with third molar); angle, bounded by anterior and posterior
borders of themasseter muscle; ramus, bounded by superior
aspect of the angle to sigmoid notch; condylar process, area
superior to ramus; coronoid process, and alveolar process,
the area that normally contains teeth.13

Favorable versus Unfavorable Fractures
Mandibular angle and body fractures can be classified as
vertically favorable or unfavorable or horizontally favorable
or unfavorable. Favorability is determined by the direction of
a fracture line and its relationship to muscle action on the
fracture segments. Vertically favorable fractures resist the
medial pull of the medial pterygoid muscle on the proximal
segment in the vertical plane. Horizontally favorable frac-
tures resist upward the vertical pull of the masseter, tem-
poralis, and medial pterygoid muscles on the proximal
segment in the horizontal plane. Themore forward a fracture
occurs in the body the more the upward displacement is
counteracted by the downward pull of the mylohyoid
muscles.

Fracture Fixation Principles

The mandible is the only moveable, load bearing bone of the
skull. To properly treat mandible fractures, one must first
understand basic fracture fixation principles. These can be
grouped into tension versus compression and load-bearing
versus load-sharing principles While a complex topic, the

Fig. 8 Multi-detector computed tomography scans have emerged as
the gold standard for diagnosing mandibular injuries and are
particularly useful in the setting of complex injuries such as high
energy mechanisms (A, facial gunshot wound). Three-dimensional
imaging is also useful in pediatric patients, where plain film imaging
may not be tolerated or may be non-diagnostic due to the overlap
between developing teeth and fracture sites (B, bilateral condylar
head fractures and greenstick symphyseal fracture in an infant).
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biomechanics and forces exerted on the mandible should be
understood by the treating physician.

Tension versus Compression
At any time, there are counteracting forces of tension and
compression on the mandible influenced by muscular
attachments and loading. At rest, these forces are equal.
While an oversimplification, forces of tension generally
separate a fracture and forces of compression bring a fracture
together. Under compression, fractures generally undergo
rapid healing and a greater resistance to separation. Howev-
er, without addressing tension forces, overcompression can
compromise ideal bony healing leading to nonunion.

Studies have shown that in the region of the mandibular
body tension exists along the alveolar border while com-
pression exists along the inferior border of the mandible.
Moving toward the symphysis and parasymphysis, these two
opposing forces become mixed or even inverted due to the
introduction of torsional, or rotational, forces.

Biomechanically, it is most advantageous to apply bicort-
ical rigid fixation along the zone of tension. Bicortical rigid
fixation along the alveolar border is not feasible due to the
presence of tooth roots, thin cortical bone, and thin gingival
tissue. The inferior border of the mandible is not constrained
by these limitations, with the notable exception of pediatric
patients in the primary or mixed dentition. Bicortical screw
fixation in this region is extremely stable and then only
requires placement of a tension band at the alveolar level
(either a continuous arch bar at the dentition or a small plate
with monocortical screws) to resist tensile forces.

Load Bearing versus Load Sharing
Fracture fixation can be divided into either load bearing or load
sharing. Choosing which type depends on the bone quality,
location of the fracture, comminution, or bone loss. With load
bearingosteosynthesis, theplatebears100%ofall of the forcesof
function at the fracture site. Load bearing osteosynthesis is
indicated incomminutedmandible fractures, segmentaldefects,
complex fracture patterns, or fractureswith compromised bone
such as atrophic mandibles or patients with metabolic or
endocrine disorders. Fixation is accomplished with 2.3mm-
2.7mm diameter locking reconstruction plates (►Fig. 9).

When using load sharing osteosynthesis, stability at the
fracture site is shared between the plate and well-buttressed
bone. Depending on the location, the functional load is either
shared equally between bone and plate (e.g., angle fractures), or
inmore ideal situations the bone assumes a greater share of the
functional load than the plate (e.g., body fractures in dentate
mandibles). Here, fixation can be accomplished with 2.0mm
diameter miniplate systems. Examples of load-sharing fixation
include a single miniplate along the oblique ridge for angle
fractures (ie, Champy technique), or a single miniplate and an
arch bar (providing tension) for body or symphysial fractures,
and lag screw fixation.

Lag Screw Fixation
The use of lag screws was popularized by Niederdellmann
et al. in 1976.14 Lag screws can be use in simple fractures

where there is well-buttressed bone such as in symphysis or
parasymphysis fractures. A lag screwhas threads on only half
the shaft so that the portion below the screw head is smooth
and will not engage bone. Thus, the threads only engage the
inner segment of bone and compress it against the outer
segment. Typically, the two screws are placed, with minimal
divergence between their long axes.

