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The American Society of Maxillofacial Surgeons is the oldest American 
organization representing maxillofacial surgeons who are devoted to 
improving and promoting the highest level of patient care. Maxillofacial and 
Craniofacial surgeons specialize in bone and soft tissue repair and 
reconstruction for enhancement of the face. The Society’s mission is to 
advance the science and practice of surgery of the facial region and 
craniofacial skeleton.  

 

Continually updated information about the various procedures in 
maxillofacial surgery, members of the Society, and current issues and 
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INTRODUCTION 

This book has been written to provide a basic education and awareness of the 
surgical specialty of Maxillofacial Surgery. It is not designed to be an all-inclusive 
text, but an outline of the terminology, anatomy, diagnosis, and treatment of the 
broad and complex array of maxillofacial and craniofacial problems. It is intended 
to serve as a pocket guide that is visually oriented, can be quickly used as a 
reference, and read from cover toe cover in a short period of time.  

Maxillofacial surgery, along-standing subspecialty of Plastic Surgery, had its 
beginnings in the early part of the 20th century during World War I when trench 
warfare created a large number of severe facial injuries. Their treatment required 
the development of an integrated approach of reconstructive surgery and 
dentistry, which remains the guiding principles of Maxillofacial Surgery today. It 
has grown from its beginnings in facial trauma to include congenital cleft and 
craniofacial deformities, jaw surgery, reconstruction of extirpated tumor defects, 
to aesthetic facial surgery. Maxillofacial surgery requires an understanding and 
assimilation of medical and dental principles involving anatomy, biomaterials, and 
manual dexterity. Surgical manipulation of facial anatomy is unforgiving in its 
visible outcomes to the patient and society. 

Barry L. Eppley, MD, DMD (Ed. 1st Edition)  
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THE SPECIALTY OF MAXILLOFACIAL SURGERY 

The specialty of Maxillofacial Surgery combines a knowledge base and 
techniques drawn from all of the head and neck disciplines with particular 
emphasis coming from plastic surgery. It’s humble beginnings come from the 
early part of the twentieth century from the first and second World Wars where 
many mutilating facial injuries were created. Surgeons were stimulated to 
improve on old techniques and devise many new imaginative reconstructive 
procedures from bone and soft tissue facial loss. The field has expanded greatly 
over the latter half of the 20th century, led primarily by the interest and 
innovations established by the tenets of contemporary craniofacial surgery where 
maxillofacial surgery was expanded to the orbits, forehead, and the cranial cavity 
to make a better life possible for many congenitally deformed but intelligent 
human beings.  

The specialty of Maxillofacial Surgery is designed to provide the highest 
standards of care for all surgery performed in the face and skull, whether it’s 
origin be of bone, soft tissue, or both. It can be difficult work in an anatomic area 
where many essential functional and aesthetic structures intermingle and proper 
training of the surgeon is paramount to achieve the desired end result, a patient 
with a more normal face and smile. It endeavors to achieve these aims through 
education, research, and awareness amongst the general public and medical 
field about the specialty. This handbook, in its own small way, is another brick for 
that building. May its reading provide insight into the astonishing work possible 
from Maxillofacial Surgery.  

Barry L. Eppley, MD, DMD (Ed. 1st Edition)  
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CHAPTER 1 
 
I. ANATOMY 
 
Meghan McCullough, MD; Thomas Imahiyerobo Jr., MD; Fan Liang, MD 
 
Tissues that form the craniofacial skeleton are derived from mesenchyme and 
develop through both intramembranous ossification (direct ossification of 
mesenchyme) and endochondral ossification (ossification of a cartilaginous 
precursor). 
 
The craniofacial skeleton can be divided into two parts: the viscerocranium (facial 
skeleton) and neurocranium (cranial skeleton). 
 
I.  VISCEROCRANIUM/FACIAL SKELETON  
 
The facial skeleton (Figure 1.1) originates completely from intramembranous 
ossification and has 14 bones: 
 Nasal (2)  
 Lacrimal (2) 
 Inferior Nasal Concha* (2) 
 Zygomatic (2) 
 Palatine (2) 
 Vomer (1)  
 Maxilla (2) 
 Mandible (1) 
* The superior and middle nasal concha are part of the ethmoid and 
classified as cranial bones. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.1: Facial skeleton, lateral view 

Palatine	(2)	
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II. NEUROCRANIUM/ CRANIAL SKELETON  
 
The cranial skeleton (Figure 1.2) originates from both intramembranous and 
endochondral ossification.   
 
 There are 8 cranial bones: 
 Frontal (1) 
 Ethmoid (1) 
 Sphenoid (1) 
 Occipital (1) 
 Parietal (2) 
 Temporal (2) 
 

 
 

Figure 1.2: Cranial skeleton, lateral view 
 
III. CRANIAL GROWTH 
 
At birth, the cranial bones are separated by 5 major sutures (3 paired and 2 
single) and 5 fontanelles (2 paired and 3 single) (Figure 1.3).  
 
 Sutures:  
 Coronal (2) 
 Lambdoid (2) 
 Squamosal (2)   
 Sagittal (1) 
 Metopic (1) 



3	

 
 Fontanelles:  
 Anterior (1) 
 Posterior (1) 
 Anterolateral (2) 
 Posterolateral (2) 
 

 
Figure 1.3: Normal fontanelle and suture landmarks 

 
Sutures and fontanelles provide flexibility to the skull to allow passage through 
the birth canal and later, to accommodate for rapid intra-cranial growth.  As a 
child ages the fontanelles and sutures sequentially fuse.  

 
Fontanelle: Timing of Closure 
Posterior 2-3 months 
Posterolateral  6 months 
Anterolateral  6-18 months 
Anterior 12-36 months 
Suture:  
Metopic 3-9 months 
Coronal 24 years 
Lambdoid 26 years 
Sagittal  22 years 
Squamosal Persists until adulthood 

 
By the second year of life nearly 80% of total cranial growth has been achieved 
and by the fifth year of life over 90% of the growth of the cranium is complete.1,2 

This increase in size is achieved by proliferation and ossification of sutural 
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connective tissue and proceeds in a direction perpendicular to each of the major 
sutures (Virchow’s Law). 
 
IV. FACIAL SKELETAL GROWTH 
 
The development of facial bones is complex; rather than a proportional and 
symmetrical enlargement of each individual bone, differential changes occur in 
both size and shape of the bones. Growth occurs through separate but 
complimentary processes of relocation and displacement. Relocation is a 
process of periosteal resorption and deposition on the external and internal 
surfaces of the bones, and produces growth in the direction of bony deposition. 
Displacement is mediated by soft tissues which apply external forces on the 
bones, resulting in their displacement away from each other.  Compensatory 
growth at facial suture lines maintains articulation between the bones as they 
move.   
 
The relative importance and influence of these different forces on craniofacial 
growth is controversial.  However, together they contribute to a pattern of 
downward and forward growth, increasing the size of the facial skeleton relative 
to cranium from less than 20% at infancy to nearly 50% by adulthood.3 

 

 
Figure 1.4: Directions of facial growth from child to adulthood 

 
The facial bones also develop at differential rates, and as a generality, the farther 
structures lie from the neurocranium, the longer they grow and the more they 
increase in size (Figure 1.4). Thus, growth of the mandible begins later and 
continues longer than does the growth of the midface and orbits. The midface, or 
nasomaxillary complex, reaches its peak growth rate around 3 years of age, and 
has completed growth by 9 years, while the mandible continues growth through 
puberty (14-15 in girls, and 18-19 in boys). 4,5 
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A. Dentition:  
 
There are 20 primary teeth (10 superior and 10 inferior) and 28-32 permanent 
teeth (16 superior and 16 inferior), the last four being third molars or “wisdom 
teeth,” each of which may or may not become impacted.  
 
In dental nomenclature, the right maxillary third molar is designated tooth “1” and 
numbering moves along the upper teeth to the left side, then continues with 
number 17 (the bottom left third molar) and moves back to the right.  In children, 
the primary teeth are lettered A through T in the same sequence as for 
permanent teeth (Figure 1.5).  

 
 

Figure 1.5: Primary and secondary dentition 
 
Each individual tooth has three subunits: the crown (exposed portion of the tooth 
assuming healthy gingiva), the neck (submerged portion beneath the gingiva that 
extends down to the alveolar bone), and the root (portion contained within the 
bone) (Figure 1.6). The tissues along various components of teeth are designed 
for specific functions. For example, the hard outer protective surface on the 
crown (enamel) can withstand chewing and grinding. The inner dentin layer 
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provides a protective encasement for the pulp chamber, that contains the 
neurovascular supply. Lastly, the cementum layer serves to cover the root to 
allow soft tissue attachment 
(via periodontal ligaments) to the bone.  
 

 
Figure 1.6: Cross-sectional anatomy of tooth and gingival sulcus 

 
B. Tooth development:  
 
The primary teeth emerge into the oral cavity in the first two years of life. Then, 
between the ages of 3 and 6 years, no additional tooth eruption occurs.  Between 
ages 6 and 12, permanent teeth replace the primary dentition. The transition from 
primary to permeant teeth, when both types are present, represents the state of 
“mixed dentition”.  
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CHAPTER 2 
 
FACIAL AESTHETICS AND PROPORTION 
 
Graham Ives, MD; Leo Urbinelli, MD; Fan Liang, MD 
 
Beauty is an elusive concept that, while often easy enough to identify, is difficult 
to define and even harder to quantify. Innumerable attempts have been made 
throughout human history to characterize those qualities that make an individual 
beautiful, especially with regard to the face. As surgeons, however, simply 
recognizing beauty is not enough. In order to formulate operative plans and 
identify morphologic problems that may be amendable to surgical correction, a 
more rigorous approach to the components of facial aesthetics and proportions 
that contribute to facial beauty is required.  
 
While there will always be debate over the existence and details of a universally 
“ideal” set of facial characteristics, the surgeon’s job is not to achieve perfect 
symmetry or identical facial proportions in every patient. In fact, truly perfect 
symmetry often appears artificial and detracts from overall facial beauty. Instead, 
the aesthetic goal of maxillofacial surgery is to achieve facial harmony, with 
relative symmetry and complementary proportions in the context of the rest of a 
patient’s face. This requires first identifying specific morphologic abnormalities 
that deviate from normative values and are inconsistent with the rest of the 
patient’s face. 
 
Therefore, the key to successful surgical planning for an aesthetic result in all 
types of maxillofacial surgery is careful preoperative facial analysis. Identifying 
the features that contribute to or detract from a patient’s facial aesthetics and 
beauty allow more specific consideration of the impact of surgery on those 
features. A patient’s facial features and proportion may then be compared with 
normative values to guide surgical treatment and identify aspects of their 
morphology likely to improve their facial appearance with surgical correction. 
These considerations vary by patient age, ethnicity, and sex.1 
As both soft tissue and bony landmarks contribute to overall facial appearance, a 
thorough aesthetic facial analysis may include the use of cephalometrics 
(geometric analysis of maxillofacial bony anatomy based on radiographs) to 
determine the appropriate surgical correction for a particular defect. Otherwise, 
external facial analysis may be performed on physical exam and with the aid of 
standard 2-dimensional (or more recently 3-dimensional) photography. Lateral 
photographs should be analyzed with reference to the Frankfort horizontal plane 
(line drawn from porion to orbitale; approximately the superior tragus to the lower 
eyelid-cheek skin junction) for standardization.2 
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I. ANATOMIC REFERENCE POINTS (Figure 2.1)1,3,4 
 

− Trichion: anterior hairline at midline 
− Glabella: most anterior point of forehead in profile view, between 

eyebrows 
− Nasion: deepest point of depression at the nasal root 
− Endocanthion: point where the upper and lower eyelid meet at the medial 

canthus 
− Columellar point: most anterior point of columella on lateral profile view 
− Subnasale: point where the columella meets the upper lip 
− Pogonion: most anterior point of chin on profile view 
− Menton: most inferior point of chin 
− Cervical point: innermost point between the submental area and neck 

 

 
Figure 2.1: Soft tissue cephalometric points 

 
II. FACIAL PROPORTIONS1,2 
 

1. Faces are rarely perfectly symmetrical around a midsagittal line 
2. Horizontal proportions determined by “Rule of Fifths” (Figure 2.2): 

a. Width of medial to lateral canthi should equal 1/5th of total facial 
width (including ears) 

b. One eye width should be equal to the intercanthal distance and 
nasal base width 

3. Vertical proportions may be assessed by a number of different 
neoclassical canons of facial proportion, with some expected deviation 
based on sex: 

  



10	

a. “Rule of Thirds” (Figure 2.3):  
i. Upper third: trichion to glabella 
ii. Middle third: glabella to subnasale (in reality, this is often 

smaller than the lower third, especially in males who may 
have prominent chins) 

iii. Lower third: subnasale to menton - may be further divided 
into thirds with 1/3 subnasale to stomion and 2/3 stomion to 
menton 

b. Vertical halves: 
i. Vertex to endocanthion should equal endocanthion to 

menton (in reality, the upper half is often larger, especially in 
females) 

c. Middle and lower facial height only (excluding forehead due to 
variability in hairline position, especially in aging males): 

i. Unequal division of height from nasion (not glabella) to 
menton 

ii. 43% – midface from nasion to subnasale 
iii. 57% – lower face from subnasale to menton 

 

 
 

Figure 2.2: Rule of fifths 

 
Figure 2.3: Rule of thirds 
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III. IMPORTANT ANGLES IN FACIAL ANALYSIS 3 
 

