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Vision RFD C-Arm (Ziehm Imaging, Nürnberg, 
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patient’s anatomy with fluoroscopy. 
Afterwards, 3D CBCT data sets of the facial 
skeleton can be generated in a single 165 
degree rotation.
Rüdiger M. Zimmerer, Nils-Claudius Gellrich

Video 1.3.4 Intraoperative data fusion. Using the Brainlab 
Curve system (Brainlab, Feldkirchen, 
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“PRECISION MEDICINE” AND FACIAL 
INJURIES, 2018
In the past 30 years, much progress has occurred in the treatment of 
facial injuries with regard to classification, treatment options, timing, 
and technique of reductions of both the bone and soft tissue. Treatment 
planning options are numerous, and patient-specific implants and 
computerized plans are used more frequently. Facial injuries now benefit 
from refined classifications, which incorporate outcome data, which 
then cycle refinement of the classification and treatment options, pro-
ducing a recurring cycle of continuous treatment improvements.

Since all disease occurs in patterns, recognition of the patterns of 
facial injuries allows the use of specific algorithms for management of 
the various categories, which include minimal, intermediate, and severe 
injuries to each anatomical portion of the facial skeleton. The recurring 
process of diagnosis, treatment, and outcome analysis yields progres-
sive changes and improvements to both the taxonomy and thereby 
the future treatment algorithms, perpetuating the recurring cycle of 
improvement.1,2

Practically, division of the face by functional parts creates an ana-
tomical treatment algorithm organized on “CT-based fracture classifica-
tion”3 determined by (1) anatomical area of the face and (2) the energy 
or “comminution and displacement” of the particular anatomical part 
injured.

The papers cited3–8 propose a comprehensive treatment organization 
for both the bone and soft tissue. Functionally, there are four areas of 
the facial skeleton:

(I) Frontal bone (supraorbital and frontal sinus areas)
 (II) Upper midface (zygomas and nasoethmoid)
 (III) Lower midface and occlusion
 (IV) Mandible (horizontal and vertical sections)
These papers1–15 cover exposure, reduction, and fixation for each degree 
of bone injury (low energy – mild; middle energy – moderate; high 
energy – severe) in each anatomical area (zygoma, horizontal mandible, 
nasoethmoid, etc.), and then deal with how to improve the quality of 
the soft tissue in terms of the original injury, timing of fracture repair, 
and repair and replacement of soft tissue onto the anatomically restored 
facial skeleton.

Within each of the four areas, each section may be classified as 
minimally, moderately or severely displaced, and therefore treated with 
(a) no or (b) minimal open reduction, (c) a standard open reduction, 
or (d) an extended open reduction. The latter is reserved for the most 
comminuted and displaced fractures requiring multiple and complete 
exposures for alignment and fixation at all buttress articulations of a 
particular anatomical area.

For the zygomatic portion of a panfacial fracture, it could be so 
minimally displaced that no reduction would be necessary. More fre-
quently, the standard minimally displaced zygoma (incomplete or 
“greensticked” at the zygomaticofrontal suture) could be approached 
by inferior alone approaches at the zygomatic buttress and inferior 
orbital rim. For the standard displacement, a more complete set of 
anterior incisions, the “anterior alone” approaches of the lower midface 
gingival buccal sulcus and upper/lower eyelid incisions, allows complete 
exposure and fixation of all anterior zygoma buttress articulations. The 
severely comminuted zygoma would require the anterior complete 
exposure plus the zygomatic arch (anterior and posterior exposures) 
via a coronal incision for reduction and fixation at each zygomatic 
buttress and within the orbit laterally and inferiorly.

Similarly, for the nasoethmoid area,5 the simplest fractures would 
be undisplaced or “greensticked“ at the articulation with the internal 
angular process of the frontal bone, and therefore would, like the “green-
sticked” zygoma, be amenable to inferior alone approaches where the 
infraorbital rim and pyriform aperture fractures are aligned and sta-
bilized through only a gingival buccal sulcus incision, perhaps supple-
menting it with the eyelid for the next degree of severity. With increasing 
displacement and comminution of the nasoethmoidal orbital area, the 
lower eyelid and coronal approaches would have to be added to permit 
more complete exposure and perhaps also provide for detachment and 
reattachment of the medial canthal ligament in extreme cases.

The approaches and degree of fracture displacements would be 
summed over all the anatomical areas of fracture in the patient, permit-
ting a comprehensive treatment plan for all areas to be developed for 
what is necessary in each area, and then an order of treatment is devel-
oped for the entire case, linking and sequencing the anatomical areas 
by a plan which combines segmental reductions. In this way, the treat-
ment is the least (but still maximally effective) for each anatomical area 
according to the procedures necessary for each component of the fracture. 
Such approaches were first described in an article about “CT-based 
fracture treatment”.3

Generally, my preference, if no neurosurgical urgency is present, is 
to begin with stabilization of the occlusion by reduction of the split 
palate and mandible alveolar fractures, and then to address the vertical 
and horizontal mandible. Or if one needs to begin in the frontal bone 
because of simultaneous brain injury, the frontal bone is reduced after 
defunctionalizing the frontal sinus; perhaps first using wires for tem-
porary positioning, and then proceeding to rigid fixation after the 
multiple areas of reduction required are confirmed as accurate. Then, 
the upper midface could be reduced and stabilized, then completing 
the reduction of the lower face, then linking the upper and lower face 
at the Le Fort I level.

Several comments about the soft tissue bear repeating:
1. Every facial fracture has an injury to the soft tissue, and it may be

minimal, moderate or severe. How the soft tissue responds (and
therefore the ultimate quality and the position of the soft tissue)
depends on when and what you do to the bone, and whether or not
the soft tissue can respond by healing and remodeling over a precisely 
reconstructed bony facial skeleton. The early bone reduction and
the repair of the incisions and refixation of the soft tissue to a
reduced skeleton become the method of “treatment” of the soft
tissue, the “soft tissue reduction”.

2. Timing and facial fracture management: Since the soft tissue has
an initial injury, it makes good sense to confine the incisions and
dissection and repair to this initial injury period, rather than to
create a second soft tissue injury with the definitive reduction in
the vulnerable period of soft tissue healing 1–2 weeks after the initial 
soft tissue trauma.

While many isolated, simple fractures may be operated on at 
any time after the injury with little compromise in the ultimate 
soft tissue quality, true high-energy facial injuries begin to develop  
soft tissue scar and contracture immediately from the time of the 
initial injury, and the soft tissue becomes stiffened, thicker, discolored, 
and less pliable with each day of initial healing.

Soft tissue contracture and stiffness develop in the shape of the 
underlying displaced bone fracture. Making reduction incisions and 
dissecting in the “vulnerable period” 1–3 weeks after the initial injury 
creates a second set of soft tissue injuries from the surgery, further 
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damaging the soft tissue, whereas confining the incisions to the 
initial injury period isolates the two soft tissue injuries to a single 
reaction where the soft tissue reacts to a single insult, yielding the 
best result one could achieve in terms of soft tissue quality and  
position.

3. Dehiscence and displacement of soft tissue: The layered closure of
incisions prevents soft tissue dehiscence. Reattaching the repaired
soft tissue to the facial skeleton places the soft tissue correctly over
the reconstructed and realigned facial skeleton, allowing the soft
tissue to heal in the correct position and with the correct contour.
The shape and position of the bone are the pattern for the remodel-
ing and repair by internal scar of the soft tissue injury. In some
cases, such as the nasoethmoidal orbital area, placing soft tissue
bolsters over the soft tissue pressing it against the maxilla and the
lateral nose keeps the tissue aligned to the repaired facial skeleton
over the complex contours and angles of the central upper midface
area, prevents hematoma (minimizing excess fibrosis and thickness
of soft tissue), and keeps the soft tissue stretched to length over the
entire curving surface of the anatomically reduced bone.
These several considerations create a comprehensive plan for treat-

ment of any facial injury, both for the bone and for the soft tissue. Of 
course, immediate bone grafting and microvascular flap transfer may 
be added where necessary to replace critical missing areas of the facial 
skeleton and soft tissue. Mismatched cutaneous soft tissue islands from 
microvascular transfer may be removed secondarily by serial excision 
or standard facial cutaneous flap reconstruction, covering the mismatched 
soft tissue added with a contoured area of soft tissue with matching 
cutaneous color.

So read on, enjoy, and benefit from the mastery of experienced 
practitioners who are ready to assist you with these difficult problems.

Paul N. Manson MD
Distinguished Service Professor of Plastic Surgery

Johns Hopkins School of Medicine
Professor of Surgery, The University of Maryland

R Adams Cowley Shock Trauma Unit
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“If I have seen further it is by standing on the shoulders of Giants.”

Isaac Newton, 1675

The idea for the genesis of this textbook originated from being invited 
to co-author a book chapter on facial trauma with Drs. Eduardo Rodri-
guez and Paul Manson in the fourth edition of Neligan’s Plastic Surgery
textbook. In helping to co-author this book chapter I realized that to 
provide a comprehensive text on the subject area in the limited number 
of words was impossible; we therefore decided to expand the book 
chapter into a textbook. The textbook initially set out to cover primary 
traumatic repair, but as we conceived the book chapters, we thought 
that no textbook on facial trauma surgery would be complete without 
describing delayed posttraumatic reconstruction.

This textbook has been based on the principles and concepts of 
craniofacial surgery for the care of patients with facial traumatic injuries 
that were originally described and taught by Dr. Paul Manson, and later 
expanded upon by Dr. Eduardo Rodriguez to include microsurgical 
applications to craniofacial reconstruction over the last 40 years at the 
R Adams Cowley Shock Trauma Center at the University of Maryland 
Medical Center. I have also tried to add my own perspective and insights, 
which I have gained over the last decade treating patients with traumatic 
facial injuries at the R Adams Cowley Shock Trauma Center and at the 
Johns Hopkins Hospital.