Rigid versus Non-rigid Fixation
Fixation can be grouped into rigid fixation, nonrigid fixation,
or semirigid fixation. With rigid fixation, no bony callus if
formed during healing and fracture segments are completely
immobilized. In nonrigid fixation, micro-mobility of the
fracture segments occurs and the fracture cap undergoes
callus formation. Rigid fixation techniques include the use of
plates and screws (miniplate and tension band with two
screws on each side of the fracture), two lag screws, or
reconstruction plates with three screws on each side of the
fracture. A 2020 paper by Rughubar et al. compared the
complication rates in patients with bilateral mandibular
fractures randomized to either a combination of rigid fixa-
tion for an anterior fracture and nonrigid for the posterior
fracture or nonrigid fixation for both fractures and found no
significant difference; the risk of complications was signifi-
cantly higher in patients with moderate to severe fracture
displacement, regardless of treatment.15

Fracture Management Techniques by
Anatomic Site

Symphysis/Parasymphysis
Fractures of the anterior mandible can be addressed using
either closed reduction, open reduction and internal fixation
(ORIF), lag screws, or a combination of lag screws and
miniplates. Closed reduction of fractures is most commonly
achieved by applying Erich arch bars with circumdental
stainless steel wires (►Fig. 10) or hybrid arch bars. The
patient is then placed into maxillomandibular fixation using
stainless steel wires loops or heavy elastics. While still

Fig. 9 Various methods exist for obtaining rigid fixation of
mandibular fractures. In high energy injuries, such as this
comminuted mandibular fracture secondary to a gunshot wound (A),
interfragmentary fixation was used to align the different segments of
the mandibular and rigid fixation was achieved with the addition of a
locking plate along the inferior border. In edentulous patients,
reconstruction plates with bicortical screws should be placed as
laterally and inferiorly as possible, to avoid interference with denture
fabrication (B).
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acceptable for simple fractures, ORIF is the standard of care
for management of most displaced mandibular injuries.

ORIF can be achieved using a variety of techniques. Semi-
rigid fixation using application of transoral mini-plates can
be applied in simple, non-displaced fractures. Rigid fixation
with the use of a reconstruction plate and bicortical screws
may be required in severely comminuted or displaced frac-
tures. In severely comminuted fractures, a transcervical
approachmay be required for adequate reduction of fracture
segments; simultaneous bone graftingmay be considered for
fractures with segmental bone loss.

In 1991, Ellis and Ghali presented a lag screw technique
specific to the anteriormandible and favor this use over plate
osteosynthesis in the absence of comminution or gap
defects.16 The lag screw technique is a form of rigid fixation
that provides compression of fracture segments in the
anterior mandible. Anatomic advantages such as the curva-
ture of the mandible allowing for placement lag screws
perpendicular to the fracture line, thick cortical bone, and
lack of vital structures make this technique safe and reliable.

Body
As with anterior mandible fractures, body fractures can be
treated with either a closed approach using MMF or ORIF.
MMF can only be used in the presence of reliable, reproduc-
ible occlusion, using either the patient’s own teeth or a
mandibular prosthesis. It may be indicated in nondisplaced,
favorable fractures, comminuted fractures, fractures in chil-
dren with mixed dentition, or edentulous fractures (e.g.,
using dentures or gunning splints). This technique is gener-
ally contraindicated in displaced, unfavorable fractures,
multiple fractures, or instances of malunion. In addition,
certain systemic conditions such as psychiatric disease,
neurologic problems like seizures disorders, pulmonary
disease, or gastrointestinal disorders where aspiration of
emesis is a concern preclude prolonged intermaxillary
fixation.