− Nasofrontal angle (115-130°): intercept at the nasion of lines tangent to 
the glabella and nasal tip (Figure 2.4a) 

− Nasofacial angle (36-40°): angle between a line from the glabella to 
pogonion and a line from the nasion to nasal tip (Figure 2.4b) 

− Nasolabial angle (90-95° in males, 95-110° in females): intercept at the 
subnasale of lines to the columellar point and vermillion border of upper lip 
(Figure 2.4c) 

− Nasomental angle (120-132°): intercept at the nasal tip of lines to the 
nasion and pogonion (Figure 2.4d) 

− Mentocervical angle (80-95°): angle between a line from the glabella to 
pogonion and a line from the menton to cervical point (Figure 2.4e) 

 

a) b) c)  

d) e)  
 

 
Figure 2.4: a) Nasoforntal angle, b) Nasofacial angle, c) Nasolabial angle,  

d) Nasomental angle, e) Mentocervical angle 
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IV. AESTHETIC SUBUNIT ANALYSIS  
 

1. Forehead5 
a. Region from hairline to glabella 
b. Most stable region of face (projection-wise), and manipulation can 

have a major effect on size and appearance of nose (see 
Nasofrontal angle above) 

c. Forehead should form a gentle convexity on profile view1 
i. Males tend to have flatter foreheads with more prominent 

brows 
d. Eyebrows should form a smooth arc at or above the superior orbital 

rim2,3 
i. Beginning above the medial canthus and extending laterally 

to the oblique line tangent to the lateral canthus and alar 
margin 

ii. Female eyebrows should lie above the superior orbital rim 
with their apex above the lateral limbus and a more elevated 
lateral brow 

iii. Male eyebrows should lie at the level of the superior orbital 
rim and are less arched 

2. Eyes2,4 
a. Eyes should be almond-shaped with the lateral canthus slightly 

more superior than the medial canthus 
i. Distance from the upper lid margin to the supratarsal crease 

varies by ethnicity, between 7-15mm 
ii. Upper lid should cover 1-2mm of the superior limbus 
iii. Lower lid should be at the level of the inferior limbus 
iv. Vertical line through the medial limbus should intersect the 

oral commissure 
3. Nose1,3,6 

a. Central and most prominent unit of the face 
i. Appropriate tip projection, angle, nasal shape, symmetry, 

and supratip break  
b. Boundaries of the nose are within the middle third of the face, from 

the nasion to the subnasale vertically 
i. Nasion should be approximately the same level as the 

supratarsal crease 
c. Appearance is highly dependent on relationship to the forehead 

and chin 
i. These relationships can be described by the nasofacial, 

nasolabial, and nasomental angles (see above) 
d. Nasal projection can be measured in many different ways (Figure 

2.6)3 
i. Joseph: Described nasal projection using the nasofacial 

angle (see above), where larger angles represent greater 
nasal projection. 
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ii. Simons: Described nasal angle in relationship to the upper 
lip length, where the distance from the vermilion border to 
the subnasale should equal distance from the subnasale to 
the nasal tip. 

iii. Goode: Ratio of nasal tip projection to nasal dorsum length 
should equal 0.55-0.6:1, with the nasal dorsum measured 
from the nasion to tip and tip projection measured as a 
horizontal line from the nasal tip to the alar facial groove. 

iv. Crumley: Ratio of tip projection : vertical height (nasion to 
alar facial groove) : nasal dorsum length should equal 3:4:5 
as measured by Goode’s method. 

v. Powell and Humphries: Ratio of nasal height from nasion to 
subnasale to tip projection measured from this line 
perpendicularly should equal 2.8:1. 

 
 

Figure 2.6: Nasal projection 
 

4. Cheeks1,4,7 
a. Youthful faces display a convex upper cheek contour 

i. Cheeks should blend smoothly with other facial subunits 
b. Aging causes facial fat descent, flattening of the cheek contour, and 

the development of lines of demarcation between facial subunits 
(including prominent lid-cheek/tear trough deformities, deepened 
nasolabial folds, and marionette lines/jowling)  

5. Lips2,8 
a. Smile appearance is critical in social interactions 

i. Posed and spontaneous smiles are different, but analysis is 
performed on posed smile for reproducibility 

ii. Smile arc is “consonant” when lower lip curvature matches 
curvature of maxillary incisors 

iii. Gingival show during smile often decreases with age 
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b. Dentition and occlusion have a major impact on lip and smile 
appearance 

i. Always consider malocclusion as a potential cause of 
abnormal lip or smile appearance 

ii. Incisal show at rest should be approx. 2mm, affected by 
maxillary position and lip length 

c. Vertically, ratio of upper from subnasale to stomion and lower lip 
from stomion to menton should be 1:2. 

d. Horizontally, ideal width is between vertical lines from the medial 
limbus 

e. Lip protrusion assessed from a line drawn between the subnasale 
and pogonion 

i. Upper lip should protrude more than lower lip, approx. 
3.5mm 

ii. Lower lip should protrude approx. 2.2mm from this line 
6. Chin1,8 

a. Boundaries of the chin are from the mentolabial crease to the 
menton 

b. Chin position is critical to nose and overall facial appearance 
i. Ideal position is along a vertical line from the nasion to 

pogonion (may be drawn as perpendicular to the Frankfort 
horizontal line for reference) 

ii. The mentolabial sulcus should lie approx. 4mm behind this 
line 

c. Position should be assessed relative to the nasal position using the 
nasomental angle 

7. Neck1 
a. Neck appearance is reliant upon a well-defined mandible from 

pogonion to the angle of the mandible, and an acute mentocervical 
angle 

i. Appearance of poor chin projection may actually be due to 
poor definition with an obtuse mentocervical angle 

8. Ears1 
a. Superior aspect of the ear should lie at the level of the eyebrow, 

extending inferiorly to the level of the nasal alae 
b. Ear length should be equal to the nasal length from nasion to 

subnasale 
i. Ear width is approximately one half of ear length 
ii. Long axis of the ear should be rotated 15° posterior from 

vertical and approximately parallel to the nasal dorsum 
c. Ear projects from the skull at an angle of 20-30° measured at the 

posterior aspect of the auricle 
i. Measurement from the antihelix to mastoid skin is usually 

15-25mm 
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CHAPTER 3  
 
RADIOLOGY 
 
Keli Kolegraff, MD; Todd Thurston, MD, MS; Fan Liang, MD 
  
X-Ray, CT, and MRI are common imaging modalities used to assess 
craniomaxillofacial anatomy and disease.  The use of imaging data is invaluable 
in understanding the patient’s anatomy, acquired or congenital defect, and 
options for reconstruction.  
  
I. X- RAY 
 
X-ray imaging of the craniomaxillofacial skeleton can be used to assess the 
cranial bones, midface, mandible, and dentition.  While X-ray imaging provides 
good scout films for rapid assessment of the midface and mandible, at most 
institutions it has largely been replaced with CT imaging.  X-rays are still 
commonly used in dental applications, as mentioned below. 
  
X-rays can detect depressed skull fractures and premature closure of the cranial 
sutures (Figure 3.1a), fractures and other pathology of the midface (Water’s view 
Figure 3.1b), and assess mandible and dentition.  Lateral cephalometric x-rays 
provide a lateral view of the face and skull for use in pre- and post-surgical 
evaluation in orthognathic operations (Figure 3.1c; see Chapter 8).  Panographic 
tomography (i.e. panorex) gives a flattened view of the facial bones which 
provides a good detail of the mandible position of tooth roots, and certain 
pathology of the bony and teeth (i.e. advanced periodontal disease, jaw cysts, 
impacted teeth such as wisdom teeth, TMJ disorders, sinusitis) (Figure 3.1d).  
Occlusal and periapical radiographs are used for the detection of dental disease, 
specifically caries of the teeth and their alveolar bone support. Periapical 
radiographs can also be used to evaluate the dimensions of an alveolar cleft, and 
the geometry of the surrounding tooth roots (Figure 3.1e).  
  

 
 

Figure 3.1a. Premature fusion of the right coronal suture resulting in right anterior 
plagiocephaly 
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Figure 3.1a. Water’s view may be utilized as a comprehensive single projection 
view of the maxilla, maxillary sinus, zygoma, zygomatic arches, rims of the orbtis, 

orbital floors, and nasal bones 
 

 
 

Figure 3.1c. Cephalometric tracing from a lateral cephalogram 
 

 
 

Figure 3.1d. Panorex 
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Figure 3.1e. Apical radiographs demonstrating the alveolar cleft (a), eruption of 
the canine following bone grafting (b), movement of the canine into the grafted 

area (c), and completion of orthodontic movements of the surrounding teeth 
 
II. COMPUTED TOMOGRAPHY (CT) 
 
CT imaging has largely replaced x-ray in craniofacial applications given the 
sensitivity, versatility, and 3-D reconstruction capabilities.  Intracranial anatomy 
and pathology is frequently assessed using the axial and coronal images.  The 
craniofacial skeleton, sinuses, and enveloping soft tissues of the face are best 
assessed by evaluating along all axial, coronal, and sagittal views.  3-D 
reconstructions provide the best overview of how all the craniofacial bones relate 
to each other and can be especially useful in congenital disorders or fractures 
with complex topographic anatomy [Figure 3.2].  
 

 
 

Figure 3.2a. Coronal view. Helpful for evaluating the frontal sinuses, orbits, 
maxillary sinuses, and mandible 
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Figure 3.2b. Axial view. Helpful in assessing the frontal sinus, fractures along the 
zygomaticosphenoid suture, nasal bones, and palate and mandible 
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Figure 3.2c. Saggital view. Helpful in assessing the mandibular angle, ramus and 
condyles 

 

x 
 

Figure 3.2d. 3D reconstruction following pan facial fractures 
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When ordering CTs of the facial skeleton, most centers have a maxillofacial 
option, which ensure that the slice thickness is 1.0mm or less, for increased 
resolution. For imaging of the temporal bones, slice thicknesses of 0.3mm may 
be required.  
 
III. MAGNETIC RESONANCE IMAGING (MRI) 
 
MRI imaging is best for evaluation of intracranial contents, vascular anomalies, 
and other soft tissue pathologies overlying the craniofacial skeleton.  
 
IV. SURGICAL PLANNING THROUGH IMAGING AND 3D PRINTING 
TECHNOLOGIES 
 
Advances in computer software and 3D printing technologies now allow 
anatomical replicas of the craniofacial skeleton and dental molds to be printed 
based on pre-operative CT images.  This technology is proving to be invaluable 
for pre-surgical planning, in facial fracture, reconstruction, and orthognathic 
applications  [Figure 3.3]. 
  

 

 
 

Figure 3.3. 3D printed models from CT scans of the maxillofacial skeleton 
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CHAPTER 4 
 
SURGICAL APPROACHES   
 
Cassie Ligh, MD; Sanjay Naran, MD 
 
Accessing the maxillofacial anatomy through particular placement of incisions is 
of critical importance. Surgical access to the face differs from the rest of the body 
due to its highly visible location, the presence of critical motor and sensory 
branches of cranial nerves V and VII, and the compact nature of important 
structures. As a result, incisions are often made from favorable skin and mucosal 
locations remote from the anatomical problem in an effort to minimize visible 
scarring. When possible, oral mucosal incisions are preferred. 
 
There are 15 basic facial incisions that can be used including the coronal (scalp), 
four periorbital (upper eyelid crease, supraorbital, lower eyelid subciliary, lower 
eyelid transconjunctival), six cervicofacial (high cervical, submandibular, 
retromandibular, mid-cervical, rhytidectomy, pre-auricular), two transoral 
(maxillary and mandibular vestibular) and two nasal (endonasal, external open) 
incisions. 
 
The incisions access the following facial skeletal areas: 

 
coronal 

 
skull, forehead, upper nose, upper orbit, zygomatic arch 

upper eyelid upper/lateral orbit 
lower eyelid orbital rim/floor, zygoma 

pre-auricular mandibular condyle, posterior zygomatic arch 
rhytidectomy mandibular ramus and condyle 
high cervical mandibular condyle/ramus 

retromandibular mandibular angle/ramus 
mid-cervical mandibular body 

submandibular mandibular angle/body/ramus, TMJ, condyle 
maxillary vestibule zygoma, inferior orbital rim, maxilla 

mandibular vestibule all areas of mandible except condyle 
endonasal entire nose 

external columellar entire nose 
 
The most common approaches are described in more detail below. In the 
accompanying images, the approaches are in BLUE and areas of exposure area 
indicated in RED. 
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I. CORONAL APPROACH  (Figure 4.1) 
 

 
Figure 4.1: Coronal approach (blue) to the craniofacial skeleton. Accessed 

structures outlined in red.  
 
A. Pros 

1. Large amount of surgical exposure: upper and mid face (skull, upper nose, 
upper/medial orbit, zygomatic arch, TMJ, mandibular condyle/ramus, 
temporal fossa) 

2. Have access to cranial bone graft (if needed) 
3. Not a rapid technique, requires dissection 

B. Cons 
1. Large incision (can hide in hairline, but difficult with male pattern baldness 

or hairline recession) 
Potential for large amount of blood loss 
2. May require shaving of head or difficult to close due to hair 

C. Anatomical Points 
1. Layers of the scalp: S = Skin, C = subCutaneous tissue, A = 

Aponeurosis/galea, L = Loose areolar tissue, P = pericranium/periosteum 
2. Galea = temporoparietal fascia = SMAS 
3. Incision made approx. 4 cm posterior to hairline (many variations) 

D. Things to Note 
1. Frontal branch of facial nerve (runs 0.5 cm below tragus to 1.5 cm above 

lateral eyebrow) 
2. If accessing orbital walls, need to free supraorbital neurovascular bundle 

from foramen and maintain medial canthal tendon location 
3. Bevel scalpel in same direction as hair follicles as not to cause alopecia 
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II. UPPER EYELID APPROACH (Figure 4.2) 
 

 
Figure 4.2: Upper eyelid approach (blue). Accessed structures outlined in red.  