We decided to ask internationally recognized authors across the 
disciplines of Plastic and Reconstructive Surgery, Oral & Maxillofa-
cial Surgery, Otolaryngology and Facial Plastic Surgery, Oculoplastic 
Surgery and Neurological Surgery to contribute their perspectives in 

their respective expert areas in the treatment of patients with cranio-
facial traumatic injuries. Each book chapter has a concluding “Expert 
Commentary” by Dr. Paul Manson offering his viewpoint on the 
subject. Several book chapters also include evidence-based summa-
ries in areas of controversy and video attachments to supplement and 
clarify surgical technique. We have also included chapters on virtual 
surgical planning, 3D printing, intraoperative surgical navigation, 
and the roles of microsurgery and facial transplantation in the treat-
ment of facial traumatic injuries to provide an advanced and modern   
approach.

This book is focused towards the young reconstructive surgeon or 
surgical trainee wishing to understand basic principles and concepts 
of primary traumatic facial injury repair and secondary facial recon-
struction. It is designed to be of value to all the subspecialties of recon-
structive surgery and we hope to improve the delivery of traumatic 
facial injury care to patient populations not only in the United States 
but around the world.

Amir H. Dorafshar MD, FACS, FAAP
John W. Curtin, MD Chair of Plastic and Reconstructive Surgery

Professor of Surgery and Neurological Surgery
Division of Plastic and Reconstructive Surgery

Rush University Medical Center, Chicago, IL, USA
Adjunct Professor

Department of Plastic and Reconstructive Surgery
Johns Hopkins University School of Medicine

Baltimore, MD, USA
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1.1 

BACKGROUND
Incidence of Facial Trauma in the United States 
and Worldwide
The spectrum of facial trauma includes soft tissue and bone, and ranges 
from the simple to the complex. Epidemiology varies with local and 
global demographic factors and reflects a complex interplay of influ-
ences, including those related to the environment, economics, age, gender, 
and mechanism of injury. Any understanding of the incidence of facial 
trauma is further confounded by the presumptive underreporting and 
treatment of minor injuries. As a result, the plethora of data is often 
conflicting. Nonetheless, the incidence of facial fractures presenting to 
the emergency room is approximately 500,000 per year in the United 
States, with nasal fractures likely the most common, followed by man-
dible fractures.1 These commonly occur in males more than females, 
are most frequent in the second and third decades of life, and are most 
frequently the result of altercations, assaults, falls, work or home acci-
dents, and motor vehicle or motorcycle collisions (MVCs). While many 
studies cite mandible fractures as being more common than nasal frac-
tures, this has been attributed to a sampling bias favoring inpatient 
admissions or requirement for in-hospital treatment rather than cap-
turing all emergency room presentations. Several older studies show 
higher rates of injury from MVCs, prior to the mandatory implementa-
tion of airbags and restraining devices.2 Despite this, MVCs remain the 
most important cause of facial trauma all over the world. Global trends 
also reflect an increase in the male/female injury ratio in countries 
where the social custom is for women to be more confined to the home.3

Associated soft tissue trauma is the most common concomitant injury, 
occurring in approximately 30% of facial fractures. Concomitant frac-
tures of the skull, upper limbs, and associated areas are estimated to 
occur in around 25% of facial fractures; these include intracranial injuries 
in 12%–45.5%, and associated cervical spine injury with facial injury 
in up to 9.7%.1,4 One must therefore always exclude brain and cervical 
spine injuries in the patient with facial injuries as trauma is often a 
geographic injury to the head and neck. Missed injuries of the spine, 
extremities, and pelvis are also frequent (10%) and are easily missed.

Patterns of Facial Trauma and Causes
Patterns of facial injuries may be subdivided into soft tissue, bony skel-
eton, and/or dentoalveolar trauma. Descriptions can also be made based 
on location in facial thirds: the upper third (including the frontal bone, 
frontal sinuses, and orbital roofs), middle third (including the orbit, 
nose, malar region, and maxilla), and lower third (including the 

mandible and its dentition) (Fig. 1.1.1). Blunt trauma can result in 
relatively predictable fracture patterns due to the presence of facial 
buttresses and resultant functional skeletal units (Fig. 1.1.2).5 Injury to 
the upper third may reveal frontal sinus fractures, which require the 
determination of whether injury affects the inner table, outer table, or 
both, degree of displacement, and the presence of nasofrontal outflow 
tract obstruction.6 Midface fracture patterns may include the charac-
teristic Le Fort fracture patterns, but are more frequently asymmetric 
and more extensive on the side of the force application, or orbito-
zygomaticomaxillary complex (OZMC), orbital, nasal and naso-orbito-
ethmoid (NOE) fractures in isolation or in combination. Lower third 
facial fractures, i.e., those of the mandible, also demonstrate reproducible 
patterns. The most prevalent site of mandibular fracture reported in 
the literature is variable, though mandibular angle and condyle are the 
most frequently cited.7 Based on the mandibular “ring” concept, man-
dibular fractures have conventionally been thought to involve at least 
two sites, however, unifocal mandibular fractures commonly occur. 
Common multifocal patterns include mandibular body and contralateral 
angle/ramus/condyle, angle and contralateral parasymphysis, symphysis/
parasymphysis, and bilateral condyle. True panfacial fractures involve 
all thirds of the face simultaneously and are less involved on the contra-
lateral side, both in terms of fracture extent and comminution.8 These 
fracture patterns differ depending on mechanism, with most panfacial 
fractures usually resulting from MVCs and, less commonly, from gunshot 
wounds (GSWs). Sports injuries typically are isolated to the mandible 
or upper midface, and assaults are predictive of isolated mandible, 
midface or zygoma fractures. MVCs and GSWs each predict a higher 
severity of injury than assaults, falls, or sports injuries.9,10

Patterns of facial trauma in the pediatric population differ from 
those in adults. Facial fractures are relatively less common in children 
due to parental supervision as well as intrinsic anatomical factors such 
as larger fat pads, decreased pneumatization of sinuses, increased skeletal 
flexibility secondary to more malleable bone stock, and compliant sutures. 
The large cranium partially shields the rest of the face from injury. 
Atypical craniofacial fracture patterns precede the Le Fort patterns seen 
in adulthood and as an incompletely pneumatized frontal sinus transmits 
energy directly from the site of impact to the supraorbital foramen and 
then to the orbit, superior NOE and anterior maxillary wall or zygoma.11,12

Younger patients are at higher risk of dentoalveolar trauma, including 
crown fractures (the most common injury), luxations, avulsions, sub-
luxations, root fractures, and intrusions, with approximately one-third 
occurring in those younger than 10 years of age. These most often result 
from activities of daily living, play, MVCs, and sports.13
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Fig. 1.1.1 Facial skeleton in thirds: upper (yellow), middle (blue), lower 
(pink). 

The relative incidence of fracture patterns is debated; mandible 
fractures are often cited as the most common pediatric facial fracture, 
accounting for 20%–50% of all pediatric facial fractures.14–17 Anatomical 
distribution varies with age; isolated condylar fracture incidence decreases, 
while body and angle fractures increase.18 Others have reported that 
nasal fractures comprise up to 50% of pediatric facial fractures, but 
usually escape hospital registries.14,19 Nasal and maxillary fractures were 
the most common osseous injuries among infants in the US National 
Trauma Databank, while mandible fractures were more common in 
older teenagers, with mandible fractures being the overall most common 
facial fracture.20 Nasal fractures are likely often underreported, with 
many treated as an outpatient or not treated and thus not reported.21 
One review found 54% of fractures to occur in the skull, one-third in 
the upper and middle thirds of the face, and the remainder in the lower 
third.22 Another group stratified patients by dental maturity – primary, 
mixed, and permanent dentition – and concluded orbital fracture was 
the most common fracture type for all age groups combined. This 
group showed activities of daily living as the most common cause of 
injury in 0- to 5-year-olds, MVCs, sports, and play in ages 6–11, and 
violence, sports, and MVCs as the most common causes of injury in 
12- to 18-year-olds.23

Similarly, fracture patterns, demographics, and mechanisms of injury 
differ significantly between geriatric and nongeriatric adult craniofacial 
trauma patients. Falls are more frequent causes of fractures in geriatric 
patients whereas assaults, MVCs, and pedestrians struck were signifi-
cantly more frequent causes in the nongeriatric adult population. Man-
dible fractures and panfacial fractures are more common in the 
nongeriatric population while higher incidences of orbital floor, maxil-
lary, and condylar fractures are more common in geriatric patients and 
are dependent on geriatric age status, rather than mechanism of injury 
alone.24,25 The most common cause of soft tissue injury has been shown 
to be falls and therefore older people seem excessively prone to this 
injury.

Penetrating soft tissue trauma, including that resulting from bites, 
stab wounds, gunshot, and other ballistic injuries, can result in injury 
configurations and fracture patterns that fall outside the usual predict-
able blunt trauma patterns. Distribution of soft tissue injury is frequently 
concentrated in a “T-shaped” area that includes the forehead, nose, lips, 
and chin as well as commonly affecting the lateral brows, malar emi-
nences, forehead, and occiput.26 Patterns may be described by facial 