In most clinical circumstances, management of displaced
mandibular injuries necessitates. Fixation can be achieved
solely via an intraoral approach with a single reconstruction
plate (2.3 to 2.5mm, ►Fig. 11A) at the inferior border of the
mandible or two miniplates (superior and inferior border
plate) along zones of tension and compression. A transbuccal
puncture for screw fixation may be required to access more
posterior body fractures. A review by Ellis of 682 patients
treated with ORIF of body and/or symphysial fractures with
two miniplates was associated with more postoperative
complications (wound dehiscence, plate exposure, need for
plate removal, and tooth root damage) compared with the
use of a single, larger diameter plate.17

In cases of severely displaced or comminuted fractures a
transcervical or submandibular approach may be indicated.
Risdon first described the submandibular approach in 1934,
which consisted of a skin incision 2cm below the angle or
inferior border of the mandible and 4–5cm in length. A skin
crease should be identified to hide the scar. Making the
incision roughly 2 cm below the inferior border of the
mandible will generally avoid the marginal mandibular
branch of the facial nerve when utilizing this approach

Fig. 10 Intermaxillary fixation typically utilizes appliances that allow
for coordinated alignment of the maxillary and mandibular dental
arches. Intermaxillary fixation can be achieved with stainless steel
wire loops, as shown here, or heavy elastics.

Fig. 11 Varied fixation strategies were used in this patient with a right mandibular body and left mandibular angle fracture. The body fracture
was fixed with a single 2.3mm thick locking plate with bicortical screws (A). The left mandibular angle fracture was managed using the
Champy technique, a method of semi-rigid fixation that is frequently used for management of angle fractures that are favorably oriented. The
technique utilizes a single miniplate with screws placed along the internal oblique ridge proximally and external oblique ridge distally (B).
The proximal and distal screws are located at near 90 degree angles to each other (C).

Seminars in Plastic Surgery Vol. 35 No. 4/2021 © 2021. Thieme. All rights reserved.

Mandibular Fractures: Diagnosis and Management Panesar, Susarla 243

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



(►Fig. 12). A cadaveric study by Dingman and Grabb identi-
fied this nerve branch is 1cm below the inferior border of the
mandible 91% of the time when18posterior to the facial
vessels.19 Anterior to these vessels, the marginal mandibular
branch is inferior to the mandibular border only 19% of the
time. The Hayes-Martin technique of ligating and elevating
the facial artery and vein generally protects this branch and
allows direct access to the inferior border of the mandible.

Angle
Management of angle fractures is especially complex given
the distracting forces of the muscles of mastication, lack of
tooth-bearing segments, and possible presence of the third
molar. If the fracture is unfavorable, treatment with only
MMF would be contraindicated as the proximal segment
may rotate. For years, rigid fixation with either a reconstruc-
tion plate or two miniplates was the treatment of choice. In
1976, Champy published an intraoral technique utilizing a
singlemonocortical tension plate positioned proximally over
the internal oblique ridge and distally over the external
oblique ridge, with the screws in the segments oriented
orthogonally relative to each other.20 This form of semi-
rigid fixation is ideal for nondisplaced or minimally dis-
placed fractures with favorable orientation (►Fig. 11B-C).

Ellis published a series of landmark prospective studies
evaluating eight methods of treating mandible angle frac-
tures over the course of several years and concluded that the
use of either extraoral ORIF using a reconstruction plate or
intraoral ORIF using a single miniplate yielded the fewest
complications.21 Later, he published a study comparing
nonrigid fixation with 5–6 weeks of MMF, nonrigid fixation
with a single miniplate (ie, Champy), or rigid fixation with
2 miniplates. The Champy technique yielded a complication
rate of 2.5%; ORIF with a transcervical approach using a
single reconstruction plate had a complication rate of 7.5%.
The Champy technique also had the shortest operating time
and was subjectively reported to be the easiest to perform.22

The use of geometric miniplates was also found to decrease
the riskof postoperative complicationswhen comparedwith
conventional miniplates. The more extensive dissection

down to the inferior border of the mandibular angle, strip-
ping the muscular attachments to bone and periosteum in
this region and reducing the vascularity to the segments,
may be one of the reasons why conventional plates lead to
less favorable outcomes.23

Ramus-Condyle Unit
Classification and management of condylar fractures is a
controversial topic in craniomaxillofacial trauma. The two
commonly used classification system are Lindahl and Spiessl.
Lindahl’s classification is based on three factors: level of
fracture, amount of displacement, and relationship of the
condylar head to the glenoid fossa. The three levels of
fracture are condylar head (located within the joint capsule),
condylar neck (inferior to the joint capsule and inferior
attachment of the lateral pterygoidmuscle), and subcondylar
fracture (between the sigmoid notch and posterior aspect of
the ramus). Spiessl’s classification is based on the degree of
displacement of fracture segments and dislocation of the
condylar head from the fossa.24,25