 
A. Pros 

1. Inconspicuous scar 
2. Good access to superolateral orbital complex  

B. Cons 
1. May not provide enough exposure for multiple fractures  

C. Anatomical Points 
1. Layers of upper eyelid: skin, orbicularis oculi muscle, orbital septum/levator 

palpebrae, Muller’s muscle, conjunctiva  
D. Things to Note 

1. Also called upper blepharoplasty, upper eyelid crease, supratarsal fold 
approach 

2. Need to protect cornea with corneal shields 
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III. SUPRAORBITAL EYEBROW APPROACH (Figure 4.3) 
 

 
Figure 4.3: Supraorbital eyebrow approach (blue). Accessed structures outlined 

in red.  
 
A. Pros 

1. No important neurovascular structures involved 
2. Simple, rapid access to frontozygomatic area 
3. Scar usually imperceptible, hidden within eyebrow  

B. Cons 
1. Some hair loss can occur at eyebrow scar 
2. Extremely limited access  

C. Anatomical Points 
1. If you need to extend laterally, try and keep within relaxed tension lines or 

crow’s feet. 
D. Things to Note 

1. Bevel scalpel parallel to hair follicles to avoid cutting hair shafts 
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IV. LOWER EYELID APPROACH (Figure 4.4) 
 

 
Figure 4.4: Lower eyelid approach (blue). Accessed structures outlined in red.  

 
A. Pros 

1. Scars become inconspicuous with time (natural skin creases, thin skin, 
laxity) 

2. Good exposure to infraorbital rim and floor 
3. With lateral extension, can access lateral orbital wall 

B. Cons 
1. External approaches can result in ectropion  
2. Likely will need a frost stitch (suspensory suture for lower eyelid) to reduce 

risk of ectropion 
C. Anatomical Points 

1. Layers: skin, subcutaneous tissue, orbicularis oculi muscle, tarsus, orbital 
septum, conjunctiva 

D. Things to Note 
1. Several variations known as blepharoplasty, subciliary, lower lid, subtarsal, 

infraorbital 
2. Need to protect cornea with corneal shields 
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V. TRANSCONJUNSTIVAL APPROACH (Figure 4.5) 
 

 
 

Figure 4.5: Transconjunctival approach (blue). Accessed structures outlined in 
red.  

A. Pros 
1. Good exposure for orbital floor and infraorbital rim 
2. Excellent cosmetic results, scar hidden in conjunctiva 
3. Rapid technique 

B. Cons 
1. May require lateral canthotomy for further exposure  
2. Medial exposure limited by lacrimal system 

C. Anatomical Points 
1. Layers: skin, subcutaneous tissue, orbicularis oculi muscle, tarsus, orbital 

septum, conjunctiva 
D. Things to Note 

1. Also known as inferior fornix incision 
2. Two approaches: retroseptal and preseptal 
3. Need to protect cornea with corneal shields 
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VI. PRE-AURICULAR APPROACH (Figure 4.6) 
 

 
 

Figure 4.6: Pre-auricular approach (blue). Accessed structures outlined in red.  
 
A. Pros 

1. Good exposure to the temporomandibular joint (TMJ) 
2. Scar can be hidden in skin fold  
3. Can extend around to posterior ear if needed 

B. Cons 
1. May require pressure dressing to ear 

C. Anatomical Points 
1. Facial nerve courses through the parotid gland and radiates into terminal 

branches: temporal, zygomatic, buccal, marginal mandibular, cervical 
2. Frontal branch of facial nerve (runs 0.5 cm below tragus to 1.5 cm above 

lateral eyebrow) 
D. Things to Note 

1. Beware of parotid gland, superficial temporal vessels, facial and 
auriculotemporal nerves 
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VII. RHYTIDECTOMY APPROACH (Figure 4.7) 
 

 
 

Figure 4.7: Rhytidectomy approach (blue). Accessed structures outlined in red.  
 
A. Pros 

1. Good exposure to mandibular ramus 
2. Can extend retromandibular (posterior to ear) if needed 
3. Scar is typically hidden in hair lines and in skin folds 

B. Cons 
1. Can be a large incision 
2. May require a surgical drain 

C. Anatomical Points 
1. Great auricular nerve = sensation to the earlobe. Covered by SMAS and 

skin, crosses sternocleidomastoid muscle at 45 degrees toward mandibular 
angle 

D. Things to Note 
1. Also known as facelift approach 
2. Beware of parotid gland, masseter muscle, superior branches of facial 
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VIII. SUBMANDIBULAR APPROACH (Figure 4.8) 
 

 
 

Figure 4.8: Submandibular approach (blue). Accessed structures outlined in red.  
 
A. Pros 

1. Most useful for ramus/body, but can be used for angle, condyle, TMJ 
2. Many variations for extension of incision if need more exposure (bilateral, 

unilateral, lip split, or mentolabial incision variations) 
B. Cons 

1. Visible scar, can try and find skin crease but difficult to hide in younger 
patients 

2. Risk of injury to marginal mandibular nerve 
C. Anatomical Points 

1. Marginal mandibular branches supply motor fibers to facial muscles of lower 
lip and chin. Crosses anterior to facial artery, passes as far down as 1 cm 
below inferior border of mandible 

2. There can be many anatomic variants for facial nerve branches 
D. Things to Note 

1. Also known as the Risdon approach 
2. Safe to make incision 1.5 cm below inferior border of mandible 
3. Try to place incision in skin crease 
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IX. MAXILLARY VESTIBULE (Figure 4.9) 
 

 
 

Figure 4.9: Maxillary vestibule approach (blue). Accessed structures outlined in 
red.  

 
A. Pros 

1. Good exposure to midface (zygomatic arch to infraorbital rim to front of 
maxilla) 

2. Hidden intraoral scar 
3. Rapid and simple, very few complications 

B. Cons 
1. Do need to detach upper lip muscles to obtain exposure, can cause 

displacement of nasal modiolus causing nasal tip loss of projection, alar 
base widening 

C. Anatomical Points 
1. Infraorbital nerve exits infraorbital foramen 1-10 mm inferior to the 

infraorbital rim in line with the medial limbus of the eye 
D. Things to Note 

1. As long as one stays subperiosteal, cannot injure facial nerve. Can visualize 
infraorbital nerve. 

2. Incision placed 3-5 mm superior to mucogingival junction to facilitate 
eventual closure 
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X. MANDIBULAR VESTIBULE (Figure 4.10) 
 

 
 

Figure 4.10: Mandibular vestibule approach (blue). Accessed structures outlined 
in red.  

 
A. Pros 

1. Safe access to mandibular skeleton (condyle to symphysis) 
2. Hidden intraoral scar 
3. Rapid and simple, very few complications 

B. Cons 
1. Possible complications: Mental nerve damage and lip malposition 

C. Anatomical Points 
1. Mental nerve = terminal branch of inferior alveolar nerve (mandibular 

nerve). Provides sensation to skin, mucosa of lower lip, chin, gingiva of 
anterior teeth 

2. Mental foramen in line with 2nd premolar 
3. Mentalis muscle = only elevator of lower lip and chin 

D. Things to Note 
1. If you do not resuspend the mental, can get saggy chin 
2. Incision placed 3-5 mm inferior to mucogingival junction to facilitate eventual 

closure 
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XI. EXTERNAL COLUMELLAR APPROACH (Figure 4.11) 
 

 
 

Figure 4.11: External columellar approach (blue). Accessed structures outlined in 
red.  

 
A. Pros 

1. Access to entire nose 
B. Cons 

1. External incision, visible when looking up at the patient’s nose 
C. Anatomical Points 

1. Columellar arterial branches arise from the superior labial artery (facial 
artery) 

D. Things to Note 
1. You will have to sacrifice the columellar branches in this approach 
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XII. ENDONASAL APPROACH (Figure 4.12) 
 

 
 

Figure 4.12: Endonasal approach (blue). Accessed structures outlined in red.  
 
A. Pros 

1. Incisions are within the nostril, scar is hidden from view 
2. Access to entire nose 

B. Cons 
1. Difficult incision to close compared to external approach 

C. Anatomical Points 
1. Variations on incisions are based on location of the nasal cartilages in the 

area 
D. Things to Note 

1. 3 types 
a. intercartilaginous 
b. transcartilaginous 
c. infracartilaginous within nostril 

2. Need to ensure that you have closed nasal mucosa with no exposed 
cartilage 
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CHAPTER 5 
 
FACIAL FRACTURES 
 
J. Thomas Paliga, MD; Sanjay Naran, MD 
 
Facial fractures are the result of common injury patterns as exemplified by a 
history of assault and motor vehicle collision being significant predictive factors 
for isolated facial fractures and panfacial fractures, respectively. Mechanism of 
trauma and associated magnitude of force should be taken into account when 
evaluating for concomitant injuries and extent of tissue injury and/or loss. 
Panfacial fractures are defined by the involvement of 3 or more displaced bones 
of the craniofacial skeleton. Common fracture patterns of each facial unit and 
treatment considerations are listed below.  
 
I. FRONTAL BONE 
 
A. Anterior Table: 

1. Nondisplaced – Conservative management 
2. Displaced – Open reduction and internal fixation (ORIF) via coronal +/- 

obliteration vs. cranialization 
B. Posterior Table +/- dura 

1. Nondisplaced/No dural tear – Conservative management   
2. Displaced/CSF leak – ORIF via coronal with cranialization 

C. Nasofrontal outflow injury 
1. No obstruction – Conservative management 
2. Obstruction – Cranialization vs. obliteration 

 
II. NOE (NASOORBITAL ETHMOID COMPLEX) 
 
A. Type I – Single central segment 

1. Nondisplaced – Conservative management if stable 
2. Displaced – ORIF with miniplates, 2+ fixation points 

B. Type II – Comminuted, but with central segment and intact medial canthus 
1. ORIF +/- bone grafts and transnasal canthopexy wire 

C. Type III – Comminuted with compromise of the segment bearing medial 
canthal attachment 

1. ORIF with bone grafts and formal medial canthoplasty 
 
III. ORBIT 
 
A. Observation if fracture is nondisplaced without ocular motility disruption 
B. Surgical correction requires ORIF with an implant or bone graft. Timing of 

treatment is dependent upon injury: 
1. Delayed: 

a. Enopthalmos 
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b. Vertical dystopia 
c. Persistent diplopia 

2. Urgent: 
a. Significant structural defects 
b. Acute proptosis 
c. Orbital blow-in fracture 

3. Emergent:  
a. Entrapment of extraocular muscles (pediatric) 
b. Retrobulbar hematoma 
c. Optic nerve compression 
d. Symptomatic orbital emphysema 

 
IV. NASAL BONES 
 
A. Nasal bones +/- cartilaginous injury (septal, upper lateral cartilage) 

1. Address edema, resolve epistaxis, treat septal hematomas 
B. AP compression vs. lateral force 

1. Closed reduction – most often employed, local vs. general anesthesia 
based on patient tolerance 

C. Surgical indications: Septal hematoma, nasal deformity, nasal obstruction 
1. Open reduction – Severe injuries, concomitant fractures, or soft tissue 
injury 
2. Gram positive coverage while nasal packing is in place for 5-7 days after 
reduction 

 
V. ZMC (ZYGOMATICOMAXILLARY COMPLEX) 
 
A. Types: 

1. Zingg Class: A1 – Isolated zygomatic arch, A2 – Isolated lateral orbit, A3 – 
Isolated orbital rim, B – Monofragment tetrapod, C – Multifragment 
zygomatic  

2. Isolated arch – Coronoid impingement and trismus 
3. Displaced fractures impact facial height, width, projection and orbital 
volume 

B. Treatment: 
1. Isolated displaced zygoma  

a. Extraoral – Reduction via Gilles approach 
b. Intraoral – Reduction via upper buccal sulcus 

2. ORIF with fixation of 2-3 buttresses 
a. Reduction of ZMC fracture intraoperatively may reveal large orbital floor 

defect requiring reconstruction 
 
VI. MIDFACE 
 
A. LeFort I – Horizontal fracture through pterygoid plates and base of piriform 
aperture 
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1. Maxillomandibular fixation (MMF) to reestablish occlusion, ORIF at medial 
and lateral buttresses with restoration of facial height 

B. LeFort II – Pyramidal fracture – angled fracture through pterygoid plates, 
inferomedial orbit and nasal bones 
1. MMF to reestablish occlusion, nasofrontal fixation as needed, ORIF at 

inferomedial orbital rim and lateral buttress  
C. LeFort III – Craniofacial dysjunction – transverse fracture through pterygoid 

plates, zygoma, lateral and medial orbital walls 
1. MMF to reestablish occlusion, nasofrontal fixation, ZMC reduction with ORIF 

at zygoma, lateral orbit, medial orbit 
 
VII. MANDIBLE 
 
A. Assessment considerations: 

1. Condylar – intracapsular vs. extracapsular 
2. Single vs. multiple 
3. Simple vs. Comminuted 
4. Evaluation of malocclusion 

B. Treatment: 
1. Treatment goals are to restore occlusion normal anatomical function: 
2. Conservative therapy and soft diet for 4-6 weeks 
3. Closed Reduction with MMF via arch bars or interdental wires  
4. Open reduction and internal fixation  