Fig. 1.1.2 Transverse (blue), vertical (red), and sagittal (green) buttresses of the facial skeleton. (From Prein 
J, Ehrenfeld M, Manson PN, editors. Principles of internal fixation of the craniomaxillofacial skeleton: trauma 
and orthognathic surgery. AO Foundation, Thieme; 2012, Fig. 1.3.1-5, p.24.)
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aesthetic facial subunits and the lines of skin tension (Langer’s lines) 
can help guide soft tissue repair strategy. The tenet from tumor surgery 
that loss of more than 50% of a subunit requires consideration of 
excision of the remainder of that subunit and reconstruction of it as a 
whole should be considered, but may not be as valid in youth or in 
cutaneous facial injury. The soft tissue planes of the face from superficial 
to deep are skin, subcutaneous fat, superficial musculoaponeurotic 
system (SMAS), containing mimetic muscles, deep fascia and fat com-
partments, and periosteum. The lacrimal system is the apparatus that 
produces tears and manages their transfer and drainage; it extends from 
the lacrimal gland in the lateral upper eyelid, over the corneal surface 
to the lacrimal canaliculi, through the lacrimal sac and the nasolacrimal 
duct to the inferior meatus of the nose. Injuries in the region of the 
eyelids, medial canthus, and upper lateral posterior nasal region should 
raise suspicion of potential injury to these structures. Stenson’s duct is 
the conduit for saliva from the parotid gland to the mouth, emerging 
at a papilla adjacent to the second maxillary molar. An evaluation of 
Stenson’s duct integrity is important in deep lacerations of the central 
cheek (especially those that occur near a reference line from the tragus 
to the lateral oral commissure). Sialocele, fistulae, and infection follow 
duct or gland injury. The trigeminal nerve branches that supply sensory 
innervation to the face may be injured as they exit bony foramina 
approximately in line with the mid-pupil, the supraorbital foramen/
notch, infraorbital foramen, and mental foramen for the three principal 
sensory branches of V1, V2, and V3 respectively. The blood supply to 
the face is exceedingly robust and focal injury of single vessels rarely 
results in clinically significant tissue ischemia in otherwise virgin tissue 
due to efficient and profuse collateral supply. Injury to the facial artery 
and its branches such as the labial arteries of the lips, the superficial 
temporal artery, angular vessels and its other branches can cause sig-
nificant bleeding and, if untreated, near exsanguination. Identification 
of foci of blood loss, along with ability to control epistaxis, are essential 
for control of bleeding from facial injuries as discussed further below. 
Facial nerve deficit can be one of the most devastating ramifications 
of an injury to the face. While the facial nerve can be injured anywhere 
along its course, there are “danger zones” where it is particularly vulner-
able to injury; the temporal branch along Pitanguy’s line (from 0.5 cm 
below the tragus to 1.5 cm above the lateral eyebrow), the zygomatic 
and buccal branches around Zuker’s point (halfway point along a refer-
ence line from the helical root to the oral commissure),31 and the mar-
ginal mandibular branch overlying the inferior mandibular body border. 
Nerve injuries medial to the lateral canthus are less clinically significant 
due to arborization of the nerve, but any cut nerve seen should be 
repaired. For those more proximal branches, operative exploration and 
repair within 72 hours optimizes recovery of motor function.

Facial Skeletal Anatomy
The structural support of the facial skeleton may be organized by the 
description of the facial buttresses. Nasofrontal/nasomaxillary, zygomatic, 
and pterygomaxillary buttresses are the major structures of vertical 
support of the maxilla; mandibular, maxillary–palatal, zygomatic, and 
frontal buttress are responsible for anteroposterior projection; and the 
orbital buttress has both vertical and horizontal components (see Fig. 
1.1.2). These are the supporting pillars of the facial skeleton; alignment 
and stabilization following injury literally provides the bony foundation 
for the restoration of facial form and support.5

Adult and Primary Dentition and Nomenclature
Assessment of dental trauma requires fluent knowledge of the nomen-
clature of dentition, both adult (permanent) and primary (deciduous) 
teeth. There are 20 primary teeth denoted by letters A to T proceeding 
from upper right second molar (A), to upper left second molar (J), 

aesthetic units27 or in reference to bony landmarks. Depth and structures 
suspected to be injured are also important considerations, especially 
the globe, eyelids, canthi, lacrimal system, lips, nose, facial nerve, and 
parotid duct. Ballistic injuries including GSWs are further uniquely 
characterized by blast vasospasm.28 These may be further complicated 
by a combination of blunt, penetrating, and burn injuries.29

These patterns of injury and interplay with epidemiology, mecha-
nism, and patient demographics emphasize the importance of a meticu-
lous history and a sequential and directed physical examination as central 
to the evaluation of a patient with facial trauma. This process collects 
information that predicts the injury pattern, which is further docu-
mented by examination and radiographs to serve as a basis for diagnosis 
and management.

SURGICAL ANATOMY
Facial Soft Tissue Anatomy
Knowledge of the functional anatomy of the face is fundamental to the 
understanding of facial trauma management. Important soft tissue 
considerations are the exact locations of the unique structures of the 
face and their relations to aesthetic units, layers of the face, and surface 
landmarks of deep structures such as the lacrimal system, Stenson’s 
duct, and neurovascular networks, including facial nerve “danger zones”30 
(Fig. 1.1.3). The eyelids, nose, ears, and lips are unique structures of 
the face. A detailed description of their component tissues is beyond 
the scope of this chapter but an appreciation of this detailed anatomy 
is vital for reapproximation, repair, and reconstruction following injury 
and is found in individual sections dealing with regional areas. Similarly, 
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Fig. 1.1.3 Facial anatomic zones in which major facial nerve branches 
are susceptible to injury. Zone 1 – great auricular nerve; Zone 2 –  
temporal branch of VII; Zone 3 – marginal mandibular branch of VII; 
Zone 4 – zygomatic and buccal branches of VII; Zone 5 – supraorbital 
and supratrochlear nerves of V1; Zone 6 – infraorbital nerve of V2; Zone 
7 – mental nerve of V3. (Modified from Holzman NL, Doherty ST, Seckel 
BR. Facial nerve danger zones, Fig. 7-1. Plastic Surgery Key. https://
plasticsurgerykey.com/facial-nerve-danger-zones/.)

https://plasticsurgerykey.com/facial-nerve-danger-zones/
https://plasticsurgerykey.com/facial-nerve-danger-zones/
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be classified by descriptions of their mechanism (sharp, crush, ballistic, 
blunt, burn), laceration and/or avulsion, location, orientation (vertical, 
transverse, oblique), and depth. In general, fractures can be classified 
by pattern: location, displacement, comminution, and whether they are 
open/closed to the skin. Most commonly, facial fractures are classified 
as being upper, middle or lower third (i.e., mandible) fractures or a 
combination; a true “panfacial” fracture has components involving 
upper, middle, and lower thirds simultaneously.

The Le Fort classification is a widely adopted and historical descrip-
tion of midface fracture patterns and fracture line locations in the 
maxilla with strong historical roots to original French cadaver experi-
ments.32,33 The hallmark of Le Fort fractures is traumatic pterygomaxillary 
separation, which signifies fractures of the pterygoid plates. Le Fort 
Type I fractures involve the lateral and medial walls of the maxillary 
sinus, propagating posteriorly above the alveolar process from the pyri-
form aperture (Fig. 1.1.7). Le Fort Type II fractures extend through the 
inferior orbital rim and orbital floor and the maxillary sinuses, and 
across the nose either high or low, forming a pyramidal shape of varying 
heights (Fig. 1.1.8). Le Fort Type III fractures extend horizontally from 
the nasofrontal suture to the frontozygomatic suture, through the orbits, 
and transect the zygomatic arches (Fig. 1.1.9). Le Fort I, II, and III 
fractures are conceptualized as a “floating palate,” “floating maxilla,” 
and “craniofacial dysfunction,” respectively.34,35 Most Le Fort fractures 
are usually bilateral, but asymmetric due to the asymmetric forces creat-
ing the fracture. It is thus common to have a higher-level fracture (i.e., 
Le Fort III) on the side of force application, and a lower-level fracture 
(i.e., Le Fort II) on the contralateral side. Lesser Le Fort segments usually 
exist within the overall Le Fort fracture pattern, reflecting comminution. 
Accurate bilateral description of the fracture pattern is critical for plan-
ning of the open reduction. The fracture pattern is defined by stating 

then lower left second molar (K) to lower right second molar (T) (Fig. 
1.1.4). Similarly, permanent teeth are denoted by numbers 1–32 from 
upper right third molar (1) to upper left third molar (16) and then 
lower left third molar (17) to lower right third molar (32) (Fig. 1.1.5). 
The mandibular first molar is the first permanent tooth to erupt, typi-
cally at 6 years, followed by incisors at age 6–9, then canines between 
9 and 12 years, first premolars at 10–11, second premolars at 11–12, 
second molars at 11–13, and finally third molars around 17–21 years 
of age. There is specific anatomical terminology for orientation when 
referencing teeth, namely mesial (towards midline) and distal (away 
from midline) in reference to the dental arch, as well as lingual (towards 
tongue)/palatal (towards palate) versus buccal (towards cheek), labial 
(toward the lip) (Fig. 1.1.6).

The practical application of the anatomy of the soft tissue, osseous, 
and dentoalveolar structures enables accurate diagnosis and nomen-
clature of facial injury, forms the basis for surgical exposure of the 
craniofacial skeleton, and as such is the cornerstone of fracture manage-
ment. Incisions and exposures must be designed to respect aesthetic 
units, navigating the various layers of the face without injury to vital 
structures, preserving nerves and vessels to expose underlying fractures 
and skeletal buttresses.

CLASSIFICATION
There is no widely adopted classification of facial trauma that encom-
passes all of the soft tissue, dentoalveolar, and bony injuries. Rather, 
certain injury patterns do have well described and accepted classification 
systems, such as Le Fort fractures, NOE fractures, and dentoalveolar 
fractures, and each will be discussed below. Facial injuries are usually 
classified descriptively and largely by pattern. Soft tissue injuries may 

Upper teeth

A

T K

S L

R M

Q N
P O

J

B I

C H

D G
E F

Central incisor

Central incisor

Lower teeth

Second molar

Lateral incisor

Lateral incisor

Canine (cuspid)

Canine (cuspid)

First molar

First molar

Second molar

Erupt

8–12 months

6–10 months

Erupt

23–31 months

9–13 months

10–16 months

16–22 months

17–23 months

13–19 months

14–18 months

25–33 months

Shed

6–7 years

6–7 years

Shed

10–12 years

7–8 years

7–8 years

10–12 years

9–12 years

9–11 years

9–11 years

10–12 years

Fig. 1.1.4 Primary teeth nomenclature and eruption chart. 
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Markowitz and colleagues classified NOE fractures based on com-
minution and its impact on the medial canthal tendon-bearing bone 
fragment (“central fragment” of the NOE fracture)37 (Fig. 1.1.10). Type 
I fractures are characterized by a single noncomminuted “central” frag-
ment without medial canthal tendon detachment/avulsion. The simplest 
fractures are “greensticked,” or incomplete superiorly and displaced 
inferiorly, at the inferior orbital rim and pyriform aperture. Complete 
Type I fractures have a complete fracture at all buttresses including the 
nasofrontal suture. Type II fractures are characterized by a comminuted 
central fragment without medial canthal tendon disruption, and no 
fractures extending underneath the insertion of the medial canthal 
ligament. Type III fractures are characterized by a severely comminuted 
central fragment with fractures extending under the medial canthal 
tendon insertion and avulsion of the medial canthal ligament. Type I 
require open reduction internal fixation (ORIF) with junctional mini-
plates, Types II and III also require transnasal wiring and peripheral 
miniplate fixation.