Management of condylar fractures is contentious and the
subject of numerous studies. Treatment includes observa-
tion, closed reduction, ORIF by either transfacial or intraoral
approaches. Endoscopic visualization may also be used.
Singh et al. published a blinded, randomized controlled trial
comparing ORIF or closed reduction and concluded that both
groups yielded acceptable results. The surgical group
achieved more accurate reduction, greater mouth
opening/lateral excursion/protrusion, and less pain. No dif-
ference was found in occlusion between the two groups.26

Absolute and relative indications for ORIF of condyle
fractures were first described by Zide and Kent, but have
been revised over the years.27 Current absolute indications
include bilateral fractures, severe dislocation, cases where
closed reduction doesn’t re-establish occlusion, concomitant
fractures of other areas of the face that compromise occlu-
sion, foreign bodies, or dislocation of the condyle into the
middle cranial fossa.28

Regardless of treatment choice early mobilization and
physical therapy has been shown to decrease risk of ankylo-
sis and trismus.29,30 Decision-making for condylar injuries
should prioritize early mobilization. In patients with intra-
capsular injuries and associatedmalocclusion, a short course
of intermaxillary fixation (no longer than 7 days) can be
considered, followed by aggressive mobilization to prevent
ankylosis.

In patients with displaced condylar or subcondylar inju-
ries, treatment with open or closed approaches is valid
(►Fig. 13). When considering closed management, our ap-
proach is to re-establish occlusionwith closed reduction and
placement of intermaxillary fixation. This is followed by a
period of tight intermaxillary fixation for 2 weeks, then
2 weeks of elastic (4–6 oz) fixation with jaw stretching
exercises at meal times (3–5minutes), and then 2 weeks of
elastics use only at night, with jaw stretching exercises at
meal times. The use of oral muscle relaxants during the
subacute healing period may help patients with jaw stretch-
ing exercises.

Fig. 12 The transcervical, or Risdon, incision is typically placed 1.5–
2 cm below the inferior border of the mandible (A), to prevent
iatrogenic injury to the marginal mandibular nerve, which will run
superior to this. When planning the extraoral approach in the setting
of a displaced fracture, it is critical to place the incision at the
anticipated location of the inferior border, as displacement will alter
the position of the inferior border relative to its native location.
Transcervical approaches to the mandible are frequently employed to
allow adequate visualization of the buccal, inferior, and lingual
aspects of the fracture (B).
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Special Populations

Atrophic Mandible
It is estimated that roughly 8% of theUnited States population is
edentulous. Atrophic, edentulous mandibular fractures repre-
sent 1% of all facial fractures. Although thought to be associated
with advanced age, mandibular atrophy is more related to the
durationofedentulism.Thepresenceof tooth rootsand forcesof
mastication send signals to inhibit bony resorption.31,32 To be
classifiedatrophic, the remainingboneheightmustbe15mmor
less. Severe atrophy is classified as 10mm in height or less.33

Decreased bony height correlates to increased incidence of
nonunion, malunion, recurrent fractures, hardware failure,
postoperative infection, and osteomyelitis. The incidence of
these complications is between 10–20%.33

ORIF has largely replaced other reduction techniques such
as gunning splints, circum-mandibular wires around den-
tures, and external fixators. Load bearing osteosynthesis
with a reconstruction plate for anatomic reduction provides
a solid construct for atrophic mandible fractures
(►Fig. 9B).34,35 In some cases, a large inferior border plate
on the lateral border, coupled with a shallow vestibule may
makewearing a denture less feasible. In these circumstances,
placement of the reconstruction plate on the underside of

the mandible, with screws oriented vertically or near verti-
cally, may allow a patient to continue towear a denture. This
technique may also avoid potential intraoral hardware de-
hiscence. With any open approach, periosteal detachment
should be limited to the buccal tissues to minimize devas-
cularization. Autologous grafting can also be undertaken
concurrently to aid in fracture healing and anticipation of
dental rehabilitation.

Mandibular Injuries in Children
Mandible fractures in children follow different patterns than
those observed in adults. In children, up to 50 to 80% of
mandible fractures involve the condyle, subcondylar, or
angle. The next most common are symphysis and para-
symphysis fractures.36–38 Body fractures are relatively
rare.39–41 Management must take into account eventual
mandibular growth, presence of tooth buds, and eruption
of permanent teeth.42 The main goals of treatment of pedi-
atric mandible fractures are to obtain bony union, restore
occlusion, and prevent growth disturbances.