 
VIII. PANFACIAL FRACTURES 
 
A. 3 of 4 of the facial skeleton subunits involved: Frontal, Upper midface, Lower 

midface, Mandible 
B. Panfacial fractures occur in the setting a high energy trauma and patient 

stability takes precedence over fracture fixation 
C. Treatment goals involve stabilization of fractured segments and early 

restoration of facial form including facial height, facial width, orbital volume, 
and occlusion 

D. Operative sequence should begin with stable segments and progress with the 
creation of additional stable buttresses via fixation techniques 

 
IX. PEDIATRIC FACIAL FRACTURES 
 
In children under 12 years of age, in which a full dentition has not completely 
erupted and the bones are less mature, facial fractures are often greensticked 
and not significantly displaced. This is particularly true in the midface where the 
orbits and maxillary sinuses occupy a large percentage of space. When 
combined with bone elasticity and ongoing facial growth, some displacement of 
the facial bones can be tolerated without dysfunctional or adverse aesthetic 
effects. Minimally displaced fractures can go untreated. Moderately displaced 
fractures of the maxilla and mandible can be treated by closed reduction 



40	

techniques such as MMF. Open reduction techniques are reserved for those 
facial fractures where the bones are significantly displaced, a gross malocclusion 
exists, or orbital and nasal function are compromised 
 
X. MAXILLOMANDIBULAR FIXATION 
 
An important element in the repair of facial fractures that involve the occlusion 
(maxilla and mandible) is the establishment of pre-injury dental interdigitation. 
This is always done prior to the exposure and fixation of the bony fractures. The 
re-establishment of the patient’s occlusion is critical to the anatomic re-
positioning of the bone segments and postoperative masticatory rehabilitation. 
Numerous methods have been described to lock in the occlusion and the two 
most popular include either stainless steel arch bars and interdental wires or 
screw and wire fixation. These methods are based on adult (secondary) dentition 
and an adequate number of teeth. Neither method works particularly well in the 
primary dentition.  
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CHAPTER 6 
 
CONGENITAL OROFACIAL DEFORMITIES 
 
Breanna Jedrzejewski, MPH, MD; Christian Vercler, MD; Fan Liang, MD 
 
I. CLEFT LIP AND PALATE 
 
The most common craniofacial abnormality is cleft lip with or without cleft palate. 
Facial development stems from five prominences: frontonasal, bilateral maxillary, 
and bilateral mandibular.  The frontonasal prominence gives rise to the forehead, 
nose, and top of the mouth while the maxillary prominence forms the lateral sides 
of the mouth.  The frontonasal and medial nasal prominences come together to 
form the intermaxillary segment. Cleft lip occurs when the medial nasal process 
fails to fuse with the maxillary process typically during gestation weeks 4-7. 
Isolated cleft palate occurs later, at 8-12 weeks, from lack of fusion of the 
descending palatine shelves; it is considered genetically distinct from cleft lip with 
or without cleft palate (CL/P). 1 
 
Clefts can be stratified as unilateral vs bilateral and incomplete vs complete.  
Incomplete clefts leave the nasal sill intact while complete clefts extend through 
the lip into the nasal floor. Microform clefts have a vertical band of fibrous tissue 
that spans from the nostril floor to the edge of the red lip, a vermillion notch, and 
a deformity of the ala adjacent to the notch. Cleft palates can occur in the primary 
palate (anterior to the incisive foramen) and may also involve the alveolar 
process and form during weeks 4-7 of gestation.  Clefts of the secondary palate 
(the roof of the mouth posterior to the incisive foramen) may involve both the 
hard and soft palate and occur during weeks 5-12 of gestation.2 

 
The prevalence of CL/P is 1:1000 in Caucasians, 0.5:1000 in African-Americans, 
and 2:1000 in Asians.  Cleft palate (CP) alone is not race-specific and its 
occurrence is approximately 1:2500.3 While CL alone shows no gender 
preference, CL/P incidence in males is double that of females. As far as laterality 
is concerned, left-sided clefts are more common than those on the right and 
unilateral clefts are more common than bilateral. 
 
Orofacial cleft deformities affect multiple functions including speech, hearing, 
dentition, mastication, and appearance.  Nearly 10% of all individuals born with 
cleft lip and palate present as part of a syndrome: a group of multiple anomalies 
that are thought to occur independently of one another.  This is different from a 
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sequence: a single primary anomaly that determines multiple defects. Given the 
multidisciplinary nature of the problems presented by cleft and its unpredictable 
impact on growth and development, cleft patients should be managed by an 
interdisciplinary team in either a cleft or craniofacial center.  Infants with cleft 
palate may initially present with poor feeding given their inability to create 
adequate suction. Cleft patients require multiple reconstructions until the end of 
adolescence.  While treatment protocols vary slightly between different 
institutions, a general outline of surgical and nonsurgical interventions is as 
follows: 
 

1) Cleft lip repair with tip rhinoplasty   3 months 
2) Tympanostomy tubes    infancy/PRN 
3) Palatoplasty       9-18 months 
4) Cleft lip and nasal revisions    prior to school age/PRN 
5) Speech evaluation     8 months-ongoing 
6) Velopharyngeal insufficiency workup/surgery 4-6 years 
7) Alveolar cleft bone grafting    6-9 years 
8) Orthognathic surgery     Completion of mandibular         

growth (>16 years) 
 
A. Pre-operative Dentofacial Orthopedics 

 
These are techniques employed to improve the positioning of alveolar  
segments and soft tissue segments prior to definitive lip-nasal repair. Naso-
alveolar molding (NAM) is frequently used, but is not available in all centers. It 
must be implemented between 2 weeks to 6 weeks of age in order to be 
effective.  Other approaches include the Latham device and cleft lip adhesion. 
These approaches are used in preparation for CL/P repair to improve the final 
outcome.4 
 

B. Surgical methods of repair 
 
The most common mechanism for repair of unilateral cleft lip is some 
variation of the Millard rotation-advancement repair.  The rotation flap is 
created on the greater (medial) segment and the lesser (lateral) segment is 
advanced into the defect. Attention to the all the anatomic points in the lip and 
nose is essential for an acceptable repair.  The preferred approach to bilateral 
cleft lip repair is Mulliken’s modifications of Millard’s principle of reconstructing 
the central vermilion from lateral lip elements and joining the orbicularis.5  
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The primary goals in cleft palates repair are: 1) to close the nasal and oral 
mucosae and divide the respective cavities, and to create a potential space 
for alveolar reconstruction and 2) to reposition levator veli palatini muscles to 
recreate a functional velopharyngeal sphincter.  Soft palate repair is often 
achieved through a Furlow double opposing Z-plasty palatoplasty which 
lengthens the palate at the expense of narrowing it.  The hard palate may be 
repaired through a Von Langenbeck palatoplasty which uses bilateral 
bipedicled mucoperiosteal flaps sutured at midline or through two-flap 
palatoplasty which is based on the greater palatine arteries. 
 
Airway management is very important in infants following palatoplasty.  Some 
institutions will place a nasopharyngeal tube in the post-operative period as 
well as a tongue stitch as emergency airway precautions. Maximizing nutrition 
in the immediate postop period facilitates wound healing and has not been 
shown to increase complications. Complications from palatoplasty include 
palatal fistula formation and velopharyngeal dysfunction. 

 
C. Pierre Robin Sequence (PRS) 

 
Pierre Robin sequence is the most common associated anomaly with cleft 
lip/palate. At birth, the triad of findings include: 
 

1) Micrognathia/retrognathia 
2) Glossoptosis 
3) Airway obstruction  

 
Cleft palate is common in PRS but does not need to be present to diagnose 
the sequence.  If a cleft is present in a PRS patient, the palatal cleft is 
typically wider and more U-shaped than cleft palate without PRS. The 
initiating event in this syndrome appears to be a lack of sufficient mandibular 
development in utero which displaces the tongue posteriorly and superiorly, 
effectively blocking the descending palatal shelves.  Airway insufficiency is 
often present at birth which may require prone positioning, apnea monitoring, 
tongue-lip adhesion, mandibular distraction, or tracheostomy depending on 
the severity of the situation. 
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D. Syndromic Clefts 
 
Over 300 syndromes cite cleft palate as a possible associated finding.  Some 
common syndromes include the following, all of which are autosomal 
dominant: 
 

Stickler         stems from a mutation in a gene for type 2 collagen; 
includes ocular malformations, hearing loss, and 
arthropathies (accounts for 25% of syndromic CP) 
 

Van der Woude    70-100% penetrance; 
         CL/P or CP and lower lip pits 
         (accounts for 19% of syndromic CL/P and CP) 

 
22q11.2 Deletion  also known as velocardiofacial or DiGeorge syndrome  
         variable expression; 

cardiovascular anomalies, abnormal facies, 
developmental delay; 

         (accounts for 15% of syndromic CP) 
       

II. ATYPICAL FACIAL CLEFTS 
 

There are a wide variety of rare facial clefts that emanate outward from the 
mouth to involve the nose, orbit, and other facial structures.  These appear very 
different from the more common cleft lip and palate clefts.  They occur between 
gestation weeks 3-8 and are described by Tessier using ordinal numbers to 
indicate what hard and soft tissue structures are involved relative to its position to 
midline. 
 
Tessier clefts 0-3 are oral-nasal clefts which occur between the midline and 
Cupid’s bow.  Cleft 0 is notable for causing hypotelorism while cleft 1 results in 
hypertelorism. Tessier clefts 4-6 are oral-ocular clefts which connect the oral and 
orbital cavities without disruption of the nose and occur lateral to Cupid’s bow. 
Tessier clefts 7-9 are lateral facial clefts which include various syndromes such 
as Treacher Collins and hemifacial microsomia. Tessier cleft 7 is the most 
common of all craniofacial clefts. 
 
 
 
 



46	

A. Treacher Collins Syndrome 
 

Treacher Collins is an autosomal dominant syndrome that bilaterally combines 
Tessier clefts 6-8. All of these clefts surround the zygoma on the maxillary, 
temporal, and frontal aspects, resulting in significant hypoplasia or complete 
absence of the zygomatic bone.  These bony deformities create the classic 
facial appearance of: 

 
1) Malar deficiency which may include absence of the zygomatic arch and 

orbital rim 
2) Coloboma and retraction of the lower eyelid, often with eyelash 

hypoplasia 
3) Inferior displacement of lateral canthus with a downward canthal slant 
 

Additional anomalies often involve ear malformation, temporal muscle 
hypoplasia, and an abnormal hairline. The mandible is frequently hypoplastic 
with a short chin and prominent nasal bones. 

 
B. Hemifacial Microsomia (HFM) 

 
Historically known as first and second brachial arch syndrome, HFM 
encompasses a spectrum of deformities of which the hallmark is facial 
asymmetry due to hypoplasia of the hemimandible. Findings may include: 
 

1) Varying degrees of unilateral mandibular hypoplasia including absence 
of the condyle and ramus 

2) Ipsilateral maxillary hypoplasia 
3) Ipsilateral ear deformities ranging from simple skin tags to microtia and 

anotia 
4) Lateral (commissure) facial cleft 
5) Ipsilateral soft tissue facial deficiency 
6) Weakness of marginal mandibular branch of facial nerve 
 

Given the wide spectrum of anomalies associated with HFM, it is helpful to 
consider the syndrome within Mulliken’s O.M.E.N.S. classification.  
O.M.E.N.S. stands for: 

 
Orbital dystopia 
Mandibular hypoplasia 
Ear anomalies 
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Nerve weakness (any part of CN VII not just marginal) 
Soft tissue defects 

  
Much like the TMN classification of tumors that includes different elements of 
the disease based on severity of each component’s abnormality, O.M.E.N.S. 
is a versatile classification system that is inclusive yet specific in codifying 
patients with hemifacial microsomia. 
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CHAPTER 7 
 
CRANIOFACIAL SURGERY 
 
Katelyn Bennett, MD; Thomas Imahiyerobo Jr., MD; Fan Liang, MD 
 
I.  CRANIOSYNOSTOSIS 
 
Craniosynostosis is the premature fusion of any of the cranial sutures—metopic, 
coronal, sagittal, lambdoid, and squamosal.1 The metopic suture is the only 
suture that closes during infancy, usually by 9 months of age,2 whereas the other 
sutures fuse in the third and fourth decades.3 When a suture fuses prematurely, 
growth no longer occurs perpendicular to the suture, and compensatory growth 
continues parallel to the fused suture due to ongoing brain growth (Virchow’s 
law). This results in an abnormal head shape (Figure 6.1).4 Cranial vault 
reconstruction during the first year of life is the gold standard treatment to correct 
head shape and prevent the development of intracranial hypertension.5 Other 
techniques, such as endoscopic strip craniectomy, or spring assisted strip 
craniectomy are evolving and gaining acceptance at some centers.6-8  
 
 

 
Figure 6.1. Various types of single-suture craniosynostosis.9 
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Craniosynostosis occurs in 1 of every 2500 births, and among single-suture 
synostoses, sagittal craniosynostosis is the most common.10 Craniosynostosis is 
often classified as either syndromic or non-syndromic. Multiple fused sutures 
often indicate the presence of a syndrome, such as Apert, Crouzon, Pfeiffer, or 
Saethre-Chotzen syndromes. Both Apert and Crouzon syndromes are 
characterized by bilateral coronal synostosis and midface hypoplasia, but Apert 
patients also exhibit complex syndactyly. In Pfeiffer syndrome, patients also have 
bilateral coronal synostosis as well as broad thumbs and great toes. Patients with 
Saethre-Chotzen syndrome have unicoronal synostosis, in addition to ear and 
hairline abnormalities. Most of these syndromes exhibit autosomal dominant 
inheritance.10 
 