Dentoalveolar injuries can be classified as tooth fractures, injuries 
of the periodontal apparatus, and/or injuries to supporting bone tissues.38 
There are numerous classification systems, such as that by Andreasen39 
and Garcia-Godoy.40 Most are based on the World Health Organization 
Classification (I = Fracture of enamel of tooth, II = Fracture of crown 
without pulpal involvement, III = Fracture of crown with pulpal involve-
ment, IV = Fracture of root of tooth, V = Fracture of crown and root 

the highest level of Le Fort fracture on each side up to (and including) 
the frontal bone and the nature of the fragment that includes the maxil-
lary dentition (i.e., dentoalveolar fracture, split palate).36 The Le Fort 
fracture pattern is thus precisely defined and guides the surgeon where 
open reduction should be performed.
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Fig. 1.1.5 Permanent (adult) teeth chart. 

Buccal

Lingual

Mesial

Distal

Fig. 1.1.6 Orientation terminology in reference to the dental arch. 
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the airway and may be the source of massive bleeding, demanding 
emergent evaluation/control of hemorrhage in such cases. Finally, a 
directed, complete history and physical examination of the face is 
performed.

History
Pertinent information from the patient’s clinical history includes mecha-
nism of injury (blunt, sharp, dog bite, assault, MVC, etc.), previous 
injuries/trauma to the face, comorbidities, medications (especially anti-
coagulants and antiplatelet medications), and allergies.

Physical Examination
There is no universal convention for the sequencing of a thorough 
facial examination but the examination should progress in an orderly 
fashion and be complete; one may elect to work cephalad to caudad or 
vice-versa. Once the sequential examination is complete, second exami-
nations are conducted in each anatomical area. One must be systematic, 
and complete; with experience, the entire exam is completed first and 
then a specific detailed exam can be more targeted toward focal, obvious 
injuries. For example, working from cephalad to caudad, one may proceed 
through inspection, palpation, and special tests as follows. Inspect for 
ecchymosis/edema/hematoma/lacerations throughout (including scalp, 
ears, and under the chin), pupillary reaction to light, and assessment 
of visual acuity/double vision; globe position (hypoglobus/enophthalmos/
exophthalmos) and globe rupture, subconjunctival hemorrhage, che-
mosis (swelling of the conjunctiva), hyphema (blood in the anterior 
chamber, as sign of globe injury) (Fig. 1.1.11), telecanthus, rounding 
of eyelid commissure; note asymmetries, deviations (e.g. of the nose), 
and drainage. A cranial nerve exam can then be performed (typically 
olfactory examination of CN I is deferred) but testing of extraocular 
movements, pupil response, and visual acuity, assessment for diplopia 
and inspection of globe are mandatory in any periorbital trauma or 
generalized injury (a detailed discussion of the eye examination is pre-
sented later in this chapter). Examination of sensation in the three 
principal distributions of CN V should be performed in the frontal, 
maxillary, and mandibular regions. CN VII facial motor function can 
then be assessed with instruction to “raise eyebrows, squeeze eyes closed, 
puff out cheeks, smile and show teeth.” A crude hearing (VIII) and 
balance assessment can be performed by basic questioning. Gag reflex 
can be assessed (IX) and instruction to “shrug” shoulders (XI), turning 

of tooth, VI = Fracture of tooth unspecified, VII = Luxation of tooth, 
VIII = Intrusion or extrusion of tooth, IX = Avulsion of tooth, X = 
Other injuries, including laceration of oral soft tissues).41

CLINICAL PRESENTATION
The spectrum of facial trauma encompasses the superficial skin lacera-
tion to the panfacial fracture with overlying composite soft tissue injury, 
and everything in between. Strategies of evaluation should therefore 
obviously be tailored to the severity of the clinical presentation, but 
must always be thorough and complete. ATLS guidelines should always 
be adhered to for evaluation of airway, bleeding, and circulation. Screen-
ing for life-threatening injuries, bleeding, brain injury, and cervical 
spine assessment should precede facial trauma evaluation. Assuming 
the airway is patent, the patient is breathing adequately, and is hemo-
dynamically stable, it is then prudent not to delay assessment of the 
face for soft tissue and bone injuries. Indeed, facial injuries may threaten 

Fig. 1.1.7 Le Fort I fracture is located transversally above the dental 
apices and separates the dentoalveolar process, the hard palate, and 
the pterygoid processes, resulting in “floating palate.” (From Prein J, 
Ehrenfeld M, Manson PN, editors. Principles of internal fixation of the 
craniomaxillofacial skeleton: trauma and orthognathic surgery. AO Foun-
dation, Thieme; 2012, Fig. 3.1-1a–b, p.183.)

Fig. 1.1.8 Le Fort II fracture forms a pyramidal shape, resulting in “float-
ing maxilla.” There may be high and low variations as it crosses the 
nasal bridge: high at frontal bone (blue arrow), and low under the nasal 
bone (black arrow). (From Prein J, Ehrenfeld M, Manson PN, editors. 
Principles of internal fixation of the craniomaxillofacial skeleton: trauma 
and orthognathic surgery. AO Foundation, Thieme; 2012, Fig. 3.2-2a–b, 
p.194.)

Fig. 1.1.9 Le Fort III fracture extends horizontally from the nasofrontal 
suture to the frontozygomatic suture and zygomatic arches, resulting 
in “craniofacial dissociation.” (From Prein J, Ehrenfeld M, Manson PN, 
editors. Principles of internal fixation of the craniomaxillofacial skeleton: 
trauma and orthognathic surgery. AO Foundation, Thieme; 2012, Fig. 
3.2-3a–b, p.194.)



CHAPTER 1.1 Assessment of the Patient With Traumatic Facial Injury 7

For any nasal injury, intranasal examination should be performed 
with a nasal speculum to detect intranasal lacerations or septal hema-
toma. Clear nasal or bloody but watery drainage should create suspicion 
for CSF leak, which can be tested by beta-2 transferrin assay or with 
the “halo” or “ring” test (created by collecting a drop of the draining 
fluid on tissue paper – CSF moves further from the center than blood 
by capillary action) creating a “double ring” sign of clear fluid sur-
rounding an inner blood ring. Similarly, for ear trauma/bleeding otoscopy 

of the head from side to side, and protrusive movement of the tongue 
(XII) completes the cranial nerve examination. Sequential palpation 
of all bony surfaces is performed; first the scalp, for hematoma/depression/
skull fractures, then the frontal process of the zygoma, lateral and medial 
orbital rims, nasal bones, body of zygoma for tenderness and step-offs 
(bilateral examination helps identify differences), and zygomatic arches. 
The nose is examined for deviation, crepitus, lacerations, and contour. 
Flattening of the nasal bridge and an upturned nasal tip indicate frontal 
impact nasal or nasoethmoid fractures. Assessment for any maxillary 
mobility can be performed to detect movement of the maxillary dental 
arch while stabilizing the head with the second hand (Fig. 1.1.12). A 
test for lateral mobility of the dentition reflects split palate or palato-
alveolar fractures. Intraoral exam should include inspection for ecchy-
mosis, lacerations, edema, state of dentition, fractured, missing teeth 
or bleeding gums (including counting of teeth), presence of any maloc-
clusion or trismus, and a bimanual mandible exam to test stability (Fig. 
1.1.13). The mandible should be ranged and the temporal mandibular 
joints assessed for stability and tenderness.

A B C

Fig. 1.1.10 Markowitz and colleagues’ classification of NOE fractures. (A) Type I: Single central fragment 
bearing the medial canthal ligament. (B) Type II: Comminuted central fragment with medial canthal ligament 
attached to a bone fragment. (C) Type III: Comminuted central fragment with detached medial canthal liga-
ment. (From Prein J, Ehrenfeld M, Manson PN, editors. Principles of internal fixation of the craniomaxillofacial 
skeleton: trauma and orthognathic surgery. AO Foundation, Thieme; 2012, Fig. 3.5-3a–c, p.236.)

Fig. 1.1.11 Slit-lamp photograph of eye demonstrating total hyphema. 

Fig. 1.1.12 Assessment for maxillary mobility while stabilizing the head. 
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bright light is swung from the unaffected eye to the affected eye. The 
affected eye may sense the light and produce pupillary sphincter con-
striction to some degree, albeit reduced. In suspected nasolacrimal duct 
injury, Jones testing is performed. For the Jones I test, a drop of fluo-
rescein is placed on the conjunctiva and if detected in the nose within 

Fig. 1.1.13 Bimanual examination of mandible. 

Fig. 1.1.14 Cannulating the Stenson’s duct with lacrimal probe. The 
transection of the duct is clear with the probe visible within the intraoral 
laceration. The duct was repaired with 8-0 nylon interrupted sutures 
under loupe magnification. 

Fig. 1.1.15 Lid retraction test 

is indicated to examine for hemotympanum (which may be indicative 
of ear canal lacerations from temporomandibular joint, mandibular 
condyle or skull base trauma) and otorrhea. Battle’s sign is a hematoma 
of the mastoid from a basal skull fracture.

For suspected injury to Stenson’s duct, the duct can be cannulated 
with a size 22 plastic angiocath sleeve and flushed (Fig. 1.1.14). One 
technique for this is to dilate the papilla of the duct on the buccal 
mucosa at the level of the second maxillary molar with a lacrimal 
dilator then probe (Fig. 1.1.14), with serial dilation as necessary, until 
an angiocath sleeve can be passed to cannulate the duct. Once passed, the 
cannulated duct can be irrigated with normal saline, and any drainage 
of fluid from the facial laceration indicates a duct injury. Most com-
monly, duct transection is accompanied by buccal branch facial nerve  
palsy.