Treatment modalities for pediatric mandible fractures
include physical therapy without MMF, a short period of
MMF (7–14 days) followed by physical therapy, and ORIF.
When considering intermaxillary fixation in children in the
primary or mixed dentition, screw-retained devices should
not be used, due to the risk of injury to the developing
permanent dentition. Ivy loops, Risdon cables, Erich arch
bars, sutures, and dental splints are all potential options for
achieving intermaxillary fixation in children. Similarly,
placement of internal fixation should account for the pres-
ence of the developing permanent teeth (►Fig. 14). In the
dentate regions of themandible, plates should be placed at or
near the inferior border, with monocortical screws. If
titanium fixation is used, it is prudent to consider removal
at 2–3 months post-operatively in growing patients. Resorb-
able fixation in this population remains under investigation,
but appears to result in stable healing when appropriately
utilized.

Similar to management in adults, treatment of pediatric
condylar fractures remains controversial. Long-term favor-
able facial growth outcomes have been describedwith closed
treatment of condylar fractures. Early mobilization is crucial
to prevent hemarthrosis and ankylosis. TMJ ankylosis can be
very difficult to treat and can children can result in profound
facial deformities, particularly in growing children.39,43,44

Management of pediatric mandibular injuries will be
discussed more extensively later in this volume.

Complications

Complications associated with treatment of mandibular
fractures may occur in up to 15% of cases. The most common
complications include infection, hardware failure, osteomy-
elitis, malunion, nonunion, and wound dehiscence.45,46

Infection
Postoperative infections are the most common complication
associatedwith treatment of mandibular fractures. Themost

Fig. 13 This patient sustained symphyseal and bilateral mandibular
condylar fractures following an assault. The symphyseal fracture was
managed with open reduction and placement of rigid internal fixation.
The condylar fractures were managed with closed reduction and use
of intermaxillary fixation with wires for 2 weeks, then heavy elastics
for two weeks with initaition of jaw stretching exercises, and two
weeks of night-time elastics with jaw stretching exercises 3 times
daily. At 6 weeks post-operatively, the patient had a stable occlusion
consistent with the preinjury state and preserved maximal incisal
opening of 45mm without deviation or pain.
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common organisms found in infected mandibular fractures
are those species readily found in oral flora: Staphylococcus,
Streptococcus, Klebsiella, and Actinomyces. In the acute
period, infections are related to compromised soft tissues
or teeth left in the fractures. Left untreated, infections may
result in osteomyelitis. Contributing factors to complications
include preoperative, perioperative, and postoperative oral
hygiene, infected/fractured teeth in the line of fracture,
alcoholism, metabolic disturbances, tobacco use, prolonged
time between injury and definitive treatment, poor patient
compliance with treatment, fracture severity, and inade-
quate reduction or fixation.47–49

Numerous studies have shown that pre-operative anti-
biotics do not result in a decreased incidence of postopera-
tive infections, hospital stay, or intensive care unit length of
stay.50–52 A study by Gaal et al. showed that limiting antibi-
otic exposure only to intraoperative antibiotic prophylaxis
for patients undergoing transoral ORIF for treatment of open
mandibular fractures was not associated with an increased
risk of infection.53

Malunion and Malocclusion
It is important for the provider to differentiate between
malunion and nonunion as the treatment will differ. Mal-
union occurs when fracture segments are not properly
reduced, not properly fixated, or in untreated fractures
with delayed presentation allowing for bony union to take
place in the absence of reduction. Malunion is most com-
monly evident clinically as malocclusion. Once recognized,
malunion should be treated as early as possible. Malunion

resulting in minor occlusal interferences can be treated with
occlusal reduction and/or orthodontic therapy. In cases of
severe malunion, fracture segments may need to osteotom-
ized to obtain accurate, harmonic occlusion. To prevent
malocclusion, obtaining premorbid photographs can assist
the surgical team in obtaining the patient’s premorbid
occlusion, especially in cases where a premorbid malocclu-
sion may have already existed, such as an anterior open bite.