Although the genetic basis for single suture craniosynostosis has not yet been 
identified, genetic abnormalities have been found for some syndromic forms of 
craniosynostosis. Apert, Crouzon, and Pfeiffer syndromes may be attributed to 
FGFR2 mutations, whereas Saethre-Chotzen syndrome is associated with 
mutations in the TWIST1 gene, as well as the FGFR2 gene.11  
 
Cranial vault reconstruction is often performed between 6 and 12 months of age. 
Endoscopic techniques may be performed as early as 2-3 months of age. The 
appeal of greater malleability of bone in early infancy must be balanced with the 
increased risk of surgery at a younger age and concerns for potential relapse of 
deformity.5 Surgeons tend to favor fronto-orbital advancement for metopic and 
unicoronal craniosynostosis,12,13 whereas sagittal synostosis, depending on the 
age of the patient, may be treated with endoscopic strip craniectomy versus total 
cranial vault remodeling.14 Posterior cranial vault remodeling with occipital 
advancement remains the gold standard for lambdoid craniosynostosis.15 
Overcorrection during cranial vault reconstruction is emphasized by many 
surgeons, given the potential for relapse of cranial dysmorphology and the 
inherent abnormal growth of affected bones.16  
 
Syndromic craniosynostosis is often complicated by both intracranial and extra-
cranial abnormalities. Patients may present with hydrocephalus and Chiari 
malformations, as well as hypertelorism.17-19  Most patients with syndromic 
craniosynostosis also develop midface hypoplasia.11 Additional procedures are 
often required to adequately address these issues. Posterior vault distraction and 
suboccipital decompressions have been utilized to treat Chiari malformations.20,21 
LeFort III distraction osteogenesis or conventional LeFort III advancement are 
performed to normalize the midface and treat sleep apnea.22,23 If concomitant 
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frontal bone and midface hypoplasia exist, Monobloc distraction osteogenesis 
may be combined with facial bipartition to treat hypertelorism.19  
 
II.  EAR DEFORMITIES 
 
The most common ear deformities include microtia, cryptotia, and prominent ear 
(Figures 6.1, 6.2, 6.3). Microtia is partial or total absence of the ear, whereas 
cryptotia results in burying of the superior helix beneath the scalp skin. A 
prominent ear is caused by a poorly developed antihelical fold, an enlarged 
conchal bowl, or both.24   
 
 

 
 

Figure 6.1. Microtia.25 
 
 

 
 

Figure 6.3. Cryptotia.26 
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Figure 6.4. Prominent ear.27 
 
Microtia may be classified as Grade I, II, or III. Grade I indicates a normal auricle 
with identifiable landmarks. In Grade II, the auricle is abnormal with certain 
landmarks missing or not readily apparent. A very small auricular tag or complete 
absence of the ear, also called anotia, is Grade III.28  
 
Microtia may be associated with other syndromes, such as Goldenhar syndrome 
or hemifacial microsomia. Reconstruction consists of molding a cartilage 
framework and creation of a postauricular sulcus. Various techniques have been 
described for lobule transposition and tragal reconstruction.29  The classic Brent 
and Nagata techniques are described in Chapter 14 on Microtia 
Reconstruction.30,31  
 
Deformational ear deformities, like cryptotia and prominent ear, may be treated 
with cartilage molding techniques in the early neonatal period. These techniques 
are dependent on the presence of a normal amount of skin and cartilage and 
should be initiated prior to 3 weeks of age.32 Molding is possible due to the high 
levels of circulating maternal estrogens during the neonatal period, which 
stimulate increasing levels of hyaluronic acid, a key building block of auricular 
cartilage.33 If molding is not begun within the appropriate time period, or if there is 
a paucity of skin, grafts or local flaps can be used to restore the postauricular 
sulcus in patients with cryptotia.  
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Prominent ear is addressed operatively by re-creating an antihelical fold, 
correcting the conchal defect, and adjusting lobule position. Both cartilage 
scoring and suturing techniques are employed to achieve these goals.34 
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CHAPTER 8 
 
ORTHOGNATHIC SURGERY 
 
Russell Ettinger, MD; Todd Thurston, MD, MS; Fan Liang, MD 
 
Congenital or developmental aberrations of the jaws (maxilla and mandible) 
result in a wide variety of facial skeletal deformities that may manifest as 
malocclusion (abnormal dental relationships) and dentofacial deformity (skeletal 
discrepancies between the mandible, maxilla, and skull base).  Malocclusion is a 
malalignment of the normal relationship of the maxillary and mandibular dental 
arches. Malocclusion is classically characterized by first molar relationships 
(Angle’s Classification) to describe the type of dentofacial deformity that exists.  
Orthognathic surgery is the correction of dentofacial deformities and 
malocclusion through pre-surgical orthodontics to decompensate dental 
relationships in anticipation of surgical repositioning of the maxilla and/or 
mandible to normalize dental and facial relationships.  Candidates for 
orthognathic surgery have dentofacial deformities that cannot be corrected by 
orthodontics alone.   
 
I. DENTAL TERMINOLOGY  
 

Mesial: Toward the dental arch midline (e.g. toward the central incisors) 
Distal: Away from the dental arch midline (e.g. toward the molars)  
Labial: Toward the lips. 
Buccal: Toward the cheek. 
Lingual: Toward the tongue (mandible). 
Palatal: Toward the palate (maxilla). 
Apical: Toward the root tip. 
Incisal/Occlusal: Toward the biting surface. 
Occlusal Cant: Describes the vertical position of the right and left side 

teeth when  there is a discrepancy.  It is a rotation of the occlusal plane 
in the coronal plane.   In other words, the teeth appear to be slanted. 

Overbite: Vertical relationship of maxillary and mandibular tooth apices. 
Overjet: Horizontal relationship of maxillary and mandibular tooth apices. 
Proclination: Angulation of the apices of the central incisors towards the 

lips. 
Retroclination: Angulation of the apices of the central incisors towards the 

tongue. 
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Incisal show: Amount of vertical show of the maxillary central incisors in 
repose (face at rest with lips slightly parted). 

Open bite: Lack of contact (occlusion) between maxillary and mandibular 
dentition along any part of the dental arch (e.g. anterior open bite vs 
posterior open bite). 

Crossbite: Abnormal buccal or lingual position of opposing maxillary and 
mandibular teeth, (e.g. a lateral misalignment of dental arches).   

Centric occlusion: Occlusion with maximal intercuspation of teeth. 
Centric relation: Occlusion with the mandibular condyles fully seated in the 

glenoid fossae. 
 
II. ANGLE’S CLASSIFICATION 
 
Class I: Mesial buccal cusp of maxillary first molar is in the buccal grove of 
mandibular first molar. (Figure 7.1a) 
 
Class II: Mesial buccal cusp of maxillary first molar mesial to buccal groove of 
mandibular first molar. (Figure 7.1b) 
  

Division 1: Excessive overjet with normal angulation of maxillary incisor. 
Division 2: Retroclination of the maxillary central incisors, minimizing 

appearance of overjet. 
 
Class III: Mesial buccal cusp of maxillary first molar distal to buccal grove of 
mandibular first molar. (Figure 7.1c) 
 
III. DENTOFACIAL RELATIONSHIPS AND SURGICAL CORRECTION 
 
Malocclusion Facial Bone Deficiency Surgical Procedure 
Class I Normal None (orthodontics only) 
Class II, division 1 Deficient mandible Mandibular advancement 
Class II, division 2 Deficient mandible Mandibular advancement 

with maxillary 
orthodontics 

Class III Deficient maxilla or 
prognathic mandbile  

LeFort I advancement 
and/or mandibular 
setback 
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a)             b)    c) 

 
Figure 7.1: Angle’s Classification a) Class I, b) Class II, c) Class III 

 
IV. PATIENT EVALUATION  
 
Planning for orthognathic surgery requires close coordination between the 
surgeon and the orthodontist.  Complete medical and dental history should be 
taken noting any pathology of the temporomandibular joint (TMJ), history of 
obstructive sleep apnea (OSA), cleft lip and palate, airway surgeries (e.g. 
pharyngeal flap) and masticatory difficulties.  Aesthetic goals of the patient 
should also be elicited.  Oral exam should include determination of Angle 
classification, alignment of maxillary and mandibular midlines, presence of 
occlusal cants, and assessment of global oral hygiene.  Maximal incisal opening 
(MIO) should be noted as well as any crepitus, pain, or abnormal subluxation of 
the TMJ with range of motion.   
 
Cephalometric Evaluation:  
 

Orthognathic surgery work-up includes cephalometric analysis where 
standardized landmarks and measurements are taken from lateral 
cephalograms to characterize dentofacial relationships (Figure 7.2).  These 
measurements are then compared to normative values to characterize the 
degree of deformity and to plan movements of either the maxilla or mandible 
to restore appropriate dentofacial relationships.  Normative values are based 
upon a patient’s age, sex and ethnicity.  
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Figure 7.2: Standard cephalometric landmarks 
 
V. PREOPERATIVE PLANNING  
 
Preoperative orthodontics in orthognathic surgery are utilized to “decompensate” 
(intentionally worsen) the patient’s preoperative occlusion in anticipation for the 
surgical movements of the jaw that will ultimately move the patient into an ideal 
postoperative occlusion.  For this reason, close coordination with an orthodontist 
is mandatory.  Once preoperative orthodontic treatment is complete and the 
patient is fully decompensated, then dental impressions are taken to create 
plaster casts of the maxillary and mandibular dental arch forms.   
 
A wax bite registry is also obtained to orient the plaster casts into the proper 
preoperative occlusion.  The dental casts are then mounted into an articulator to 
recapitulate the appropriate preoperative occlusion.  “Model surgery” is then 
performed on the dental casts.  The dental casts are cut (simulated osteotomies 
that will be performed during surgery) and repositioned into the final occlusion.  
Once repositioned, the dental casts are then secured in their new position and an 
acrylic occlusal splint is created that will be used intraoperatively to register the 
maxilla and the mandible into the planned final occlusion before rigid fixation is 
applied.  Advances in technology have led to the rise of virtual surgical planning 
(VSP) for orthognathic surgery whereby the same “model surgery” is digitally 
performed with high resolution 3D reformatted maxillofacial CT scans of the 
patient.  Based on the “virtual” movements of the maxilla and or mandible, 
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occlusal splints are created from the 3D reformatted CT scan images to guide 
maxillary and mandibular movements intraoperatively.   
 
VI. SURGICAL PROCEDURE 
 
The type of maxillary and/or mandibular osteotomies that are required are 
determined by the preoperative examination and cephalometric analysis.  “One 
jaw” (maxilla or mandible repositioning only) vs “double jaw” surgery (maxilla and 
mandible repositioning) may be required depending on the degree of 
preoperative dentofacial deformity and dentofacial relationships.  Orthognathic 
surgery typically includes the following osteotomy patterns: (Figure 7.3) 

 
Le Fort I Horizontal maxillary cut above the apices of the maxillary teeth 
Le Fort II Nasomaxillary cut  
Le Fort III Craniofacial separation 
Bilateral sagittal split osteotomy (BSSO) (Figure 7.4) 
Vertical oblique Genioplasty (Figure 7.4) 
 

 
 

Figure 7.3: Le Fort I, II and III osteotomies for maxillary and midface 
advancement.  

 

 
 

Figure 7.4: BSSO and genioplasty for mandibular and chin advancement. 
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Once osteotomies have been performed, the mobilized maxilla and mandibular 
segments can be advanced forward, set back (moved posteriorly), impacted 
(moved superiorly), down grafted (moved inferiorly), rotated, or asymmetrically 
angled as indicated by the patient’s preoperative surgical plan.  In certain 
syndromic craniofacial deformities (e.g., Crouzon’s or Apert’s syndrome), the 
upper jaw deformity also includes a more generalized midface hypoplasia which 
includes the orbit and nose as well.  This often necessitates a more extensive Le 
Fort osteotomy (types II and III) that require more can result in craniofacial 
dysjunction in order to change the relationship of the midface to the skull base.  
Advancements of maxillary or mandibular segments greater than 10mm are likely 
to be unstable and either require immediate bone grafting or must be combined 
with distraction techniques (Chapter 12) to overcome soft tissue recoil and 
prevent relapse of the original deformity.   
 
The pre-fabricated occlusal splints are used to guide final positioning of the 
maxilla and/or mandible and rigid fixation is achieved typically with plate and 
screw systems.  Maxillomandibular fixation (MMF) or wiring of the upper and 
lower jaws may be indicated for large, potentially unstable movements.  
Postoperatively patients may also be placed in “guiding elastics” to help guide 
the teeth into the proper postoperative occlusion.  Soft diet, head elevation, and 
meticulous oral hygiene with salt water or chlorhexidine rinses after meals is 
indicated until intraoral incisions heal.   
 
  



63	

REFERENCES 
 
1. Taub PJ, Patel PK, Buchman SR, Cohen MN. Ferraro’s Fundamentals of 

Maxillofacial Surgery, 2nd Edition. New York, NY: Springer Science and 
Business Media; 2015.  

 
  



64	

CHAPTER 9 
 
TEMPOROMANDIBULAR JOINT 
 
Howard Wang, MD; Jessica Ching, MD; Fan Liang, MD 
 
I. ANATOMY 
 
The mandibular condyle articulates with the temporal bone at the glenoid fossa to 
form the temporomandibular joint (TMJ).  Additionally, the TMJ is composed of 
several ligaments that serve to restrain mandibular motion and a dense fibrous 
articular disk which separates the joint space into upper and lower compartments 
(Figure 8.1).   
 

 
Figure 8.1: Temporomandibular joint (TMJ) anatomy. The mandibular condyle 
articulates with the temporal bone to form the TMJ, which is divided into upper 

and lower compartments by an articular disk.1 
 
All muscles that contribute to mandibular motion will effect the position of the 
TMJ.  This includes the muscles of mastication (masseter, temporalis, medial, 
and lateral pterygoid muscles), which primarily contribute to mandibular elevation 
and closure of the mouth, except the lateral pterygoid. The lateral pterygoid 
muscle is the only muscle of mastication with a depressor function and serves to 
open the mouth.  The suprahyoid and infrahyoid muscles attach to the mandible 
anteriorly and function as additional depressors of the mandible.   
 
Mandibular motion at the TMJ include both rotational and translational 
components. The inferior joint between the mandibular condyle and the articular 
disk allows for rotational or hinge movements (ginglymoid), and the superior joint 
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consisting of the articular disk and the fossa allows for translational movements 
(arthrodial).  Thus, the TMJ can be classified functionally as a ginglymoarthrodial 
joint. When opening the mouth, the rotational movement occurs, accounting for 
the first 25mm of incisal opening, followed by the translational movement.  
 
II. TMJ PATHOLOGY 
 
TMJ disorders are common and may result from a range of etiologies including 
trauma, infection, developmental, malocclusion, functional habits, and other 
factors.   The source of the symptoms may be due to either muscular dysfunction 
or underlying joint disease.   
 
Non-articular disorders include myofascial pain which is frequently caused by 
masticatory muscle spasms and is generally managed with medical therapy 
alone.  Some of the common articular disorders of the TMJ include the following: 

- Osteoarthritis (primary or post-traumatic) 
- Inflammatory arthropathies (rheumatoid, juvenile rheumatoid, ankylosing 

spondylitis, etc.) 
- Disk displacement 
- Developmental or Congenital (condylar hypoplasia or hyperplasia)1  

 
In inflammatory pathologies or congenital conditions, the mandible may even 
fuse to the fossa, resulting in TMJ ankylosis. This leads to severe restrictions in 
range of motion, which interferes with mastication and speech in addition to 
causing pain.  The most common etiology of TMJ ankylosis is trauma, followed 
by infection.2  
 
III. CLINICAL FEATURES 
 
Patients with TMJ disorders will report preauricular pain, clicking on mouth 
opening, and decreased mouth opening.  A careful examination of the dentition 
and occlusion should be performed to identify the presence of any malocclusion.  
TMJ range of motion should be examined to determine the maximal interincisal 
opening, lateral excursion and presence of any chin deviation.  Generally, a 
maximal interincisal opening should be greater than 35mm in an adult. Palpation 
of the TMJ may detect tenderness, clicking or crepitus with range of motion.   
 
IV. DIAGNOSTIC TESTS 
 
Imaging modalities such as panoramic radiograph (Figure 8.2) and computed 
tomography (CT) (Figure 8.3) are important tools to identify any gross evidence 
of fractures or arthritic changes.  For evaluation of soft tissue and disk 
pathologies, magnetic resonance imaging has become the imaging modality of 
choice.  
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Figure 8.2: Panoramic radiograph showing complete ankylosis of the left 

temporomandibular joint.3 
 

 
Figure 8.3: 3D CT scan demonstrating bilateral TMJ ankylosis in a pediatric 

patient.4 
 
A. Nonsurgical Management 
 
The goal of treatment is to alleviate pain or improve jaw function.  A trial of 
nonsurgical treatment should be attempted in most patients with TMJ disorders 
as it has been shown to lead to relief in up to 81% of patients over time.5 A list of 
commonly used nonsurgical treatments include the following:  

- Soft diet to prevent overloading of the TMJ 
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- Medications such as non-steriodal anti-inflammatory agents (NSAIDs), 
muscle relaxants and antidepressants 

- Occlusal splints to reduce bruxism and loading of the joint  
- Physical therapy to improve range of motion and reduce pain 
- Intra-articular injections of corticosteroids  
- Botulinum toxin injection into the muscles of mastication for patients with 

suspected muscle spasms6 
 
B. TMJ Arthroscopy 
 
Surgical management is reserved for patients with severe anatomic derangement 
or those who have failed medical therapy.  TMJ arthroscopy and arthrocentesis 
are minimally invasive techniques in the management of TMJ disorders and can 
serve as both a diagnostic and therapeutic modality.   The diagnostic indications 
for TMJ arthroscopy include to confirm findings that could warrant open 
intervention or for unexplained persistent TMJ pain nonresponsive to medical 
therapy.  Whereas the therapeutic indications include internal derangements 
such as adhesions, disk immobility, and disk displacement.  Arthroscopic surgery 
allows for debridement of debris and removal of inflammatory tissue.    
 
C. Open Joint Surgery  
 
Open surgical treatment is reserved for those patients with severe pain or 
dysfunction that has been refractory to other forms of management.  Surgical 
approaches to the TMJ can be performed via a preauricular, endaural or 
postauricular approach.  Regardless of the approach, care must be taken to 
avoid injury to important anatomic structures including branches of the facial 
nerve, the parotid gland, and the internal maxillary artery.  Open joint surgery can 
be performed to achieve the following goals depending on the exact pathology 
identified:    

- Disk repositioning  
- Repair of any perforations of the retrodisk tissue 
- Partial or complete discectomy  
- Disk replacements with autogenous material such as dermal graft, 

temporalis muscle flap, or cartilage graft  
 
D. TMJ Arthroplasty 
 
Joint replacement or TMJ arthroplasty is reserved for patients with ankylosis of 
the joint, loss of vertical height from bony resorption or surgery, or failure of other 
medical and surgical therapy.  Alloplastic materials are the most commonly used 
joint replacements.  There are several manufacturers of total TMJ replacements 
including stock prosthesis or custom-made prosthesis. The custom-made implant 
utilizes CAD-CAM technology based on a preoperative CT scan to create a 
patient-specific prosthetic joint (Figure 8.4).  The custom joint replacements are 
composed of a high molecular weight polyethylene fossa articulating with a 
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cobalt-chrome alloy condylar head component fused with a titanium body.7  
Potential complications of TMJ arthroplasty include recurrent ankylosis, facial 
nerve injury, infections, parotid injury and implant failure.8  
 

 
 

Figure 8.4: 3D CT scan after right TMJ replacement with a custom-made 
prosthetic joint. 

 
In the pediatric population, autogenous material such as costochondral grafts, 
sternoclavicular grafts or free vascularized bone flaps are often preferred due to 
their potential for growth (Figure 8.5).9  An alternative to these options is the use 
of reverse distraction osteogenesis, which eliminates the need for a donor-site 
(Figure 8.6).10 When autogenous material is used, bone resorption and 
overgrowth leading to malocclusion and asymmetry may occur.   Therefore, 
some authors have proposed that prosthetic joints should also be considered in 
children as it would lead to more reliable skeletal and occlusal results.11  
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Figure 8.5: Costochondral rib graft harvested to reconstruct the 

temporomandibular joint.9 
 

 
Figure 8.6: Distraction osteogenesis to create a new TMJ.10 
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CHAPTER 10 
 
BONE FIXATION TECHNIQUES 
 
Jason W Yu, DMD, MD; Leo Urbinelli, MD; Sanjay Naran, MD 
 
Bone fixation techniques are based upon sound biomechanical fracture principles 
that should be understood and respected. These principles cannot be over-
emphasized enough as they form the basis and rationale for fixation techniques.  
 
I. PRINCIPLES 
 
The principles of stabilizing the facial skeleton complex rests on the facial 
horizontal and vertical buttresses (Figure 10.1). This complex can be divided into 
four units: frontal, upper midface and occlusal and mandible. The frontal unit 
consists of the lower section of the supraorbital rim and lower anterior frontal 
sinus. Laterally, on either side, it extends to the frontal-temporal-supraorbital 
segments. This “frontal bar” serves as the key buttress for the upper facial unit. In 
the midface, there are multiple vertical buttresses: laterally at the zygomas 
(zygomaticomaxillary), centrally at the nasoethmoid complex (nasomaxillary), 
and posteriorly (pterygomaxillary). The horizontal buttresses in this region is the 
orbital rim and the zygomatic arch. 
 

 
 

Figure 10.1: Facial horizontal and vertical buttresses.1 
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II. FIXATION TECHNIQUES 
 
The usual type of fixation required in the frontal and upper midface is functional 
(semi-rigid) fixation. This occurs when movement across a fracture gap is 
possible, but it is balanced by external forces. These fractures, as all fractures of 
the facial skeleton, should be anatomically reduced precisely to allow the fracture 
callous and eventual  anatomic bony union. Therefore, the preferred plating 
system by most surgeons tends to be application of thin bone plating system 
(0.7-1.5mm) or “mini-plates,” preferably along the above mentioned buttresses 
(Figure 10.2). Considerations to the thickness of these plates should also be 
given to bone thickness, extent of exposure displacing forces at the fracture site, 
and thickness of the overlying soft tissue.  
 

 
 

Figure 10.2: Fixation points on the craniofacail skeleton  
 
The occlusal unit not only serves as a horizontal buttress, but it also serves as a 
powerful foundation of stability between the craniofacial and mandibular 
complexes. In complex cases such as those found in panfacial fractures, the 
occlusion becomes vitally important in providing anatomic realignment of 
fractures. 
 
Wiring still remains a prominent choice of fixation of the occlusal unit and an 
excellent method of closed reduction of the mandible. Dr. Robert H. Ivy, an oral 
and maxillofacial surgeon at the University of Pennsylvania, employed 24 gauge 
wires around two posterior teeth serving as an anchor to allow for intermaxillary 
fixation. German ingenuity augmented the “Ivy Loop” technique with the 
alternative Erich arch bars, which has become the workhorse of intermaxillary 
fixation (Figure 10.3). The arch bars were silver-rounded wire bands that were 
molded to conform to the buccal-labial surfaces of teeth via wire ligatures. 
Colonel Roy A. Stout from the dental core of the U.S. Army  and E. Fulton 
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Risdon, the father of Canadian plastic surgery,  expanded wiring techniques to 
include continuous multiple loop wiring along the dental arch. 
 

 
 

Figure 10.3: Intermaxillary fixation utilizing Erich arch bars. 
 
The mandible is unique in that it is the only bone in the face that is mobile. It is a 
class III lever, which is subjected to deforming forces of the masseteric muscle 
(ie. effort) acting between the temporomandibular joint (ie fulcrum) and the food 
(ie. load). There are zones of compression at the inferior border of the mandible 
and zones of tension at the superior border of the mandible. Anteriorly, the 
mandible is subject to torsion and twisting. As such, functional fixation which was 
applicable to the midfacial and upper craniofacial skeleton would not be 
applicable to the mandible in most instances, as it often requires rigid fixation. 
 
German innovation contributed immensely to the concept of rigid internal fixation 
with the advent of metal plates. Compression plating was one such concept in 
which plates have the ability to “compress” the fracture site closer together, 
minimizing the fracture gap. Essentially, the screws were placed eccentrically 
outside of the plate hole which would “ramp down” as it turned, causing 
compression of segments as the screws tightened. In 1968, Luhr applied the 
concept of “compression osteosynthesis” learned from musculoskeletal Swiss 
group, Arbeitsgemeinschfat fur Osteosynthesefragen /Association to the Study of 
Internal Fixation (AO/ASIF). Heavy plates were applied along the inferior border 
of the mandible. However, it was soon discovered that diastasis was formed at 
the superior border of the mandible at the site of tension, prompting many 
surgeons to place a smaller “tension band” either with a small plate, archbars, or 
interdental wires (Figure 10.4). 
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Figure 10.4: Inferior border plate with arch basr functioning as a tension band.2 
 
Another concept is load bearing and load sharing. In load bearing, the fixation 
device provides enough strength and stability and bears the entire load of the 
mandible during its function. These are often referred to as large reconstruction 
bars (2.4-2.7mm thick) or plates used in mandibles fractures with segmental 
bone loss, comminution, or atrophy. These are applied along the inferior border 
of the mandible (Figure 10.5). In such cases, three screws are recommended on 
either side of the fracture whenever possible to fixate the plate.  
 

 
 

Figure 10.5: Mandibular reconstruction bar along the inferior border.3 
 
Load sharing requires solid bony fragments on either side of the fracture and the 
fixation device “shares” the functional load applied with these adjacent bone 
fragments across the mandible. One unique technique that applies compression 
is load sharing is lag screw fixation. It is most often applied to the anterior 
mandible (ie. symphysis) which is subject to torsion and twisting as opposed to 
the conventional compression and tension zones of the mandible. Here, the 



75	

diameter of the screw threads is the same as the proximal drilled cortical hole 
and do not engage with the bone. The screw threads at the terminal end of the 
screw are larger than the distally drilled bony cortex hole and engage with the 
bone. As the screw tightens, the fragments compress the fracture segments 
together. It is important to always place the lag screw in the direction 
perpendicular to line of fracture to prevent displacement or over-riding.  
 