For any periorbital or orbital trauma, examination of the eye should 
be more extensive than that previously described as part of the cranial 
nerve screening examination. Any telecanthus or rounding of eyelid 
commissure indicates canthal detachment which can be confirmed by 
the eyelid traction test, which assesses the status of the medial canthal 
tendon’s attachment to the bone. Grasping the eyelid and pulling it 
displays abnormal canthal mobility in canthal avulsion. A bimanual 
examination can move the “central fragment” of an NOE fracture between 
a clamp placed under the canthus intranasally (not the nasal bone) and 
a palpating finger placed directly over the canthus externally (Fig. 1.1.15). 
Testing of visual acuity (Snellen® pocket card), diplopia, pupillary light 
reflex, and any limitation of extraocular movements may be supple-
mented with forced duction testing (Fig. 1.1.16). Presence of Marcus 
Gunn pupil or relative afferent pupillary defect (RAPD) (Fig. 1.1.17) 
may be suggestive of injury to the optic nerve or retina, and ophthal-
mological consultation should be obtained. In a RAPD, a patient’s affected 
eye has decreased pupillary response to light, and will dilate when a 
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dysfunction (normal globe with absent vision, direct optic nerve injury 
or indirect optic nerve injury, e.g. deceleration injuries), compartment 
syndrome (the orbit feels firm, visual loss, decreased extra-ocular motil-
ity, proptosis from hemorrhage/edema, guitar pick sign on CT scan, in 
which the back of the globe is no longer round), or for a confirmatory 
preoperative visual evaluation/test.

RADIOLOGICAL EVALUATION
The initial diagnostic imaging of choice for evaluating facial injuries 
is computed tomography (CT). In addition, many patients have con-
comitant head injuries requiring head and brain CT scan, which can 
be obtained at the same time as the CT of facial bones. Plain facial 
radiographs provide little information and are not worthwhile. CT scans 
in several planes and with 3-dimensional reconstructions provide precise 
anatomic identification and quantification of facial fractures which can 
be viewed in axial, coronal, and sagittal 2-dimensional images. Three-
dimensional reconstruction of facial bones augments the information 
obtained, but does not replace 2-dimensional images. 3D images provide 
spatial relationships which aid in planning complex repairs (Fig. 1.1.18). 
Panoramic radiographs (orthopantomograms) are occasionally neces-
sary and show the entire mandible, including the condyles, dentoalveolar 
bone, dentition, and the location/path of the inferior alveolar nerves 
(Fig. 1.1.19). The benefits of panoramic radiographs include ease of 
obtaining in dental offices and they are less expensive than the CT 
images, however, 2D representation of a 3D object will carry inherent 
limitations in accurately portraying the displacement, extent, and angu-
lation of the fractures. They also have the disadvantage of blurring the 
symphysis and they require a standing patient for the study. For these 
reasons, CT is the imaging modality of choice by most practitioners 
for evaluating facial trauma patients.

5 minutes, the test is said to be positive and indicative of a patent duct. 
A Jones II test follows a negative Jones I test. Remaining excess fluo-
rescein is irrigated with saline and if detected in the nose Jones II test 
is positive and there is a functional/partial obstruction; if no saline 
appears in the nose there is complete obstruction. Partial stenosis of 
the canaliculi can respond to prolonged intubation/stenting of the lac-
rimal drainage system, otherwise dacrocystorhinostomy (DCR) is neces-
sary. In the context of orbital and periorbital trauma, consultation to 
ophthalmology can be considered for suspected globe injury, optic nerve 

A B

C D

Fig. 1.1.16 Forced duction test of the right globe. (A) Bulbar conjunctiva 
is grasped with a toothed pick-up and forced (B) medially, (C) superiorly, 
and (D) laterally. 

No light

Normal response to light

Positive RAPD of  right eye

Fig. 1.1.17 Marcus Gunn or relative afferent pupillary defect (RAPD). 

Fig. 1.1.18 Three-dimensional CT reconstruction of facial bones with 
multilevel fractures. 



SECTION 1 Primary Injury10

splint or soft lubricated compression dressings, as failure to recognize 
and manage these results in septal necrosis and perforations, and skin 
and/or cartilage necrosis or “cauliflower ear.”

Patients With Concomitant Neurological, 
Cardiopulmonary, or Extremity Trauma
Facial injuries do not necessarily occur in isolation, and practitioners 
should be cognizant of issues regarding management of patients with 
simultaneous neurological, cardiopulmonary or extremity trauma. 
Although there are injuries that require immediate operative interven-
tion, such as entrapped muscle in orbital fractures and blindness, in 
the absence of active bleeding from major named vessels in the face, 
most facial trauma is not a life-threatening situation; however, the ben-
efits of definitive prompt management of facial injuries have been 
underemphasized in the literature.

Partially avulsed or flail segments of fractured facial bones should 
be stabilized in the ER by replacement into proper position, perhaps 
wired, and then definitively managed in the operating room. A dental 
“bridle wire” for mandible fractures may be used in the emergency 
room for initial control of positioning flail mandibular fragments. 
Maxillomandibular fixation using intermaxillary fixation screws or arch 
bars can be placed for temporary stabilization of mandible or palate 
fractures at the bedside, or at the time of treatment of other injuries 
such as craniotomy or repair of open lower extremity/pelvic fractures. 
The possibilities for treatment of facial injuries in the operating room 
while other definitive or life-saving treatments are occurring have also 
been understated in the literature. Consideration should be given to 
tetanus vaccination, initiation of antibiotics, especially for soft tissue 
wounds caused by burns or bites and fractures violating sinuses and 
the dentition.

All facial interventions as outlined above should be performed in 
compliance with general trauma guidelines and in the context of working 
together as a multidisciplinary team with other trauma care subspecial-
ists and healthcare providers achieving communication and consensus 
for optimal management of each individual patient’s care needs.

Various Surgical Exposures of Craniofacial Skeleton
Exposure of Upper Third and Upper Midface (Frontal Sinus, 
Le Fort II and III)
The coronal incision allows the wide exposure necessary to access the 
frontal bone, upper NOE, medial/superior/lateral orbital walls, zygoma, 
the zygomatic arch and temporomandibular joint. The coronal incision 
location can be adjusted based on the hairline pattern (possibly using 
a zig-zag in the hair for camouflage), and inferior/lateral extension will 
be necessary to expose the zygomatic arch/temporal mandibular joint 
areas (Fig. 1.1.20). The coronal incision may be extended retroauricularly 
as well as preauricularly. The infraorbital rim and orbital floor can be 
accessed through local incisions via subciliary, midtarsal, or transcon-
junctival approaches with or without lateral canthotomy (Fig. 1.1.21). 
The extent and pattern of the fracture, lid anatomy/laxity, and presence 
of concomitant lacerations will influence the choice of eyelid incision. 
Exposure of the upper lateral orbital rim (i.e., zygomaticofrontal suture 
area) can be achieved through local incisions such as the lateral portion 
of the upper blepharoplasty incision (1–2 cm only), or the transcon-
junctival incision with lateral cantholysis and superior dissection (Fig. 
1.1.22). Considerable postoperative swelling accompanies the latter 
approach.

Exposure of Lower Midface (Le Fort I and Palate)
The standard approach for exposure of the maxilla is the intraoral 
vestibular incision around the maxillary arch 8–10 mm away from the 

SURGICAL TREATMENTS
Initial Considerations
Evaluation of facial injury is followed with synchronous initiation of 
treatment to control bleeding as well as presurgical interventions that 
may include wiring of teeth or fractures, application of arch bars, manual 
reduction of grossly displaced fractures, and cleansing/irrigation of 
wounds, removal of gross contamination, and initiation of tetanus 
protection, antibiotic, and analgesic therapy. Repair of soft tissue injuries 
may commence at any time.

Substantial bleeding can occur from soft tissue injuries, especially 
scalp lacerations and injuries to superficial temporal and facial arteries. 
Large bleeding scalp lacerations typically require debridement and 
closure with combinations of sutures possibly over a drain to limit 
blood loss and fluid accumulation. Suture ligation of vessels and lacera-
tion closure both achieve control of bleeding vessels. Facial nerve branches 
should be avoided in clamps and ligatures. A low threshold for formal 
intraoperative exploration of these injuries best prevents low-quality 
wound repairs and recurrent wound problems, including hematomas, 
and best ensures meticulous hemostasis and ideal tissue approximation. 
Sharp but minimal debridement of irregular lacerations at the marginal 
zone of contusion ensures healthy, surgically created wound edges for 
optimal healing. Problem areas for debridement include the eyelids, 
lips, distal nose, nostril rims, ear, and eyebrow.

Midface fractures can result in significant epistaxis requiring hemo-
static control by anterior–posterior nasal packing (usually posteriorly 
with nasal balloons/Foley catheters) and anteriorly (with nasal packing). 
Open fractures causing hemorrhage can also be covered with sterile 
dressings after cleansing; debridement dressings can be impregnated 
with hemostatic adjuncts but are of secondary importance to definitive 
control. Definitive treatment of bleeding may benefit from operative 
intervention or interventional radiology-guided embolization. Manually 
repositioning grossly displaced fractures and application of maxillary 
reduction/rest with intermaxillary fixation (IMF) can also help with 
bleeding. Patients transferred to the radiology suite must be monitored, 
observed, and properly resuscitated and stabilized prior to transfer out 
of the trauma bay.

It is also appropriate in the emergency room setting to close lacera-
tions (after adequate debridement and irrigation). Debridement must 
be complete but purposefully conservative. Heavily contaminated wounds 
and those with significant tissue loss will likely warrant formal operat-
ing room management. All foreign material, road tattoo, and particles 
must be removed completely. Secondary procedures to remove foreign 
material are largely ineffective. Septal and auricular hematomas should 
be promptly incised, drained, and dressed with an intranasal Doyle 

Fig. 1.1.19 Panoramic radiograph of right angle and left parasymphyseal 
fractures. Dentoalveolar diseases involving the right second molar and 
left first molar are visualized. 