Non-union
In contrast to malunion, non-union is a lack of osseous union
between two or more fracture segments after an appropriate
interval where osseous healing should be expected (e.g.,
6–8 weeks in adults). Non-union is most common the result
of fracture mobility, which results in a persistent inflamma-
tory state that prevents normal bony repair of the defect. The
overall incidence of nonunion is around 1–3%.54,55

Clinically, if fracture segment mobility is observed early
on within the dentate mandible, conservative management
consisting of increasing the period of immobilization may
resolve the nonunion. When this is not successful or gross
mobility is noted, particularly in cases were fixation is
inadequate in relation to the amount of bone, a second
surgical intervention may be necessary.56–58 Importantly,
all infected material and soft tissue should be removed and
the fracture sites should be debrided of immature callus to
bleeding bone to ensure vascularity (►Fig. 15).54,58 For
segmental gaps that result from such debridement, autolo-
gous bone grafting or, in cases of large defects vascularized
tissue transfer, may be indicated.

Fig. 14 This two-year-old patient sustained displaced bilateral mandibular body fractures following a motor vehicle collision. The fractures were
managed with open reduction and placement of internal fixation using miniplates with monocortical screws placed at the inferior border.
Following appropriate healing, as evidenced clinically by lack of tenderness or mobility at the fracture sites and uniform mandibular movement,
the plates were removed.
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Special Considerations

Teeth in Line of Fracture
Historically, the literature has shown repeatedly that healthy
teeth in the line of the fracture does not increase the incidence
of infection and may actually aid in the stabilization. A large
prospective study of 253 patients with 422 mandibular frac-
tures found a postoperative infection rate of 6.95% and found
no association between the rate of infection and whether the
tooth in the line of fracture was removed or not.59–61 A
systematic review by Fernandes et al. similarly failed to
show any statistically significant difference in complication
rates.62When teeth in the line of the fracture impair adequate
reduction of the bony segments, are involved in an infected
fracture, are mobile due to fracture or periodontal disease,
haveassociateddrainage, periapical radiolucency, or are them-
selves fractured, they should be removed.61–64

For teeth otherwise involved in the lines of fractures,
recent recommendations advise clinical and radiographic
monitoring for at least 1 year and avoid unnecessary, costly
endodontic procedures.63 When a symptomatic tooth needs
to be removed, it should ideally be removed once an ade-
quate healing period has occurred, typically at aminimum of
3 months following reduction.

Three-dimensional Printing
Recent advances in computer-aided design and computer-aided
manufacturing (CAD/CAM), in addition to the accessibility of
three-dimensional (3D) printers, have found utility in manage-
ment of complex CMF trauma.65 The ability of 3D planning has
thepotential tonotonly reduceORtimeandcosts, butalsoaid in
educating trainees in understanding the principles of fracture
management.66–70Kinget al. showed that theuse of 3Dprinters
for fabrication of models to pre-bend plates drastically reduced
operating time and costs (►Fig. 15). The mean intraoperative
plate adaptation was reduced from roughly 23minutes to
7minutes resulting in agreater than3-fold reduction in average
operating room costs.71

With the availability of in-house 3D printing capabili-
ties at many institutions, the typical 1–2 week time
required to send out imaging, plan, and obtain models,
and pre-bend plates has been shortened to hours. Prelimi-
nary literature reports have demonstrated the utility of

3D-printed models for pre-bending fixation devices for
simple or complex fractures, comminuted fractures, mal-
union, and even the fabrication of a dental splint to aid in
circum-mandibular wiring for pediatric mandibular frac-
ture fixation.72,73

Intraoperative Imaging and Navigation
Surgical approaches to the mandible have anatomic limita-
tions that may make visualization and accurate reduction
challenging. Advances in mobile CBCT scanners, hybrid op-
erating rooms with CT scanners, and intraoperative naviga-
tion systems allow for the provider to not only evaluate
fracture reduction and fixation in real-time and make
changes as needed.65,74–76 However, one study examining
cost-effectiveness and the use of intraoperative imaging
found a cost break point at 17.7%. In other words, surgeons
with complication rates of 17.7% or morewould benefit from
obtaining intraoperative imaging, while thosewith rates less
than 17.7% would not. Interestingly, intraoperative CT was
not cost-effective at any complication rate due to increased
OR time.77 In addition, the findings by Jain et al. found that
the routine use of postoperative radiographs had no signifi-
cant effect in management of maxillofacial fractures.78 This
idea has also been supported by the work of Courtemanche
et al.79 While these authors have demonstrated that post-
operative imaging does not changemanagement for patients
with mandibular fractures following operative treatment,
there remains a role for post-operative imaging to assess
results and for educational purposes. In this context, sur-
geons should consider the balance between obtaining un-
necessary imaging with the practical educational benefit for
surgeon and trainee that comes from critical assessment of
results using radiography.
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