Another concept to understand in mandible fracture fixation was popularized by 
Champy et al who further investigated the tension and compression zones of the 
mandible and introduced the ideal lines of osteosynthesis. It is defined as the line 
of maximum tensile stress, which extended from the oblique ridge along the 
retromolar alveolus to the mental foramen. These lines allow for the use of a 
single non-compression, monocortical miniplate fixation in zones of tension 
without the need for a compression band at the inferior border of the mandible 
(Figure 10.6). This Champy technique should not be used in unfavorable, 
comminuted fractures or segmental bone loss of the mandible.  
 

 
 

Figure 10.6: Champy non-compression, monocortical miniplate.4 
 
III. RESORBABLE PLATES AND SCREWS 
 
Resorbable plates and screws have focused on polymers that are 
macromolecular chains composed of repeating subunits. Early systems focused 
on strength with increased concentration on polylactic acid (PLA) polymers, while 
polyglycolic acid (PGA) provided flexural strength with earlier degradation. These 
are the two most common polymers used in varying degree of combinations 
depending on the desired strength and resorption profile. Typically, they are 
hydrolyzed by the body over a span from 9-18 months. Their most common use 
are in children in an attempt to avoid rigid fixation of growing facial skeleton. 
They also may be used to avoid removing plates and screws and thus a second 
operation. Areas of infection or contamination should be avoided as should high-
load bearing areas as mentioned in previous sections.  
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CHAPTER 11 
 
BONE GRAFTING/REPLACEMENT 
 
Naikhoba Munabi, MD; Thomas Imahiyerobo Jr., MD; Fan Liang, MD 
 
I. INDICATIONS FOR BONE GRAFTING/REPLACEMENT 
 
A. Loss of bone  

1. Traumatic destruction  
2. Infectious debridement 
3. Oncologic resection 

B. Congenital absence 
1. Alveolar cleft   
2. Treacher Collins syndrome   
3. Hemifacial microsomia 

 

 
Figure 11.1: Illustration of the horizontal and vertical buttresses of the face. Each 

buttress is independent, but also functions through stabilization from other 
buttresses.2 

 
II. MECHANICAL LOADING AND CONTOURING PROPERTIES 
 
A. Wolff’s Law   

1. Stress is necessary for preservation of bone strength   
2. Bone grafts require support (stress) in order to avoid resorption1 
3. Buttresses of the face are major anatomical structures that require bony 

support and reconstruction (Figure 11.1)  
B. Autogenous grafts 

1. Useful for solid bony reconstruction 
2. Load bearing structures or areas prone to mechanical stress 

a. Buttresses of the face 
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b. Mandible 
C. Synthetic bone 

1. Minimal stress or load bearing potential 
2. Useful for contour deficient areas 

a. Skull 
b. Forehead 

 
III. BONE GRAFT PHYSIOLOGY AND HEALING 

 
A. Osteoinduction  

1. Stimulates osteoprogenitor cells to become osteoblasts and promote new 
bone growth 

2. Driven by cytokines and growth factors (e.g bone morphogenic proteins) 
B. Osteoconduction 

1. Bone graft material that serves as a scaffold for bony ingrowth (creeping 
substitution) 

2. Requires healthy surrounding vascularized bone 
C. Osteogenesis 

1. Osteoblasts within bone graft material contribute to formation of new bone 
2. Commonly seen with autologous cancellous bone grafting 

 
IV. AUTOLOGOUS BONE GRAFTING 

 
Autologous bone grafting results in solid bony reconstruction, but at the expense 
of requiring an additional surgical (donor) site.  
 
A. Cancellous bone grafts 

1. Provide cells for rapid recreation of bony ingrowth (osteoinductive, 
osteogenic) 

2. Require structural support during osteogenesis (tissue flaps, cadaveric 
bone scaffold, metallic tray) 

3. Can mix with demineralized bone matrices to expand bone graft volume 
B. Cortical bone grafts 

1. Immediate structural support 
2. Undergoes replacement with new bone  
3. Slow process of healing as original graft only provides matrix for bone 

ingrowth, not cells (osteoconductive) 
C. Non-Vascularized bone grafts 

1. Requires healthy vascularized recipient site 
2. Avoid in infected or radiated fields 
3. Limited applicability to size < 5cm 

D. Vascularized bone grafts 
1. Bone flap (eg. Free fibula flap, vascularized iliac crest flap) 
2. More resistant to radiation 
3. Useful for larger defects > 5cm 

 



79	

V. DEMINERALIZED BONE MATRICES  
 
A. Acellular material sourced from cadaveric bone 
B. Able to contour material, high osteoconductive potential (Figure 11.2) 4,5 

1. Small well contained bony defects 
2. Can combine with bone morphogenic proteins (BMP) to improve 

osteogenic and osteoinductive properties or increase volume of 
autogenous cancellous graft 6,7 

 

 
 

Figure 11.2: Common Bone Substitutes and their Properties.3 
 
VII. SYNTHETIC CONSTRUCTS 

 
Synthetic constructs may be used for contouring without need for structural 
support. They have no osteoconductive, osteoinductive, or osteogenic properties. 
All synthetic constructs carry a risk for extrusion or infection following 
implantation.   
 
A. Hydroxyapatite 

1. Liquid-powder mixture that hardens to form inorganic mineral components 
of bone 

2. Biocompatible, structurally weak and brittle 
B. Acrylic  

1. Traditional plastic material 
2. Use limited to cranioplasty 

C. Polyetheretherketone (PEEK) 8 
1. Biocompatible thermoplastic solid material, radiolucent, light weight 
2. Can be made into 3D custom implants through computer assisted design 

and modeling 
3. Useful for complex anatomic structures (eg. Zygoma reconstruction in 

Treacher-Collins) 
D. Porous polyethylene (Medpor) 9 

1. Flexible, minimal resorption or degradation, high tensile strength, low soft 
tissue reactivity  

2. Commonly used for orbital floor reconstruction, microtia reconstruction 
3. 6% complication rate  

a. Most commonly exposure and infection 
b. Highest complications when placed near sinuses 
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VII. ALVEOLAR BONE GRAFTING  
 
A. Reconstruction of the maxillary alveolus in patients with alveolar cleft or cleft 

palate 
B. Primary procedure  

1. Done at time of cleft lip repair in combined cleft lip and alveolus/palate  
2. Gingivoperiosteoplasty alone or with bone graft 

C. Secondary procedure  
1. Timed during age of mixed dentition (ipsilateral canine eruption) 

D. Bone graft sources 
1. Iliac crest cancellous bone  

a. Gold standard for alveolar reconstruction  
b. Reliably successful for bony ossification  
c. Donor site morbidity (pain, narcotic requirement, pelvic fracture 

2. Calvarium (cortical bone) 
3. Rib (cortical and cancellous bone) 
4. Mandibular ramus (cortical bone) 
5. Demineralized bone matrix with rhBMP-2  

a. Equivalent osteogenic potential and outcomes compared to iliac 
crest autologous grafting 6,7 
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CHAPTER 12 
 
DISTRACTION OSTEOGENESIS OF THE CRANIOMAXILLOFACIAL 
SKELETON 
 
Sameer Shakir, MD; Sanjay Naran, MD 
 
I. HISTORY 
 
A. Initially described in the orthopaedic literature by Codivilla in 1905 
B. Refined by Illizarov in 1989 
C. Adapted to the craniomaxillofacial (CMF) skeleton by McCarthy in 1992 who 

described its application in lengthening the mandible 
 
II. PRINCIPLES 
 
A. Mechanical force applied to induce directed bone and soft tissue formation 

1. Distractor design 
a. Intraosseous component, transmit displacement to bone 
b. Anchor that pulls/pushes 
c. Axial screw, generated displacement 

2. Distractor type 
a. Internal 

i. Axial screw closer to callus formation; more effective distraction 
ii. Push vector only 

b. External 
c. Longer distance from axial screw to callus formation, but easily 

adjustable distraction vectors 
i. Push and/or pull vectors 

B. Phases 
1. Latency 

a. Time from osteotomy to distraction (~1-7 days) 
2. Activation 

a. Bony lengthening (i.e., distraction) across osteotomy site (~1mm per 
day) 

3. Consolidation 
a. Bone formation within distracted segment (~2x time in activation 

phase) 
C. Histologic zones of distraction during the activation phase 

1. Primary 
a. Central [1] zone of fibrosis/mesenchymal proliferation (1) 
b. Paracentral (PC) zones (2) 
c. Proximal/Distal (PD) zones of remodeling (2) 

2. Transition 
a. Vasculogenesis [1] zones (2) 
b. Mineralization fronts (mf) (2) 
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Figure 12.1: Primary and transition zones during the activation phase.1 

 
D. Application 

1. Hypoplastic mandible  
a. Conditions 

i. VATER syndrome, Pierre-Robin Sequence, Moebius syndrome, 
Hemifacial microsomia, etc 

b. Goal 
i. Relieve airway obstruction and potentially prevent/delay 

tracheostomy 
ii. Swallowing function and reflux rates  

c. Provides strong, vascularized bone and equally expands the soft tissue 
envelope 
i. Greater skeletal advancement than traditional techniques of 

orthognathic surgery, free tissue transfer, and bone grafting  
(a) Decreased relapse rate attributed to concurrent gradual 

expansion of soft tissue 
ii. Device type 

(a) Internal 
(i) Unidirectional distraction 
(ii) ~25mm distraction 

(b) External 
(i) External distraction favored 
(ii) 3 possible planes to adjust vector of distraction 
(iii) “Molding of regenerate”. Dental relationships can be 

adjusted during the activation phase by manipulating the 
nonmineralized bone  

(iv) >40mm distraction 
(v) Disadvantages include facial scarring, pin care 

2. Midface 
a. LeFort I/II levels 

i. Indications 
(a) Cleft lip and palate associated with severe maxillary hypoplasia 

and resultant Class III malocclusion (~25%) 
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ii. Advantages 
(a) Larger advancements  
(b) Lower relapse rates due to gradual soft tissue expansion 
(c) Decreased OR time 
(d) High osteotomy 
(e) Improved speech outcomes due to less velopharyngeal 

insufficiency 
b. LeFort III level 

i. Indications 
(a) To address the hypoplastic maxilla in the skeletally immature 

patient 
ii. Advantages 

(a) Decreased OR time 
(b) No internal fixation hardware 
(c) No bone grafting 

3. Cranial vault 
a. Indications 

i. Craniosynostosis 
b. Advantages 

i. Alternative to traditional Monobloc procedures for fronto-facial 
advancement with decreased infection rates 

ii. Alternative to fronto-orbital advancement, which is often limited due 
to soft tissue constraints 

iii. Posterior Vault Distraction Osteogenesis (PVDO) associated with 
increased intracranial expansion when compared to traditional 
cranial vault remodeling techniques 

c. Disadvantages 
i. Compressive forces across patent sutures and the TMJ may have 

detrimental effects 
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CHAPTER 13 
 
AESTHETIC FACIAL SURGERY 
 
Jason Wink, MD, MSc; Sanjay Naran, MD 
 
Aesthetic surgery includes those procedures that alter facial features to improves 
one’s appearance and self-esteem. Aesthetic builds upon the principles of 
maxillofacial surgery outlined in other chapters. Maxillofacial surgery has made 
many contributions to elective facial surgery, transferring experiences gained 
from a long history of facial reconstruction of congenital birth defects and 
traumatic injuries. Most of these procedures involve changes in the bony 
prominences of the facial skeleton (augmentation, reduction) and advanced 
methods of resuspending and augmenting the facial soft tissues through the use 
of dermal fillers or fat grafting. The ideal facial aesthetic has remained constant 
over time, but can vary based on geographic region. The use of non-surgical 
techniques for facial rejuvenation have become increasingly prevalent during 
recent years. The use of injectables such as dermal fillers, nerve agents, and 
laser therapy has allowed patients to pursue facial rejuvenation without the risk of 
a surgical intervention. These modalities have also found use as an adjunct for 
surgery.  
 
Approaching the majority of the facial skeleton can be achieved through the use 
of a few commonly used incisions in the face that can be easily hidden for 
aesthetic purposes. The mandible can be exposed through a lower gingival-
buccal sulcus incision to allow for placement of implants or bony reduction. The 
malar region can be exposed through an upper gingival-buccal sulcus incision for 
recontouring or implant placement. The nasal tip or dorsum can be approached 
through an open or closed rhinoplasty approach that heals with minimal external 
scarring. The orbit can be approached through a transconjunctival or subciliary 
incision, both heal with a hidden scar.   
 
Once an understanding of the facial exposures is achieved, one must decide 
whether augmentation or recontouring is required. It has been shown that the 
skeletal morphology of the face does change with age. Augmentation of select 
areas of the facial skeleton through the placement of preformed synthetic 
materials is commonly performed, although their use has been decreasing in 
popularity. A large number of facial implants are available, almost all of which 
can be placed by incisions through the mouth or the nose, using the same 
approaches utilized for reconstructive surgery. (Figure 13.1) Increasing chin 
projection by the placement of an implant in front of the mandibular symphysis is 
commonly done.  
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Figure 13.1: The facial skeleton may be augmented with a number of implants.  
Implants are secured directly to the bone.  

 
Reduction of certain bony prominences can be done to change facial proportions. 
Narrowing the cheek bones (zygomatic reduction) or reducing the square shape 
of the angle of the jaw through osteotomies are some examples. (Figure 13.2)  
 

 
 

Figure 13.2: Bony osteotomies may be performed in order to augment the facial 
skeleton.  Examples include genioplasty, gonial reduction, zygomatic reduction, 

and supra-orbital rim reduction.  
 
Changing the shape of the nose by making a straighter narrower bridge, 
improving the definition of the nasal tip, and opening the angle between the nose 
and upper lip are common objectives of rhinoplasty. (Figure 13.3) A number of 
different cartilage grafts can also be used to refine the nasal tip and dorsum, as 
well as to improve nasal airflow.  
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Figure 13.3: The primary blood supply to the nasal skin arises from the angular 
artery. Osteotomies are often performed along the nasal side wall, which enables 

the base of the nose to be narrowed or widened.  
 
There are a variety of surgical techniques used to reverse the long-term effects 
of aging, gravity, and muscle activity on soft tissue, these include browlifts, 
blepharoplasty, and rhytidectomy. This is an extremely wide topic well beyond 
the scope of this text. The face ages in a predictable manner, with a 
characteristic weakening of the suspensory ligaments that secure the soft- tissue 
to bone and an atrophy of the fat compartments of the face. Procedures 
designed to address these two key issues involve the fundamental concepts of 
soft tissue mobilization, excision of redundant skin and muscle, and 
resuspension and fixation of the mobilized tissue into a more desirable superior 
position. (Figure 13.4) The redistribution of facial fat and fat grafting is also used 
to improve the hollowed out appearance of the aging face. These procedures are 
often performed in conjunction with one another to maximize the result.  
 

 
Figure 13.4: Vectors of skin tightening must be considered in the setting of a 

facelift.  
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CHAPTER 14 
 
MICROTIA RECONSTRUCTION 
 
Angelo Leto Barone, MD; Dan Gould, MD; Fan Liang, MD 
 
Microtia is the abnormal or defective development of the auricle.   
 
I. INTRODUCTION 
 
A. Epidemiology 

1. Incidence is variable amongst races, ranging from 1:8000 to 1:6000. 
2. Race: Asians (Japanese) > Native Americans and Hispanics > 

Caucasians > African-Americans.  
3. Laterality: Right >Left > Bilateral (5:3:1 ratio) 
4. Gender: M>F 
5. Family history: less than 15% 
6. 50% are associated with other congenital conditions: Goldenhar 

syndrome, hemifacial microsomia, Treacher Collins, Tessier 7 cleft  
B. Embryology 

1. The ear derives from 6 embryonic tubercles called hillocks.  
2. Hillocks 1-3: arise from the first branchial arch (mandibular arch) à give 

rise to the anterior aspect of the ear (tragus, root of the helix and anterior 
helix).  

3. Hillocks 4-6: arise from the second branchial arch (hyoid arch) à  give rise 
to the crus,  antihelix and lobule. (Figure 14.1) 
 

 
 
Figure 14.1. The fate of the six hillocks according to a historical review from Park 

C.1 
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C. Anatomy  
1. Key external anatomical landmarks and structures of the ear (Figure 14.2) 
2. Vascular supply to the ear branching from the superficial temporal artery 

and vein, and the posterior auricular artery and vein (Figure 14.3) 
3. Ear Innervation derived from the great auricular and lesser occipital 

nerves (posterior), auriculotemporal nerve (anterior) and Arnold’s nerve 
(concha) (Figure 14.4) 
 

 
 

Figure 14.2: External ear anatomy and landmarks.2 
 

 
 

Figure 14.3: Vascular supply to anterior and posterior ear. Modified from “Ear 
Reconstruction” 3; 
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Figure 14.4: Innervation of the ear. 

 
4. Dimensions and anatomic relations:  

a. Measures approximately 5.5-6.5 cm in height 
b. Distance between the lateral wall of the orbit and the ear: also 

approximately 5.5-6.5 cm  
c. Tilted 20 degrees posteriorly. ½ of the ear is above and ½ of the ear 

falls below the Frankfort line. 
d. The projection of the ear (measured as the cephalo-auricular angle) 

ranges from 21-30 degrees.  
 
II. PRESENTATION 
 
A. Physical Exam 

1. Isolated microtia: no associated syndromes or sequences (50% of cases) 
2. Syndromic: hemifacial microsomia, Goldenhar syndrome, Treacher-Collins 

syndrome, oculoauriculovertebral dysplasia, cleft lip/palate. Associated 
kidney malformations, mandibular abnormalities, and more rarely, heart 
defects and vertebral deformities can be seen 

 
B. Classification Systems:  

1. Hermann Marx and Meurmann (Marx/Meurmann) Classification (Figure 
14.5):  
a. Grade I: All structures are present, but variable degrees of auricular 

hypoplasia. Includes cupping deformities, and external auditory 
stenosis 

b. Grade II: hypoplasia of the concha is accompanied by atresia 
(absence of external auditory canal) 

c. Grade III: complete absence of auricle, and malpositioned lobule 
d. Grade IV: Anotia. Complete absence of the external ear 
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Figure 14.5: Microtia grading according to severity of ear defect.4 
 

2. Nagata Classification System: Based off of the surgical need for each 
deformity (Figure 14.6)5 
a. Lobule Type: Presence of a small remnant of ear cartilage with a 

lobule but absent concha (Figure 14.6a). 
b. Concha type: Presence of a remnant ear cartilage, ear lobe, concha, 

tragus and incisura intertragica. The acoustic meatus is present 
(Figure 14.6b,c). 

c. Small Concha type: Presence of a small remnant of ear cartilage, 
lobule and a small indentation in lieu of the concha (Figure 14.6d,e). 

d. Anotia: Complete absence of all ear structures (Figure 14.6f) 
 

 
 

Figure 14.6: Nagata Classification System: Based off of the surgical need for 
each deformity5 

 
C. Goals of Reconstruction 

1. Correction of deformity and recapitulation of normal anatomic structures 
2. Psychosocial factors: improvement of self-esteem and self-image.  
3. Ability to wear glasses  
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4. Restoration of hearing paired to ear canal reconstruction and bone-
anchored hearing aid (BAHA) 

 
III. WORKUP 
 
Pre-op evaluation of patients require a thorough history (assess for associated 
congenital conditions), physical exam (evaluate for hemifacial microsomia, 
involved structures of ear, level of hairline, quality of surrounding skin, presence 
of ear canal, position of tragus), audiometric testing, and CXR. Patient should 
also be evaluated by ENT if there is middle/inner ear involvement.  
 
IV. AUTOLOGOUS RECONSTRUCTIVE TECHNIQUES 
 
For autologous reconstruction, first stage of reconstruction takes place at 10 
years of age or at least 60 cm of rib circumference (Nagata preference) or at 6-8 
years of age (Brent preference). Auricle framework reconstruction should always 
be coordinated with any needed middle ear reconstruction. Wrong placement of 
incision by the otolaryngologist may result in disruption of the flaps required for 
safe coverage of the framework.6-8  
 
Advantages include; autologous material, excellent results in skilled hands, low 
framework extrusion, and low infection rates.  Disadvantages include; a large 
donor site defect, with the need to harvest up to 4 ribs (6th, 7th, 8th and 9th) with 
potential for significant chest wall deformity; post-operative pain and need to 
wear a corset; highly variable results in unexperienced hands; cartilage 
resorption and warping with time; and that patients must be old enough and large 
enough to have sufficient rib cartilage for reconstruction.    
 
A. Tenzer (1959):  
 

1. First to describe the multistage autologous rib approach for microtia 
reconstruction 

2. Six stage operation, requiring the harvest of 3 costal cartilages 
3. Poor vascularization of the construct, leading to resorption 
4. Framework lacked details, projection and a tragal component 
5. No longer used  

 
B. Brent (1979):  
 
Modified Tenzer’s technique, improving framework details and decreasing the 
number of stages from 6 to 4. Recently included a tragal component to reduce 
the number of stages (Figure 14.7). Results may be highly variable, as over time 
there is often poor projection of the construct, and resorption secondary to poor 
vascularization of the construct.  
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First stage: Cartilage framework produced using the synchondrotic portion of ribs 
6-8 is banked in a subcutaneous pocket at the posterior-inferior borer of the ear 
 
Second stage: Lobule transposition 
 
Third stage: Elevation of the construct using banked cartilage. A split-thickness 
skin graft from the groin is used for coverage of the posterior ear defect 
 
Fourth stage: Construction of the tragal component, production of a neo-concha 
and correction of asymmetry if present.  
 

 

 
 

Figure 14.7: Brent’s reconstructive technique and stages, including the most 
recent modification with addition of tragal component.6 

 
Post-operative care:  

1. Skin coaptation to the framework is obtained with a suction drain  
2. Monitoring for development of hematoma  
3. Hematomas lead to infection, framework deformation and increased 

cartilage absorption.  
4. Frequent ear hygiene (daily) is paramount  
5. No physical activity is advised for 4-6 weeks  
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C. Nagata (1992):  
 
Nagata deduced the number of stages from 4 to 2, and improved the details of 
the framework, adding a tragal component and a posterior component to make 
the construct convex.  
 
First stage: Harvesting of cartilage from ribs 6-9; carving of cartilage subunits (i.e. 
helix, anti-helix); assemblage of the cartilaginous subunits using numerous metal 
wires; delivery of the native cartilage remnant, insertion of the framework and 
production of cutaneous flaps to cover the framework; and re-insertion of 
redundant cartilage to donor site to limit/prevent donor-site chest wall deformity 
(Figure 14.8). 
 
Second stage: (6 months later): Elevation of the framework and projection is 
achieved using freshly harvested rib cartilage. Temporoparietal fascia flap based 
on the superficial temporal artery is used to cover the framework and prevent 
resorption. Ultra-thin split-thickness skin graft harvested from the scalp over the 
flap to cover the posterior aspect of the ear (Figure 14.9).  
 

 
 

Figure 14.8: Nagata technique of autologous ear reconstruction. First stage. A) 
Production of framework. B) Insertion of ear framework in subcutaneous pocket 

and coverage with local flaps.7 
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Figure 14.9: Nagata technique of autologous ear reconstruction. Second stage. 

Placement of ear graft to create projection of the auricle and elevation of 
temporal parietal fascia flap for coverage of the framework.7 

 
Post-operative care:  

1. Skin coaptation using bolster dressings for 2 weeks 
2. Monitor for development of hematoma in the early post-operative period 
3. Frequent ear hygiene  
4. No physical activity for 4-6 weeks  
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V. POROUS POLYETHYLENE RECONSTRUCTION 
 
For porous polyethylene implant reconstruction, patients can be as young as 3 
years of age. Again, auricle framework reconstruction should always be 
coordinated with any needed middle ear reconstruction. Wrong placement of 
incision by the otolaryngologist may result in disruption of the flaps required for 
safe coverage of the framework.   
 
A. Biocompatible porous polyethylene implants 

1. Pioneered by Reinisch9 
2. Several modifications have been implemented to decrease complications 
3. Technique involves first excising the remnant cartilage and developing an 

anterior skin flap, followed by a small temporal incision through which the 
TPF is elevated 

4. Medpor implant is carved on the back table, where adjustments are made 
for projection as well as size and shape 

5. The implant is positioned on the patient and the TPF flap is laid over the 
implant. Suction drains are utilized to help the TPF flap adhere to the 
framework and contour to the topography of the Medpor  

6. The TPF flap is covered with anterior skin and full thickness skin grafts 
from the groin, or abdomen, as well as from the contralateral retroauricular 
skin 

7. The skin is closed in an airtight fashion and then the suction drains are 
removed.  External bolstering and postoperative dressings are critical 

 
B. Pros:  

1. Good aesthetic results 
2. Earlier age at time of reconstruction (3 years) 
3. One stage surgery 
4. Can be done simultaneously with BAHA or canalplasty 
5. Standardized frame eliminates operator experience in shaping an 

anatomic construct 
6. No donor site defect and associated morbidities 
7. Outpatient procedure 
8. Potentially no need for drains 

 
C. Cons:  

1. Historically high complication rate including extrusion, frame fracture, and 
infection. However, recent studies show that technical modifications 
develop in the past ten years have dramatically decreased the 
complication rate.  

2. Steep learning curve 
3. Not commonly taught in most training programs 
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VI. OSTEOINTEGRATED IMPLANTS:  
 
Prosthetic reconstruction of the auricle using osseointegrated screws into the 
mastoid.  
 
A. Pros:  

1. Fast surgery 
2. Low morbidity 
3. Excellent color, size and shape match to contralateral ear, if designed well 

by a skilled prosthetist 
 
B. Cons:  

1. Pin site infection 
2. Need for meticulous daily application and skin glue to the edges to allow 

for blending into the surrounding skin 
3. Disliked by patients due to need for prosthetic care, frequent replacement, 

synthetic/hard feel, and occasional embarrassment due to implant 
disengagement during active sports 

4. Usually the last option 
 
VII. COMPLICATIONS 
 
A. Autologous Methods:  

1. Skin necrosis due to inadequate flap planning, dissection or resection of 
subcutaneous pedicle to the flap 

2. Infection, which is uncommon, but presents with erythema, edema, 
cellulitis, and drainage 

3. Hematoma, which is rare but requires immediate drainage to prevent 
cartilage deformation 

4. Chest wall deformity, which may be reduced by leaving perichondrium 
intact and re-insertion of minced left over cartilage at the harvest site 

5. Pneumothorax  
 
B. Alloplastic Materials:  

1. Infection. Higher rates than seen with the autologous method; requires 
removal of the implant 

2. Extrusion, which requires coverage with a flap if not infected; often 
removal is warranted if infection occurs 

3. Frame fracture, which may require replacement of frame 
4. Hematoma, which will require drainage to prevent skin flap necrosis 

 
C. Osteointegrated Implants:  

1. Infection 
2. Osteomyelitis 
3. Implant displacement 
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