	Cover
	Facial Trauma Surgery: From Primary Repair to Reconstruction
	Copyright Page
	Video Contents
	Foreword
	Preface
	List of Contributors
	Acknowledgments
	Dedication
	1.1
	1 Primary Injury
	1.1 Assessment of the Patient With Traumatic Facial Injury
	Background
	Incidence of Facial Trauma in the United States and Worldwide
	Patterns of Facial Trauma and Causes

	Surgical Anatomy
	Facial Soft Tissue Anatomy
	Facial Skeletal Anatomy
	Adult and Primary Dentition and Nomenclature

	Classification
	Clinical Presentation
	History
	Physical Examination

	Radiological Evaluation
	Surgical Treatments
	Initial Considerations
	Patients With Concomitant Neurological, Cardiopulmonary, or Extremity Trauma
	Various Surgical Exposures of Craniofacial Skeleton
	Exposure of Upper Third and Upper Midface (Frontal Sinus, Le Fort II and III)
	Exposure of Lower Midface (Le Fort I and Palate)
	Exposure of Lower Face (Mandible)


	References



	1.2
	1.2 Radiological Evaluation of the Craniofacial Skeleton
	Background
	Surgical Anatomy
	Radiological Evaluation
	Radiography
	Panoramic Radiography
	Computed Tomography (CT)
	Magnetic Resonance Imaging (MRI)
	Radiation Dose

	Classification
	Postoperative Imaging
	Acute and Long-Term Complications
	Superior Ophthalmic Fissure/Orbital Apex Syndrome
	Acute Traumatic Cataract
	Traumatic Optic Neuropathy
	Nasolacrimal System

	Mandible
	Frontal Sinus Injury
	Vascular Injury

	References


	1.3
	1.3 Intraoperative Imaging and Postoperative Quality Control
	Background
	Intraoperative Cone Beam Computed Tomography
	Indications for Intraoperative CBCT
	Intraoperative CT and MRI
	Intraoperative Real-Time Navigation

	Surgical Anatomy in 3D Imaging
	Goals of Reconstruction
	Radiological Key Elements in Orbital Reconstruction
	Radiological Key Elements for the Orbitozygomaticomaxillary (OZMC) Complex
	Radiological Key Elements for Mandible and Condylar Processes


	Radiological Evaluation
	Surgical Techniques
	Postoperative Course
	Acute Complications
	Long-Term Complications
	The Need for Quality Control
	DICOM Data and Quality Control

	References


	1.4
	1.4 Primary Repair of Soft Tissue Injury and Soft Tissue Defects
	Background
	Surgical Anatomy
	Clinical Presentation
	Radiological Evaluation
	Classification of Soft Tissue Injuries
	Contusion and Hematoma
	Abrasive Injuries
	Lacerations
	Avulsive Injuries

	Surgical Techniques
	Preamble
	Scalp, Forehead, and Brow
	Eyelid and Lacrimal System
	Nasal Reconstruction
	Ear Reconstruction
	Lips
	Parotid Gland, Stenson’s Duct, Facial Nerve
	Tongue

	References


	1.5
	1.5 Traumatic Facial Nerve Injury
	Introduction
	Epidemiology and Etiology
	Surgical Anatomy
	History and Physical Exam
	Ancillary Testing
	CT Scans
	MRI
	ENoG
	EMG


	Location, Mechanism, and Duration of Injury – Effects on Management Strategies
	Location and Mechanism of Injury
	Intracranial Facial Nerve Injuries
	Extracranial Facial Nerve Injuries
	Muscle Injury

	Duration of Paralysis, Pre-Injury Function, and Choice of Surgical Techniques
	Acute Facial Paralysis
	Acute Intracranial Facial Nerve Injuries
	Decompression.
	Primary nerve repair.
	Nerve grafting.

	Acute Extracranial Facial Nerve Injuries
	Primary repair.
	Nerve grafting.
	Nerve transfers.


	Subacute Facial Paralysis
	Intracranial Subacute Facial Nerve Injuries
	Nerve decompression.
	Nerve grafting.
	Nerve transfers.

	Extracranial Subacute Facial Nerve Injuries
	Direct repair.
	Nerve grafting.
	Nerve transfers.

	Acute and Subacute Intracranial and Extracranial Facial Nerve Injuries Without Existing Distal Facial Nerve Branches

	Longstanding Facial Paralysis
	Free Functional Muscle Transplants
	Two-Stage Reanimation
	First stage – facial nerve donor selection.
	Second stage – functional muscle transplant.

	One-Stage Reanimation With Functional Muscle Transplant Coapted to the Masseter Nerve

	Postoperative Care
	Lengthening Temporalis Myoplasty (LTM)
	Static and Other Ancillary Procedures

	Additional Procedures
	Protection of the Eye
	Treatment of Upper Eyelid Paralytic Lagophthalmos
	Treatment of Lower Eyelid Inferior Malposition
	Treatment of Brow Ptosis

	Treatment of Midface and Commissure Ptosis
	Rhytidectomy
	Static Midface Slings

	Treatment of Lower Lip Depressor Asymmetry
	Botulinum Toxin Injection
	Supplementary Procedures to Achieve Aesthetic Outcomes

	Complications
	Acute Complications
	Hematoma
	Acute Vascular Compromise
	Infection
	Excessive Botulinum Toxin Injection

	Long-Term Complications
	Failure of Functional Muscle Flaps
	Dehiscence of Insertion
	Excessive Muscle Bulk
	Suture Abscess


	Conclusion
	References


	1.6
	1.6 Diagnosis and Multimodality Management of Skull Base Fractures and Cerebrospinal Fluid Leaks
	Background
	History
	Demographics and Associated Injuries

	Surgical Anatomy
	Clinical Presentation
	History, Clinical, and Laboratory Assessment

	Radiological Evaluation
	Computed Tomography (CT)
	Magnetic Resonance Imaging (MRI)
	Nuclear Medicine (NM) Studies

	Considerations in the Initial Management of Skull Base CSF Leaks
	Timeframe and Mechanism of Injury
	Medical Stabilization and Management of Concomitant Intracranial Injuries
	Intracranial Pressure Monitoring and CSF Diversion
	Nonoperative Management of CSF Leaks and Potential Controversies
	Surgical Indications and Timing

	Surgical Techniques
	Preoperative Considerations
	Choice of Approach and Patient/Family Counseling
	Dural Reconstruction Methods/Materials/Adjuncts
	Intraoperative Adjuncts

	Surgical Technique(s)
	Postoperative Course

	Early and Delayed Complications
	Case Example
	Conclusions
	References


	1.7
	1.7 Frontal Bone and Frontal Sinus Injuries
	Background
	Anatomy
	Etiology and Incidence
	History and Physical Examination
	Radiography
	Surgical Approaches
	Lacerations
	Trephination
	Percutaneous
	Endoscopic Brow
	Direct Forehead/Suprabrow
	Upper Blepharoplasty
	Endonasal Sinusotomy
	Coronal Incision

	Treatment Strategies
	Primary Repair
	Coronal Incision
	Direct Percutaneous
	Endoscopic Brow
	Direct Forehead/Suprabrow
	Upper Blepharoplasty
	Endonasal Sinusotomy

	Secondary Camouflage
	Frontal Sinus Salvage
	Frontal Sinus Obliteration
	Frontal Sinus Cranialization
	Ablation

	Treatment Algorithm
	Anterior Table Fractures
	Nasofrontal Recess
	Posterior Table Fractures

	Complications and Long-Term Follow Up
	References


	1.8
	1.8 Endoscopic Approaches to Frontal and Maxillary Sinus Fractures
	Background
	Surgical Anatomy
	Clinical Presentation
	Radiological Evaluation
	Surgical Indications
	Transnasal Endoscopic Approach to Frontal Sinus Fractures
	Indications and Contraindications to Endoscopic Repair of Frontal Sinus Fractures

	Endoscopic Approaches to Repair of Orbital Floor Fractures
	Postoperative Course
	Complications
	Conclusion
	References


	1.9
	1.9 Orbital Fractures
	Background
	Surgical Anatomy
	Clinical Presentation
	Radiological Evaluation
	Classification
	Surgical Indications
	Surgical Techniques
	Postoperative Course
	Acute Complications
	Long-Term Complications
	References


	1.10
	1.10 Nasal Fractures
	Background
	Surgical Anatomy
	Clinical Presentation
	History
	Physical Examination

	Radiological Evaluation
	Classification
	Surgical Indications
	Surgical Techniques
	Timing of Repair
	Considerations for Anesthesia
	Closed Reduction (Figs. 1.10.3–1.10.7)
	Stabilization
	Open Reduction


	Postoperative Course
	Complications
	References


	1.11
	1.11 Naso-orbito-ethmoid (NOE) Fractures
	Background
	Surgical Anatomy
	Clinical Presentation
	Radiological Evaluation
	Classification
	Surgical Indications
	Surgical Techniques
	Postoperative Course
	Acute Complications
	Long-Term Complications
	References


	1.12
	1.12 Orbitozygomaticomaxillary Complex Fractures
	Background
	Incidence and Etiology
	Surgical Anatomy
	Clinical Presentation
	Radiological Evaluation
	Classification
	Surgical Indications
	Surgical Techniques
	Postoperative Course
	Acute Complications
	Long-Term Complications
	Conclusion
	References


	1.13
	1.13 Le Fort Fractures
	Background
	Incidence
	Etiology
	Who Was René Le Fort?
	Difference Between Surgical Le Fort Osteotomies and “Impure” Le Fort Type Injuries
	Midfacial Buttresses and Their Role in Craniofacial Reconstruction

	Surgical Anatomy
	Clinical Presentation
	History
	Physical
	Le Fort I
	Le Fort II
	Le Fort III


	Radiological Evaluation
	Classification
	Surgical Indications
	Surgical Goals/Techniques
	Le Fort I
	Le Fort II and III
	Palatal Fractures

	Postoperative Course
	Antibiotics

	Acute Complications
	Loss of Airway
	Bleeding
	Infection
	CSF Rhinorrhea
	Visual Disturbances
	Diplopia
	Enophthalmos
	Blindness


	Long-Term Complications
	Malunion
	Malocclusion
	Nonunion
	Nasolacrimal Injury

	References


	1.14
	1.14 Mandible Fractures
	Background
	Epidemiology
	Surgical Anatomy
	Classification
	Symphysis
	Parasymphysis
	Body
	Angle

	Clinical Presentation
	Physical Examination
	Radiological Examination
	Surgical Indications
	Indications for Soft Diet Only
	Indications for Closed Reduction
	Indications for Open Reduction

	Surgical Approaches/Techniques
	Maxillomandibular Fixation Techniques
	Symphysis and Parasymphysis
	Approach
	Technique

	Body and Angle
	Approach
	Technique
	Evidence-Based Medicine: Is One Technique Superior to the Other for Angles?
	Evidence-Based Medicine: Extraction or Retention of the Tooth in the Line of Fracture?

	Comminuted Fractures

	Postoperative Course
	Soft Diet
	Postoperative IMF: Wire vs. Elastics
	Antibiotics

	Complications
	Acute Complications
	Infection
	Plate Exposure

	Long-Term Complications
	Malunion
	Nonunion
	Osteomyelitis
	Increased Facial Width


	References


	1.15
	1.15 Fractures of the Condylar Process of the Mandible
	Background
	Surgical Anatomy and Clinical Presentation
	Radiological Evaluation
	Terminology
	Classification of Condylar Process Fractures
	Level of the Fracture

	Treatment of Condylar Process Fractures
	Deciding on Open or Closed Treatment
	Considerations for Open Reduction and Internal Fixation
	Method of Closed Treatment
	Method for Open Treatment
	Surgical Approaches for ORIF of Condylar Process Fractures
	Retromandibular Approach
	Submandibular Approach
	Preauricular Approach
	Intraoral Approach
	What About the Articular Disk?


	Trauma-Derived Temporomandibular Disorders
	References


	1.16
	1.16 Complications of Mandibular Fractures
	The Problem
	Nature of Complications
	Evolution of Complications
	The Antibiotic Era
	Rigid Fixation

	Incidence of Complications
	Etiologic Factors in Mandibular Fracture Complications
	Role of Antibiotics in Preventing Infective Complications

	Infection, Delayed, Non- and Malunion, Hardware Exposure, Hardware Failure
	Infection
	Teeth in the Line of Fracture
	Malunion
	Hardware Exposure
	Hardware Failure

	Paresthesia/Paresis
	Complications of Condylar Fractures
	Patient Noncompliance
	Conclusion
	References


	1.17
	1.17 Temporal Bone Fractures
	Background
	Incidence

	Etiology
	Temporal Bone Anatomy
	Clinical Presentation
	History and Physical Examination
	Hearing Test
	Radiological Evaluation

	Classification of Temporal Bone Fractures
	Management, Surgical Indications, and Techniques
	Conductive Hearing Loss
	Cranial Nerve Injury and Facial Nerve Paralysis
	Timing and Prognosis
	Treatment
	Decompression

	CSF Leak and Meningitis
	Tympanic Ring Fractures

	Long-Term Complications
	Sensorineural Hearing Loss
	Vertigo
	Encephaloceles
	Cholesteatoma

	Conclusion
	References


	1.18
	1.18 Dentoalveolar Trauma
	Background
	Surgical Anatomy
	Dental Anatomy
	Periodontal Anatomy

	Clinical Presentation
	Radiological Evaluation
	Classification
	Management
	Injuries to the Dentition
	Displaced Dentition
	Alveolar Injuries

	Surgical Techniques
	Splinting of Teeth
	Reduction and Fixation of Dentoalveolar Fractures

	Acute Complications
	Long-Term Complications
	References


	1.19
	1.19 Management of Panfacial Fractures
	Background
	Surgical Anatomy
	Clinical Presentation
	Radiological Evaluation
	Presurgical Preparation
	Surgical Techniques
	Step 1: Expose All Treatable Fractures
	Step 2: Establish Skullbase and Fronto-Orbital Bandeau References
	Step 3: Position the Zygomas
	Step 4: Isolate and Reconstruct the Orbits
	Step 5: Address the Nasomaxillary Region
	Step 6: Set the Vertical Facial Height
	Step 7: Set the First Arch Width
	Step 8: Establish and Maintain Centric Occlusion
	Step 9: Estimate Centric Relation
	Step 10: Step Back and Reconsider the Big Picture
	Step 11: Move Closer and Consider the Details

	Postoperative Course
	Acute Complications
	Long-Term Complications
	Case Examples
	References


	1.20
	1.20 Characteristics of Ballistic and Blast Injuries
	Introduction
	Background
	Components of Ballistic Missiles
	Components of Improvised Explosive Devices
	The Principles of Velocity
	Characteristics of Ballistic Injuries
	Conclusion
	Key Points
	Bibliography


	1.21
	1.21 Geriatric and Edentulous Maxillary and Mandibular Fractures
	Diagnosis
	Mandible Fractures
	Complications
	Maxillary Fractures
	Complications
	References


	2.1
	2 Pediatric Facial Injury
	2.1 Pediatric Skull Fractures
	Background
	Epidemiology
	Pediatric Skull and Fracture Anatomy
	Clinical Presentation
	Radiological Evaluation
	Surgical Indications
	Surgical Techniques
	Postoperative Course
	Illustrative Case Examples
	Case 1
	Case 2
	Case 3
	Case 4

	Complications
	Acute Complications
	Long-Term Complications

	Conclusion
	References



	2.2
	2.2 Superior Pediatric Orbital and Frontal Skull Fractures
	Background and Incidence
	Surgical Anatomy
	Clinical Presentation
	Radiological Evaluation
	Surgical Indications
	Orbital Roof Fractures
	Frontal Bone Fractures

	Surgical Techniques
	ORIF Orbital Roof
	ORIF Frontal Bone
	Cranialization
	Bone Graft vs. Mesh, Fixation Method (Including Resorbable vs. Permanent)

	Acute Complications
	Optic Nerve Injury/Orbital Apex Syndrome
	Cerebrospinal Fluid (CSF) Leak

	Long-Term Complications
	Encephalocele/Leptomeningeal Cyst/Growing Skull Fracture
	Growth Impairment
	Mucocele

	References


	2.3
	2.3 Pediatric Orbital Fractures
	Background
	Surgical Anatomy
	Classification
	Clinical Presentation
	Radiographic Evaluation
	Surgical Indications
	Surgical Technique
	Postoperative Course
	Acute Complications
	Long-Term Complications
	Conclusions
	References


	2.4
	2.4 Pediatric Midface Fractures
	Background
	Surgical Anatomy
	Clinical Presentation
	Radiological Evaluation
	Classification
	Surgical Indications
	Maxillomandibular Fixation
	Surgical Techniques
	Nasal Bone Fractures
	Naso-Orbito-Ethmoid Fractures
	Dentoalveolar Fractures
	Zygomatic Complex Fractures
	Le Fort/Maxillary Fractures

	Postoperative Course
	Acute Complications
	Long-Term Complications

	Conclusion
	References


	2.5
	2.5 Pediatric Mandible Fractures
	Background
	Embryology and Growth of the Mandible
	Anatomy of the Mandible
	Stages of Dentition
	Fracture Patterns in Pediatric Populations
	Evaluation
	Treatment
	Fractures of the Condyle/Subcondylar Region
	Angle Fractures
	Fractures of the Mandibular Body/Symphysis
	Treatment of the Associated Dentition

	Major Complications and Management
	Ankylosis
	Growth Disturbance
	Malunion/Malocclusion

	Conclusion
	References


	3.1
	3 Secondary Reconstruction and Restoration
	3.1 Reconstruction of Full-Thickness Frontocranial Defects
	Background
	Hydroxyapatite/Methylmethacrylate
	Titanium Mesh
	Polyetheretherketone (PEEK)
	Autogenous Nonvascularized Bone
	Free Tissue Transfer

	Case Examples
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7

	Conclusions
	References



	3.2
	3.2 Pediatric Cranial Reconstruction
	Background
	Clinical Presentation
	Neuroimaging
	Indications for Repair
	Growing Skull Fractures

	Pediatric Cranioplasty – Surgical Techniques
	Autologous Reconstruction
	Alloplastic Reconstruction
	Temporal Hollowing

	References


	3.3
	3.3 Secondary Reconstruction of Facial Soft Tissue Injury and Defects
	Background and Etiology
	Initial Assessment
	History and Physical Examination
	Radiographic Examination

	Principles of Secondary Soft Tissue Correction
	Sequence of Revision

	Soft Tissue Contour Augmentation
	Fat Grafting

	Temporal Contour Deformity
	Cheek Ptosis
	Periorbital Deformity
	Background
	Upper Lid Ptosis

	Nasal Deformities
	Brow Ptosis
	Scar Revision
	Resurfacing Techniques
	Resurfacing of Scarred Tissues

	Traumatic Tattooing
	Excisional Techniques
	Tissue Expansion
	References


	3.4
	3.4 Ocular Considerations
	Background
	Surgical Anatomy
	Eyelid and Soft Tissue Anatomy
	Lacrimal System Anatomy

	Clinical Assessment
	History
	Examination

	Entropion
	Ectropion
	Blink
	Ptosis
	Epiphora
	Ancillary Testing
	Surgical Indications

	Surgical Techniques
	Cicatricial Ectropion Repair
	Wedge Excision
	Lateral Tarsal Strip
	Full-Thickness Skin Graft

	Cicatricial Entropion Repair
	Tarsotomy and Eyelid Margin Rotation
	Reinsertion of Eyelid Retractors

	Eyelid Retraction Repair
	Dacryocystorhinostomy
	Ptosis Repair

	Postoperative Considerations
	Long-Term Complications
	References


	3.5
	3.5 Secondary Nasoethmoid Fracture Repair
	Background
	Surgical Anatomy
	Nasoethmoid Region (Fig. 3.5.3)
	Interorbital Space
	Medial Canthal Tendon and Central Bone Fragment (Fig. 3.5.5)

	Clinical Presentation
	Patient History
	Physical Examination (Fig. 3.5.7)

	Radiological Evaluation
	Classification (Fig. 3.5.9)
	Surgical Indications
	Individualized Operative Planning
	Traumatic Telecanthus
	Enophthalmos
	Virtual Surgical Planning

	Surgical Techniques (Fig. 3.5.11)
	Postoperative Course
	Complications
	Acute Complications
	Long-Term Complications

	Conclusion
	References


	3.6
	3.6 Posttraumatic Nasal Deformities
	Background
	Surgical Anatomy
	Normal Nasal Anatomy
	Crooked Nose
	Saddle Nose

	Clinical Presentation
	History
	Physical Examination
	Photographic Documentation
	Radiological Evaluation

	Surgical Techniques
	Approach
	Graft Material
	Crooked Nose
	Upper Third
	Closed reduction.
	Osteotomies.
	Bony septal deviation.
	Camouflage grafts.

	Middle Third
	Septoplasty.
	Spreader grafts.
	Camouflage grafts.

	Lower Third
	Caudal septal deformity.
	Tip modification.


	Saddle Nose

	Case Examples
	Case 1
	Case 2

	Postoperative Course
	Postoperative Edema
	Antibiotic Prophylaxis
	Nasal Stabilization
	Nasal Exercises

	Complications
	Acute Complications
	Long-Term Complications

	Conclusion
	References


	3.7
	3.7 Secondary Orbital Reconstruction
	Background
	Clinical Presentation
	Radiological Evaluation
	Surgical Indications
	Surgical Techniques
	Postoperative Course
	Complications
	References


	3.8
	3.8 Secondary Midfacial Reconstruction
	Background
	Central Midface and Medial Canthal Deformity
	Medial Canthal Correction
	Medial Wall Osteotomy

	Zygoma Fractures Secondary Deformity
	ZMC Secondary Correction
	Onlay Grafting
	ZMC Osteotomy
	Use of Intraoperative Navigation
	Use of Virtual Surgical Planning and Cutting Guides
	Use of Intraoperative Imaging

	Le Fort Fractures Secondary Deformity
	Secondary Correction of Le Fort Fractures
	Functional Considerations in Le Fort Fractures
	Bone Grafts to the Maxilla

	Conclusions
	References


	3.9
	3.9 Secondary Osteotomies of the Maxilla and Mandible, and Management of Occlusion
	Background
	Patient Evaluation
	Physical Examination
	Imaging

	Case Examples
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Conclusions
	References


	3.10
	3.10 Secondary Traumatic TMJ Reconstruction
	Background
	Anatomy of the TMJ
	Posttraumatic Indications for TMJ Reconstruction
	Ankylosis
	Condylar Malunion/Malposition With Malocclusion and/or Facial Asymmetry
	Degenerative Joint Disease

	Autogenous Graft Failure
	Alloplastic Joint Reconstruction Failure

	Imaging of the TMJ
	TMJ Reconstructive Techniques
	Autogenous TMJ Reconstruction
	Costochondral Graft
	Vascularized Fibula Free Flap
	Alloplastic TMJ Reconstruction

	Surgical Technique (Stock Prosthesis)
	Complications
	Postoperative Infection
	Persistent Pain
	Heterotopic Bone Formation
	Other Complications

	References


	3.11
	3.11 Maxillofacial Prosthodontics
	Background
	Oral and Dental Anatomy Evaluation
	Intraoral Prosthetic Rehabilitation
	Soft Palate Evaluation
	Tongue Evaluation
	Extraoral Evaluation
	Osseointegrated Dental Implants
	Conclusion
	References


	3.12
	3.12 Custom Craniofacial Implants
	Background
	Clinical Presentation
	Calvarial Deformity
	Midface Deformity
	Mandible Deformity

	Radiological Evaluation
	CAD/CAM Facial Implants
	Implant Materials
	Silicone
	Custom PEEK (Polyetheretherketone)
	Porous Polyethylene
	HTR

	Indications
	Midface
	Mandible


	Preferred Surgical Techniques
	Evidence-Based Medicine

	Postoperative Course
	Acute Complications
	Long-Term Complications

	References


	3.13
	3.13 Secondary Microvascular Reconstruction of the Traumatic Facial Injury
	Background
	Surgical Anatomy
	Ulnar Artery Perforator Flap
	Anterolateral Thigh Flap
	Groin Flap
	Iliac Flap
	Free Fibula Flap

	Clinical Presentation
	History
	Physical Examination

	Radiologic Evaluation
	Surgical Indications
	Surgical Technique
	Postoperative Course
	Complications
	Acute Complications
	Long-Term Complications

	Case Examples
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	References


	3.14
	3.14 Virtual Surgical Planning
	Background
	Contemporary Uses of CAS
	Primary Reconstruction
	Secondary Reconstruction
	Mandible
	Orbit
	Free Tissue Transfer

	Future of CAS in Craniofacial Surgery
	Rapid Prototyping

	References


	3.15
	3.15 Posttraumatic Facial Pain
	Background
	Differential Diagnosis of Posttraumatic Facial Pain
	History
	Nerve Blocks
	Imaging
	Neurosensory Documentation of Trigeminal Nerve Function
	Psychological Evaluation

	Surgical Treatment of A Painful Neuroma (Box 3.15.2)
	Frontal Branch of the Trigeminal Nerve (V1)
	Supraorbital, Supratrochlear and Infratrochlear Nerves
	Anterior Ethmoidal Nerve
	Zygomaticotemporal Nerve
	Zygomaticofacial Nerve
	Infraorbital Branch of the Trigeminal Nerve (V2)
	Inferior Alveolar Branch of the Trigeminal Nerve (V3)

	Cervical Plexus Injury and Facial Pain
	Occipital Nerves and Facial Pain
	References


	3.16
	3.16 Secondary Nerve Reconstruction
	Background
	Trigeminal Anatomy
	Peripheral Nerve Injury and Histopathology
	Clinical Presentation
	History and Physical Exam
	Surgical Indications
	Surgical Algorithms

	Surgical Techniques
	Approaches to the Infraorbital Nerve
	Approaches for the Lingual Nerve
	Approaches for the Inferior Alveolar Nerve
	Nerve Repair Technique/Timing

	Follow-up
	Postoperative Care

	References


	3.17
	3.17 Facial Transplantation
	Background
	Facial Transplantation Experience

	Surgical Indications
	Indications
	Relative Indications

	Classification
	Surgical Techniques
	Donor Procedure
	Recipient Procedure
	Skeletal Fixation and Microvascular Anastomoses
	Nerve Coaptation
	Salivary Glands

	Postoperative Course
	Immunosuppressive Regimen
	Cellular Immunoregulation
	Monitoring of Rejection

	Acute Complications
	Acute Rejection
	Infections

	Long-Term Complications
	Revision Surgery
	Chronic Rejection

	References


	e1
	Appendix 1 Evidence-Based Medicine
	Anesthesia in Patients With Traumatic Facial Injury (Chapter 1.1)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Nasal bone fractures
	Mandibular fractures

	Limitations
	Conclusions

	Glossary:
	Recommended Citation:
	References

	Antibiotic Use in Patients With Traumatic Facial Injury (Chapter 1.1)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Upper facial trauma
	Orbital blow-out fractures
	Middle facial fractures
	Lower facial fractures
	Preoperative antibiotics
	Limitations

	Conclusions

	Glossary:
	Recommended Citation:
	References

	Postoperative Imaging Following Facial Fracture Repair (Chapter 1.3)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Settings:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Limitations
	Conclusions

	Glossary:
	Recommended Citation:
	References

	Optimal Time to Surgery in Patients With Traumatic Orbital Fracture (Chapter 1.9)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Limitations

	Conclusions

	Glossary:
	Recommended Citation:
	References

	Role of Surgery Versus Medical Treatment for Traumatic Optic Nerve Compression (Chapter 1.9)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Limitations
	Conclusions

	Glossary:
	Recommended Citation:
	References

	Fixation Points for Traumatic Zygomaticomaxillary Complex Fractures (Chapter 1.12)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Limitations
	Conclusions

	Appendix
	Population:
	Setting:
	Intervention:
	Comparator:

	Glossary:
	Recommended Citation:
	References

	Fixation With 2 Versus 1 Miniplates in Patients With Traumatic Mandibular Angle Fracture (Chapter 1.14)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Limitations
	Conclusions

	Glossary:
	Recommended Citation:
	References

	Teeth in the Line of Mandibular Angle Fractures (Chapter 1.14)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Limitations
	Conclusions

	Glossary:
	Recommended Citation:
	References

	Comparative Benefits and Harms of Open Surgical and Closed Repair in Patients With Condylar Fractures After Traumatic Facial Injury (Chapter 1.15)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)
	International Bone Research Association Symposium for Condylar Fracture Osteosynthesis. Position Paper, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Limitations
	Conclusions

	Glossary:
	Recommended Citation:
	References

	Comparative Effectiveness and Safety of Load-Sharing Miniplate or Load-Bearing Plate Fixation in Geriatric Atrophic and Edentulous Mandibular Fractures (Chapter 1.21)
	Clinical Question:
	Author Recommendation:
	What Does the Evidence Conclude?
	What Are the Parameters of Our Evidence Search?
	Basis for and Determinants of the Strength of Recommendations:
	Population:
	Setting:
	Intervention:
	Comparator:
	Population:
	Setting:
	Intervention:
	Comparator:

	Guideline Recommendations:
	American Association of Oral and Maxillofacial Surgeons. Clinical Practice Guidelines for Oral and Maxillofacial Surgery, 2012. (AGREE II Score: Unavailable)

	Author Commentary:
	Background
	Methods
	Results
	Limitations
	Conclusions

	Glossary:
	Recommended Citation:
	References:




