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Foreword

The purpose of all clinical didactic knowledge is to apply it 
towards the care of a patient: more explicitly, care that results 
in an improved outcome of a treatment intervention. Clinical 
Review of Oral and Maxillofacial Surgery is an idea devel-
oped by Shahrokh Bagheri during his fellowship in Portland. 
Along with our other Emanuel Hospital fellows and Oregon 
Health & Science University and University of Washington 
residents, Dr. Bagheri was anxious to identify pathology that 
requires treatment and to offer and execute treatment that 
works. Now in private practice in Georgia, Dr. Bagheri works 
with peers and residents to develop that same idea at Emory 
University while maintaining the practical approach of the 
practicing surgeon. This text is an embodiment of his thirst 
towards excellence in the practice of oral and maxillofacial 
surgery.

Clinical Review of Oral and Maxillofacial Surgery seeks 
to apply clinical scientifi c knowledge in the performance of 
a simulated clinical task described in the text. It applies diag-
nostic skills, evidence-based treatment decisions, and treat-
ment protocols to the care of patients. Potential pitfalls and 
complications are described as well.

This text presents classical clinical situations in oral and 
maxillofacial surgery and identifi es the key issues in clinical 
practice.

What are the key anamnestic fi ndings in the given 
condition?

What are the key clinical fi ndings in this condition?
What further imaging and laboratory tests are needed to 

quantify and qualify the clinical fi ndings or to confi rm 
a diagnosis?

What are the goals of treatment?
What clinical interventions are demonstrated to be of 

use?
What complications might be anticipated?
What is the evidence to support the recommended approach 

to a clinical problem?

The many residents who have participated in the develop-
ment of this text ensure that a systematic, evidence-based 
approach to patient management is destined for a strong future 
in our specialty. It is hoped that you, the reader, will be 
informed and inspired to seek further knowledge and evolve 
your practice because of this contemporary exposition of 
knowledge. Clinical knowledge in oral and maxillofacial 
surgery has been given a new baseline to encourage new 
investigation and surgical technique as a result of this impor-
tant contribution.

 Leon A. Assael, DMD
 Professor and Chairman
 Oral and Maxillofacial Surgery
 Oregon Health & Science University
 Portland, Oregon
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Preface

The purpose of Clinical Review of Oral and Maxillofacial 
Surgery is to provide the readers of oral and maxillofacial 
surgery with a systematic approach to the management of 
patients presenting with the most common surgical or patho-
logical conditions seen in this specialty. Contrary to tradi-
tional textbooks of surgery, this book emphasizes a case-based 
approach to learning that is suitable for readers of oral and 
maxillofacial surgery at all levels of training or practice. Each 
chapter contains more than just patient scenarios; instead it 
presents carefully written teaching cases. Each of these cases 
outlines essential information pertinent to the fundamental 
aspects of the condition as they present in the practice of oral 
and maxillofacial surgery.

Experience shows that learning is enhanced by incorporat-
ing teaching around real patient scenarios. In this manner, the 
reader is actively engaged in the case with the intent of raising 
the interest and, therefore, enhancing the retention of infor-
mation presented. Traditional textbooks of surgery present the 
material in a fashion not directly related to a patient, but 
instead list all the fi ndings, pathophysiology, and treatment 
modalities. The intent of this book is not to replace a full-
scope oral and maxillofacial surgery textbook, but instead 
serve as a powerful learning tool for those interested in the 
fi eld.

This book provides a rapid, concise, and easily compre-
hensible approach to disorders that readers can encounter in 
their work with patients. Predoctoral students will benefi t 
from the basic presentation of the disorders and treatment 
options. More advanced readers (such as residents in training 
or board candidates) will benefi t from the more detailed mate-
rial, and also become accustomed to the style of patient pre-
sentation that is refl ected in clinical practice and is currently 
emphasized for oral and maxillofacial surgery boards and in 
training examinations.

ORGANIZATION

The book is divided into 14 chapters, each comprised of 
separate sections that present a specifi c topic. A total of 95 
cases representing the full scope of modern practice of 
oral and maxillofacial surgery are included. Representative 
disorders or conditions have been chosen for each chapter 
for teaching purposes. It is not possible to encompass every 
disorder or condition in each chapter; therefore, the ones 
included are the most common, or have signifi cant implica-
tions for modern clinical practice. The references for each 
case include both historic articles and recent additions to 
the fi eld.

Each case illustrates the presentation, physical examina-
tion fi ndings, laboratory and imaging studies, along with an 
analysis of treatment options, complications, and discussion 
of other relevant information.

The majority of the cases are illustrated by one or more 
radiographs, clinical photographs, or drawings that further 
enhance the reader’s comprehension and retention of all 
content.

THE COMPANION CD-ROM

The CD-ROM included with this book features two simulated 
exams that allow the reader to both review the material and 
evaluate their test-taking skills. Each exam includes 200 mul-
tiple-choice questions, ranging in level of diffi culty. Feedback 
is provided for each question. The questions are set up in a 
format similar to the current National Board and in-service 
examinations, including the OMSSAT.

The “test mode” exam is timed and is comprised of a 
randomized selection of questions pulled from a question 
bank of over 400 questions. Each time the reader takes this 
exam the questions are randomized, so it will never be the 
same exam twice. As the exam is timed, the reader will be 
able to assess their test-taking strategy and make sure they 
will be able to complete future exams in the time allotted.

The “study mode” exam allows the reader to pick what 
subject matter they want to include. For example, if the reader 
wants to test themselves on radiology, infection, and trauma 
they will simply pick those chapters, and the question will be 
incorporated into the exam. The exam can accommodate up 
to 200 questions. Using this exam, the reader will be able to 
review the specifi c material in which they are interested.

Also included on the CD-ROM is an image collection 
containing every image that appears in the book in full color!

NOTE FROM THE EDITORS

The last several decades have brought dramatic changes to 
the fi eld of oral and maxillofacial surgery. Recent reconstruc-
tive methods; imaging technology; distraction osteogenesis; 
dental implants; rigid fi xation; full-scope training programs; 
and post-residency training fellowships in cosmetic surgery, 
head and neck oncology, craniofacial syndromes, and trauma 
have rapidly reshaped this exciting specialty in the last 20 
years. We hope that our readers enjoy and learn from this 
book as much as we did during its preparation.
 Shahrokh C. Bagheri
 Chris Jo
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1 Oral and Maxillofacial 
Radiology

Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Multilocular Radiolucent Lesion in the Pericoronal Region 

(Odontogenic Keratocyst)
• Unilocular Radiolucent Lesion of the Mandible (Dentigerous Cyst)
• Multilocular Radiolucent Lesion in the Periapical Region 

(Ameloblastoma)
• Unilocular Radiolucent Lesion in a Periapical Region (Periapical 

Cyst)
• Mixed Radiolucent-Radiopaque Lesion (Ossifying Fibroma)

Interpretation of radiographs is a routine part of the daily 
practice of oral and maxillofacial surgery. Radiographs 
that are commonly obtained in the offi ce include periapical, 
occlusal, panoramic, and lateral cephalometric views. 
Computed tomography (CT) scans, although costly, are avail-
able in some offi ces. Knowledge of normal radiographic 
anatomy and recognition of pathological conditions are 
essential.

A complete discussion of the full spectrum of radiographic 
pathology is beyond the scope of this book, but here the 
radiographic presentation of fi ve important and representative 
pathological processes is provided in case format. Included in 
each case is the differential diagnosis of associated conditions 
to guide further study.

Figure 1-1 shows the most common location of several radio-
graphically detectable maxillofacial pathological processes.

Anterior maxilla
    •  Adenomatoid odontogenic
       tumor (AOT)
    •  Nasopalatine duct cyst
    •  Lateral periodontal cyst
       (botryoid type)
    •  Odontoma
    •  Pagets disease of bone

Anterior mandible
    •  Periapical cemento osseous
       dysplasia
    •  Central giant cell granuloma
    •  Odontoma

Posterior maxilla
    •  Pagets disease of bone

Posterior mandible
    •  Dentigerous cyst
    •  Odontogenic keratocyst
    •  Ameloblastoma
    •  Intraosseous
       mucoepidermoid carcinoma
    •  Stafne bone defect (below canal)
    •  Idiopathic bone marrow defect
    •  Calcifying epithelial
       odontogenic tumor (CEOT)

Figure 1-1 The most common location of several radiographically detectable maxillofacial pathological processes.
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Multilocular Radiolucent Lesion in the Pericoronal Region 

(Odontogenic Keratocyst)

Piyushkumar P. Patel, DDS, and Chris Jo, DMD

CC

A 20-year-old man is referred for evaluation of a swelling on 
his right mandible.

Odontogenic Keratocysts

Odontogenic keratocysts (OKCs) show a slight predilection 
for males with a peak incidence between 11 and 40 years of 
age. Patients with larger lesions may present with pain sec-
ondary to infection of the cystic cavity. Smaller lesions are 
usually asymptomatic and are frequently diagnosed during 
routine radiographic examination.

HPI

The patient complains of a 1-month history of progressive, 
nonpainful swelling of his right posterior mandible (65% to 
83% of OKCs occur in the mandible, most often in the pos-
terior body and ramus region). The patient denies any history 
of pain to his right lower jaw, fever, purulence, or trismus. He 
does not report any neurosensory changes (which are gener-
ally not seen with OKCs).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. There is no family history of similar pre-
sentations.

Nevoid basal cell carcinoma syndrome (NBCCS) is an 
autosomal dominant inherited condition with features that 
can include multiple basal cell carcinomas of the skin, mul-
tiple OKCs, intracranial calcifi cations, and rib and vertebral 
anomalies. Many other anomalies have been reported with 
this syndrome (Box 1-1). The prevalence of the NBCCS is 
estimated to be 1:60,000.

EXAMINATION

Maxillofacial. The patient has slight lower right facial swell-
ing isolated to the lateral border of the mandible and not 
involving the area below the inferior border. The mass is hard, 
nonfl uctuant, and nontender to palpation (large cysts may 
rupture and leak keratin into the surrounding tissue, provok-
ing an intense infl ammatory reaction that causes pain and 
swelling). There are no facial or trigeminal nerve defi cits 
(paresthesia of the inferior alveolar nerve would be more 

indicative of a malignant process). The intercanthal distance 
is 33  mm (normal), and there is no evidence of frontal bossing. 
His occipitofrontal circumference is normal (an intercanthal 
distance [the distance between the two medial canthus of the 
palpebral fi ssures] of greater than 36  mm is indicative of 
hypertelorism, and an occipitofrontal circumference greater 
than 55  cm is indicative of frontal bossing; both can be seen 
with NBCCS).

Neck. There are no palpable masses and no cervical or 
submandibular lymphadenopathy. Positive lymph nodes 
would be indicative of an infectious or a neoplastic process; 
a careful neck examination is paramount in the evaluation of 
any head and neck pathology.

Intraoral. Occlusion is stable and reproducible. The right 
mandibular third molar appears to be distoangularly impacted 
(OKCs do not typically alter the occlusion). The interincisal 
opening is within normal limits. There is buccal expansion 
of the right mandible extending from the right mandibular 
fi rst molar area posteriorly toward the ascending ramus. 
Resorption of bone may include the cortex at the inferior 
border of the mandible, but this is observed at a slower 
rate than intermedullary bone, which is less dense. For this 
reason, OKCs characteristically extend anteroposteriorly than 
buccolingually. This pattern of expansion into less-dense 
bone explains why maxillary OKCs show more buccal than 
palatal expansion and often expand into the maxillary 
sinus. There is no palpable thrill or audible bruit, which are 
seen with arteriovenous malformations. The oral mucosa is 
normal in appearance with no signs of acute infl ammatory 
processes.

Thorax-Abdomen-Extremity. The patient has no fi nd-
ings suggestive of NBCCS (e.g., pectus excavatum, rib 
abnormalities, palmar or plantar pitting, and skin lesions) 
(see Box 1-1).

IMAGING

A panoramic radiograph is the initial screening examination 
of choice for patients presenting for evaluation of intraosseous 
mandibular pathology (10% to 20% of OKCs are incidental 
radiographic fi ndings). This provides an excellent overview 
of the bony architecture of the maxilla, mandible, and associ-
ated structures. Bony and soft tissue window CT scans of the 
mandible and neck are recommended when large lesions are 
found. CT scans are valuable in that they provide additional 

2
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 Multilocular Radiolucent Lesion in the Pericoronal Region (Odontogenic Keratocyst) 3

information such as proximity of adjacent structures (e.g., 
mandibular canal), integrity of cortical plates, and presence 
of perforations into adjacent soft tissues. CT scans provide 
accurate assessment of the size of the lesion and can demon-
strate additional anatomic details (or lesions) that do not 
appear on panoramic radiographs. For evaluation of osseous 
structures, non–contrast-enhanced CT scans are most 
informative.

In addition, three-dimensional volume-reconstructed scans 
can be obtained. This imaging study reconstructs the bony 
framework of the facial skeleton and can be helpful when 
large intraosseous pathology is encountered. It has been dem-
onstrated that T2-weighted magnetic resonance imaging 
(MRI) can detect OKCs in 85% of new cases with a readily 
recognizable pattern. However, the use of MRI for manage-
ment of suspected OKCs is not routine.

In this patient, the panoramic radiograph reveals a large, 
multilocular radiolucent lesion with possible displacement 
of the right mandibular third molar (Figure 1-2) (70% of 
OKCs present as a unilocular radiolucent lesion). The 
multilocular appearance is more commonly seen with maxil-
lary OKCs. There are also several carious teeth and a retained 
root tip of the right mandibular second bicuspid (tooth 
No. 29).

LABS

No laboratory tests are indicated unless dictated by the 
medical history.

Fine-needle aspiration (FNA) biopsy and cytokeratin-10 
immunocytochemical staining have been shown to differenti-
ate OKCs from dentigerous and other nonkeratinizing cysts. 
Despite their availability, these techniques are not routinely 
ordered.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of multilocular radiolucent lesions 
can be divided into lesions of cystic pathogenesis, neoplastic 
(benign or malignant) lesions, and vascular anomalies (which 
are least common). The differential diagnosis of multilocular 
radiolucent lesions is listed in Box 1-2 and can be further 
narrowed by clinical presentation. Special considerations 
should be given to radiolucent lesions with poorly defi ned or 
ragged borders, which have a separate differential.

BIOPSY

An incisional or excisional biopsy can be performed depend-
ing on the size of the lesion. A smaller cystic lesion can be 
completely excised, whereas larger lesions require an inci-
sional biopsy to guide fi nal therapy. It is important to aspirate 
the lesion before incising into the lesion (entering carefully 
through the cortical bone) to rule out a vascular lesion. The 
aspiration of bright red blood alerts the surgeon to a high-fl ow 
vascular lesion, such as an arteriovenous malformation, which 
could result in uncontrollable hemorrhage. In such a case, the 
procedure should be aborted for further radiographic and 
angiographic studies to characterize the vasculature of the 
area. The aspiration of straw-colored (or clear) fl uid is char-
acteristic of a cystic lesion, whereas the absence of any aspi-
rate may be seen with a solid mass (tumors).

Box 1-1.   Major Features of the Nevoid Basal 
Cell Carcinoma Syndrome

50% or Greater Frequency
Multiple basal cell carcinomas
Odontogenic keratocysts
Epidermal cysts of the skin
Palmer-planter pits
Calcifi ed falx cerebri
Enlarged head circumference
Rib anomalies (splayed, fused, partially missing, bifi d)
Mild ocular hypertelorism
Spina bifi da occulta of cervical or thoracic vertebrae

15% to 49% Frequency
Calcifi ed ovarian fi bromas
Short fourth metacarpals
Kyphoscoliosis or other vertebral anomalies
Pectus excavatum or carinatum
Strabismus

Less Than 15% Frequency
Medulloblastoma
Meningioma
Lymphomesenteric cysts
Cardiac fi broma
Fetal rhabdomyoma
Marfanoid build
Cleft lip and palate
Hypogonadism in males
Mental retardation

From Gorlin RJ: Nevoid basal-cell carcinoma syndrome, Medicine 66:98-
113, 1987.

Figure 1-2 Preoperative panoramic radiograph showing a large 
multilocular radiolucent lesion of the right mandible body and 
ramus associated with an impacted third molar.
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Box 1-2.   Differential Diagnosis of Multilocular Radiolucent Lesions

• Ameloblastoma—The most common location is the posterior 
mandible, and its most typical radiographic appearance is 
that of a multilocular radiolucent lesion. This is the most 
frequently diagnosed odontogenic tumor.

• Odontogenic keratocyst—This lesion cannot be 
differentiated on clinical and radiographic grounds from an 
ameloblastoma. OKCs generally do not cause resorption of 
adjacent teeth. The orthokeratin variant is usually associated 
with an impacted tooth. OKCs are most common in the 
second and third decades of life.

• Dentigerous cyst—Large dentigerous cysts can have a 
multilocular appearance on a radiograph given the existence 
of bone trabeculae within the radiolucency. However, they 
are histologically a unilocular lesion. There is a high 
association with impacted mandibular third molars. Painless 
bony expansion and resorption of adjacent teeth are 
uncommon but can occur.

• Ameloblastic fi broma—Posterior mandible is also the most 
common site for this lesion. It is predominantly seen in the 
younger population, and most lesions are diagnosed within 
the fi rst two decades of life. Large tumors can cause bony 
expansion. The lesion can manifest as a unilocular or 
multilocular radiolucent lesion that is often associated with 
an interrupted tooth. Ameloblastic fi bro-odontomas are 
mixed radiopaque-radiolucent lesions.

• Central giant cell tumor—Approximately 70% of these 
lesions occur in the mandible; most commonly in the anterior 
region. Its radiographic appearance can be unilocular or 
multilocular. These lesions can contain large vascular spaces 
that can lead to substantial intraoperative bleeding. The 
aneurysmal bone cyst has been suggested to be a variant of 
the central giant cell tumor. The majority of these lesions are 
discovered before age 30.

• Odontogenic myxoma—Although myxomas are seen in any 
age group, the majority are discovered in patients between 20 
to 40 years of age. The posterior mandible is the most 
common location, and its radiographic appearance can be 
unilocular or multilocular. At times, the radiolucent defect 
may contain thin, wispy trabeculae of residual bone given its 
“cobweb” or “soap bubble” trabecular pattern.

• Aneurysmal bone cyst—Lacking a true epithelial lining, 
these cysts most commonly occur in long bones or vertebral 
columns. They rarely occur in the jaws, but when they do, it 
is mostly in young adults. They can present as a unilocular 
or multilocular radiolucent lesion with marked cortical 
expansion that usually displaces but does not resorb 
teeth.

• Traumatic bone cyst—This lesion lacks a true epithelial 
lining and frequently involves the mandibular molar and 
premolar region in young adults. They can cause expansion 
and usually have a well-defi ned unilocular, scalloping 
radiolucency between the roots without resorption. The lesion 
always exists above the inferior alveolar canal.

• Calcifying epithelial odontogenic tumor (CEOT)—This 
is an uncommon tumor. The majority are found in the 
posterior mandible, mostly in patients aged 30 to 50 years. 
A multilocular radiolucent defect is seen more often than a 
unilocular radiolucency. Although it may be entirely 
radiolucent, calcifi ed structures of varying sizes and density 
are usually seen within the defect. It can also be associated 
with an impacted tooth.

• Lateral periodontal cyst (botryoid odontogenic cyst)—
Usually found in older individuals (fi fth to seventh decades 
of life), the botryoid variant often shows a multilocular 
appearance. It is most commonly seen in the premolar canine 
areas.

• Calcifying odontogenic cyst (COC)—Most commonly 
found in the incisor canine region, this cyst is usually 
diagnosed in patients in the mid 30s. Although the unilocular 
presentation is most common, multilocular lesions have been 
reported. Radiopaque structures are usually present in 
approximately one third to one half of the lesions.

• Intraosseous mucoepidermoid carcinoma—This is the 
most common salivary gland tumor arising centrally within 
the jaws. Most commonly found in the mandible of middle-
aged adults, radiographically they can appear as unilocular 
or multilocular radiolucent lesions. Association with an 
impacted tooth has been reported.

• Hyperparathyroidism (Brown tumor)—Parathyroid 
hormone (PTH) is normally produced by the parathyroid 
gland in response to decreased serum calcium levels. In 
primary hyperparathyroidism, there is an uncontrolled 
production of PTH due to hyperplasia or carcinoma of the 
parathyroid glands. Secondary hyperparathyroidism develops 
in conditions of low serum calcium levels such as renal 
disease, resulting in a feedback increase in PTH. Patients 
with hyperparathyroidism usually present with a classic triad 
of signs and symptoms described as “stones, bones, 
and abdominal groans.” Patients with primary 
hyperparathyroidism have a marked tendency to develop 
renal calculi (“stones”). “Bones” refers to the variety of 
osseous changes that are seen, including the brown tumor of 
hyperparathyroidism. These lesions can appear as unilocular 
or multilocular radiolucent lesions most commonly affecting 
the mandible, clavicle, ribs, and pelvis. “Abdominal groans” 
refers to the tendency for the development of duodenal ulcers 
and associated pain. When dealing with any giant cell 
lesions, brown tumor of hyperparathyroidism needs to be 
ruled out by evaluating serum calcium (it is elevated in 
hyperparathyroidism). These patients will have elevated 
levels of PTH (confi rmed by radioimmunoassay of the 
circulating parathyroid levels).

• Cherubism—In this rare developmental inherited condition, 
painless bilateral expansion of the posterior mandible 
produces cherublike facies (plump-cheeked little angels 
depicted in Renaissance paintings). In addition, involvement 
of the orbital rims and fl oor produces the classic “eyes 
upturned toward heaven.” Radiographically, the lesions are 
usually bilateral multilocular radiolucent lesions. Although 
rare, unilateral involvement has been reported.

• Intrabony vascular malformations—Arteriovenous 
malformations are most often detected in patients between 10 
and 20 years of age and are more commonly found in the 
mandible. Mobility of teeth, bleeding from the gingival 
sulks, an audible bruit, or a palpable thrill should alert the 
clinician. The radiographic appearance is variable but most 
commonly presents as a multilocular radiolucent lesion. The 
loculations may be small, giving the honeycomb appearance 
that produces a “soap bubble” radiographic appearance. 
Aspiration of all undiagnosed intrabony lesions is warranted 
to rule out the presence of this lesion, as fatal hemorrhage 
can occur after an incisional biopsy.
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ASSESSMENT

Expansile multilocular radiolucent mass of the posterior 
right mandible associated with an impacted right mandibu-
lar third molar (25% to 40% of cases are associated with an 
unerupted tooth)

With this patient under intravenous anesthesia, an inci-
sional biopsy was performed after aspiration of straw-colored 
fl uid that showed classic histopathology for the OKC. Histo-
logical features include a thin squamous cell epithelial lining 
(eight cells or fewer). The basal cell layer is well defi ned and 
composed of cuboidal or columnar cells. The luminal surface 
exhibits a wavy or corrugated appearance. The fi brous wall 
is usually thin with a mixed infl ammatory response. Kerati-
nization of the lumen is not a pathognomonic fi nding. The 
fi brous wall may contain epithelial islands that show central 
keratinization and cyst formation; these are known as 
daughter-satellite cells.

TREATMENT

Controversy exists regarding the optimum treatment for OKC; 
discussions are centered on whether a conservative or an 
aggressive approach should be undertaken. Options that have 
been used include the following:
• Decompression by marsupialization
• Marsupialization followed by enucleation (surgical 

decompression of the cyst, followed by several months of 
daily irrigation with chlorhexidine via stents secured in 
the cystic cavity, followed by cystectomy)

• Enucleation with curettage alone
• Enucleation followed by chemoablation or cryotherapy
• Enucleation with peripheral ostectomy
• Enucleation with peripheral ostectomy and 

chemoablation or cryotherapy
• En bloc resection or mandibular segmental resection. 

Resection is advocated only if there have been multiple 
recurrences after enucleation with curettage or in large 
OKCs in which enucleation and curettage would result in 
a near continuity defect.

OKCs do not invade the epineurium; therefore, the inferior 
alveolar nerve can be separated and preserved. Furthermore, 
any perforations of the keratinized mucosa should be excised 
because it may contain additional epithelial rests, which can 
lead to recurrences. Aggressive soft tissue excision is not 
required, because OKCs do not usually infi ltrate adjacent 
structures. If the cyst is removed in one unit, there is no need 
for curettage, unless the lining has been shred or torn. 
Some controversy exists regarding the optimal management 
(extraction versus retention) of teeth involved with an 
OKC. It is generally accepted that an OKC with a scalloped 
radiographic appearance should have the associated teeth 
removed because it is considered impossible to completely 
remove the thin-walled cystic lining. If, however, the OKC is 
successfully removed in one unit, the teeth may be spared 
without compromising recurrence. In most instances, there 
is no need for endodontic therapy despite surgical denerva-

tion. The teeth may not become devitalized due to perfusion 
of the pulp via accessory canals through the periodontal 
ligaments.

Many surgeons advocate the application of Carnoy’s solu-
tion after enucleation and curettage with methylene blue. 
Carnoy’s solution is composed of 6  ml of absolute alcohol, 
3  ml of chloroform, and 1  ml of 100% acetic acid. Carnoy’s 
solution penetrates the bone to a depth of 1.54  mm after a 
5-minute application. It does not fi xate the inferior alveolar 
nerve, but some clinicians cover the nerve with sterile petro-
latum as a caution.

The patient was treated under general anesthesia with 
enucleation of the lesion followed by the application of meth-
ylene blue to guide peripheral ostectomy. The patient was 
placed on a soft diet to reduce the risk of jaw fracture. The 
postoperative panoramic radiograph confi rmed that the infe-
rior border of the mandible remained intact.

The fi nal pathology report confi rmed the diagnosis of an 
OKC consistent with the initial incisional biopsy. He was 
placed on a strict recall schedule—every 6 months for the 
fi rst 5 years and then yearly. The recurrence rate for OKC has 
been reported to range from 5% to 60%. It has been reported 
that most recurrences occur within 5 years, although they can 
recur at any time. Recurrences that occur secondary to resid-
ual cyst left in bone may be apparent within 18 months of 
surgery.

COMPLICATIONS

The OKC has been described as having clinical features that 
include potentially aggressive behavior and a high recurrence 
rate. Because recurrence is a major concern, clinicians vary 
in their surgical approach. The primary mechanism for recur-
rence has been postulated to be the incomplete removal of all 
the cystic lining or new primary cyst formation from addi-
tional activated rests.

OKCs have been reported to undergo transformation into 
ameloblastoma and squamous cell carcinoma, although this 
occurrence is rare. Other common postprocedure complica-
tions include inferior alveolar nerve paresthesia, postopera-
tive infection, and pathological mandibular fracture in larger 
lesions (highest risk is at 2 weeks after enucleation).

DISCUSSION

Ever since Shear, Pindborg, and Hansen established the his-
tological features of the OKC, many investigators have rec-
ognized that two major variants exist based on microscopic 
fi ndings: a cyst with a parakeratinized epithelial lining and a 
cyst with an orthokeratinized epithelial lining.

Crowley and colleagues undertook a comparison of the 
orthokeratin and parakeratinized variants. In their review, 
they found that the parakeratinized variant occurred more 
commonly than the orthokeratinized variant (frequency of 
86.2% for the parakeratinized variant compared with 12.2% 
for the orthokeratinized variant); 1.6% of cysts had both 
orthokeratin and parakeratin features.
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They also found that the parakeratinized variant demon-
strated a 42% recurrence rate, compared to only 2.2% for the 
orthokeratinized variant. In addition, the orthokeratinized 
variant was more frequently associated with impacted teeth. 
Given the different clinical behaviors of these two entities, 
many authors designate them as separate pathological enti-
ties. Lesions that have both orthokeratin and parakeratin fea-
tures should be treated as a parakeratinized OKC.

Stimulation of residual epithelial cells is a common feature 
in the development of any cyst. In the case of the OKC, the 
epithelial cells implicated are from the rest of Serres or Mal-
assez or from the reduced enamel epithelium. The epithelial 
cells proliferate into a gradually enlarging mass. With enlarge-
ment, the cells in the center are driven farther from the blood 
supply and eventually die, creating the lumen. The lumen 
subsequently becomes hypertonic, creating an osmotic gradi-
ent and resulting in an increase in hydrostatic pressure that 
causes bone resorption and subsequent expansion of the cyst. 
Additional epithelial cells are sloughed into the lumen as 
the cyst increases in size, and the cycle continues. The sur-
rounding connective tissue is compressed with continued 
enlargement. This lining then matures, forming a basement 
membrane, and also contributes to enlargement of the cyst. If no 
treatment is rendered during the initial stages, with continual 
enlargement the cyst will eventually become symptomatic.

Identifi cation of individuals who may be affected with 
NBCCS allows the clinician to arrange for appropriate refer-
rals. NBCCS should be suspected when multiple lesions exist. 
Some abnormalities are pertinent only to the diagnosis and 
do not require any specifi c therapy. Other abnormalities may 
pose further risk to the patient and require the input of other 
specialists. Spina bifi da and central nervous system tumors 

require referral to a neurosurgeon. In addition, genetic coun-
seling for all patients affl icted with NBCCS is recommended. 
OKCs associated with this syndrome are treated in the same 
manner as an isolated OKC; however, these lesions have a 
higher rate of recurrence when associated with NBCCS 
(which may represent new lesions). OKCs are often associated 
with the follicle of a potentially functional tooth, and, when 
possible, marsupialization with orthodontic guidance should 
be considered.
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A 28-year-old white man is referred for evaluation of “swell-
ing on my right lower jaw.”

Dentigerous Cyst

Dentigerous cyst (DC) has a slight male predilection, it is 
more common in whites, and it is most frequently seen in the 
age range of 10 to 30 years.

HPI

Approximately 2 months earlier, the patient noticed a non-
painful swelling of the right posterior mandible; dentigerous 
cysts can cause expansion but are typically nonpainful unless 
secondarily infected. The most common location of dentiger-
ous cysts is the mandibular third molar region; other fre-
quently involved teeth include the maxillary canines, maxillary 
third molars, and mandibular second premolars. He was seen 
by the referring general dentist who discovered a radiolucent 
lesion on a periapical radiograph. The patient denies any 
history of pain to his right lower jaw, fever, purulence, or 
trismus (inability to open the mouth due to contraction of the 
muscles of mastication, commonly a sign of infl ammatory 
infi ltration of the muscles secondary to infection).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. There is no history of similar presenta-
tions in his family (there is no familial predisposition).

EXAMINATION

General. The patient is a well-developed and well-nourished 
anxious man (patients are often anxious because they fear a 
malignant process).

Maxillofacial. There is noticeable right lower facial swell-
ing isolated to the lateral border of the mandible not involving 
the area below the inferior border. The mass is hard, nonfl uc-
tuant, and nontender to palpation, consistent with a nonin-
fl ammatory process. There are no facial or trigeminal nerve 
defi cits (paresthesia of the right inferior alveolar nerve would 
be indicative of a malignant process).

Neck. The patient does not have palpable masses or cervi-
cal or submandibular lymphadenopathy. Positive lymph nodes 
would be indicative of an infectious or neoplastic etiology, so 

a careful neck examination is paramount in the evaluation of 
any head and neck pathology.

Intraoral. The occlusion is stable and reproducible. There 
does not appear to be displacement of the dentition in the 
involved area (dentigerous cysts do not typically alter the 
occlusion). Interincisal opening is within normal limits. There 
is signifi cant buccal expansion of the right mandible extend-
ing from the mental foramen posteriorly and ascending into 
the ramus (large cysts may be associated with a painless 
expansion of the bone, but most are asymptomatic and do not 
cause expansion). The patient does not have a palpable thrill 
or audible bruit (seen with arteriovenous malformations). The 
oral mucosa is normal in appearance with no signs of any 
acute infl ammatory processes.

IMAGING

When evaluating large lesions of the mandible, the panoramic 
radiograph is an excellent initial study for assessment of the 
bony and dental anatomy. A CT scan is not essential, but it can 
better delineate the three-dimensional bony and regional archi-
tecture, including involvement of the cortices of the mandible 
(i.e., cortical perforation is seen with some tumors and locally 
aggressive cysts) and the position of the inferior alveolar canal.

In this patient, a panoramic radiograph (Figure 1-3) dem-
onstrates a 7 × 3-cm well-corticated unilocular radiolucent 
lesion of the right posterior mandible extending from the area 
of the mental foramen to midway up the ramus. The right 
mandibular second molar (tooth No. 31) is displaced inferi-
orly, and the right mandibular third molar is displaced into 
the ascending ramus to the level of the mandibular foramen. 
The roots of the second molar appear to be disrupting the 
inferior boarder of the mandible. The left maxillary cuspid, 
left mandibular second and third molar, (teeth Nos. 11, 18, 
and 17, respectively) are also impacted.

LABS

No laboratory tests are indicated unless dictated by the 
medical history. If brown tumor of hyperparathyroidism is in 
the differential diagnosis, serum calcium levels should be 
obtained. This tumor is derived from primary hyperparathy-
roidism leading to osseous lesions with abundant hemorrhage 
and hemosiderin deposition within the tumor (hence giving it 
a brown color). Removal of the hyperplastic parathyroid tissue 
is necessary in this condition.

Unilocular Radiolucent Lesion of the Mandible 

(Dentigerous Cyst)

David Verschueren, DMD, MD, and Shahrokh C. Bagheri, DMD, MD
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DIFFERENTIAL DIAGNOSIS

The differential diagnosis can be divided into lesions of cystic 
pathogenesis, neoplastic (benign or malignant), and vascular 
anomalies (least common). Well-defi ned borders and the lack 
of a multilocular appearance are more suggestive of a cystic 
process, but this distinction is not predictable. The differen-
tials found in Box 1-3 should be considered, with the fi rst 
three being the most likely.

BIOPSY

An incisional biopsy would be indicated to guide fi nal therapy 
for this lesion. This can be done under local, intravenous 
sedation or general anesthesia depending on the surgeon’s 
preference and medical indications. It is important to obtain 

an aspirate of the mass before perforating the bony cortex. 
Bright red blood would alert the surgeon to a high fl ow vas-
cular lesion that could result in uncontrollable hemorrhage. 
In such a case, the procedure should be aborted for further 
radiographic and angiographic studies to characterize the 
vasculature of the area. Straw-colored fl uid would be charac-
teristic of a cystic lesion, while the absence of any aspirate 
may be seen with tumors of the jaw.

ASSESSMENT

Expansile radiolucent mass of the posterior mandible associ-
ated with impacted right mandibular second and third 
molars

In this case, under intravenous anesthesia, an incisional 
biopsy was performed after aspiration (straw-colored fl uid) 

Figure 1-3 Unilocular radiolucent 
lesion of posterior right mandible with 
impacted right mandibular second 
and third molars.

Box 1-3.   Differential Diagnosis of a Unilocular Radiolucency

• Dentigerous cyst—This cyst is considered fi rst on the 
differential given the patient’s age, location, and radiographic 
presentation. This cannot be differentiated on clinical and 
radiographic grounds.

• Odontogenic keratocyst—This cyst can grow to a 
considerable size and must be distinguished from a 
dentigerous cyst. Frequently, large unilocular lesions that are 
thought to be dentigerous cysts prove to be OKCs. The 
orthokeratinizing odontogenic cyst can have a similar 
presentation.

• Ameloblastoma—Given the patient’s radiographic 
presentation, unicystic variant is most likely. Ameloblastomas 
typically cause a painless bony expansion. This would be the 
most common noncystic pathology for this radiographic and 
clinical presentation.

• Odontogenic myxoma—Radiographically, this can present 
as a unilocular or multilocular lesion. Larger lesions tend to 
be multilocular with a “soap bubble” appearance.

• Central giant cell granuloma—This is more common in the 
anterior mandible. This lesion can be unilocular or 
multilocular and shows a female predilection.

• Calcifying epithelial odontogenic tumor (Pindborg)—This 
tumor is less likely given the patient’s radiographic 
presentation. It usually has a mixed radiolucent-radiopaque 
appearance, although early lesions may be entirely 
radiolucent.

• Ameloblastic fi broma—This is an uncommon tumor that is 
seen usually in younger patients, during the fi rst two decades 
of life.

• Adenomatoid odontogenic tumor—This lesion is most 
often seen in the anterior maxilla and in younger patients. 
However, it cannot be ruled out without a biopsy.

• Arteriovenous aneurysm of bone and other vascular bone 
tumors—Clinicians should always consider vascular tumors 
because of obvious surgical implications. Aspiration before 
any surgical incision is essential.

• Carcinoma arising in a dentigerous cyst—Although this is 
rare, it is well documented. Radiographically, the borders 
may be more irregular with ragged edges.

• Intraosseous mucoepidermoid carcinoma—This is also a 
rare condition, but should be ruled out because early diagnosis 
of malignant neoplasms is essential for improved survival.
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demonstrating classic dentigerous cyst histopathology (epithe-
lial lining of nonkeratinized stratifi ed squamous epithelium and 
a loosely arranged fi brous connective tissue wall) (Figure 1-4).

TREATMENT

Complete removal of the cyst by enucleation along with 
removal of the unerupted tooth is the preferred treatment for 
dentigerous cysts. If eruption of the involved tooth into a 
functional position is feasible (with or without orthodontic 
guidance), enucleation of the cyst can be performed without 
removal of the tooth. The inferior alveolar neurovascular 
bundle is commonly displaced by the cyst and should be 
preserved if possible. Large cysts may be treated with mar-
supialization when enucleation and curettage would likely 
result in neurosensory dysfunction or a pathological fracture 
of the mandible. Postoperative maxillomandibular fi xation 
may be prudent to allow remodeling of the bone before func-
tion, especially in larger lesions. Marsupialization permits 
decompression of the lesion and shrinkage of the cyst and 
bony defect. Defi nitive removal can be performed at a later 
date. A disadvantage of marsupialization is the need for 
greater patient compliance with an open cystic cavity between 
treatments. In addition, it does not reliably produce a reduc-
tion in the size of the cyst.

The patient was taken to the operating room and under-
went enucleation and curettage via an intraoral incision. The 
right mandibular second and third molars were maintained 
due to the high risk of fracture and inferior alveolar nerve 
paresthesia—while this may increase the possibility of recur-
rence, it should be weighted against the possible complica-
tions of tooth removal. The patient was placed on a soft diet 
to reduce the risk of jaw fracture. The postoperative pan-
oramic radiograph confi rmed that the inferior border of the 
mandible remained intact.

The fi nal pathology report confi rms the diagnosis of a 
dentigerous cyst consistent with the initial incisional biopsy 
specimen.

COMPLICATIONS

Prognosis of a dentigerous cyst with adequate treatment is 
excellent, and recurrence is rare. The most common compli-
cations include postoperative infection, inferior alveolar nerve 
paresthesia, and mandibular fracture in larger cysts. Neoplas-
tic transformation to an ameloblastoma, squamous cell carci-
noma, and mucoepidermoid carcinoma has been reported in 
less than 2% of cases. For this reason, complete histopatho-
logical examination with enucleation may be preferable to 
marsupialization, which could delay the diagnosis of a neo-
plastic transformation.

DISCUSSION

A dentigerous cyst originates as a consequence of a build-up 
of fl uid between the dental follicle and the crown of an 
unerupted tooth. It is the most common type of developmen-
tal odontogenic cyst, making up about 20% of all epithelium-
lined cysts in the jaws. The pathogenesis is uncertain but is 
possibly related to the accumulation of fl uid between the 
reduced enamel epithelium and the tooth crown. Dentigerous 
cysts most commonly involve impacted mandibular third 
molars but may also involve maxillary canine, maxillary 
third, and mandibular second molars. This cyst is most com-
monly discovered between ages 10 and 30 years with a slight 
male predilection and a higher prevalence for whites than for 
blacks.

Dentigerous cysts are commonly asymptomatic on presen-
tation but can grow to a signifi cant size, resulting in painless 
expansion of the bone in the involved area. Large dentigerous 
cysts can become secondarily infected with associated pain 
and swelling.

Radiographically dentigerous cysts usually show a uni-
locular radiolucent area that is associated with an unerupted 
tooth. A large dentigerous cyst may give the impression of a 
multilocular process because of the bony trabeculations. 
However, these cysts are grossly and histopathologically a 
unilocular process.
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Figure 1-4 Histopathology of a dentigerous cyst with stratifi ed 
squamous epithelium. This specimen demonstrates the absence of 
any signifi cant infl ammation.
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A 34-year-old woman is referred by her general dentist com-
plaining of a painless, swelling in the lower jaw.

Ameloblastoma

Ameloblastomas are usually diagnosed in the third to fourth 
decade of life, with no gender or racial predilection; however, 
unicystic variants tend to occur earlier in life.

HPI

For the past 2 months, the patient has noticed a progressively 
enlarging “hard mass” in her mandible. There have been no 
neurosensory changes associated with the swelling (sensory 
changes are particularly common in malignancies and are not 
usually seen in benign lesions such as ameloblastomas). On 
consultation, her general dentist noticed a signifi cant buccal 
and lingual bony expansion adjacent to normal-appearing 
fi rst and second molars on the right posterior mandible, as 
well as a multilocular radiolucent lesion on the panoramic 
radiograph (ameloblastomas occur most frequently in the pos-
terior mandible).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

General. The patient is well developed and well nourished 
and appears distressed about her possible diagnosis.

Vital Signs. Vital signs are stable and afebrile.
Maxillofacial. There is mild right facial enlargement that 

is most pronounced at the angle of the mandible, with no 
evidence of trismus. No cervical lymphadenopathy is present. 
(Ameloblastomas are benign tumors and in general do not 
cause lymphadenopathy, which may be seen with malignant 
tumors.) Neurosensory testing reveals normal mandibular 
nerve (V3) function bilaterally and no other focal neurologic 
defi cits (ameloblastomas generally do not invade the neuro-
vascular bundle).

Intraoral. There is buccal and lingual expansion of the 
posterior right mandible with mild tenderness but no evidence 
of fl uctuance or purulent secretions. The mesiobuccal tip of 
the right mandibular third molar is partially visible. The right 

mandibular second molar is not mobile; however, there are 
periodontal pocket depths greater than 10  mm on the distal 
aspect.

IMAGING

The panoramic radiograph is the initial imaging study of 
choice for evaluation of a mandibular mass. CT scans are 
particularly useful to outline the three-dimensional anatomy 
to demonstrate the amount of expansion and areas of bony 
perforation. Accurate stereolithographic models can be fabri-
cated from the CT scan and can assist in both the resection 
and reconstruction of the patient.

In this patient, the panoramic radiograph demonstrates a 
5.0 × 3.5-cm multilocular, cystic-appearing lesion extending 
from the distal aspect of the impacted right mandibular third 
molar, involving the entire ramus up to the level of the sigmoid 
notch. The bone at the inferior border of the mandible has a 
normal appearance, without loss of continuity (Figure 1-5).

The CT scan shows an expansile lesion of the right poste-
rior mandible with cortical perforation seen on axial and 
coronal sections at the anterior border of the ramus. There is 
no evidence of lymphadenopathy and no areas of abnormal 
enhancement (contrast-enhanced imaging provides improved 
delineation of soft tissue and can aid in determining any 
associated vascular malformations).

LABS

Baseline hemoglobin and hematocrit levels should be obtained 
before major maxillofacial surgical interventions. Other labo-
ratory tests are obtained as dictated by the medical history.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a multilocular radiolucent lesion 
of the posterior mandible is best categorized as lesions of 
cystic, neoplastic, or vascular origin, with the latter being less 
common. Although the above presentation is classic for an 
ameloblastoma (bony expansion of the posterior mandible 
with a multilocular or “soap bubble” appearance), this lesion 
cannot be distinguished on clinical and radiographic param-
eters. A complete differential diagnosis should be considered 
(see Differential Diagnosis in previous section Multilocular 
Radiolucent Lesion in the Pericoronal Region [Odontogenic 
Keratocyst]).

Multilocular Radiolucent Lesion in the Periapical Region 

(Ameloblastoma)
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BIOPSY

For diagnosis of this multilocular and expansile lesion, aspi-
ration followed by an incisional biopsy was performed with 
local anesthesia and intravenous sedation in the clinic. Needle 
aspiration was negative for blood or any clear fl uids and 
therefore suggestive of a mass lesion. A typical buccal muco-
periosteal third molar incision was refl ected (it is important 
to make the incision where the defi nitive surgical incision 
would ultimately be made in order to minimize dehiscence). 
No purulence was noted. A cystic lesion with a keratin-like 
substance was encountered in the large bony concavity. A 
large sample of the cyst lining was taken from two different 
locations. The wound was closed with 3-0 chromic inter-
rupted sutures, and a specimen was sent for histopathological 
examination.

ASSESSMENT

Microscopic evaluation reveals islands of epithelium that 
resemble enamel organ in a fi brous connective tissue stroma 
attached to the basement membrane surrounding the islands 
are tall columnar cells exhibiting reversed polarity

This is consistent with the diagnosis of a multicystic, fol-
licular ameloblastoma.

TREATMENT

The treatment of ameloblastomas has raised some contro-
versy. In general, treatment must focus on the ability of the 
tumor to invade surrounding bone tissue. The average exten-
sion into surrounding bone beyond the normal tumor margin 
is 4.5  mm with a range of 2 to 8  mm. With this in mind, 
resection must be at least 10  mm beyond the bony (and radio-
graphic) margin of the tumor for large, multicystic-type ame-
loblastomas. Resected tumors seldom recur, with a 95% to 
98% cure rate for primary tumors compared with a high 
incidence of recurrence of approximately 70% for treatment 
of enucleation and curettage alone. Regardless of the recon-
structive measure, close patient follow-up is necessary to 
monitor for recurrence, especially in patients who do not 
undergo a resection. Because ameloblastomas can recur with 
a variable time frame, a cure rate for an ameloblastoma does 

not necessarily correlate with a 5-year disease-free period 
compared with other neoplastic processes. Long-term follow-
up is necessary.

For this patient, given the size and extensive, aggressive 
nature of the lesion, a segmental reconstruction was under-
taken via an intraoral approach. Tumor resection was elected 
in this case due to the close anatomic proximity of the 
tumor margin at the inferior boarder, as well as cortical 
perforation and involvement of mucosa at the anterior 
border and near the sigmoid notch. Special attention was 
paid to the site of perforation, in which a supraperiosteal 
resection was performed, and the overlying mucosa and 
periosteum were resected with the specimen. The condyle 
was retained and the ramus and angle were reconstructed 
using a standard reconstruction plate. The inferior alveolar 
nerve was dissected free and preserved (ameloblastoma cells 
do not necessarily penetrate the nerve unless gross involve-
ment of the inferior alveolar canal is noticed, which can 
theoretically allow the tumor cells to penetrate the perineural 
tissue).

Other reported treatment alternatives include enucleation, 
curettage and cryotherapy with or without bone grafting, and 
excision of tumor with peripheral ostectomy. Marsupializa-
tion of unicystic variants have also been reported. These 
treatments have not been proved to be curative, are not widely 
advocated, and have a higher recurrence rate compared with 
resection.

The mandibular defect for this patient was subsequently 
reconstructed using an iliac crest cancellous bone graft, per-
formed at 4 months (to allow time for soft tissue healing), via 
an extraoral approach. A segmental resection with an osteo-
timized vascularized fi bula free fl ap and reconstruction plate 
is a good alternative, especially with recurrences or large, 
aggressive tumors.

COMPLICATIONS

Complications associated with resection and reconstruction 
of this tumor include mandibular nerve anesthesia, graft 
failure, unacceptable facial symmetry, poor bony height and 
width for implant reconstruction, and donor site morbidity. 
Plate exposure, plate fracture, and intraoral dehiscence are 
possibilities. Recurrence is the most worrisome long-term 

Figure 1-5 Panoramic radiograph 
demonstrating a multilocular radio-
lucent lesion of the right posterior 
mandible.
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complication. Recurrence can be due to persistence of the 
original tumor that was not resected or actual recurrence of 
new neoplastic cells. Aggressive surgical therapy does not 
necessarily eliminate the chance of tumor recurrence. All 
patients require long-term follow-up and imaging studies as 
needed.

DISCUSSION

There are seven histological types of ameloblastomas: fol-
licular, plexiform, acanthomatous, granular cell, desmoplas-
tic, basal cell, and unicystic variant, with the fi rst two being 
the most common. Ameloblastomas can be either solid or 
multicystic, but they frequently demonstrate both character-
istics. Although the majority of the tumors originate from 
within the maxilla or mandible, they can also be peripheral. 
The different histological variants do not signifi cantly alter 
treatment considerations except for the unicystic and the 
peripheral types, which can typically be treated with enucle-
ation and curettage. Unicystic ameloblastomas represent 
about 10% to 15% of intraosseous ameloblastomas and can 
be confused for a dentigerous cyst. These lesions commonly 
occur in younger patients and have three distinct variants 
(luminal, intraluminal, and mural). Luminal and intraluminal 
types can typically be treated with enucleation and close 
observation, whereas mural types should be treated more 
aggressively. Peripheral ameloblastomas are very uncommon, 
representing approximately 1% of all ameloblastomas, and 
are usually successfully treated with local surgical excision 
due to the nonaggressive behavior. Malignant ameloblasto-
mas are extremely rare and usually metastasized to the lungs 

(probably from aspiration of oral tumor). The malignant 
variant has a poor prognosis.
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CC

A 37-year-old woman is referred by her general dentist for 
evaluation of a periapical radiolucency associated with the 
right mandibular second bicuspid, which was discovered 
during a new patient examination.

Periapical Cyst

The periapical cyst (also called radicular or apical perio-
dontal cyst) is the most common jaw cyst. It develops sec-
ondary to the infl ammatory process associated with a 
nonvital tooth and is more common after the third decade 
of life.

HPI

The patient reports having “a cavity for a long time” with 
subsequent fracture approximately 6 months earlier of 
a portion of the crown of the right mandibular second 
bicuspid, which was part of a three-unit bridge. The right 
mandibular second molar and the right mandibular second 
bicuspid were treated endodontically 9 years earlier without 
complications. The patient denies any history of swelling 
or purulence in the region and is asymptomatic (periapical 
cysts seldom present with any clinical symptoms, but infected 
cysts can present with a draining fi stula). The patient also 
denies a history of trauma in the area (periapical cysts are 
associated with a pulpal necrosis secondary to either caries 
or trauma).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

Maxillofacial. There is no discernible facial asymmetry or 
swelling (periapical cysts are rarely associated with any cor-
tical expansion).

Neck. No cervical or submandibular lymphadenopathy 
can be detected (positive node fi ndings could be indicative of 
an infectious or a neoplastic process).

Intraoral. The right mandibular second bicuspid is grossly 
carious and fractured at the gingival margin. There is no 
gingival swelling or palpation tenderness along the buccal or 
lingual cortices.

IMAGING

A panoramic radiograph is the initial study of choice for any 
intraosseous lesion as it provides an excellent overview of the 
bony anatomy and architecture of the maxilla and mandible 
and demonstrates the relationship to adjacent anatomic 
structures. A periapical radiograph can be obtained for small 
lesions, providing a more detailed outline of the borders and 
trabecular pattern. More extensive imaging, such as CT scan-
ning, is seldom required for management of a periapical cyst 
unless the diagnosis is in question.

In this patient, a panoramic radiograph demonstrated a 
well-circumscribed radiolucent lesion associated with the 
right mandibular second bicuspid (Figure 1-6). The lesion is 
approximately 1  cm in diameter (periapical cysts are gener-
ally between 0.5 and 1.5  cm in diameter but may enlarge to 
fi ll an entire quadrant). There is no associated root resorption 
(although root resorption is uncommon in association with a 
periapical cyst, it can be seen, especially with larger cysts).

LABS

No routine laboratory tests are indicated for the work-up of a 
periapical cyst unless dictated by the medical history.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a periapical radiolucent lesion is 
greatly infl uenced by the clinical history and vitality of the 
associated tooth. If the associated tooth is nonvital and there 
is radiographic evidence of pulpal pathology, a periapical cyst 
is the most likely diagnosis. However, a diagnosis based on 
histopathological examination is warranted because tumors, 
developmental cysts, metastatic disease, and early fi bro-
osseous lesions may also occur in a periapical location. The 
differential diagnosis is outlined Box 1-4.

BIOPSY

Biopsy and treatment of small periapical cysts are usually 
synonymous and excisional in nature and vary depending on 
the restorative plan of the involved tooth. If extraction is 
planned, then the cyst can be removed through the extraction 
socket. If the tooth is to be restored or the lesion is particu-
larly large, then a periapical approach through the buccal 
cortex can be used.

Unilocular Radiolucent Lesion in a Periapical Region 

(Periapical Cyst)
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ASSESSMENT

Distinct periapical radiolucent lesion associated with the 
carious and nonvital right mandibular fi rst molar

In this case, histopathological examination demonstrated a 
cystic lining of nonkeratinized stratifi ed squamous epithelium 
of varying thickness with numerous curved and round hyaline 
bodies (Rushton bodies). The wall of the cyst showed dense 
fi brous connective tissue and signifi cant mixed infl ammatory 
infi ltrate of lymphocytes, plasma cells, neutrophils, and histo-
cytes. The central lumen was found to contain proteinaceous 
fl uid and necrotic cellular debris. These clinical and histo-
logical fi ndings are consistent with a periapical cyst.

TREATMENT

Periapical cysts are treated by enucleation and curettage either 
through an extraction socket or via a periapical surgical 
approach in cases where the tooth is restorable or the lesion 
is greater than 2  cm in diameter. If the tooth is to be pre-
served, endodontic treatment is necessary, if it has not been 
done. Some literature supports nonsurgical conservative end-
odontic treatment of smaller lesions, ensuring the complete 
removal of causative organisms, and regular radiographic 
follow-up to evaluate healing and monitor potential lesion 
enlargement. Excised cysts should always be sent for histo-
logical evaluation to rule out other possible pathologies. 
Recurrence is uncommon.

COMPLICATIONS

There are few complications associated with the treatment of 
a periapical cyst. Extraction of a tooth without removal of the 
cyst, or incomplete removal of the cystic lining, can result in 
a residual cyst. As mentioned previously, residual cysts are 
histologically identical to periapical cysts and treated with 
enucleation. Failed conservative endodontic treatment will 
show a persistent periapical cyst. Endodontic retreatment may 
be attempted before a curative surgical apicoectomy and 
enucleation are performed. In cases where both the buccal 
and lingual cortices are involved, it is possible for the area to 
heal with fi brous tissue (periapical scar). No treatment is 
necessary for periapical scars.

Complications associated with surgical removal of the cyst 
can be related to the regional anatomy. Neurosensory distur-
bances secondary to injury to the inferior alveolar nerve or 
branches of the mental nerve can be seen, especially with 

Box 1-4.   Differential Diagnosis of Periapical Radiolucent Lesions

• Periapical granuloma—This lesion is radiographically 
indistinguishable from a periapical cyst and is treated in the 
same manner. Differentiation between periapical granulomas 
and a cyst has no clinical implication and is discussed 
below.

• Residual cyst—This is a lesion that remains following the 
extraction of a tooth or completion of endodontic treatment. 
It is radiographically and histologically identical to a 
periapical cyst.

• Cemento-osseous dysplasias (early)—The spectrum of 
lesions including focal, periapical, and fl orid cemento-
osseous dysplasia can be observed in the periapical region of 
teeth and are most commonly seen in middle-aged women of 
African decent. With serial observation, these lesions will 
progress to mixed radiolucent-radiopaque lesions and 
eventually to radiopaque lesions. Associated teeth are 
asymptomatic and vital.

• Idiopathic bone cavity (simple bone cyst, traumatic bone 
cyst)—Most often seen in the body of the mandible of young 
adults, this lesion lacks an epithelial lining and has a 
potential for expansion. Radiographically, it is a well-

demarcated radiolucent lesion that can scallop between teeth 
without resorption. Associated teeth are asymptomatic and 
vital.

• Lingual salivary gland depressions (Stafne defect)—This 
well-circumscribed radiolucent lesion is most commonly seen 
in the posterior mandible inferior to the mandibular canal of 
male patients and represents a developmental concavity of 
the lingual cortex containing normal salivary gland tissue. 
Teeth near this lesion are, of course, asymptomatic and vital 
as the radiolucency is in fact superimposed in the periapical 
location.

• Other lesions—Neural lesions (neurilemoma, neurofi broma) 
could present in a periapical location but are usually 
associated with the mandibular canal. Other cysts and 
tumors, including the lateral periodontal cysts, 
ameloblastomas, odontogenic keratocysts, central giant cell 
tumors, intraosseous mucoepidermoid carcinomas, and 
metastatic disease, could present in a periapical location and 
should be investigated. For these lesions the associated tooth 
is usually vital unless there is prior endodontic therapy or 
concomitant pathological processes.

Figure 1-6 Periapical radiolucent lesion associated with end-
odontic treatment of the right mandibular second bicuspid, seen on 
a panoramic radiograph.
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larger lesions, but these are usually temporary. Postoperative 
infection can occur with any surgical intervention.

DISCUSSION

The periapical cyst, or radicular cyst, results from infl amma-
tory stimulation of the rests of Malassez within the periodon-
tal ligament. It is relatively common, accounting for a reported 
50% of all oral cysts. Its development is preceded by a peri-
apical granuloma that forms at the tooth apex in response to 
pulpal bacterial infection and necrosis. A periapical granu-
loma consists of an outer dense fi brous tissue capsule sur-
rounding a central area of granulation tissue. Expansion of 
the granuloma leads to central ischemic necrosis and develop-
ment of a central lumen surrounded by an epithelial mem-
brane. The necrotic cellular debris within the lumen creates 
an osmotic gradient, drawing in fl uid and causing enlarge-
ment of the cyst and resorption of surrounding bone second-
ary to hydrostatic pressure.

There is some debate within the literature as to radio-
graphic distinctions between periapical granulomas and 
cysts, but the general consensus is that they are indistinguish-
able. There is also a wide range of reported incidences of 
periapical granulomas versus cysts. The percentage of peri-
apical radiolucent lesions that are attributed to periapical 
cysts is reported as close to 50%, but studies with strict his-
tological criteria put the incidence of periapical cysts at about 
15% with that of periapical granulomas at 50% to 85%. 
Admittedly, such debate might be considered irrelevant as the 
eventual treatment and prognosis of both lesions are the 
same.

Periapical cysts or granulomas are clearly common lesions 
seen by oral and maxillofacial surgeons. A careful history, 

clinical and radiographic presentation, and, most important, 
assessment of vitality of the associated tooth aid in determin-
ing the appropriate diagnosis and management of this common 
pathological lesion.
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CC

A 32-year-old woman is referred for the evaluation of a 
mandibular lesion, stating, “I have a tumor in my lower 
jaw.”

Ossifying Fibroma

Ossifying fi broma most commonly occurs in the third and 
fourth decades of life and has a reported female predilection 
as high as 5:1.

HPI

Approximately 3 years earlier, the patient noticed a painless 
bony expansion of her anterior mandible (ossifying fi broma 
is much more common in the mandible than in the maxilla 
and rarely presents with pain or paresthesia). She states that 
the swelling has been slowly enlarging over the past 3 years 
and that she was previously scared to seek treatment. Now 
that the mass is so large and disfi guring she wants treatment 
(ossifying fi bromas that are untreated can become very large). 
She complains of diffi culty talking and chewing due to the 
size of the mass.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

General. The patient is well developed and well nourished 
and in no apparent distress.

Maxillofacial. There is an obvious enlargement of the 
anterior mandible. A fi rm, bony mass is palpable that extends 
from fi rst premolar to fi rst premolar. The mass has expanded 
the buccal and inferior cortices (“downward bowing” is 
common in large ossifying fi bromas of the mandible). Sensory 
examination of the mental nerve distributions are intact 
bilaterally (perineural invasion is not seen with ossifying 
fi broma).

Neck. No lymphadenopathy is noted (cervical lymphade-
nopathy is not seen in benign neoplastic processes).

Intraoral. There is a signifi cant amount of bony expansion 
of the buccal and lingual cortices in the anterior mandible, 
displacing the tongue posteriorly (Figure 1-7). The left and 
right mandibular lateral and central incisors are displaced and 
mobile (larger lesions may cause tooth displacement and root 
divergence, resorption, or both). The overlying attached 

gingiva and mucosa are normal in appearance (mucosal 
ulcerations can be a sign of a malignant process; however, 
traumatic ulcerations can occur within large, expansible 
benign lesions).

IMAGING

A panoramic radiograph is the initial screening study of 
choice. It provides an excellent overview of the bony anatomy 
and architecture of the maxilla and mandible. Osseous lesions 
are well characterized on a panoramic fi lm, allowing the 
clinician to make a working differential diagnosis based on 
the lesion’s location, radiodensity, locular or trabecular 
pattern, border demarcation, size, and effect on adjacent 
structures (i.e., root resorption, root divergence, scalloping, 
cortical expansion, cortical erosion, or destruction). CT is not 
always essential during the work-up or treatment of a mixed 
radiopaque-radiolucent lesion that is suspected to be benign. 
However, when there are radiographic signs of a malignant 
process (e.g., poorly defi ned radiolucency, mottled or “moth-
eaten” appearance, unilateral widening of the periodontal 
ligament space, fl oating teeth, cortical perforation, or “spiked 
roots”), CT of the mandible and neck is required. CT provides 
additional information (e.g., lingual or buccal cortex thinning 
or perforation, location of the inferior alveolar canal) and is 
especially useful when the lesion is diffi cult to assess on 
plain fi lms. A three-dimensional stereolithographic model is 
useful to prebend a reconstruction plate in anticipation for 
resection.

The radiographic appearance of ossifying fi broma varies 
depending on the degree of maturity of the lesion. Early 
ossifying fi bromas are radiolucent, and as they mature they 
become mixed radiolucent-radiopaque and may eventually 
become predominantly radiopaque. Untreated, these tumors 
are likely to reach large proportions as they continue to grow. 
Expansion of the lesion is symmetric and has a spherical or 
egg-shaped appearance on the CT.

In this patient, the panoramic radiograph reveals a well-
defi ned, expansile, mixed radiolucent-radiopaque mass in 
the anterior mandible extending from the right premolar to 
the left molar regions (Figure 1-8). The borders are smooth 
and well defi ned. The anterior mandibular teeth show sig-
nifi cant displacement and root resorption. A CT scan reveals 
a large circular, expansile mass in the anterior mandible of 
a heterogeneous nature with radiopaque areas (of the same 
density as bone) within the lesion. There are no air- or 
fl uid-fi lled spaces noted. The mass is well demarcated 
from surrounding structures. The stereolithographic model 
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reconstructed from the CT illustrates the size of the lesion 
(Figure 1-9).

LABS

Preoperative baseline hemoglobin and hematocrit levels 
should be obtained before tumor resection. No other labora-
tory tests are indicated unless dictated by the medical 
history.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a mixed radiolucent-radiopaque 
mass includes odontogenic cyst, odontogenic tumor, osteo-
genic tumor, or process secondary to infections. Many osseous 
lesions can change in radiographic characteristics and 
radiodensity as they mature and progress from a radiolucent 
to a mixed or radiopaque lesion. The differential diagnosis of 
a mixed radiolucent-radiopaque lesion can be narrowed when 
radiographic fi ndings are correlated with clinical fi ndings. 
Several mixed radiolucent-radiopaque lesions other than an 
ossifying fi broma are listed in Box 1-5.

BIOPSY

Benign tumors of bone cannot be distinguished on clinical 
and radiographic information alone and require histological 
assessment for a defi nitive diagnosis. In this case, an inci-
sional biopsy would be indicated to guide fi nal therapy. This 
can be done under local, intravenous sedation or general anes-
thesia depending on the surgeon’s preference and medical 
indications. In general an ossifying fi broma is well demar-
cated from the surrounding bone but is not encapsulated. 
During biopsy, it is imperative to preserve the cortical-lesional 
relationship.

ASSESSMENT

A large, expansile mixed radiopaque-radiolucent lesion of 
the mandible

In this case, histopathological examination showed a pre-
dominance of proliferative fi brous connective tissue with no 

Figure 1-7 An intraoral photograph showing a large, expansile 
lesion in the anterior mandible, causing posterior and superior dis-
placement of the patient’s tongue.
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Figure 1-8 Panoramic radiograph 
showing a large, expansile mixed 
radiolucent-radiopaque lesion involv-
ing the majority of the dentate segment 
of the mandible. Note that there is 
signifi cant root divergence, teeth 
displacement, root resorption, and 
cortical expansion.
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clear capsule (ossifying fi broma can be seen with a capsule). 
The stroma appears avascular with some regularly shaped 
blood vessels (ossifying fi broma can have a mixed vascular-
ity). A mild degree of osteoblastic activity and trabeculae of 
lamellar bone are also noted. Cementum-like deposits are 

present in combination with the lamellar bone. Radiographic, 
clinical, history, and histopathological fi ndings are consistent 
with an ossifying fi broma.

TREATMENT

Treatment varies depending on size and clinical appearance. 
Small tumors may be treated with enucleation and curettage 
with 1- to 2-mm margins, as long as they have not lost their 
encapsulation or the margins remain well demarcated from 
the surrounding bone. However, resection with 5-mm margins 
is recommended if:
• Tumors have reached a larger size.
• There is loss of the encapsulation (radiographically or 

clinically).
• Tumor is within 1  cm of the inferior border of the 

mandible.
• There is involvement of the maxillary sinus or nasal 

cavities.
If enucleation and curettage is used, the defect can be left 
open to heal by secondary intent or closed primarily, using 
resorbable packs to eliminate the dead space. Packing the 
defect with materials such as iodoform gauze or various bone 
regeneration preparations to expedite bone regeneration has 
not been shown to be effective. When bony reconstruction is 
required, various techniques (immediate or secondary can-
cellous marrow bone graft or immediate vascularized free 

Figure 1-9 Three-dimensional stereolithographic model used to 
plan the resection and to prebend a reconstruction plate.

Box 1-5.   Mixed Radiolucent-Radiopaque Lesions

• Fibrous dysplasia—With higher occurrence in younger 
patients, this presents with a typical “ground-glass” 
appearance on radiographs and a “Chinese script writing” 
appearance on histological examination. It can affect one 
(monostotic) or more (polyostotic) bones in the body. 
Monostotic fi brous dysplasia is more common, and the jaws 
represent the most common site.

• Cemento-osseous dysplasias (periapical, focal, and 
fl orid)—Occurring in tooth-bearing areas of the jaws, these 
lesions are the most common type of fi bro-osseous lesions. 
They are categorized into three groups (periapical, focal, and 
fl orid) based on clinical and radiographic features. Periapical 
cemento-osseous dysplasia has a 14:1 female predilection and 
occur mostly in blacks between the third and fi fth decades of 
life. Focal cemento-osseous dysplasia also has a high female 
predilection (4:1) but is seen mostly in whites. Florid 
cemento-osseous dysplasias occur mostly in black women. In 
each case, early lesions appear radiolucent (fi broblastic 
proliferation stage), and in later stages, they become mixed 
and subsequently radiopaque as bone and cementum-like 
materials are deposited.

• Paget’s disease of bone (osteitis deformans)—In general, 
this disease affects older patients (older than 40 years), with 
a 2:1 male predilection. It is characterized by haphazard and 
abnormal bone resorption and deposition, causing bony 
expansion and bone pain (most cases are polyostotic). 
Radiographically, it appears similar to cemento-osseous 
dysplasia and is described as having a “cotton-wool” 

appearance (which is also seen in Gardner syndrome and 
gigantiform cementoma).

• Osteomyelitis, osteoradionecrosis, and bisphosphonate-
induced osteonecrosis of the jaws—These three 
pathophysiologically distinct entities can have a mixed 
radiolucent-radiopaque appearance. Please see the respective 
sections for further details.

• Osteoblastoma—These are benign tumors of bone that 
typically present in second and early third decades of life, 
causing local expansion. The key feature of this lesion that 
differentiates it from an ossifying fi broma is the presence 
of pain. This tumor exhibits slow growth and represents 
a genetic alteration during osteoblastic differentiation. 
Radiographically, they are usually well circumscribed and 
can be treated by local resection with 5-mm margins. 
Osteoid osteoma and juvenile active ossifying fi broma may 
be variants of this lesion.

• Calcifying odontogenic cyst (Gorlin cyst)—More likely to 
occur in females than in males (2:1), this cyst initially 
appears radiolucent but, with maturation, becomes mixed 
radiolucent-radiopaque. It is generally asymptomatic and may 
cause expansion as it enlarges. It has a predilection for the 
maxilla but can occur in the mandible. Histological 
examination shows “ghost cells.”

• Other—Adenomatoid odontogenic tumor (or cyst), calcifying 
epithelial odontogenic tumor, ameloblastic fi bro-odontoma, 
odontoma, and cementoblastoma also present as well-
demarcated mixed radiolucent-radiopaque lesions.
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fl ap) can be used, depending on the clinical situation. When 
cancellous marrow graft is used, secondary bony reconstruc-
tion is recommended at least 3 months after the resection to 
allow for suffi cient mucosal healing and tensile strength to 
prevent mucosal perforation and graft contamination.

In this patient, a partial mandibulectomy with 5-mm 
margins and immediate stabilization using a prebent recon-
struction plate was performed. Immediate bony reconstruc-
tion cancellous–marrow bone graft is not recommended in 
this case because the resection involves a dentate segment that 
will allow for oral contaminates to penetrate the graft site. 
Second-stage bony reconstruction was used after 3 months of 
adequate soft tissue healing. While recurrence is unlikely, the 
patient should be followed for at least 10 years with serial 
panoramic radiographs due to the slow-growing nature of this 
lesion.

COMPLICATIONS

The prognosis of ossifying fi broma with proper treatment 
is excellent, and recurrence is rare. The potential complica-
tions generally are a refl ection of the presenting size of 
the lesion. Smaller lesions can generally be treated by enucle-
ation and curettage, without complications. Larger lesions 
requiring resection and reconstruction have the potential for 
more complex complications (wound dehiscence, wound 
infection, hardware failure, graft failure, facial or trigeminal 
nerve injury, cosmetic deformity, etc.). In particular, recon-
struction of a continuity defect of the anterior mandible is 
challenging.

DISCUSSION

Ossifying fi broma is a slow-growing, benign lesion of bone 
most commonly associated with the jaws. There have been 
occurrences in other bones, most commonly the tibia. Many 
names have been used to describe this lesion (osteofi broma, 
fi bro-osteoma, cementifying fi broma) secondary to the 
tumor’s cell of origin. Because it is not possible to determine 
if the cell of origin is cementum or bone, which are both 
derived from mesenchymal stem cells, it has become an irrel-
evant point. Therefore the name ossifying fi broma is used.

Multiple studies have shown that it has a predilection for 
females (70%) between the second and fourth decades of life, 
with 58%, 23%, and 12% of ossifying fi bromas occurring in 
whites, blacks, and Hispanics, respectively. Ossifying fi bro-
mas occur predominantly in the mandible (77%), with a 
greater propensity for the molar regions, followed by the 
premolar regions.

Juvenile ossifying fi broma is a variant of the ossifying 
fi broma discussed in the literature. It is an uncommon lesion 
of juveniles and adolescents. It is typically more aggressive 
than an ossifying fi broma and usually affects the paranasal 

sinuses and bones around the orbit. Frequent clinical features 
include proptosis or exophthalmos and nasal symptoms. This 
lesion may require more aggressive treatment, with larger 
margins than needed for the adult counterpart. However, it 
has been described that smaller lesions may be treated by 
enucleation and curettage. Histopathologically, the lesion may 
contain irregularly mineralized, cellular osteoid strands lined 
by plump osteoblasts. Juvenile ossifying fi bromas have a 
reported recurrence rate between 38% and 50%.

Bibliography

Abrams AM, Melrose RJ: Fibro-osseous lesion, J Oral Pathol 
4:158-165, 1975.

Brannon RB, Fowler CB: Benign fi bro-osseous lesions: a review of 
current concepts, Adv Anat Pathol 8:126-143, 2001.

Eversole LR: Craniofacial fi brous dysplasia and ossifying fi broma, 
Oral Maxillofac Surg Clin North Am 9:625-642, 1997.

Eversole LR, Leider AS, Nelson K: Ossifying fi broma: a clinico-
pathologic study of sixty-four cases, Oral Surg Oral Med Oral 
Pathol 60:505-511, 1985.

Eversole LR, Merrell PW, Strub D: Radiographic characteristics of 
central ossifying fi broma, Oral Surg Oral Med Oral Pathol 
59:522-527, 1985.

Eversole LR, Sabes WR, Rovin S: Fibrous dysplasia: a nosologic 
problem in the diagnosis of fi bro-osseous lesions of the jaws, J 
Oral Pathol 1:189-220, 1972.

Fechner RE: Problematic lesions of the craniofacial bones, Am J 
Surg Pathol 13(suppl 1):17-30, 1989.

Kramer IRH, Pindborg JJ, Shear M, eds: Histological typing of 
odontogenic tumors. In WHO international histological classi-
fi cation of tumors, ed 2, Geneva, 1992, WHO, pp 27-29.

Marx RE, Stern D: Oral and maxillofacial pathology: a rationale 
for diagnosis and treatment, Chicago, 2003, Quintessence.

Said Al, Surwillo E: Florid osseous dysplasia of the mandible: 
report of a case, Compendium 20:1017-1030, 1999.

Sciubba JJ, Younai F: Ossifying fi broma of the mandible and 
maxilla: review of 18 cases, J Oral Pathol Med 18:315-321, 1989.

Sissons HA, Steiner GC, Dorfman HD: Calcifi ed spherules in fi bro-
osseous lesions of bone, Arch Pathol Lab Med 117:284-290, 
1993.

Su L, Weathers D, Waldron CA: Distinguishing features of focal 
cemento-osseous dysplasia and cemento-ossifying fi bromas, II. 
A clinical and radiologic spectrum of 316 cases, Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 84:540-549, 1997.

Su L, Weathers SD, Waldron CA: Distinguishing features of focal 
cemento-osseous dysplasias and cemento-ossifying fi bromas, I. 
A pathologic spectrum of 316 cases, Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 84:301-309, 1997.

Summerlin D, Tomich C: Focal cemento-osseous dysplasia: a clin-
icopathologic study of 221 cases, Oral Surg Oral Med Oral 
Pathol 78:611-620, 1994.

Waldron C: Fibro-osseous lesions of the jaws, J Oral Maxillofac 
Surg 51:828-835, 1993.

Waldron C, Giansanti J: Benign fi bro-osseous lesions of the jaws: 
a clinical-radiologic-histologic review of sixty-fi ve cases. Part II. 
Benign fi bro-osseous lesions of periodontal ligament origin, 
Oral Surg Oral Med Oral Pathol 35:340-350, 1973.

Wenig B: Atlas of head and neck pathology, Philadelphia, 1993, 
WB Saunders.

 Mixed Radiolucent-Radiopaque Lesion (Ossifying Fibroma) 19

Ch001-A04574.indd   19 6/27/2007   2:48:05 PM



21

2 Pharmacology
Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Penicillin Allergy/Anaphylaxis
• Antibiotic-Associated Colitis
• Drug-Seeking Behavior
• Acute Acetaminophen Toxicity
• Opioid Side Effects
• Bisphosphonate-Related Osteonecrosis of the Jaws

The use of pharmacotherapy is an important primary or 
adjunctive modality of treatment in the management of the 
surgical patient. Antibiotics, anesthetics, and analgesics are 
the most commonly used medications in oral and maxillofa-
cial surgery. Despite appropriate use of medications, side 
effects and complications are observed. In this chapter, we 
present six cases associated with the use of mediations 
encountered in surgery, along with discussion of related 
topics. A case representing the oral surgical complications 
associated with the use of the bisphosphonate category of 
medications is also presented. Cases directly related to anes-
thesia and anticoagulation therapy are presented separately in 
the anesthesia and medicine chapters, respectively. The unde-
sired effects of medications may be the result of a single factor 
or a combination of factors related to the drug:
• Immunologically mediated reactions ranging from mild 

cutaneous manifestations to life-threatening anaphylaxis 
reactions

• Unwanted systemic or local (side) effects (e.g., antibiotic-
associated colitis [AAC] or bisphosphonate-induced 
osteonecrosis of the jaws)

• Inappropriate dosing (e.g., acetaminophen overdose)
• Abuse or addictive potential leading to physiological 

or social complications (e.g., opioid abuse or 
addiction)

• Compromised or defi cient metabolism and elimination 
capabilities of the patient, leading to toxicities (e.g., renal 
or hepatic failure)

• Failure of the drug to treat the intended condition, 
leading to exacerbation of the disease process (e.g., 
antibiotic resistance)

• Patient noncompliance, compromising treatment (e.g., 
concomitant alcohol ingestion with opioid or 
benzodiazepine use).
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Penicillin Allergy/Anaphylaxis

Piyushkumar P. Patel, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 21-year-old woman admitted for treatment of an open man-
dible body fracture complains of the sudden appearance of a 
rash and shortness of breath after receiving her intravenous 
antibiotics (anaphylaxis is more common with parenteral 
administration of medications).

HPI

The patient was admitted that day with a diagnosis of an open 
right mandibular body fracture secondary to assault. The 
patient did not report any known drug allergies (most fre-
quently, patients do not have a previous history), and the 
admitting surgeon ordered intravenous penicillin G, mor-
phine sulfate, and nothing-by-mouth (NPO) status in prepara-
tion for surgical treatment in the operating room. Upon arrival 
of the patient on the hospital ward, the nursing staff admin-
istered the fi rst dose of intravenous aqueous penicillin G. 
Approximately 5 to 10 minutes later, the patient developed 
multiple circumscribed erythematous and raised pruritic 
wheals of her skin (symptoms generally develop within 5 
to 60 minutes after exposure. Earlier onset is seen after 
parenteral introduction of the allergen). The patient also 
reported feeling short of breath and the onset of wheezing 
(secondary to bronchospasm), nausea, and cramping abdom-
inal pain.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient reports no known drug allergies. She has no 
history of food, environmental, or seasonal allergies (race, 
sex, personal or family history of atopic disease, and allergy 
to other drugs do not appear to be predisposing factors for 
penicillin allergy).

Anaphylaxis involves prior sensitization to an allergen 
with later reexposure, producing symptoms via an immuno-
logical mechanism. An anaphylactoid reaction produces a 
very similar clinical syndrome but is not immune mediated. 
Treatment for both conditions is similar.

EXAMINATION

General. The patient is a well-developed, well-nourished 
woman in moderate distress who is sitting up and leaning 
forward in bed.

Vital signs. Her blood pressure is 98/60  mm  Hg (hypoten-
sion), heart rate 128  bpm (tachycardia), respirations 28 per 

minute (tachypnea), temperature 36.7°C and Sao2 100% on 
2  L of nasal cannula.

Neurological. Glasgow Coma Scale score is 15; she is 
alert and oriented ×3 (place, time, and person).

Maxillofacial. Examination is consistent with a mandibu-
lar body fracture.

Cardiovascular. She is tachycardic at 128  bpm. Heart is 
regular rate and rhythm with no murmurs, gallops, or rubs.

Pulmonary. She has bilateral wheezing. (Histamine acti-
vates H1 and H2 receptors. Pruritus, rhinorrhea, tachycardia, 
and bronchospasm are caused by activation of the H1 recep-
tors, whereas both H1 and H2 receptors mediate headache, 
fl ushing, and hypotension. Serum histamine levels correlate 
with the severity and persistence of cardiopulmonary mani-
festations.)

Abdominal. The abdomen is soft, tender to palpation (sec-
ondary to spasm of intestinal smooth muscles), and nondis-
tended with no rebound tenderness and normal bowel sound.

Skin. The patient has urticaria (commonly known as hives, 
urticaria consists of circumscribed areas of raised erythema 
and edema of the superfi cial dermis).

The clinical presentation of anaphylaxis is variable and 
may include any combination of common signs and symp-
toms. Cutaneous manifestations, including urticaria and 
angioedema, are the most common. The respiratory system 
is also commonly involved, producing symptoms such as 
dyspnea, wheezing, and upper airway obstruction. Cardiovas-
cular (syncope, hypotension), neurological (dizziness), and 
gastrointestinal (nausea, vomiting, diarrhea, and abdominal 
pain) manifestations affect about one third of the individuals. 
Headaches, rhinitis, substernal pain, pruritus without rash, 
and seizure occur less frequently.

IMAGING

In the acute phase of anaphylaxis, no imaging studies are 
indicated (any unnecessary delay may compromise other life-
saving interventions). A chest radiograph and/or other studies 
may be indicated after the initial phase, for evaluation of pos-
sible cardiopulmonary complications.

LABS

During an acute anaphylactic episode, no laboratory tests are 
indicated. However, once the patient is stabilized (or if the 
diagnosis is in question), in addition to a complete blood cell 
count (CBC) and comprehensive metabolic panel (CMP), the 
following tests can be obtained:
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Plasma histamine level. This is elevated within 5 to 10 
minutes after the onset but remains elevated for only 30 to 60 
minutes (histamine is released secondary to IgE-mediated 
mast cell degranulation).

Urinary N-methyl histamine. A metabolite of histamine, 
N-methyl histamine remains elevated for several hours. A 
24-hour urine sample for N-methyl histamine may be 
useful.

Serum tryptase. Peaks 60 to 90 minutes after the onset 
of anaphylaxis and remains elevated for up to 5 hours. Trypt-
ase is a protease specifi c to mast cells. It is the only protein 
that is concentrated selectively in the secretory granules of 
human mast cells.

ASSESSMENT

Acute-onset anaphylactic reaction induced by intravenously 
administered penicillin G

Box 2-1 outlines the differential diagnosis of anaphylactic 
shock.

TREATMENT

The initial management of anaphylaxis is a focused examina-
tion, involving discontinuation of the suspected medication, 
establishment of a stable airway (intubation if necessary), 
venous access (preferably two large-bore [16-gauge] periph-
eral intravenous catheters), and administration of epineph-
rine. Vital signs and the level of consciousness should also be 
monitored.

Immediately upon diagnosis, 0.3 to 0.5  ml of 1:1,000 epi-
nephrine (0.3 to 0.5  mg in adults and 0.01  mg/kg in children) 
should be injected subcutaneously or intramuscularly, usually 
into the upper arm. The site can be massaged to facilitate 
absorption. This dose may be repeated every 10 to 15 minutes 
up to a total of three doses.

Patients with severe upper airway edema, bronchospasm, 
or signifi cant hypotension should receive 0.5 to 1  ml of 
1:10,000 epinephrine intravenously at 5- to 10-minute inter-
vals. Alternatively, a continuous infusion of 1 to 10  μg/min 
epinephrine (titrated to effect) may be administered. Those 
receiving intravenous epinephrine require continuous cardiac 
monitoring because of the potential for arrhythmias and isch-
emia. If intravenous access cannot be established, the epi-
nephrine can be administered via an endotracheal tube (3 to 
5  ml of 1:10,000 epinephrine).

The patient should be placed in supine or Trendelenburg 
position. Supplemental oxygen may be administered. Persis-
tent respiratory distress or wheezing requires additional mea-
sures. Nebulized albuterol (β2-agonist) may be administered, 
and intravenous aminophylline (bronchodilator) can be con-
sidered, although its effectiveness for anaphylaxis is question-
able. Large volumes of fl uids may be required to treat 
hypotension caused by increased vascular permeability and 
vasodilatation. Any patients with evidence of intravascular 
volume depletion (e.g., hypotension, low urine output) should 
receive volume replacement. Additional pressors such as 

dopamine (5 to 20  μg/kg/min), norepinephrine (0.5 to 
30  μg/kg/min), or phenylephrine (30 to 180  μg/kg/min) may 
be required. Antihistamines can provide dramatic relief and 
should be given to all patients with anaphylaxis. A combina-
tion of H1 and H2 blockers is superior to either agent alone. 
Thus, diphenhydramine (H1-receptor blocker) 25 to 50  mg 
intravenously/intramuscularly every 4 to 6 hours can be used 
with cimetidine (H2-receptor antagonist) 300  mg intrave-
nously every 8 to 12 hours. Alternatively, ranitidine (H2-
receptor antagonist) 1  mg/kg intravenously can be used. Most 
authorities also advocate the administration of corticoste-
roids; their benefi t is not realized for 6 to 12 hours after 
administration but they are probably helpful in the prevention 
of late-phase reactions.

Patients currently taking β-blockers pose a challenge, as 
they may limit the effectiveness of epinephrine. These patients 
may develop resistant hypotension, bradycardia, and a pro-
longed course. Atropine (anticholinergic) may be given for 
bradycardia. Some clinicians recommend administering glu-
cagon. Glucagon exerts a positive inotropic and chronotropic 
effect on the heart independent of catecholamines. A 1-mg 
intravenous bolus followed by 1 to 5  mg every hour may 
improve hypotension in 1 to 5 minutes with maximal benefi t 
at 5 to 15 minutes. All patients with anaphylaxis should be 
monitored for the possibility of recurrent symptoms despite 
initial resolution.

In the current patient, penicillin was immediately discon-
tinued, and 0.3  mg of 1:1000 epinephrine was injected intra-
muscularly into her right deltoid muscle. As her airway was 
grossly patent, an albuterol nebulizer was ordered. Two 16-
gauge peripheral intravenous lines were started at each ante-
cubital fossa, and a bolus of normal saline was given. The 
patient also received the following medications intravenously: 
50  mg of diphenhydramine, 300  mg of cimetidine, and 100  mg 
of hydrocortisone. The vital signs were continuously moni-
tored. An additional 0.3  mg of 1:1000 epinephrine intramus-
cularly was given after 12 minutes. She remained stable and 
marked improvement was noted. She was subsequently trans-
ferred to the intensive care unit (ICU) for observation. After 
an uneventful overnight stay in the ICU, she was subsequently 
taken to the operating room the next day, where she under-
went open reduction with internal fi xation (ORIF) of her 
mandibular fracture. Upon discharge, she was thoroughly 
informed of her allergy and was provided with a medical alert 
bracelet.

COMPLICATIONS

Complications of anaphylaxis range from full recovery to 
anoxic brain injury and death despite adequate response and 
treatment. The rapidity of onset of symptoms makes this 
uncommon condition diffi cult to treat. Early recognition and 
treatment are essential. It is estimated that anaphylaxis causes 
approximately 500 to 1000 fatalities per year in the United 
States. Between 5% and 20% of patients experience biphasic 
anaphylaxis with a recurrence of symptoms 1 to 8 hours after 
the onset due to a late-phase reaction or protracted anaphy-
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laxis with persistence of symptoms for up to 48 hours despite 
therapy. Death most commonly results from intractable bron-
chospasm, asphyxiation from upper airway edema, or cardio-
vascular collapse.

DISCUSSION

The proportion of the population who report a history of 
penicillin allergy in the United States has been estimated to 
range from 0.7% to 10%. It has also been recognized that 
80% to 90% of patients who report a penicillin allergy are 
not truly allergic to the drug. Of signifi cance is that many 
people are falsely labeled as being penicillin allergic.

Most clinicians simply accept a diagnosis of penicillin 
allergy without obtaining a detailed history of the reaction. 
In their review, Salkind and colleagues stress the importance 
of a thorough history when faced with a penicillin allergic 

patient (Box 2-2). Penicillin is the most common cause of 
drug-induced anaphylaxis. It causes an estimated 75% of all 
anaphylactic deaths in the United States.

Allergic drug reactions are one type of adverse drug reac-
tion (ADR). An ADR has been defi ned by the World Health 
Organization as any noxious, unintended, and undesired 
effect of a drug that occurs at doses used for prevention, 
diagnosis, or treatment. Although it has been diffi cult to 
determine the frequency of drug-induced allergic reactions 
specifi cally, it is known that they account for only a small 
proportion of ADRs.

An allergic drug reaction can be classifi ed as immediate, 
accelerated, or late. Immediate reactions such as anaphylaxis 
occur within 1 hour of receiving the drug. Accelerated reac-
tions occur 1 to 72 hours after receiving the drug and include 
urticaria and maculopapular rashes. Late reactions occur after 
72 hours, and manifestations can range from a rash during 
treatment with amoxicillin to severe life-threatening condi-
tions such as Stevens-Johnson syndrome and toxic epidermal 
necrolysis (TEN). Although rare, certain β-lactams can cause 
interstitial nephritis, hepatitis, or a vasculitis with or without 
signs of serum sickness. Allergic reactions can also be clas-
sifi ed by the immune mechanism involved as described by 
Gell and Coombs. In this classifi cation, type I represents an 
IgE-mediated response, whereas types II, III, and IV are 
non–IgE dependent. Type II, III, and IV reactions are classi-
fi ed as late reactions because they generally occur 72 hours 
after drug administration.

The clinical syndrome of anaphylaxis results from activa-
tion and release of mediators from mast cells and basophils 
(e.g., histamine). The cross-linking of mast cell–bound IgE 
with antigens causes the release of these mediators, with 
manifestations that include increases in vascular permeability 
(causing edema), vasodilatation (causing hypotension), respi-
ratory smooth muscle contraction (causing bronchospasm), 
stimulation of the autonomic nervous system (causing tachy-
cardia), mucus secretion, platelet aggregation, and recruit-
ment of infl ammatory cells.

Anaphylactic reactions are more common and severe when 
the antigen is administered parenterally compared with orally. 
However, it is possible (although rare) to develop anaphylaxis 
from airborne exposure or with contact (such as contact 
with latex). Certain foods may cause an anaphylactic reaction; 
the most common foods implicated are eggs, peanuts, cow’s 
milk, mustard, and shellfi sh. Allergic reactions to food 
occur more frequently in children, and the incidence of ana-
phylaxis to most antigens is similar for males and females, 
although females appear to be at a greater risk for anaphylac-
tic reactions to aspirin, latex, and neuromuscular blockers. It 
has been postulated that women are more sensitive to neuro-
muscular blockers because commercial cosmetic products 
often contain quaternary ammonium ions that are also found 
in these agents. The clinical presentation of anaphylaxis 
varies widely; however, cutaneous manifestations, including 
urticaria and angioedema, are the most common. Adult 
patients are more prone to anaphylactic reactions due to 
β-lactams.

Box 2-2.   Taking a Detailed History When Faced 
with a Penicillin-Allergic Patient

Taking a History of Penicillin Allergy: What to Ask
What was the patient’s age at the time of the reaction?
Does the patient recall the reaction? If not, who informed 

them of it?
How long after beginning penicillin did the reaction begin?
What were the characteristics of the reaction?
What was the route of administration?
Why was the patient taking penicillin?
What other medications was the patient taking? Why and 

when were they prescribed?
What happened when the penicillin was discontinued?
Has the patient taken antibiotics similar to penicillin (for 

example, amoxicillin, ampicillin, cephalosporins) before or 
after the reaction? If yes, what was the result?

From Salkind AR, Cuddy PG, Foxworth JW: The rational clinical examina-
tion. Is this patient allergic to penicillin? An evidence-based analysis of the 
likelihood of penicillin allergy, JAMA 285:2498-2505, 2001.

Box 2-1.   Differential Diagnosis of 
Anaphylactic Shock

• Other forms of shock—Hemorrhagic/hypovolemic, 
cardiogenic, septic

• Flush syndromes—Carcinoid, postmenopausal hot fl ashes, 
red man syndrome (vancomycin), oral hypoglycemic agents 
with alcohol, medullary carcinoma of the thyroid, idiopathic

• Excess endogenous production of histamine—Systemic 
mastocytosis, basophilic leukemia, hydatid cyst

• Respiratory distress—Asthma/chronic pulmonary 
obstructive disease exacerbation, foreign body aspiration, 
vocal cord dysfunction, pulmonary embolism.

• Nonorganic diseases—Panic attacks, globus hystericus, 
Munchausen’s stridor

• Other conditions—Ingestion of sulfi tes or mono sodium 
glutamate, hereditary angioedema, neurological (stroke or 
seizure), drug overdose
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For patients who by history appear to have an IgE-medi-
ated response, skin testing to confi rm allergy is useful if there 
is a compelling reason to use penicillin. Penicillin skin testing 
is performed by three classic methods: prick, intradermal, 
and patch. Skin testing itself carries a risk of fatal anaphy-
laxis, and the facility must be prepared to respond should a 
reaction occur.

Patients who are allergic to penicillin and in whom the 
administration of a penicillin antibiotic is very desirable or 
even essential can be managed by desensitizing the patient to 
penicillin. Desensitization is accomplished by administering 
increasing doses of penicillin over a period of 3 to 5 hours. The 
mechanism whereby clinical tolerance is achieved is not 
entirely clear. The most likely hypothesis is that desensitization 
works by making mast cells unresponsive to the specifi c 
antigen. The desensitization procedure should be undertaken 
in an ICU setting, where continual monitoring is available. 
Also, the clinician must be at the bedside or readily available.

It has been shown that desensitization is an acceptable safe 
approach to therapy in patients who are penicillin allergic but 
require β-lactams for treatment. Oral desensitization is safer 
than parenteral desensitization. There are no specifi c contra-
indications to desensitization. However, patients who are 
unable to withstand the consequences of an acute allergic 
reaction and its management are poor candidates.
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Antibiotic-Associated Colitis

Piyushkumar P. Patel, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 65-year-old man status post incision and drainage (I & D) 
of a severe facial infection who was previously admitted to 
the hospital for treatment of his odontogenic infection com-
plains of the new onset of severe “watery diarrhea.”

HPI

The patient was admitted 6 days earlier and was taken to 
the operating room on that day, where I & D of his right 
submandibular/medial masticator and submental spaces, 
with extraction of a grossly carious right mandibular fi rst 
molar, was performed. He remained intubated for 3 days 
and was maintained on intravenous clindamycin (900  mg 
every 8 hours). A previously placed nasogastric tube was 
also removed. The patient continued to do well and was 
transferred to the ward from the ICU on the fourth postop-
erative day with continuation of intravenous clindamycin 
therapy.

On hospital day 6, the patient reported lower abdominal 
pain and cramping of over 12 hours’ duration. He also reported 
experiencing nausea, malaise, fever, and chills. He had several 
episodes of profuse watery diarrhea, which was documented 
by the nursing staff. There was no evidence of blood in his 
stool, but he has had minimal oral intake since the symptoms 
began.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Allergies. The patient has a penicillin allergy (history of 
rash).

Current medications. He is receiving clindamycin 900  mg 
intravenously every 8 hours and morphine sulfate 2  mg every 
4 hours as needed for pain.

EXAMINATION

General. The patient is an obese man in mild distress who is 
resting in bed.

Vital signs. His blood pressure is 110/68  mm  Hg, heart 
rate 118 (tachycardia secondary to elevated temperature and 
gastrointestinal fl uid losses), respirations 18 per minute, and 
temperature 38.8°C (fever secondary to release of infl amma-
tory mediators in the gastrointestinal tract).

Maxillofacial. With decreasing facial edema, drains in the 
submandibular and submental space are nonproductive and 
are pending for removal.

Abdominal. His abdomen is soft, nontender, and nondis-
tended with hyperactive bowel sounds in all four quadrants. 
There is no guarding or rebound tenderness (signs of 
peritonitis).

IMAGING

Plain radiographic imaging studies of the abdomen (such as 
kidney-ureter-bladder [KUB]) can be used to assist in the 
diagnosis of Clostridium diffi cile–associated diarrhea. Plain 
radiographs may reveal a dilated colon suggestive of ileus. 
Diffusely thickened or edematous colonic mucosa are often 
better visualized on an abdominal computed tomography 
(CT) scan. Thickening can sometimes be seen on abdominal 
plain fi lms.

Colonoscopy or sigmoidoscopy is a more invasive diagnos-
tic modality that is reserved for situations where rapid diag-
nosis is necessary or when stool samples cannot be obtained 
secondary to ileus. The fi nding of pseudomembranes is patho-
gnomonic for C. diffi cile colitis. Due to the increased risk for 
intestinal perforation, endoscopy should be used sparingly in 
patients with suspected C. diffi cile–associated diarrhea.

As this patient is relatively stable, abdominal imaging and/
or endoscopy is not indicated.

LABS

A basic metabolic panel (BMP) demonstrated an elevated 
sodium at 148  mEq/L and an elevated BUN and creatinine 
secondary to dehydration. Serial CBCs demonstrate elev-
ation of the white blood cell (WBC) count from 12,000 to 
20,000 cells/μl, with bandemia.

The patient’s stool guaiac test was negative for blood. 
Enzyme-linked immunosorbent assay (ELISA) for C. diffi cile 
toxin was positive.

The gold standard for the diagnosis of C. diffi cile–medi-
ated disease is a cytotoxin assay. Although this test is highly 
sensitive and specifi c, it is diffi cult to perform, and results are 
not available for 24 to 48 hours. In addition, it requires centers 
to be equipped with tissue culture capabilities. ELISA can be 
used to detect C. diffi cile toxin (A and/or B) in stool. This 
test has a sensitivity of 63% to 99% and a specifi city of 93% 
to 100%. ELISA is rapid to perform (2 to 6 hours) and is the 
laboratory test most frequently used to diagnose C. diffi cile 
infection. Due to the wide range of specifi city of this test, 
approximately 5% to 20% of patients will require more than 
one stool assay to detect the toxin (therefore most clinicians 
send two or three samples) (Box 2-3).
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The average range for peripheral WBCs in patients with 
C. diffi cile–associated diarrhea is between 12,000 and 20,000 
cells/μl, but occasionally the count is higher. An important 
indicator of impending fulminant colitis is a sudden rise in 
peripheral WBCs to between 30,000 and 50,000 cells/μl. 
Because progression to shock can occur even in patients who 
have had benign symptoms for weeks, early warning signs 
such as the leukocytosis can be invaluable.

ASSESSMENT

Resolving odontogenic infection now complicated by C. 
diffi cile–associated diarrhea

TREATMENT

In otherwise healthy adults, the fi rst step is to discontinue the 
precipitating antibiotic and to administer fl uids and electro-
lytes to maintain hydration. With this conservative therapy, 
diarrhea can be expected to resolve in 15% to 23% of patients. 
Specifi c pharmacotherapy for C. diffi cile–associated diarrhea 
should be initiated in older patients, patients with multiple 
medical problems, and patients in whom antibiotics need to 
be continued. Specifi c treatment also should be initiated if 
diarrhea persists despite discontinuation of the precipitating 
antibiotic or if there is evidence of colitis (i.e., fever, leuko-
cytosis, characteristic fi ndings of colitis on CT scanning or 
endoscopy). The use of opiates and antidiarrheal medications 

should be avoided or minimized because decreased intestinal 
motility can exacerbate toxin-mediated disease.

For persisting symptoms, fi rst-line therapy consists of met-
ronidazole 500  mg orally three times daily for 10 to 14 days. 
Vancomycin is also an effective treatment, with a response 
rate of greater than 90%. If the patient is pregnant or does 
not respond or tolerate metronidazole, then vancomycin 
should be initiated at 125 to 500  mg orally four times daily 
for 10 to 14 days. Metronidazole is selected fi rst because of 
its lower cost and to avoid the development of vancomycin-
resistant enterococci (VRE). Response to therapy can be 
assessed by the resolution of fever, usually within the fi rst 2 
days. Diarrhea should resolve within 2 to 4 days; however, 
treatment is continued for 10 to 14 days. Therapeutic failure 
is not determined until treatment has been given for at least 
5 days. The best treatment is prevention. This includes the 
judicious use of antibiotics, hand washing between patient 
contacts, rapid detection of C. diffi cile by immunoassays for 
toxins A and B, and isolation of patients who have C. diffi -
cile–associated diarrhea.

In the above case the patient was placed on contact precau-
tions. Current guidelines from the Centers for Disease Control 
and Prevention (CDC) indicated that patients should be placed 
under contact precautions and in isolation until diarrhea has 
resolved. He was given a bolus of normal saline (NS) and 
started on maintenance fl uids of D51/2NS at 110  ml/hr. Clinda-
mycin was discontinued and he was started on metronidazole 
500  mg orally three times daily. His diarrhea resolved in 2 
days and he was subsequently discharged. He was given non-
opiate pain medication during his hospital stay and upon 
discharge. The patient was educated about his diagnosis and 
was recommended to inform other practitioners prior to ini-
tiation of antibiotic therapy.

COMPLICATIONS

Recurrence can occur and is usually due to the germination 
of persistent C. diffi cile spores in the colon after treatment or 
secondary to reinfection of the pathogen.

Approximately 3% of patients develop severe C. diffi cile–
associated diarrhea. The mortality rate in these patients 
ranges from 30% to 85%. Treatment of severe cases must be 
aggressive, with intravenous metronidazole and oral vanco-
mycin used in combination. If ileus occurs, vancomycin can 
be administered by nasogastric tube with intermittent clamp-
ing, retention enemas, or both. If medical therapy fails or 
perforation or toxic megacolon develops, surgical intervention 
with colectomy and ileostomy is indicated but carries a high 
mortality rate.

Of concern is that recent studies indicate the emergence 
of a new more virulent strain of C. diffi cile that is associated 
with more severe disease (higher rates of toxic megacolon, 
leukemoid reaction, shock, need for colectomy, and death). 
Further investigation has found that deletion of a gene in this 
new strain may be responsible for its greater pathogenicity. 
This deletion is thought to be responsible for production 
of 16 to 23 times more toxin A and B. This emergence 

Box 2-3.   Additional Stool Laboratory Findings

• Fecal leukocytes: This test can be useful for distinguishing 
infl ammatory diarrhea (bacterial colitis or infl ammatory 
bowel disease) from noninfl ammatory causes (viral colitis, 
irrit-able bowel disease). Present in 50% to 60% of patients 
with C. diffi cile–associated diarrhea (not specifi c).

• Occult blood: Can be positive in some cases of C. 
diffi cile–associated diarrhea (not specifi c).

• Fecal lactoferrin: Lactoferrin is a marker for fecal 
leukocytes, and its measurement is more precise than fecal 
leukocyte testing. Like fecal leukocyte determination, fecal 
lactoferrin is not of value in patients who develop diarrhea 
while hospitalized, in whom testing for C. diffi cile is more 
likely to be helpful.

• Stool cultures: Most infectious causes of acute diarrhea 
are self-limiting. Subsequently, a consensus has not been 
reached on the optimal strategies for obtaining stool cultures, 
especially in the setting of acute diarrhea, as the necessity 
of documenting a pathogen is not always essential. A routine 
stool culture will identify Salmonella, Campylobacter, and 
Shigella, the three most common causes of bacterial 
diarrhea in the United States. When other pathogens are 
suspected, the laboratory needs to be notifi ed.

• Stool ova and parasites: The infrequency of positive stool 
ova and parasites makes this test not cost effective. Indications 
for this test include persistent diarrhea, a community 
waterborne outbreak, bloody diarrhea with few or no fecal 
leukocytes (associated with amebiasis), and AIDS.
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underscores the importance of judicious use of antibiotics 
(especially cephalosporins, clindamycin, and fl uoroquino-
lones) and the need for practitioners to be more vigilant. Strict 
infection control measures including contact isolation and 
enhanced environmental cleaning are mandatory.

DISCUSSION

C. diffi cile is a gram-positive, spore-forming rod that is 
responsible for 15% to 20% of antibiotic-related cases of diar-
rhea. C. diffi cile infection results in more than 300,000 cases 
of diarrhea in the United States and is the most common cause 
of nosocomial diarrhea. The case mortality rate is approxi-
mately 1% to 2.5%

Acquisition of C. diffi cile occurs primarily in the hospital 
setting or long-term care facilities where the organism has 
been cultured from bed rails, fl oors, windowsills, and toilets, 
as well as the hands of hospital workers who provide care for 
patients with C. diffi cile infection. The rate of C. diffi cile 
acquisition is estimated to be 13% in patients with hospital 
stays up to 2 weeks and 50% in those with hospital stays 
longer than 4 weeks.

The risk factors for the development of symptomatic 
C. diffi cile–associated diarrhea are summarized in Box 2-4.

The initiating event for C. diffi cile colitis is disruption of 
colonic fl ora with subsequent colonization. Depending on 
host factors, a carrier state or disease results. The disruption 
is usually caused by broad-spectrum antibiotics. Clindamycin 
and broad-spectrum penicillins and cephalosporins are most 
commonly implicated. C. diffi cile colitis can occur up to 8 
weeks after discontinuation of antibiotics. C. diffi cile pro-
duces two toxins that are responsible for its pathogenesis, 
toxin A and B. Both toxins play a role in the pathogenesis of 
C. diffi cile–associated diarrhea. Toxin A is primarily an 
enterotoxin that causes excretion of fl uid from the bowel. This 
fl uid is profoundly infl ammatory, containing neutrophils, 
lymphocytes, serum proteins, erythrocytes, and mucus. Toxin 
B is primarily cytotoxic and has little enterotoxic activity. The 
toxins also stimulate leukocyte chemotaxis and upregulate 
the production of cytokines and other infl ammatory media-
tors. As colitis worsens, focal ulcerations occur, and the accu-
mulation of purulent and necrotic debris forms the typical 
pseudomembranes.

The diagnosis of C. diffi cile colitis requires a detailed 
history, including use of any antibiotics over the last 3 months. 

A detailed description of the type, frequency, and consistency 
of diarrhea is important. The enzyme immunoassay that 
detects toxins A and B is the most common laboratory test 
for diagnosing C. diffi cile–mediated disease.

Other types of diarrhea should be considered and ruled out 
based on history and physical examination. These include 
infectious enteritis or colitis, bacterial gastroenteritis, viral 
gastroenteritis, amebic dysentery, infl ammatory bowel disease 
such as Crohn’s disease, ulcerative colitis, and ischemic 
colitis. Antibiotic intolerance manifested as diarrhea in which 
there is no evidence of colitis will usually resolve upon anti-
biotic withdrawal.
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Box 2-4.   Risk Factors for Clostridium 
diffi cile–Associated Diarrhea

Admission to the ICU
Advanced age
Antibiotic therapy
Immunosuppressive therapy
Multiple and severe underlying disease
Placement of nasogastric tube
Prolonged hospital stay
Recent surgical procedure
Residing in a nursing home
Sharing a hospital room with a C. diffi cile–infected patient
Antacid use
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Drug-Seeking Behavior

Fariba Farhidvash, MD, and Chris Jo, DMD

CC

A 40-year-old man presents to your offi ce stating, “My tooth 
is killing me, and I ran out of my pain meds.”

HPI

The patient complains of a 3-day history of exquisite tooth 
pain. Upon interviewing the patient, he immediately empha-
sizes that he has tried everything and that only “Percocet” 
helps with the pain. He states that he is unable to tolerate all 
nonsteroidal antiinfl ammatory drugs (NSAIDs) due to gastric 
upset, and he also states that he has a “very high tolerance” 
for pain medications due to a history of chronic pain associ-
ated with a herniated lumbar disc. A prescription for 20 oxy-
codone/acetaminophen (325/5  mg) tablets was given to the 
patient to take as needed, and he was scheduled for surgery 
the next morning. On the morning of surgery, he calls to 
cancel his appointment due to “fi nancial reasons” and requests 
more pain medication to last him through the weekend. You 
call his referring dentist to obtain more history and fi nd that 
this patient has called several times in the past requesting 
opioid pain medications without compliance with the pro-
posed treatment plans (restoration versus extraction).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a history of back pain due to lumbar disc 
herniation from a fall at work (a previous history of chronic 
pain and narcotic analgesic use would likely cause tolerance). 
He also has a history of depression (this may be a conse-
quence of chronic pain, but, in addition, patients with depres-
sion and/or anxiety are more likely to exhibit dependence or 
addiction).

EXAMINATION

General. The patient is a well-developed and well-nourished 
man that appears mildly agitated. He reports a pain level of 
10/10 on the visual analog scale (VAS), although his behavior 
(and examination fi ndings) do not correlate with his reported 
level of pain (although this is a subjective observation and its 
value is questionable, clinicians need to correlate subjective 
complaints of pain to objective clinical fi ndings).

Intraoral. Dentition is in good general repair. His 
right maxillary fi rst molar (tooth No. 3) has a small occlusal 
carious lesion. The patient has a dramatic painful reaction 
upon palpation and percussion of the tooth. There is no 

vestibular swelling, erythema, or any other signs of acute 
infection.

Pain perception is a physical sensation interpreted in the 
light of experience and is infl uenced by a great number of 
interacting physical, mental, biological, physiological, psy-
chological, social, cultural, and emotional factors. Each indi-
vidual learns the application of the word “pain” through 
experiences related to injury early in life. The response to 
pain is very variable subjectively, behaviorally (crying, 
yelling, teeth clenching, wincing), and physiologically through 
various individual ranges of sympathetic nervous system 
manifestations (hypertension, tachycardia, nausea, pupillary 
dilation, pallor, perspiration). A remarkable aspect of pain 
perception is the extreme variability of reactions that it evokes. 
Many factors affect the perception of pain, and therefore 
clinicians need to exercise caution when interpreting the 
patients’ perception of pain.

IMAGING

A panoramic radiograph is an excellent screening tool for 
evaluating odontogenic sources of pain. A bite-wing and peri-
apical radiographs provide better resolution for detection of 
caries.

The panoramic radiograph in the above patient showed a 
carious lesion on the right maxillary fi rst molar that does not 
appear to involve the pulp. There is no periapical radiolucent 
lesion or widening of the periodontal ligament space.

LABS

No laboratory tests are needed in the work-up of acute odon-
togenic pain, unless dictated by the patient’s medical history. 
For patients being admitted to the hospital for maxillofacial 
injuries or pathology, a urine drug screen (UDS) or blood 
alcohol level (BAL) can be obtained to detect recent use of 
illicit drugs that may infl uence treatment interventions. 
However, this may not be feasible for the patient presenting 
to the offi ce.

ASSESSMENT

Carious right maxillary fi rst molar, with subjective report 
of refractory odontogenic pain in the setting of other 
chronic pain syndromes and a history of substance abuse; 
patient demands to be treated for his acute dental pain 
with opioid medications, displaying signs of drug-seeking 
behavior
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The picture of a patient who presents to your clinic for 
acute or chronic pain that is refractory to multiple pain 
medications, who has made multiple visits to other medical 
facilities to obtain medications, and who is demanding or 
aggressive in his attempt to receive narcotic medications is 
concerning for drug-seeking behavior. Drug-seeking behav-
ior is a common term used among physicians and may be 
described as “a patient’s manipulative, demanding behavior 
to obtain medication.” Although there is no DSM-IV (Diag-
nostic and Statistical Manual of Mental Disorders–Fourth 
Edition) defi nition for drug-seeking behavior, it is related, but 
not synonymous, to drug abuse, dependence, and addiction.

DSM-IV criteria for abuse involves the presence of the 
following symptoms within a 12-month period:
• Recurrent use resulting in a failure to fulfi ll major 

obligations at work, school, or home
• Recurrent use in situations that are physically hazardous 

(e.g., driving while intoxicated)
• Legal problems resulting from recurrent use
• Continued use despite signifi cant social or interpersonal 

problems caused by the substance use
Criteria for dependence include the following:
• Substance abuse
• Continuation of use despite related problems
• Increase in tolerance (more of the drug is needed to 

achieve the same effect)
• Withdrawal symptoms
Although addiction is not included in the DSM-IV, it is char-
acterized by preoccupation and seeking of the drug and with 
continued use of the drug, leading to tolerance, physical 
dependence, and other adaptive changes in the brain.

TREATMENT

It is important for physicians to treat pain effectively and 
without fear of addiction or dependence. There are steps to 
effectively treat the patient’s pain and curb the physician’s 
concern. First and foremost, it is important to become famil-
iar with the patient’s medical history, especially any other 
pain syndromes or psychological comorbidities. It is also 
essential to become familiar with the different schedules of 
medications, dosing, adverse effects, and general pharmaco-
kinetics. Dosing schedules and any recent changes, along 
with any side effects the patient may experience, should be 
followed closely. An interdisciplinary approach to pain and 
other alternatives to treatment, such as various injections or 
blocks or even nonmedication routes such as psychotherapy, 
should not be excluded. Pain should not be treated in isolation 
but as part of the patient’s overall medical picture.

Treating acute or chronic pain should be approached in a 
stepwise manner. Pain management should be individualized 
and applied in the appropriate clinical situation; however, the 
World Health Organization (WHO) guidelines for the man-
agement of chronic facial pain involve a three-step ladder 
approach. Step 1 includes acetaminophen (drug of choice for 
patients with bleeding disorders, renal disease, or peptic ulcer 
disease), NSAIDs, and propoxyphene napsylate. Step 2 

includes acetaminophen combined with various narcotic 
medications (codeine, hydrocodone, and oxycodone). Step 3 
involves the use of anticonvulsants and tricyclic antidepres-
sants (gabapentin, amitriptyline, tramadol, clonazepam, 
baclofen, imipramine), which is reserved for chronic or neu-
ropathic pain states.

In the setting of mild to moderate acute odontogenic or 
postoperative pain, nonopioid analgesics (NSAIDs and acet-
aminophen) should be initiated. A short course of scheduled 
dosing of an NSAID (e.g., ibuprofen 800  mg every 8 hours 
for 3 days, in the absence of contraindications), along with 
narcotic pain medication (hydrocodone, oxycodone, meperi-
dine, etc., with or without acetaminophen) may be prescribed 
for moderate to severe breakthrough pain. However, drug 
seekers commonly preclude the use of NSAIDs in their 
pain management by stating allergy or intolerance to them. If 
the patient has more moderate to severe pain, then higher 
doses of opioids with the nonopioid analgesics are used. Each 
medication can be increased in dose or the dosing frequency 
can be adjusted according to the patient’s needs. In conjunc-
tion with analgesics, antibiotic therapy should be initiated 
when indicated. Although chronic opioid treatment has been 
successful and is recommended for cancer patients, contro-
versy exists regarding the use of opioid versus nonopioid 
drugs in the management of chronic nonmalignant orofacial 
pain.

If the chronic pain is characterized as neuropathic, tricycle 
antidepressants or selected antiepileptics (Neurontin, Tegre-
tol, or Lyrica) can be very effective. Other options for pain 
management, such as regional sympathetic blockade, steroid 
injections, neuroablative procedures, and the like, may have 
longer lasting effects without the fear of abuse. It should be 
noted that pain is characteristically a manifestation of an 
underlying problem and associated comorbidities that may 
include organic or psychiatric conditions that infl uence the 
perception of pain. Treatment of underlying mood or other 
psychiatric disorders can help relieve the subjective experi-
ence of pain.

If drug-seeking behavior is observed or if there is suspi-
cion of dependence or abuse of prescription medication, 
medical intervention may be warranted. This is usually out 
of the realm of most specialties and is best handled by primary 
care physicians or psychiatrists. Various methods include 
pharmacological detoxifi cation (such as supervised use of 
methadone) and various behavioral therapies, such as bio-
feedback and relaxation techniques and psychotherapy—all 
addressing the multiple facets of addiction and dependence.

For this case, during the course of the interview, the patient 
continues to focus on the tooth pain and the need for narcotic 
medications. He becomes more agitated, raising his voice as 
he explains that “nothing else has worked so far.” The physi-
cian emphasizes that there are other non-narcotic alternatives 
and that further narcotic use will cause increased tolerance. 
Despite continued disagreement, the patient is emphatically 
informed that you will work closely with him to monitor 
the pain and modify treatment accordingly but will not pre-
scribe further narcotic medication. The patient is hesitant but 

Ch002-A04574.indd   30 6/27/2007   2:49:01 PM



fi nally agrees to follow the strict but thorough plan for pain 
management.

COMPLICATIONS

Overuse of opioid analgesics, sedative-hypnotics, and stimu-
lants is typically implicated in drug tolerance and depen-
dence. If this problem is further escalated, it can lead to 
abuse, physical dependence with disruption of daily activities 
and functioning, and even death in the event of overdose. 
Beyond these effects, there are the individual adverse effects 
associated with each medication. The most common side 
effects related to narcotic or opioid drugs include nausea and 
vomiting, constipation, anorexia, sedation or decreased cog-
nitive functioning, euphoria, and respiratory depression and 
hypotension. Although uncommon, overdose with any of the 
medications can cause death. These side effects may be 
further magnifi ed when used in combination with other anal-
gesic or nonanalgesic medications. These interactions may 
result in changes in absorption, metabolism, or excretion of 
either medication.

DISCUSSION

Addiction disorders can be seen in up to 15% to 30% of 
patients in the primary care setting and 20% to 50% of hos-
pitalized patients. Opioid analgesics, sedative-hypnotics, and 
stimulants are the most commonly abused medications. 
Although physical dependence is rare, those with acute or 
chronic pain, anxiety disorders, a history of substance abuse, 
or attention-defi cit/hyperactivity disorder are at increased 
risk for addiction. Identifying patients at risk is important, so 
obtaining past medical, psychiatric, and substance abuse his-

tories and histories of other pain disorders and psychosocial 
stressors is paramount.

Recognizing drug-seeking behavior can help identify 
patients who need close follow-up. Patients may increase 
the use of analgesics over time due to the increased tolerance 
to the drug. Patients typically focus excessively on their 
pain and emphasize the need for a particular drug with abuse 
potential. They frequently present with multiple claims that 
non-narcotic medications are not effective and they have 
several “allergies.” Commonly, if one doctor does not “meet 
their needs” or if they wish to avoid suspicion, they will 
“doctor shop,” a pattern diffi cult to identify as physicians do 
not have access to other physician’s or hospital’s charts. 
Patients may be involved in scams to obtain brand names or 
stronger medications, especially for sale on the street.
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Acute Acetaminophen Toxicity

Bruce Anderson, HBSc, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 53-year-old man is referred to your clinic with a chief 
complaint of severe pain associated with the left mandibular 
second molar. The patient also complains of generalized 
malaise and right upper quadrant abdominal pain.

HPI

The patient reports a 3-month history of diffuse intermittent 
pain of the right posterior mandible that he has treated with 
several over-the-counter analgesics. In the past 4 days, the 
pain has become constant and has progressively exacerbated. 
It has localized to the left mandibular second molar, causing 
him to repeatedly wake up during the night. Two days prior 
to presentation, he was seen at a walk-in dental clinic, where 
he was prescribed penicillin and oxycodone/acetaminophen 
(5/500  mg) and referred to your clinic for evaluation and 
extraction. Careful questioning reveals that during the past 48 
hours, he has ingested the 20 prescribed tablets of oxycodone/
acetaminophen and, due to continued pain, also ingested 12 
additional 500-mg tablets of acetaminophen that he purchased 
over the counter from the local pharmacy (total ingested dose 
of acetaminophen in 48 hours is estimated at 16,000  mg). 
During the last 6 hours, he reports the onset of right upper 
quadrant abdominal pain and nausea.

Abdominal pain and a history of excessive acetaminophen 
ingestion should alert the clinician to possible hepatotoxi-
city and warrant immediate referral to an emergency 
department.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

His past medical history is signifi cant for chronic alcohol 
abuse. He admits to drinking at least six cans of beer per day 
(suggestive of preexisting compromised liver function).

Patients with compromised liver function, as in chronic 
alcoholism, have a decreased ability to clear acetaminophen 
and are more prone to toxic injury. Conversely, acute alcohol 
ingestion in an otherwise healthy individual will actually 
induce the hepatic microsomal oxidase system and increase 
the removal of acetaminophen from plasma.

EXAMINATION

General. The patient is in mild distress (secondary to pain) 
but is cooperative. He is alert and oriented times three (altered 
mental status can be seen several days after ingestion of toxic 

doses of acetaminophen due to severe hepatotoxicity). He 
appears mildly cachectic (suggestive of malnutrition), slightly 
lethargic, and pale.

Weight. He weighs 70  kg.
Vital signs. Blood pressure is 127/83  mm  Hg, heart rate 

112  bpm (tachycardia due to pain), respirations 17 per minute, 
and temperature 37.4°C.

Intraoral. The examination is consistent with acute pul-
pitis of the left mandibular second molar.

Abdominal. Palpation of the right upper quadrant elicits 
mild pain. The liver is palpated at 6  cm inferior to the costal 
margin and measures over 17  cm using percussion (hepato-
megaly). A normal liver margin is generally not palpable 
or is palpated just superior to the costal margin upon 
inspiration).

There are no signs of progressive hepatic encephalopathy 
(disturbances in consciousness, hyperrefl exia, asterixis, or, 
rarely, seizures).

IMAGING

No immediate imaging studies are indicated in patients sus-
pected of acute acetaminophen toxicity. The patient should 
be immediately transported to a local emergency department 
for treatment. Referral to the emergency department should 
not be delayed by dental radiographs or nonurgent oral surgi-
cal procedures.

In this case, a periapical and a panoramic radiograph 
were obtained at the walk-in dental clinic 2 days prior 
for evaluation of the odontogenic pathology, demonstrat-
ing pulpal caries and fractured left mandibular second 
molar.

LABS

Several laboratory studies are obtained in the emergency 
department to evaluate the extent of hepatic injury. A serum 
acetaminophen concentration should be immediately obtained 
as its result will be helpful to guide treatment and to predict 
the outcome of hepatotoxicity. Liver function tests (LFTs) 
include aspartate aminotransferase (AST), which is the 
best early indicator of hepatic injury. Patients with marked 
elevations in AST who demonstrate clinical manifestations 
of hepatotoxicity or failure should have expanded labora-
tory monitoring, including alanine aminotransferase (ALT), 
lactate dehydrogenase (LDH), total bilirubin, coagulation 
studies (PT, PTT, and INR), pH, and blood glucose. Serial 
laboratory testing is used to monitor the progression of 
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hepatic injury or recovery. A CMP can also be obtained to 
monitor electrolyte disturbances, especially with concomitant 
alcohol ingestion. A BAL may also be obtained as indicated 
by the history.

For the above patient, the initial AST was at 1320  U/L 
(normal range, 5 to 40  U/L).

ASSESSMENT

Acute acetaminophen toxicity (stage II) secondary to pain 
caused by irreversible pulpitis of the left mandibular second 
molar

TREATMENT

Recognition of acetaminophen toxicity requires immediate 
transfer of the patient to a hospital emergency department for 
work-up and treatment.

Management of acetaminophen toxicity requires an under-
standing of its pharmacokinetics and pathophysiology. Acet-
aminophen (N-acetyl-p-aminophenol, or APAP) is an 
analgesic and antipyretic agent that is rapidly absorbed from 
the gastrointestinal tract, achieving peak serum concentra-
tions between 45 minutes and 2 hours following ingestion. 
Peak serum concentrations following acute toxic ingestion are 
observed at approximately 4 hours. The elimination half-life 
is between 2 and 4 hours. Therapeutic doses of acetamino-
phen are 10 to 15  mg/kg per dose, with a daily maximum of 
80  mg/kg in children and of 4  g in adults. Therapeutic serum 
concentrations are reported at 10 to 30  μg/ml. Toxicity is 
probable with single doses greater than 250  mg/kg or a daily 
ingestion greater than 12  g and is certain with single doses 
greater than 350  mg/kg.

Approximately 5% of acetaminophen is excreted unchanged 
in the urine. Another 75% to 90% is metabolized by the 
hepatic glucuronic acid pathway prior to excretion. The 
remaining portion is metabolized by the hepatic P450 micro-
somal oxidase pathway into N-acetyl-p-benzoquinoneimine 
(NAPQI), a toxic metabolite. At therapeutic doses, NAPQI is 
rapidly conjugated by hepatic glutathione and excreted, while 
at toxic doses glutathione stores are depleted with subsequent 
accumulation of NAPQI, resulting in oxidative damage and 
hepatocellular necrosis (Figure 2-1).

Considerations for the management of acute acetamino-
phen toxicity include a detailed dosing history, time of pre-
sentation, indicated laboratory studies, the presence of 
comorbid conditions, and clinical manifestations. The current 
methods of treatment include induced emesis (if diagnosed 
early), gastric lavage, gastrointestinal decontamination 
with activated charcoal (AC), and administration of N-
acetylcysteine (NAC). Activated charcoal acts by readily 
absorbing acetaminophen resulting in a reduction of gastro-
intestinal absorption of 50% to 90%. AC is administered 
as a single dose of 1  g/kg and is only indicated within the 
fi rst 4 hours following ingestion, as gastrointestinal absorp-
tion is complete beyond this time. NAC is a precursor of 
glutathione and acts to increase glutathione stores as well as 
combining with NAPQI directly. NAC has other benefi cial 
effects including acting as an antiinfl ammatory, antioxidant, 
and vasodilator, thereby aiding in the preservation of multi-
organ function. The standard oral regimen of NAC is a loading 
dose of 140  mg/kg followed by 17 doses of 70  mg/kg every 
4 hours for a total of 72 hours. NAC is supplied as either a 
10% or 20% oral solution (Mucomyst). Patients developing 
hepatic failure require a longer course of NAC therapy until 
clinical improvement is demonstrated and INR falls below 
2.0. The effi cacy of NAC treatment is signifi cantly decreased 
if not administered within 8 to 10 hours of acetaminophen 
ingestion as cell injury may have already begun. Severe hep-
atotoxicity and death are rare when NAC therapy is initiated 
early (within 8 hours) regardless of initial serum acetamino-
phen concentrations. Early discontinuation of NAC therapy 
may be considered if the patient has become asymptomatic, 
has an acetaminophen concentration of less than 10  μg/ml, 
and has normal AST levels 36 hours postingestion. These 
markers demonstrate a completion of acetaminophen metab-
olism and safely determine that no subsequent hepatic injury 
will occur. The indications for initiation of NAC therapy, 
paired with expanded laboratory testing, are variable between 
acute and chronic toxic ingestions and are addressed further 
later.

This patient was treated in the emergency department with 
AC and NAC. He was admitted to a medical service, and his 
LFTs were normalized over 30 days. The left mandibular 
second molar was extracted the next day after initiation of 
therapy to aid in pain control. Prior to discharge, he was 
referred to an alcohol cessation program, and then he was to 
follow with a primary care provider.

COMPLICATIONS

The most feared complication associated with acute acet-
aminophen toxicity is severe hepatotoxicity leading to fulmi-
nant hepatic failure, hepatic encephalopathy, multiorgan 
failure, and death. Acute renal failure occurs in 25% and 50% 
of patients with signifi cant hepatotoxicity and hepatic failure, 
respectively; this is primarily due to acute tubular necrosis. 
Hypoglycemia, lactic acidosis, hemorrhage, acute respiratory 
distress syndrome (ARDS), and sepsis may also occur in 
severe cases. Liver transplantation is indicated in patients who 

Renal Excretion ACETAMINOPHEN Glucuronic acid 
(� 5 percent)  metabolism
  (75 to 90 percent)

 N-acetyl-p- Glutathione
 benzoquinoneimine conjugation
 (NAPQI) and excretion
 (toxic intermediate)

 
 Hepatocellular Necrosis

Figure 2-1 Overview of acetaminophen metabolism.
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show a pH lower than 7.30 after hemodynamic resuscitation, 
a PT greater than 1.8 times the control, a creatinine greater 
than 3.3  mg/dl, and grade III or IV encephalopathy. Death 
usually occurs as a result of multiorgan failure.

The existence of comorbid conditions, including chronic 
alcoholism, malnutrition, and the use of drugs that infl uence 
the mixed-function oxidase pathway, may increase the risk 
of toxicity in some patients. Chronic alcohol abuse both 
depletes glutathione stores and increases P450 activity, re -
sulting in higher production of NAPQI. Chronic alcoholic 
persons are reported to be at higher risk for toxicity following 
multiple doses of acetaminophen while not appearing to be 
at higher risk following single acute toxic ingestions. Malnu-
trition or fasting will also deplete glutathione stores in 
addition to adversely affecting the carbohydrate-dependent 
glucuronide conjugation pathway. Examples of drugs that 
increase P450 activity and subsequent NAPQI production 
include barbiturates, anticonvulsants, and antituberculosis 
medications.

The inability of some patients to tolerate oral NAC therapy 
is noteworthy and is usually successfully managed by aggres-
sive antiemetic treatment. If this fails, intravenous adminis-
tration of NAC should be considered to ensure delivery within 
8 to 10 hours postingestion. Intravenous NAC, however, is 
associated with more adverse side effects, including anaphy-
lactoid reactions, bronchospasm, and hypotension. Other indi-
cations for intravenous NAC include patients who have 
medical conditions that contraindicate oral delivery of NAC 
(e.g., active gastrointestinal bleed, gastrointestinal obstruc-
tion), pregnant patients (theoretical improved transplacental 
delivery secondary to higher serum concentrations), and 
patients with established fulminant hepatic failure (demon-
strate little benefi t from oral NAC).

DISCUSSION

Acetaminophen, which was introduced clinically in 1950, is 
a widely used over-the-counter analgesic that is extremely 
safe when used at appropriate therapeutic doses. It is present 
in numerous individual and combination (usually with an 
opioid) pharmaceuticals and is most commonly used for the 
treatment of pain and fever. It is also found in many over-the-
counter medications in combination with sedatives, deconges-
tants, and antihistamines. It may be this wide availability 
coupled with the general public’s lack of knowledge of poten-
tial toxicity that has resulted in acetaminophen being respon-
sible for the most overdoses and overdose-associated deaths 
yearly in the United States as reported by the American 
Association of Poison Control Centers. The fi rst reported case 
of acetaminophen-related hepatic necrosis was in 1966; sub-
sequently, the pharmacokinetics, risk stratifi cation, and man-
agement of acetaminophen toxicity have been well studied 
and documented.

Prompt recognition of potential toxicity is vital in reducing 
morbidity and mortality. A detailed dosing history, including 
the time of last ingestion, is important. Diagnosis may be 
diffi cult to establish in cases of chronic overdose, often pre-

senting with only mild symptoms or no symptoms at all. The 
clinical sequence of acetaminophen toxicity can de divided 
into the following four stages:

Stage I (0 to 24 hours). Hepatic injury has not yet 
occurred and patients are often clinically asymptomatic, 
giving a false sense of well-being. Some vague symptoms 
may be present, including nausea and vomiting, pallor, leth-
argy, malaise, and diaphoresis. AST levels are usually normal 
during this stage but may start to rise at 8 to 12 hours in severe 
cases.

Stage II (24 to 72 hours). It is during stage II that hepatic 
injury begins, coupled with its associated signs and symp-
toms. Patients develop abdominal right upper quadrant pain 
and liver enlargement but are likely to demonstrate resolution 
of previous symptoms evident in stage I. Laboratory markers 
of liver dysfunction also become evident during this stage. 
AST elevation is present in all patients with hepatotoxicity by 
36 hours and is the most sensitive value in predicting progres-
sive hepatic injury.

Stage III (72 to 96 hours). This is the stage of maximum 
hepatotoxicity, and resulting signs and symptoms vary 
depending on the severity of hepatic injury. Patients demon-
strate nausea and vomiting, diaphoresis, jaundice, lethargy, 
malaise and may progress to develop fulminant hepatic 
failure, acute renal failure, lactic acidosis, hepatic encepha-
lopathy, exsanguinating hemorrhage, ARDS, sepsis, and 
death. Pertinent laboratory fi ndings included marked eleva-
tion of AST and ALT, elevated total bilirubin, hypoglycemia, 
decreased pH, and elevated PT/INR.

Stage IV (4 to 7 days). This is the recovery stage for 
survivors of stage III. Laboratory abnormalities normalize 
and symptoms resolve, but this may take weeks in severely 
ill patients. Histological repair of hepatic necrosis may take 
up to 3 months to complete, but chronic hepatic injury has 
not been reported in cases of acetaminophen toxicity.

Diagnosis and risk stratifi cation of acetaminophen toxicity 
need to be assessed in a timely fashion. Patients presenting 
with suspicion of toxicity are usually divided into those with 
either acute or chronic overdoses with slight differences in 
treatment protocol. In both groups, the history and timing of 
ingestion, as well as the existence of any comorbid conditions, 
must be determined.

Patients with single acute overdoses are normally evalu-
ated based on the Rumack-Matthew nomogram, which relates 
serum acetaminophen concentration to time from ingestion 
as a predictor of hepatotoxicity. Blood for serum acetamino-
phen level measurement should be drawn at 4 hours posting-
estion or immediately if the time of ingestion is unknown. 
NAC therapy is the standard of care for any patient whose 
serum concentration is above the line in the nomogram indi-
cating possible risk of hepatic toxicity (Figure 2-2). Chronic 
overdose patients often present to emergency departments at 
a later stage of toxicity due to lack of early symptoms. These 
patients are at a high risk for hepatotoxicity if they have 
ingested greater than 7.5 to 10  g within 24 hours or greater 
than 4  g within 24 hours in the presence of comorbid condi-
tions. Indications for the initiation of NAC therapy include 
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acute overdose patients with serum acetaminophen concen-
trations above the possible risk line of the Rumack-Matthew 
nomogram, single ingestions greater than 7.5  g, unknown 
dose or time of ingestion with a serum acetaminophen con-
centration greater than 10  μg/ml, repeated supratherapeutic 
doses in the presence of comorbid conditions, and any patient 
with elevated AST levels or right upper quadrant abdominal 
pain. Most patients with toxicity recover following the stan-
dard 72-hour protocol of NAC therapy; however, in severe 
cases of hepatic failure, NAC therapy should continue until 
INR falls below 2.0, other laboratory values normalize, and 
clinical symptoms resolve. Low-risk patients are defi ned as 
those who are asymptomatic with acetaminophen concentra-
tions less than 10  μg/Ml at 4 hours and normal AST levels. 
Low-risk patients do not require NAC therapy and can be 
discharged with detailed instructions and scheduled 24-hour 
follow-up.

Health care providers, particularly oral and maxillofacial 
surgeons and other clinicians who frequently prescribe 
acetaminophen-containing analgesic medications, should be 
aware of symptoms of acute acetaminophen toxicity. Patients 
should be carefully instructed to avoid other medications con-
taining acetaminophen in conjunction with prescribed medi-
cations and be made aware of the risks of toxicity. Practitioners 
should be aware of the surgical patient presenting with a 
history of pain who has been self-medicating. Detailed ques-

tions to determine all ingested medications, as well as the 
possible existence of any comorbid conditions, are necessary. 
A working knowledge of the risks and symptoms of acet-
aminophen toxicity is vital in the early reco gnition and sub-
sequent treatment of this potentially fatal condition.
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Opioid Side Effects

Piyushkumar P. Patel, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 30-year-old woman presents to the offi ce complaining that, 
“the pain medication is making me feel nauseous.” (Nausea 
is the most commonly seen adverse effect of orally adminis-
tered opioids. In a large retrospective review, it was found that 
women have a 60% higher risk of nausea and vomiting than 
do men when administered opioids.)

HPI

The patient had several mandibular teeth extracted with no 
intraoperative complications 2 days before presentation. She 
was given a prescription for a combination analgesic contain-
ing hydrocodone (an opioid) and acetaminophen. She reports 
poor oral intake since her procedure and has been feeling 
nauseated with one episode of vomiting since taking the 
medication (opioids have a greater tendency to cause nausea 
and vomiting when taken on an empty stomach). She has not 
had any relief from pain and explains that she is now worse 
because she has both pain and nausea.

The term opioid is used to refer to all of the agonists and 
antagonists of the morphine-like family of compounds. This 
term is preferred to older terms such as opiate or narcotic. 
Narcotic refers to any drug that can cause dependence. The 
term is not specifi c for opioids (i.e., not all narcotics are 
opioids).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient does not have any known history of narcotic abuse 
(risk factor for drug-seeking behavior). Current medications 
include hydrocodone/acetaminophen (5/325  mg tablets). She 
admits to have consumed four tablets in the past 6 hours with 
minimal oral intake.

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman who appears her stated age and is in mild discomfort 
secondary to nausea. She is alert and oriented to time, place, 
and person (this is important to assess mental status in cases 
of acute opioid toxicity).

Vital signs. Her vital signs are stable and she is afebrile 
(AF), except for slight tachycardia at 110  bpm (caused by 
dehydration second to decreased oral intake).

Maxillofacial. Pupils are 3  mm, equal, round, and bila-
terally reactive (pupillary constriction or miosis would be 

a sign of excessive opioid intake and is not affected by 
tolerance).

Intraoral. The examination is consistent with healing 
extraction sockets with no evidence of alveolar osteitis or 
acute infection.

Abdominal. The abdomen is soft, nontender, and nondis-
tended; bowel sounds are present but hypoactive in all four 
quadrants. (Abdominal examination may not be routine 
in this situation, but it may demonstrate decreased bowel 
sounds secondary to the effect of opioids on gastrointestinal 
motility.)

IMAGING

No imaging studies are indicated unless the situation is com-
pounded by other medical conditions. For patients with a 
suspicion of aspiration, such as those with concomitant 
alcohol consumption or decreased mental status secondary 
to excessive opioid intake, a chest radiograph may be 
indicated.

LABS

No laboratory studies are indicated unless dictated by preex-
isting medical conditions such as uncontrolled diabetes. In 
patients with prolonged vomiting, metabolic alkalosis and 
other electrolyte abnormalities may ensue. Appropriate labo-
ratory studies should be ordered as needed.

ASSESSMENT

Acute nausea and vomiting associated with postoperative 
opioid analgesia, status post dentoalveolar surgery; subjec-
tive report of moderate pain that is nonresponsive to the 
current pharmacological regimen

It is important to distinguish acute pain, which is of recent 
onset and limited duration, from chronic pain, which is 
described as lasting for an undefi ned period of time, beyond 
that expected for the injury to heal. This distinction has both 
diagnostic and treatment implications. Caution should be 
exercised when treating chronic pain with opioids due to the 
development of dependence.

TREATMENT

Several different approaches can be used either alone or in 
combination for the management of the adverse effects of 
opioids; these include:
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• Dose reduction of the systemic opioid
• Symptomatic management of the adverse effect
• Opioid rotation (or switching)
• Alternate routes of systemic administration
Reducing the dose of the administered opioid can result in a 
reduction of dose-related adverse effects. To compensate for 
the loss of pain control, adjunctive strategies can be used to 
maintain control while reducing the dose or eliminating the 
opioid. Common strategies include addition of a nonopioid 
coanalgesic or an adjuvant analgesic that is appropriate to the 
pain syndrome and mechanism (e.g., addition of Neurontin 
for the treatment of neuropathic pain). In addition, the appli-
cation of therapy targeting the cause of the pain (e.g., the 
placement of packing material into a dry socket wound) or 
the application of a regional anesthetic or neuroablative inter-
vention may be used.

Symptomatic management of the adverse effect is usually 
based on cumulative anecdotal experiences. In general, this 
involves the addition of a new medication(s). However, poly-
pharmacy adds to medication burden, and the possibility of 
drug interactions needs to be considered.

Opioid rotation (also called opioid switching or substitu-
tion) requires familiarity with a range of opioid agonists and 
with the use of opioid dose conversion tables to fi nd equian-
algesic dosages. The objective of switching one opioid with 
another is to reduce the adverse effects. Alternatively, switch-
ing the route of systemic administration, such as changing 
from the intravenous to the oral route, has been shown to 
ameliorate symptoms of nausea, constipation, and drowsi-
ness. In many acute situations, NSAIDs provide analgesia 
equal to the starting doses of opioids. However, unlike opioids 
that lack a ceiling dose, NSAIDs have a maximum dose above 
which no additional analgesic effect is obtained.

This patient was treated with a single dose of oral Phen-
ergan (promethazine) at 25  mg. Her medication was switched 
to a nonopioid analgesic (ibuprofen 400  mg orally every 4 to 
6 hours). She was also instructed to increase her oral intake, 
preferably with isotonic drinks. She responded well to this 
regimen, with resolution of her nausea and reduction of pain 
to an acceptable level.

COMPLICATIONS

Although opioids are well recognized as being effective for 
moderate to severe pain, they are frequently associated with 
an array of troublesome side effects (Table 2-1). Genuine 
allergy to opioids is rare. In most cases, patients report having 
an opioid allergy when they have had an opioid-related adverse 
effect. Opioid complications can include the following:

Nausea and vomiting. More than 30% of patients using 
opioids report experiencing nausea or vomiting. It is the most 
common and unpleasant adverse effect of opioids. Opioid 
receptors play an important role in the control of emesis 
(vomiting). They directly stimulate the chemoreceptor trigger 
zone, depressing the vomiting center and slowing gastrointes-
tinal motility. Multiple medications have been used to prevent 
or treat nausea or vomiting. The available antiemetic agents 

fall within seven different categories (Table 2-2). There is no 
“universal” antiemetic, and no current single antiemetic is 
100% effective for all patients. The variability of clinical 
studies makes it diffi cult to recommend one of these medica-
tions over another. Some clinicians recommend the use of 
ondansetron for severe cases of nausea and vomiting. Ondan-
setron is a selective 5-hydroxytryptamine (5-HT) (serotonin) 
receptor antagonist (antiserotonin) that has been shown to be 
a powerful antiemetic in the control of chemotherapy-induced 
and radiation therapy–induced nausea and vomiting.

Nausea or vomiting has been shown to occur despite the 
use of preemptive antiemetics. Switching to an alternative 
opioid can reduce the severity of nausea and vomiting. In 
addition, it has been shown that patients who receive opioids 

Table 2-1.   Common Opiate-Induced 
Adverse Effects

Body System Adverse Effects

Gastrointestinal Nausea
 Vomiting
 Constipation
Autonomic Xerostomia
 Urinary retention
 Postural hypotension
CNS Drowsiness
 Cognitive impairment
 Hallucinations
 Delirium
 Respiratory depression
 Myoclonus
 Seizure disorder
 Hyperalgesia
Cutaneous Itch
 Sweating

Table 2-2.   Antiemetic Drugs

Pharmacological Common  Common Trade
Group Generic Name Names

Anticholinergic Scopolamine Scopace, Transderm 
   Scop
Antihistamine Cyclizine Merezine, Migril
 Dimenhydrinate Dimentabs, 
   Dramamine
 Diphenhydramine Benadryl
 Promethazine Phenergan
Antiserotonins Dolasetron Anzemet
 Granisetron Zofran
 Ondansetron Zotran
Benzamides Metoclopramide Reglan, Octamide
Butyrophenones Droperidol Droleptan, Inapsine
 Haloperidol Haldol
Phenothiazines Chlorpromazine Thorazine
Steroids Betamethasone Celestone
 Dexamethasone Decadron
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intravenously (primarily patient-controlled analgesia pumps) 
exhibit more nausea and vomiting. It should also be remem-
bered that independent of other factors, pain could be the 
cause of nausea or vomiting.

Constipation. This is another common adverse effect and 
more problematic for the patients on chronic opioid therapy. 
Constipation may also contribute to nausea and vomiting. It 
is defi ned by the four “too’s”—stools that are too hard, too 
small, too diffi cult to expel, or too infrequent. Opioids cause 
constipation by binding to receptors in the gastrointestinal 
tract, thereby slowing peristalsis and increasing transit time. 
Consequently, sodium and water are reabsorbed, resulting in 
dry, hardened stools. Patients on long-term therapy seldom 
develop tolerance to this side effect and should be advised to 
increase fl uid intake and dietary fi ber to compensate for the 
constipation. It has been suggested that a stool softener and a 
large bowel stimulant (e.g., docusate sodium) be used for 
chronic opioid therapy. A stool softener alone should not be 
prescribed because opioids slow normal peristalsis and may 
result in an uncomfortable patient who is unable to evacuate 
his or her bowel. Thus, a stimulant laxative may also be pre-
scribed. In the absence of bowel movement for 3 to 4 days, 
more invasive measures such as stool disimpaction or rectally 
administered bowel evacuants (e.g., Fleet enema) may be 
necessary. A single dose of an opioid can affect gastrointes-
tinal tract motility. In addition, opioids are thought to have a 
role in the development of postoperative ileus (a multifactorial 
phenomenon).

Respiratory depression. This is the most serious and 
most feared adverse effect of opioid therapy. Respiratory 
depression to the point of apnea is dose dependent and caused 
by opioids acting directly on respiratory centers within the 
brainstem. This is characterized by a reduction in tidal 
volume, minute volume, respiratory rate, and the response 
to hypoxia and hypercapnia. Careful monitoring of the patient 
can prevent this adverse outcome. Equianalgesic dosages 
of other opioids produce the same degree of respiratory 
depression. Patients with impaired respiratory function or 
bronchial asthma are at greater risk of experiencing clinically 
signifi cant respiratory depression in response to usual doses 
of these drugs. If respiratory depression does occur, it is often 
in an opioid-naive patient; other signs and symptoms such as 
sedation and mental clouding can also be seen. Tolerance to 
this effect occurs with repeated use of opioids, allowing 
the management of chronic pain without signifi cant risk 
of respiratory depression. Naloxone (Narcan) can be used 
to reverse opioid-induced respiratory depression. To avoid 
an abrupt reversal of analgesia (which may produce a 
catecholamine surge resulting in tachycardia, hypertension, 
pulmonary edema, and arrhythmias), naloxone is admin-
istered in doses of 40  μg repeated every few minutes as 
necessary.

Sedation. Opioid analgesics produce sedation and drows-
iness. These properties are useful in certain situations (e.g., 
preoperatively), but they are not desirable in ambulatory 
patients. The central nervous system (CNS)–depressant 
actions, in addition to respiratory depressant effects, are syn-

ergistic with alcohol, barbiturates, and benzodiazepines. Con-
current administration of dextromethamphetamine (2.5 to 
5  mg orally twice daily) has been reported to reduce the 
sedative effects of opioids. However, it has also been reported 
that using dextromethamphetamine and similar agents can, 
in certain individuals, produce adverse effects such as hal-
lucinations, delirium, psychosis, decreased appetite, tremor, 
and tachycardia and, thus, are contraindicated in those with 
psychiatric disorders and are relatively contraindicated given 
a history of paroxysmal tachyarrhythmia. Opioid rotation or 
switching the route of administration can reduce the severity 
of opioid sedation. Tolerance to sedative effects of opioids 
develops within the fi rst several days of long-term administra-
tion. Mild cognitive impairment, delirium, and agitated con-
fusion have also been reported in patients taking opioids. 
CNS effects appear to be idiosyncratic, not dose related. 
Meperidine was the opioid most commonly associated with 
adverse CNS events. After gastrointestinal effects (nausea, 
vomiting, and constipation), the combined CNS effects 
account for the second highest percentage of adverse drug 
events.

Pruritus. The mechanism by which opioids cause itching 
is not fully known, although opioid-mediated direct release 
of histamine from mast cells is thought to contribute to this 
effect (most notably with meperidine). Some opioids such as 
fentanyl and alfentanil do not cause histamine release but can 
cause mild pruritus; the mechanism of this is not clear. (Mor-
phine, codeine, and meperidine stimulate histamine release. 
Fentanyl, sufentanil, and alfentanil do not.) If pruritus is 
accompanied by a rash, allergic reactions cannot be ruled out. 
In this case, an opioid from a different chemical class may be 
used. Options for managing itching include histamine-block-
ing agents such as diphenhydramine, administration of nal-
oxone, or changing the opioid.

Urinary retention. Although urinary retention is a known 
side effect of opioid administration, it is uncommon when 
administered for a short periods of time. Opioids increase 
smooth muscle tone, cause bladder spasm, and increase 
sphincter tone, resulting in urinary retention, which occurs 
more frequently in the elderly. Catheterization may be 
required.

Cough suppression. Suppression of the cough refl ex is 
well-known effect of opioids. In particular, codeine and deriv-
atives are extensively used in antitussive preparations. Dex-
tromethorphan is an over-the-counter antitussive agent that 
acts centrally at therapeutic doses by binding to opioid recep-
tors. The drug is about equal to codeine in depressing the 
cough refl ex.

Miosis. Constriction of the pupils is seen with all opioids. 
It is an action to which little or no tolerance develops even in 
chronic users. This is a valuable sign in the diagnosis of 
opioid overdose and toxicity (commonly used by law enforce-
ment agents).

Truncal rigidity. An increase in the tone of large trunk 
muscles (stiff chest) has been seen with administration of 
large doses of primarily highly lipophilic opioids (e.g., fen-
tanyl, sufentanil, alfentanil) that are administered rapidly 
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(bolus administration). In the setting of acute respiratory dis-
tress, a rapidly acting neuromuscular agent such as succinyl-
choline can be administered to paralyze the muscles and 
allow ventilation. Alternatively, an opioid antagonist can be 
used, but this will also antagonize the analgesic effects.

Tolerance. Tolerance is a physiological adaptation to a 
drug. As a person becomes tolerant to the pharmacological 
effects, increasing doses are required to produce the same 
effect. Patients may develop tolerance to some but not all the 
effects of the opioid. In general, tolerance develops rapidly to 
the sedative, analgesic, and respiratory effects but is not com-
monly seen with the constipating effects or the development 
of miosis. The hallmark of the development of tolerance is a 
decrease in the duration of effective analgesia. The rate of 
development of tolerance varies greatly among individuals. 
However, a sudden increase in opioid requirement may also 
represent progression of the disease. Opioid rotation may be 
of value for patients requiring long-term treatment. In addi-
tion, combining the opioid with a nonopioid not only provides 
additive analgesia but also delays the development of 
tolerance.

Dependence. An individual is physically dependent on 
a drug when cessation of the drug or a rapid dose reduction 
initiates symptoms of withdrawal. This generally includes 
autonomic signs including diarrhea, rhinorrhea, piolerec-
tion, sweating, and indicators of central arousal such as 
sleeplessness, irritability, and psychomotor agitation. Depen-
dence is an expected physiological phenomenon when 
certain drugs are used for suffi ciently long periods of time 
and is neither a necessary nor a defi ning characteristic of 
addiction. Withdrawal can be avoided by slowly tapering the 
dosage.

Addiction. According to the American Society of Addic-
tion Medicine, addiction is a primary chronic neurobiological 
disease that is infl uenced by genetic, psychosocial, and envi-
ronmental factors. Characteristics of addiction include an 
impaired control over drug use and/or continued use despite 
harm and cravings. It has been shown that among persons 
without a history of substance abuse who are being treated 
for acute pain, the risk of true iatrogenic addiction is extremely 
low and the concerns over the development of addiction 
should be a minor factor in therapeutic decision-making.

Pseudoaddiction. Pseudoaddiction is an iatrogenic syn-
drome that mimics substance abuse. It resembles addiction 
but is a direct result of inadequate treatment of pain. For the 
treatment of acute pain (such as postsurgical pain), clinicians 
should attempt to provide an adequate regimen of analgesics 
to avoid this phenomenon.

DISCUSSION

There are three major classes of opioid receptors in the CNS, 
designated by the Greek letters mu (μ), kappa (κ), and delta 
(δ) (Table 2-3). Most of the opioids that are used work clini-
cally by binding with relative selectivity to the mu receptors. 
Peripheral opioid receptors also exist and are thought to be 
responsible for some of the adverse events. Mu receptor ago-

nists have no therapeutic ceiling effect. Therefore unlike 
nonopioid analgesics, the dose of these drugs can be adjusted 
until satisfactory pain control is achieved.

Most members of the opioid family are chemically similar 
to morphine with minor chemical modifi cations that change 
the pharmacokinetics and pharmacodynamics. Pharmacody-
namics refers to the biochemical effects of drugs and their 
mechanism of action. Pharmacokinetics refers to the factors 
(absorption, distribution, biotransformation, and excretion) 
that determine the concentration of drug at its sites of action. 
Pharmacodynamics can be thought of as “what the drug does 
to the body,” and pharmacokinetics can be thought of as 
“what the body does to the drug.”

Individual patients could also be genetically predisposed 
to poor analgesia. Codeine has very little affi nity for the mu 
receptor and may be considered a prodrug since 10% of the 
parent drug is converted to morphine by cytochrome P450 
(CYP) 2D6. Hydrocodone and oxycodone require demethyl-
ation to hydromorphone and oxymorphone, respectively. 
Approximately 7% to 10% of the Caucasian population 
metabolizes codeine, oxycodone, and hydrocodone poorly 
because of inherited defi ciencies of CYP2D6 and, thus, anal-
gesia from these drugs will be less than expected.

Finally, a large number of analgesics have both nonopioid 
and opioid ingredients. Combinations allow a lower dosage 
of the opioid being used (an “opioid-sparring effect”) with a 
decrease in opioid-related adverse effects. When prescribing 
these agents, it is important to be aware of the toxic dose of 
the nonopioid agent.
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Table 2-3.   Major Opioid Receptors

Receptor Effects

Mu (μ)
 Mu1 Analgesia
 Mu2 Respiratory depression, bradycardia, physical 
  dependence, euphoria, ileus
Delta (δ) Analgesia, modulates activity at the mu receptor. 
  It is thought that mu and delta receptors coexist
Kappa (κ) Analgesia, sedation, dysphoria, psychomimetic 
  effects
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Bisphosphonate-Related Osteonecrosis of the Jaws

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 68-year-old woman with a history of metastatic breast 
cancer is referred to your clinic by a general dentist for eval-
uation of intraoral “exposed bone” of her maxilla.

HPI

She is 4 years status post radical mastectomy of her right 
breast with no recurrence and has been maintained on 
monthly infusions of zolendronic acid (Zometa) for meta-
static bone disease and associated pain and hypercalcemia. 
(Bisphosphonate therapy is considered the standard of care 
for treatment of moderate to severe hypercalcemia associa-
ted with malignancy, metastatic osteolytic lesions associated 
with breast cancer and multiple myeloma in conjunction 
with antineoplastic chemotherapeutic agents and, recently, 
broadened to include osteolytic lesions arising from any 
solid tumor.) She had tolerated her treatment well until 
the development of a sore spot on her left maxillary alveolar 
ridge approximately 6 months earlier related to her remov-
able denture. Multiple attempts by the general dentist at 
conservative treatment, including relining the partial denture 
and minimizing denture wear, has failed to promote the 
formation of a granulation tissue bed. Now she is com-
plaining of persistent pain and swelling in her left maxilla. 
She denies any recent history of oral trauma or dental 
extractions.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a history of breast cancer and is status post 
radical mastectomy, receiving monthly intravenous infusions 
of 5  mg of zolendronic acid.

EXAMINATION

General. The patient is a cooperative, thin woman who is in 
mild distress.

Vital signs. Her blood pressure is 115/64  mm  Hg, heart 
rate 85, respirations 12 per minute, and temperature 37.6°C.

Maxillofacial. There is left facial swelling with erythema 
and tenderness along the maxilla.

Intraoral. A 5 × 2-cm area of exposed bone is located 
along the buccal aspect of the left maxillary edentulous ridge 
(Figure 2-3). The exposed bone is sharp, irregular, discolored, 
and surrounded by erythematous mucosa. There is no lymph-
adenopathy.

Upon palpation, purulent discharge is expressed from the 
margins of the open wound.

The mandibular mucosa and the remaining teeth appear 
normal. Oral hygiene is poor.

IMAGING

The panoramic radiograph shows a 5 × 2-cm area of mottled 
radiolucency in the left maxilla with sharp irregularities that 
appear to be remnants of an unremodeled extraction socket.

Panoramic radiographs should be the fi rst radiographic 
study obtained for evaluation of any involved areas. CT can 
be a useful adjunctive study for more accurate delineation of 
the lesion, sequestered segments of bone, or pathological 
mandibular fractures. In addition, the CT scan can be used 
for soft tissue evaluation and detection of areas of locula-
tions (seen as areas of hypodensity secondary to abscess 
formation).

LABS

A CBC and a BMP may be necessary in select patients as 
dictated by the medical history. An elevated WBC count may 
be indicative of the systemic spread of infection. Electrolyte 
abnormalities may be seen in patients with compromised 
nutrition.

This patient presented with no abnormalities on the CBC 
and BMP.

ASSESSMENT

Osteonecrosis of the left maxilla secondary to bisphospho-
nate therapy with superimposed acute suppurative osteomy-
elitis

Bisphosphonate-related osteonecrosis of the jaws (BRONJ), 
osteonecrosis of the jaws, osteochemonecrosis, “bis-phossy 
jaw,” and bisphosphonate-induced osteonecrosis are all terms 
used in the recent literature to describe this pathological 
process.

TREATMENT

The general consensus for the management of bisphospho-
nate-induced osteonecrosis in the literature appears to be very 
conservative in nature. This may include long-term oral anti-
biotics (penicillin is the antibiotic of choice), conservative 
local debridement, local wound care (chlorhexidine mouth 
rinse), biopsy, and culture of the exposed bone. Culture and 
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sensitivities may be necessary to ensure that a resistant organ-
ism is not the cause of the osteomyelitis. Biopsy of the involved 
bone and the irregular surrounding soft tissue is prudent to 
rule out metastatic or a new primary disease. Local wound 
care should include saline and chlorhexidine mouth rinses 
along with systemic long-term antibiotic (penicillin for nonal-
lergic patients). The goals of therapy are palliation and control 
of osteomyelitis.

In 2004, Ruggiero et al reported a series of 63 patients 
with bisphosphonate-induced osteonecrosis who were treated 
using a range of modalities from very conservative debride-
ment to resection. The treatment was individualized based on 
clinical presentation and clinician’s judgment. There appeared 
to be no clear guidelines for the extent of surgical intervention 
given the variation in clinical outcomes. The control of osteo-
myelitis is the critical goal of therapy. This is especially true 
in the mandible, where uncontrolled osteomyelitis may even-
tually progress to a pathological fracture.

The role of hyperbaric oxygen (HBO) therapy for bisphos-
phonate-induced ONJ is unclear. Currently, there are no 
studies to support or disprove any benefi cial effects of HBO 
in this condition. HBO therapy may improve soft tissue 
healing and therefore it is hypothesized that is may assist 
in select cases of bisphosphonate-induced osteonecrosis. 
Bisphosphonates interfere with bone turnover, resulting in 
impaired healing capacity. HBO increases the tissue oxygen 
tension and theoretically does not affect this primary disease 
process. Further studies are necessary to establish the role of 
HBO therapy. The role of C-terminal telopeptide is being 
investigated as a marker of osteoclastic activity and bone 
turnover potential.

Management of these patients can be extremely diffi cult. 
Bisphosphonates are administered systemically, and their 
effects are not exclusive to the maxillomandibular region. In 
theory, all bones are equally affected. However, the extensive 
microbial fl ora of the oral cavity, along with frequent mucosal 
trauma, may be the reason this entity appears to have a pre-
dilection for the maxillomandibular region. Aggressive 
debridement of bone is contraindicated because it could lead 
to further exposure of bone and unnecessary resection. The 
main goal of therapy should be to control or prevent osteo-

myelitis. Surgical treatment should be reserved for patients 
who are symptomatic. Areas that are grossly involved and are 
not responsive to irrigation and antibiotic therapy should be 
debrided, as they may serve as a constant source of infection. 
No treatment modality, including cessation of bisphosphonate 
therapy, has been completely or uniformly effective, although 
discussion with the oncologist regarding possible discontinu-
ation of bisphosphonate therapy is important.

COMPLICATIONS

ONJ is a recently identifi ed side effect of treatment with 
bisphosphonates. Practitioners should be alert to identifying 
patients with this condition and take preventive measures to 
avoid adverse sequel such as osteomyelitis or pathological 
fractures.

The inability to defi nitively treat this condition can have 
signifi cant quality of life implications for patients such as 
chronic pain, nonhealing wounds, or the inability to wear 
dentures.

DISCUSSION

BRONJ secondary to bisphosphonate therapy was reported in 
the literature by Marx in a letter to the editor of the Journal 
of Oral and Maxillofacial Surgery in 2003, warning clini-
cians about the alarming rise in this clinical presentation. 
Subsequently in 2004, Ruggiero et al reported a series of 63 
patients treated with bisphosphonates with similar presenta-
tions. To this date, many similar cases have been identifi ed.

In 2005, Marx et al published a follow-up article reviewing 
119 cases of bisphosphonate-induced BRONJ, implicating 
Aredia, Zometa, and, to a lesser degree, Fosamax as etio-
logical agents. The mean induction time for clinical bone 
exposure and symptoms for patients receiving the intravenous 
bisphosphonates Aredia, Zometa, or both was 14.3, 9.4, and 
12.1 months, respectively. For patients receiving the oral 
medication Fosamax, the mean induction time was 3 years. 
The bisphosphonates were used in the treatment of multiple 
myeloma, metastatic breast or prostate cancer, and for preven-
tion of osteoporosis. Pain was the most common fi nding asso-
ciated with exposed bone, but about one third of patients were 
asymptomatic. Other presenting fi ndings included mobile 
teeth and nonhealing fi stulas. The condition was predomi-
nantly reported in the mandible (68%) but was also seen in 
the maxilla (28%) or occurring in both jaws (4%). Periodon-
titis, dental caries, abscessed teeth, root canal therapy, and 
mandibular tori were found in association with exposed bone. 
However, spontaneous exposure with no apparent etiology 
was also reported. They concluded that complete prevention 
of this complication in not currently possible and that preven-
tative measures are the best option. In their series, with the 
use of long-term antibiotics and chlorhexidine mouth rinse, 
the majority of patients (90%) were able to achieve a pain-free 
state without resolution of the exposed bone.

The presence of osteonecrosis in the jaws may have a 
multifactorial etiology in the cancer patient and can be attrib-

Figure 2-3 Area of exposed bone in the left maxilla.
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uted to a cumulative effect of other chemotherapeutic agents 
and steroid therapy, which may act synergistically with 
bisphosphonates to promote bone necrosis. However, bisphos-
phonate therapy was the only common factor in all 63 patients 
reported by Ruggiero et al. Moreover, seven patients in this 
series were being treated for osteoporosis with no history of 
malignant disease or exposure to chemotherapeutic agents or 
radiation therapy. More than 3 years of oral bisphosphonate 
use is being considered to increase the risk of BRONJ.

Bisphosphonates are nonmetabolized analogs of pyro-
phosphate which localize to bone and inhibit osteoclastic 
function, thereby inhibiting bone resorption and decreasing 
bone turnover. These chemotherapeutic agents are considered 
the standard of care for treatment of moderate to severe 
hypercalcemia associated with malignancy and metastatic 
osteolytic lesions associated with breast cancer and multiple 
myeloma. Their effi cacy in reducing bone pain, hypercalce-
mia, and skeletal complications in these patients are well 
documented. There are two forms of bisphosphonates. Oral 
bisphosphonates (alendronate, risedronate) are potent osteo-
clastic inhibitors, but are not effi cacious in controlling malig-
nant osteolytic disease and therefore are indicated only for 
treatment of osteoporosis. The intravenous preparations 
(pamidronate, zolendronate) are much more potent inhibitors 
of osteoclasts and are used in cases of metastatic disease. 
Both forms have been reported in the literature to be associ-
ated with ONJ, although the intravenous forms seem to 
be more prevalent due to its higher potency. Both the 
maxilla and mandible can be affected, with a slightly higher 
reported prevalence in the mandible. Traumatically induced 
and spontaneous development of this condition has been 
reported.

Alveolar bone appears to have a signifi cant role in this 
disease process. After extraction of a tooth, the extraction 
socket and interdental alveolar bone are unable to regenerate 
new bone in the socket and remodel the sharp bony edges in 
the face of bisphosphonate therapy. Mucosal closure over 
these areas is therefore hindered. This clinical situation may 
progress to chronic osteomyelitis. Radical alveolectomy down 
to basilar bone to remove this nidus of chronic wound expo-
sure may facilitate soft tissue healing. However, there are 
currently no data to support this treatment modality.

Patients presenting with pathological fractures of the man-
dible compromise a formidable challenge. It has been argued 
by some that the entire mandible is in essence dead bone and 
that rigid fi xation is doomed to failure. Resecting the involved 
areas without application of an internal fi xation device has 
been advocated, whereas others believe that locking recon-
struction plates should be used with fi xation screws at distant 

sights along the posterior border of the ramus. The optimal 
treatment remains to be elucidated.

The lack of any satisfactory treatment of this condition 
makes prevention our best treatment. A thorough dental 
examination and maintenance of oral health prior to and 
during bisphosphonate therapy are warranted. Avoidance of 
oral surgical procedures, unless absolutely necessary, along 
with reduction of denture trauma with soft tissue reliners is 
recommended. Root canal therapy with coronectomy should 
be considered in place of tooth extraction, when patients 
present with a history of intravenous bisphosphonate therapy. 
Early detection and long-term antibiotics for prevention of 
osteomyelitis may be prudent.
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3 Anesthesia
Chris Jo, DMD

This chapter addresses:
• Laryngospasm
• Perioperative Considerations of the Pregnant Patient
• Respiratory Depression Secondary to Oversedation
• Inadequate Local Anesthesia
• Malignant Hyperthermia
• Emergent Surgical Airway

Like all things in surgery, the most important step in deliver-
ing safe and effective anesthesia is preparation. Preparation 
begins with a thorough knowledge and understanding of the 
anatomy, physiology, and pharmacology relevant to anesthe-
sia. From this point, safe anesthetic techniques are developed 
and used based on the preoperative patient evaluation, prac-
titioner’s preference, and individual clinical situations. Prepa-
ration also includes exercises in avoiding and managing 
emergencies. Despite a thorough preoperative patient evalua-
tion, use of safe and proven anesthetic techniques, and vigi-
lant monitoring, emergency scenarios may arise. For these 
reasons, it is paramount that all practitioners continually hone 
their skills in the recognition and management of life-threat-
ening emergencies in the offi ce or operating room setting. Our 

excellent safety record is evidence of training and preparation 
in the delivery of safe anesthesia by oral and maxillofacial 
surgeons.

Each of the following teaching cases deals with the man-
agement of specifi c clinical scenarios. The sections are struc-
tured to emphasize the key points in the preoperative 
evaluation and recognition of impending emergencies. Strate-
gies in reducing the risk and the management of emergent 
scenarios are discussed. The highlighted clinical pearls in the 
preoperative patient evaluation should become incorporated 
into the practitioners’ routine preoperative assessment.

The intent of this section is to familiarize readers with 
identifying risk factors and clinical signs associated with 
anesthetic complications (local, sedation, or general).
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Laryngospasm

Michael L. Beckley, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 17-year-old girl is undergoing extraction of four partial 
bony impacted wisdom teeth under intravenous general anes-
thesia.

HPI

After EKG, blood pressure, and pulse oximeter monitors were 
applied, the patient was administered 4  L of oxygen and 2  L 
of nitrous oxide via nasal hood. Sedation was achieved using 
4  mg of midazolam and 100  μg of fentanyl titrated to effect. 
Prior to administration of local anesthesia, 40  mg of propofol 
was infused. During the incision, respiratory stridor (high-
pitched inspiratory “crowing” sound) was noted. A noisy, 
harsh sound was heard on inspiration through the precordial 
stethoscope, and the patient’s oxygen saturation decreased 
from 99% to 85%. At this point, the respiratory noises ceased. 
Tracheal tug and paradoxical chest wall motion were observed 
(signs of upper airway obstruction), and the patient began to 
appear cyanotic.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. Recent history of upper respiratory tract 
infection (URI) may increase the risk of perioperative respi-
ratory complications, especially laryngospasm. In the event 
of a recent URI, it may be prudent to reschedule surgery after 
a two-week symptom-free period.

EXAMINATION

General. A harsh inspiratory noise or “crowing” is audible 
on inspiration, which is best heard through the precordial 
stethoscope. The patient’s skin color is assessed for signs of 
cyanosis, which is seen with severe hypoxemia.

Oropharynx. The throat pack is removed, and there is no 
evidence of foreign bodies. Copious amounts of mucous 
secretions are observed. Blood and mucus are common stimuli 
for airway irritation.

Neck and chest. There is evidence of tracheal tug and 
paradoxical chest wall motion (despite chin-lift and jaw-
thrust maneuvers). This phenomenon is the result of forced 
inspiration against a closed glottis.

Vital signs. The patient’s heart rate is 125  bpm, blood 
pressure 145/78  mm  Hg, and respirations 0 breaths per minute.

Oxygen saturation. Oxygen saturation decreased from 
99% to 85% with the onset of laryngospasm. (Continued 

decline in the oxygen saturation can result in respiratory 
acidosis.)

EKG. The patient is in sinus tachycardia. This is a common 
fi nding, but hypoxia can trigger more life-threatening cardiac 
arrhythmias.

IMAGING

Imaging is not relevant in the acute management of laryngo-
spasm. This is an anesthetic emergency and is diagnosed 
based on the clinical presentation. Chest fi lms can be ordered 
if there is suspicion of foreign body aspiration or to aid in the 
diagnosis of negative pressure post obstructive pulmonary 
edema after the acute management of the airway.

LABS

None are indicated in the acute setting.

ASSESSMENT

Intraoperative laryngospasm during surgical removal of 
third molars under general anesthesia

TREATMENT

Prompt recognition and treatment of laryngospasm result in 
a good outcome in almost all cases. Upon diagnosis, the 
airway should be suctioned clear of noxious stimuli and the 
surgical site should be packed. Any foreign bodies are removed 
from the oral cavity and 100% oxygen is administered. Posi-
tive pressure ventilation should be attempted, ideally with a 
two person technique and jaw-thrust maneuver (jaw-thrust 
and pressure at the angle of the mandible may also assist in 
breaking laryngospasms). This often “breaks” the laryngo-
spasm. If unable to ventilate, the plane of anesthesia may be 
deepened with a short-acting intravenous general anesthetic. 
This often obviates the need for a skeletal muscle relaxant.

In rare situations, these methods are unsuccessful and it 
will be necessary to administer a short- and fast-acting depo-
larizing neuromuscular blocking agent, succinylcholine. If 
intravenous access is not available, succinylcholine may be 
administered intramuscularly at a dose of 4  mg/kg. A dose of 
20  mg intravenously is usually suffi cient to break the spasm 
(pediatric dose, 0.25  mg/kg). However, up to 60  mg can 
be administered if laryngospasm persists. Rapacurium, 
rocuronium, and mivacurium can be used for patients in 
whom succinylcholine is contraindicated. The longer half-life 
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of these nondepolarizing muscle relaxants may require con-
tinuous bag-valve-mask ventilation until the spontaneous 
respiration resumes. Bradycardia is not uncommon after 
administration of succinylcholine. This usually occurs in 
children and in adults after repeated doses. Atropine may be 
administered in an effort to prevent this. Intravenous lido-
caine 2  mg/kg administered before extubation was found 
to be effective in preventing postextubation laryngospasm 
in patients undergoing tonsillectomy. Other studies have 
found the prophylactic use of intravenous lidocaine to be 
ineffective.

COMPLICATIONS

Laryngospasm may produce partial or complete respiratory 
obstruction. Fortunately, early recognition and management 
allow for rapid resolution and minimal morbidity. However, 
with prolonged hypoxemia, the complications can be devas-
tating. Rare complications of laryngospasm include cardiac 
arrhythmias, anoxic brain injury, negative pressure pulmo-
nary edema, and death. If succinylcholine is administered, 
the patient may complain of general postoperative myalgia 
secondary to the rapid muscle depolarization. Other potential 
complications of succinylcholine include masticator muscle 
rigidity, malignant hyperthermia, and hyperkalemic cardiac 
arrest (secondary to the transient hyperkalemia), which can 
be seen in patients with undiagnosed myopathies (e.g., 
Duchenne’s and Becker’s muscular dystrophies).

DISCUSSION

Laryngospasm results in tight approximation of the true vocal 
cords (Figure 3-1). It is a protective refl ex that is most com-
monly caused by a noxious stimulus to the airway during a 
light plane of anesthesia. The structural and functional bases 
of the laryngospasm refl ex were described by Rex. Secretions, 
vomitus, blood, pungent volatile anesthetics, painful stimuli, 
and oral and nasal airways may elicit this protective refl ex. 
Mediated by the vagus nerve, this refl ex is designed to prevent 
foreign materials from entering the tracheobronchial tree. 
During laryngospasm, the false vocal cords and supraglottic 
tissues act like a “ball” valve and obstruct the laryngeal inlet 
during inspiration. The incidence of laryngospasm has a 
reported occurrence of 8.7 per 1000 patients receiving general 
anesthesia. It is 19 times more frequent than bronchospasm. 
Laryngospasm accounts for more than 50% of the cases of 
negative pressure/post obstructive pulmonary edema. With 
the use of general endotracheal intubation, laryngospasm 
classically occurs during extubation in a light plane of anes-
thesia (stage II). Children and patients experiencing recent 
upper respiratory tract infections are predisposed to develop-
ing laryngospasm during anesthesia.

Efforts to prevent laryngospasm include postponing 
surgery in patients with recent upper respiratory infections, 

maintaining a dry surgical fi eld, and using anticholinergics 
and avoiding extubation during stage II of anesthesia. Laryn-
gospasm is not uncommon in outpatient and inpatient oral and 
maxillofacial surgery. Recognition and early intervention are 
essential in preventing morbidity and mortality.
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Figure 3-1 Tight approximation of the true vocal cords as seen 
during laryngospasm.
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Perioperative Considerations of the Pregnant Patient

Chris Jo, DMD, and Jenny Jo, MD

CC

A 29-year-old primigravida (fi rst pregnancy) with twins at 25 
weeks of gestation presents to your offi ce for evaluation and 
management of an odontogenic abscess.

HPI

The patient presents complaining of a 2-week history of 
dental pain in the right mandible and a 2-day history of pro-
gressive swelling of her right face. She is being followed by 
her obstetrician and states that her pregnancy is progressing 
without complications. Recently, she has noted good fetal 
movements on two separate occasions. She denies having any 
vaginal bleeding or leaking of vaginal fl uid (a sign that 
amniotic fl uid may be leaking from ruptured membranes). 
She started having pelvic cramping just recently (cramping 
described by pregnant patients may actually be contractions). 
She has been taking acetaminophen (analgesic of choice 
during pregnancy) for pain and has not been able to eat 
adequately for the past 3 days (pregnant patients have a 
higher nutritional and fl uid requirement). There is no history 
of dysphagia (diffi culty swallowing), odynophagia (painful 
swallowing), dyspnea (diffi culty breathing), or subjective 
fevers.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.
POBHx. This is the patient’s fi rst pregnancy. Her only 

high-risk diagnosis is carrying twins. They are diamniotic/
dichorionic (two separate sacs). The twins have had concor-
dant growth on serial ultrasounds, and her cervical length was 
4  cm (good length) at 24 weeks (a normal cervical length 
indicates a reduced risk for an incompetent cervix and preterm 
labor/delivery. Twins are at higher risk compared to singleton 
pregnancies).

EXAMINATION

Vital signs. The patient’s blood pressure was 110/55  mm  Hg, 
heart rate 110 to 140  bpm (tachycardic), respirations 20 per 
minute, and temperature 39˚C (febrile).

General. She is well developed and well nourished and in 
no apparent distress.

Maxillofacial. There is a large right-sided facial swelling. 
The swelling is above the inferior border of the mandible 
(rules out submandibular space involvement) and below the 

zygomatic arch (buccal space abscess). It extends from the 
masseter (submasseteric space involvement) to the oral com-
missure. The swelling is tense, erythematous, warm, and 
tender to palpation. The submandibular and submental regions 
were normal. She has a limited opening (trismus due to 
involvement of the lateral masticator space) secondary to 
pain, limiting the intraoral examination. The right mandibu-
lar fi rst molar is grossly decayed with adjacent vestibular 
swelling and purulence extravasating from the gingival sulcus. 
The oropharynx is not completely visible due to limited 
mouth opening. The fl oor of mouth is nonelevated (rules out 
sublingual space involvement). She is in no respiratory dis-
tress and is tolerating her secretions well.

Cardiovascular. The patient is tachycardic with an II/VI 
systolic ejection murmur (systolic ejection murmur is very 
common in pregnant women due to high volume of fl ow but 
is accentuated by acute tachycardia secondary to elevated 
temperature).

Abdominal. Examination reveals gravid uterus (pregnant 
uterus) appearing larger than stated gestational age (due to 
twins), nontender abdomen, and fetal heart rates of 190s for 
twin A (the lower presenting fetus in the uterus) and 180s for 
twin B (the heart rates are elevated above normal due to 
maternal temperature).

Extremities. The extremities are nontender with 1+ pitting 
edema at ankles bilaterally (common during pregnancy), no 
cords, and 2+ equal pulses. She has a negative Homen’s sign 
(calf pain upon dorsifl exion of the foot suggestive of deep 
vein thrombosis [DVT]).

IMAGING

A panoramic radiograph is the initial diagnostic study of 
choice. When the oropharynx cannot be adequately visual-
ized due to trismus or a deep neck space abscess is suspected, 
computed tomography (CT) scanning of the head and neck is 
necessary to rule out parapharyngeal space (lateral pharyn-
geal and retropharyngeal spaces) involvement. The use of 
intravenous contrast material is safe during pregnancy, but 
the lowest dosing regimen is recommended.

The effects of radiation exposure to the fetus are a poten-
tial concern. However, all necessary plain fi lm and CT studies 
needed to diagnose and manage head and neck infections can 
be safely performed. The radiation exposure to the developing 
fetus is minimal and is further reduced by using shielding 
devices. Furthermore, the benefi ts outweight the risks of 
exposure when dealing with acute head and neck infections. 
Magnetic resonance imaging (MRI) of the head and neck is 
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also considered safe during pregnancy and can aid in imaging 
soft tissue pathology.

In this patient, the panoramic radiograph showed a grossly 
decayed right mandibular fi rst molar with a large periradicu-
lar radiolucent lesion. CT was not indicated because the 
clinical suspicion of parapharyngeal space involvement was 
low.

LABS

A complete blood cell count (CBC) with platelets and dif-
ferential is the baseline study.

In this patient, hemoglobin and hematocrit was 11.0  g/dL 
and 32.6%, respectively (anemia is commonly seen during 
pregnancy secondary to hemodilution as the increase in 
plasma volume is relatively larger than the increase in red 
blood cells; however, pregnant patients are also at risk for iron 
defi ciency anemia). The white blood cell (WBC) count is 
18,000/mm3 with a 15% bandemia (although a slight, nonspe-
cifi c elevation in WBC count can be seen during pregnancy, 
this patient’s elevated WBC count in conjunction with ban-
demia and fever is indicative of an acute infection until proved 
otherwise).

ASSESSMENT

A 29-year-old primigravida with twins at 25 weeks of gesta-
tion with a large, right-sided buccal and submasseteric space 
abscess secondary to a necrotic right mandibular fi rst molar, 
complicated by dehydration and potential onset of sepsis

TREATMENT

The ideal time to perform elective or semielective oral and 
maxillofacial surgical procedures is postpartum; otherwise, 
the second trimester is considered the safest period to perform 
nonelective surgery. However, the need for urgent or emergent 
surgery should not be delayed because of pregnancy, espe-
cially if procedures can be carried out under local anesthesia. 
Local anesthesia is the preferred method for simple proce-
dures that can be performed in an offi ce setting (there are no 
contraindications for vasoconstrictors, but aspiration to avoid 
intravascular injection is important). When the need arises, 
intravenous sedation and general anesthesia (in a hospital 
setting) can be safely performed without signifi cant risk to 
the mother or fetus in an uncomplicated pregnancy. This is 
discussed later.

There should be a lower threshhold for hospital admission 
in the pregnant patient with a maxillofacial infection. Fever, 
dehydration, inability to tolerate oral intake, and potential 
airway compromise (risk of airway and pharyngeal edema 
are higher during pregnancy, especially when parapharyngeal 
spaces are involved) are all indications for hospital admission 
and initiation of supportive measures. Other obstetric con-
cerns include risk factors for preterm contractions and preterm 
labor (onset of labor before 37 weeks of gestation): twins, 
dehydration, infection, and potential early sepsis. When a 

pregnant woman is hospitalized, an obstetric consultation 
should be obtained. Fluid resuscitation, intravenous antibiot-
ics, and nutritional support are extremely important. Caution 
should be exercised to avoid excessive fl uid overload that can 
lead to pulmonary edema, as pregnancy and sepsis can both 
lead to third spacing due to increased capillary permeability. 
Usually, a 500-ml crystalloid bolus followed by a mainte-
nance level of 100 to 150  ml/hr until the patient is tolerating 
liquids is appropriate for the average patient. Intravenous anti-
biotics should also be initiated (the penicillin and cephalo-
sporin families are considered safe fi rst-line antibiotics 
during pregnancy). Oral and maxillofacial infections should 
be aggressively treated as untreated infections and abscesses 
have been associated with preterm labor and maternal sepsis. 
If a pregnant woman is admitted into the hospital, she and 
the fetus should be monitored for contractions and fetal well-
being with the assistance of an obstetrician. Pain management 
with a patient-controlled analgesia pump until the patient 
is tolerating oral medications is appropriate. Intravenous 
morphine, meperidine (Demerol), and fentanyl or orally 
administered hydrocodone, oxycodone, or codeine with 
acetaminophen combinations are all considered safe during 
pregnancy for necessary pain control. Routine use of nonste-
roidal antiinfl ammatory drugs (NSAIDs) such as ibuprofen 
and aspirin for postoperative pain control during pregnancy 
is generally not recommended.

The patient was admitted to the hospital, and an obstetric 
consultation was obtained. Intravenous fl uids and pipercil-
lin/tazobactam 3.375  g every 6 hours were administered. The 
twins were evaluated for heart tones and contractions. No 
signifi cant abnormalities were noted. Fetal heart rates were 
slightly higher than normal due to maternal temperature but 
were otherwise reassuring. There were no contractions noted. 
Her pelvic examination was unremarkable, with no evidence 
of cervical effacement (thinning and shortening of the cervix 
associated with labor) or of cervical dilatation (also a sign of 
labor). She was taken to the operating room for incision and 
drainage of the submasseteric and buccal space abscess and 
extraction of the right mandibular fi rst molar. Ideally, preg-
nant patients need to be NPO (nothing to eat or drink, includ-
ing chewing gum) for at least 8 hours before surgery. In 
addition to the slower gastric emptying time, pregnancy 
causes relaxation of the esophageal sphincter; both conditions 
increase the risk of aspiration associated with general anes-
thesia. Therefore, preoperatively, this patient received an oral 
antacid (to increase the pH of gastric contents), H2 antagonist 
(to decrease gastric acid production), and metoclopramide (to 
accelerate gastic emptying). Due to the gestational age of the 
patient, the uterus was enlarged (especially with twins). Thus 
a roll was placed under her right hip and the table was slightly 
tilted to the left (this left lateral decubitus tilt of 15 degrees 
displaces the uterus off the aorta and inferior vena cava and 
prevents supine hypotensive syndrome, which is due to pro-
longed compression of the great vessels leading to decreased 
venous return and cardiac output).

After the patient was positioned, she was intubated via an 
awake nasal fi beroptic intubation due to her trismus (pregnant 
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patients have edematous nasal mucosa and a potential for 
epistaxis, especially during a traumatic nasal intubation). The 
procedure was completed without complications. A thorough 
intraoperative examination of the oropharynx revealed no 
parapharyngeal involvement or edema. Her mouth opening 
increased to normal range after decompressing the lateral 
masticator (submasseteric) space. Her airway was deemed 
stable without risk for postoperative upper airway obstruc-
tion, and she was successfully extubated. She remained in the 
hospital for a total of 4 days. She received daily antenatal 
testing to check for fetal well-being and contractions. She 
was discharged home on postoperative day 4 after she had 
been afebrile for over 48 hours and was tolerating full liquids 
and a regular diet. She received intravenous antibiotics post-
operatively until she was able to tolerate medications by 
mouth and was switched to oral antibiotics. Upon discharge, 
the patient had signifi cant decrease in her facial swelling, no 
oral purulent discharge, normalization of her WBC count 
with no bandemia, and adequate pain control with opioid 
analgesics.

COMPLICATIONS

Complications associated with surgery under general anesthe-
sia during pregnancy include risk of DVT, pulmonary embo-
lism (PE), aspiration (decreased cardiac sphincter tone, 
decreased gastric emptying, increased gastric pressures, and 
hyperemesis increase the risk of regurgitation and aspiration), 
pulmonary edema, acute respiratory distress syndrome 
(ARDS), spontaneous abortion during the fi rst trimester, and 
preterm labor. These are weighed against the risks of an 
untreated oral or maxillofacial infection, which bears a 
greater direct risk to both the fetus and the mother, including 
preterm labor and delivery with complications of a premature 
neonate, fetal death, eclampsia, maternal sepsis, and septic 
shock. All elective surgical procedures should be avoided 
during pregnancy, but necessary surgical interventions should 
not be delayed.

For the pregnant female undergoing general anesthesia, 
surgery should be performed in a setting where an obstetri-
cian is available for consultation and where anesthesiolo-
gists are familiar with the physiological changes associated 
with pregnancy. Teratogenic and abortive agents (most 
im portant during the fi rst trimester) should be avoided. 
Specifi c modifi cations may be needed as the gestational 
age of the fetus advances (discussed above). A consultation 
with an obstetrician provides the appropriate management 
recommendations.

Pregnancy is a hypercoaguable state (increased clotting 
factors V, VII, VII, X, and XII). An increase in fi brinolytic 
activity partially compensates for this state. Accordingly 
there is an increased risk of DVT (signs include leg pain, 
tenderness, edema, discoloration, palpable cord, and positive 
Homen’s sign) and subsequent PE (signs include shortness of 

breath, tachypnea, hypoxemia, and respiratory distress). PE 
is the most common cause of maternal death. Early detection 
of DVT (using duplex Doppler ultrasound) and initiation of 
heparin therapy have signifi cantly reduced maternal mortal-
ity. DVT/PE prophylaxis should be initiated upon admission 
(support stockings, compression devices, and/or subcutane-
ous heparin).

DISCUSSION

Several other anesthetic considerations are noteworthy. Pro-
pofol and thiopental (require only 35% of the normal induc-
tion dose and result in a prolonged half-life) are generally safe 
induction agents for the pregnant patient. There is a 20% to 
40% reduction in the minimum alveolar concentration (MAC) 
of volatile inhalational agents (also has a faster induction rate) 
during pregnancy. It is important to avoid hypotension result-
ing in placental hypoperfusion, as has been associated with 
high doses of inhalational anesthetics. The use of nitrous 
oxide is safe in routine clinical settings. Opiates, including 
fentanyl and morphine, are also safe to administer. The use 
of local anesthesia is safe during pregnancy and is well toler-
ated by most pregnant patients undergoing minor oral surgical 
procedures. Although there is a theoretical concern for epi-
nephrine-induced vasoconstriction leading to decreased pla-
cental blood fl ow, epinephrine in local anesthetics is generally 
considered to be safe. Despite concerns for potential terato-
genic effects of benzodiazepines in the fi rst trimester, they 
can be safely administered when the usual and appropriate 
doses are used.

For nursing mothers, it has been historically recommended 
that the patient “pump and dump” after a general anesthetic. 
With the use of current medications, nursing mothers can 
pump and discard breast milk for 8 to 24 hours after an intra-
venous sedation or general anesthetic, to err on the side of 
caution. Postoperative analgesics (hydrocodone, oxycodone, 
morphine, ketorolac [Toradol], NSAIDs) are safe to use 
without pumping and discarding breast milk. However, it is 
probably safer to “pump and dump” when meperidine is given 
due to its long-acting metabolite (normeperedine). Periopera-
tive intravenous steroids to help reduce postoperative swelling 
can be used in pregnancy and in breastfeeding mothers if 
necessary.
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Respiratory Depression Secondary to Oversedation

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 45-year-old woman presents to your offi ce for cosmetic 
eyelid surgery (blepharoplasty).

HPI

The patient is an otherwise healthy woman for whom 
treatment was planned for bilateral upper and lower eyelid 
blepharoplasties (see the section on cosmetic upper eyelid 
blepharoplasty in Chapter 12) with intravenous sedation. After 
marking the incision lines in the usual manner, EKG, blood 
pressure, and pulse oximeter monitors were applied. The 
patient was administered 4  L of oxygen and 2  L of nitrous 
oxide via nasal hood (nitrous oxide will decrease the amount 
of intravenous sedatives needed). Sedation was achieved using 
5  mg of midazolam, 100  μg of fentanyl, and a propofol drip 
titrated to effect. Verrill’s sign (50% upper eyelid ptosis indi-
cating adequate sedation) was observed. Prior to administer-
ing local anesthesia, 40  mg of propofol was administered as a 
bolus (propofol may cause a 20% to 25% drop in systolic blood 
pressure when given as a bolus). Upon administration of local 
anesthesia, the patient remained motionless, and no signs of 
respiratory effort were seen. Apnea was attributed to the pro-
pofol bolus (combined with the respiratory depressant effects 
of fentanyl), which was anticipated to resolve shortly. However, 
the patient continued to be apneic, and her oxygen saturation 
decreased from 99% to 80% (pulse oximeter readings are about 
30 seconds behind the real-time oxygen saturation). Tracheal 
tug and paradoxical chest wall motion were not observed 
(these would be signs of upper airway obstruction and inspira-
tory efforts). The patient began to appear cyanotic (bluish hue 
to facial skin and lips due to prolonged hypoxemia).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

A thorough medical history is important during the preop-
erative evaluation of any patient undergoing intravenous seda-
tion or general anesthesia to identify potential risk factors of 
intraoperative or postoperative anesthetic complications.

The past medical and surgical histories are noncontribu-
tory. She is categorized as American Society of Anesthesi-
ologist (ASA) Class I (Table 3-1). She does not use any 
medications and has no known drug allergies. She denies 
previous problems with local anesthetics (such as methemo-
globinemia), intravenous sedation, or general anesthetics 
(problems with previous anesthesia or adverse drug reactions 
should alert clinicians to possible complications that may 

require modifi cation of anesthetic techniques). There is no 
family history of complications with general anesthetics 
(e.g., malignant hyperthermia). She denies a history of drug 
or alcohol use (patients with previous drug history or alcohol 
abuse may require higher doses of sedatives-hypnotics), and 
she does not smoke (smoking decreases oxyhemoglobin con-
centrations and increases pulmonary secretions).

EXAMINATION

Preoperative. A thorough preoperative evaluation is impor-
tant to identify potential risk factors for negative anesthetic 
outcomes, with an emphasis on airway anatomy.

General. The patient is a well-developed and well-
nourished woman in no apparent distress who weighs 60  kg.

Airway. Maximal interincisal opening (MIO) is within 
normal limits (diffi cult intubation occurs with decreased 
MIO). Her oropharynx is Mallampati class I (soft palate, 
tonsillar pillars, and uvula completely visualized), and the 
thyromental distance (TMD) is three fi nger-breadths (there is 
a greater diffi culty with intubation with retrognathia, a short 
TMD, and/or a higher Mallampati classifi cation). The cervi-
cal spine has a full range of motion.

Cardiovascular. Heart is regular rate and rhythm without 
murmurs, rubs, or gallops.

Pulmonary. Lung fi elds are clear to auscultation bilater-
ally (preoperative wheezing may increase the risk of intraop-
erative bronchospasm).

Intraoperative. During the course of intravenous sedation 
(conscious sedation, deep sedation, or general anesthesia), it 
is important to continuously monitor the patient’s level of 
sedation and anesthesia (to prevent oversedation and respira-
tory depression) and survey the ABCs (airway, breathing, and 
circulation [Box 3-1]).

General. The patient is sedated/unconscious and unre-
sponsive to painful stimulus (a state of general anesthesia).

IMAGING

Preoperative and serial postoperative photoimaging is man-
datory for cosmetic procedures. A preoperative chest radio-
graph has a limited role in healthy individuals and is not 
warranted unless dictated by other medical factors.

LABS

Routine laboratory tests are not indicated in healthy patients 
undergoing cosmetic blepharoplasty with intravenous 

51

Ch003-A04574.indd   51 6/27/2007   2:50:34 PM



52 Anesthesia

sedation. Females of childbearing age who are sexually active 
and/or have missed their last menstrual period may require a 
urine pregnancy test (UPT).

ASSESSMENT

Respiratory depression secondary to oversedation during 
intravenous sedation for cosmetic upper and lower eyelid 
blepharoplasties

TREATMENT

Before the diagnosis of respiratory depression (apnea or 
hypopnea) as the cause of hypoxemia, possible causes of 
upper airway obstruction need to be rapidly ruled out by 
evaluating the airway, jaw position, and possibility of foreign 
body aspiration. Subsequently, the procedure should be 
stopped, any open or bleeding wounds packed, and necessary 

assistance should be elicited. Attempts to arouse the patient 
with verbal command and painful stimulus should be made. 
Unresponsiveness to painful stimulus is considered to be a 
state of general anesthesia. Respiratory depression secondary 
to oversedation is a self-limiting process that requires ade-
quate supportive measures or pharmacological interventions 
until spontaneous respirations resume.

Nitrous oxide is not a respiratory depressant, but it should 
be discontinued to allow more rapid arousal from anesthesia 
and to deliver 100% oxygen, with subsequent resolution of 
spontaneous respirations. Any anesthetic intravenous drips 
should be discontinued immediately. Jaw-thrust and/or tugging 
on the tongue anteriorly will improve the opening of the 
airway for more effective oxygen delivery. The anesthesia 
circuit should be fl ushed to evacuate residual nitrous oxide and 
to deliver a higher fl ow of oxygen. If these measures fail, the 
patient’s breathing can be assisted with positive pressure ven-
tilation (PPV), at one breath every 5 seconds (coordinated with 
any apparent shallow breathing). If oxygenation proves to be 
successful with PPV, continued ventilatory support is main-
tained until the sedation lightens and respiratory depression 
resolves. However, if ventilation is not achieved, rapid reevalu-
ation for other etiologies (laryngospasm, bronchospasm, 
foreign body aspiration, chest wall rigidity) should be consid-
ered. The airway is reassessed, and chin-lift/jaw-thrust maneu-
vers should be optimized. Oral and/or nasal airways can be 
inserted if there is continued diffi culty with PPV. If laryngo-
spasm or bronchospasm is diagnosed, it should be treated 
promptly (see Laryngospasm earlier in this chapter). If these 
measures fail to reestablish ventilation, more advanced airway 
interventions may be necessary; this includes the use of laryn-
geal mask airway, endotracheal intubation, or establishment of 
a surgical airway (cricothyrotomy). Despite the infrequency of 
the latter scenario, the clinician should be prepared to establish 
an airway as soon as possible (see Emergent Surgical Airway 
later in this chapter). Once the oxygen saturation returns above 
95%, the clinician can decide whether to cautiously continue 
with the procedure and intermittently apply PPV as needed or 
to abort the procedure for further evaluation.

If prolonged respiratory depression occurs, sedative effects 
of some agent can be pharmacologically reversed. Romazicon 

Table 3-1.   The American Society of Anesthesiologist (ASA) Classifi cation System Is Used to Stratify 
Patients Preoperatively by Risk

ASA Patient’s Health Status of Underlying Disease Limitations on Activities Risk of Adverse Effect

I Excellent; no systemic disease; None None Minimal
  excludes persons at extremes of age
II Disease of one body system Well-controlled None Minimal
III Disease of more than one body Controlled Present but not incapacitated No immediate danger
  system or one major system
IV Poor with at least one severe disease Poorly controlled or end stage Incapacitated Possible
V Very poor, moribund  Incapacitated Imminent

Modifi ed from American Society of Anesthesiologists: Relative value guide, 2003, Park Ridge, Ill, 2003, American Society of Anesthesiologists.
Note: ASA I excludes the very young and very old.

Box 3-1.   The ABCs

• A (airway): The upper airway is rapidly evaluated and 
found to be clear or any obstruction. The patient’s 
oropharynx is clear (secretions are suctioned with a 
tonsillar suction), and no inspiratory or expiratory noises 
are heard (stridor or gurgling noises may indicate upper 
airway obstruction). No tracheal tug is present. Chin-tilt/
jaw-thrust maneuvers are applied.

• B (breathing): There are no inspiratory efforts, and no 
chest wall or abdominal motion (apnea). Breath sounds are 
not heard with the precordial stethoscope (placed above the 
suprasternal notch), and the reservoir bag is motionless. 
The pulse oximetry (Spo2) reading has been steadily falling 
from 99% to 80% (Spo2 of 90% correlates with a Pao2 of 
60  mm  Hg, below which corresponds to the steep portion of 
the oxygen-hemoglobin dissociation curve).

• C (circulation): Blood pressure and heart rate are stable 
(bradycardia and hypotension due to an extended period of 
hypoxemia are ominous signs of impending circulatory 
collapse). The electrocardiogram shows normal sinus 
rhythm without any ST changes (leads II and V5 are most 
sensitive in detecting myocardial hypoxia).
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(fl umazenil) reverses the sedative effects of benzodiazepines. 
It is given at 0.2  mg intravenously (or 0.01 to 0.02  mg/kg in 
small children) every minute up to fi ve doses (maximum total 
dose of 1  mg) until reversal of sedation is accomplished (ben-
zodiazepine overdose has a different schedule). It may be 
repeated every 20 minutes for resedation. Narcan (naloxone) 
is an opioid antagonist that reverses the sedative, respiratory 
depressant, and analgesic effects of opiates. Low doses are 
recommended (to prevent adverse effects of reversal) at 
0.04  mg intravenously (or 0.001  mg/kg) every 2 to 3 minutes 
until reversal is accomplished (higher dosing schedule is used 
in narcotic overdose). Once sedation is reversed, the patient 
needs to be monitored for resedation, as the half-lives of 
naloxone and fl umazenil are shorter than those of their seda-
tive counterparts, potentially requiring redosing of the rever-
sal agent(s). There are no reversal agents for barbiturates or 
propofol. Reversal of sedation from these agents relies on 
rapid redistribution of the drugs. It is important to remember 
that hypoxemia and hypercarbia can further contribute to 
central nervous system (CNS) depression.

In these patient, supportive measures included 100% 
oxygen delivered via PPV with a bag-valve-mask device. PPV 
was easily accomplished, and the patient’s oxygen saturation 
steadily increased to 99%. After suffi cient ventilation and 
oxygenation, the surgery was resumed. The propofol intrave-
nous drip was discontinued during the apnea/hypopnea 
episode and was subsequently titrated down as the procedure 
was completed. The patient began to have spontaneous respi-
rations and maintained an adequate oxygen saturation, and 
she arose from sedation shortly after completion of the pro-
cedure. Reversal agents were not required.

COMPLICATIONS

Oversedation and respiratory depression can have devastating 
outcomes if not promptly treated as outlined here. In most 
circumstances, the patient’s airway and breathing can be 
easily supported. However, it is important to identify those 
patients at higher risk of diffi cult mask ventilation and endo-
tracheal intubation (see Emergent Surgical Airway) before 
administering deep sedation. The loss of the patient’s airway 
(cannot intubate and cannot ventilate scenario) can lead to 
prolonged hypoxemia, which can in turn lead to cardiovascu-
lar collapse, cerebral anoxia, and death if not managed 
promptly.

Precipitous reversal of sedation and respiratory depression 
with opioid antagonists is not without adverse side effects. 
Naloxone (Narcan) may cause cardiac arrhythmias, pulmo-
nary edema, severe hypotension, and cardiac arrest when 
given at higher doses. The analgesic effects are also reversed, 
which may cause the patient to experience profound surgical 
pain, accompanied by hypertension and tachycardia. Patients 
with acute or chronic opioid dependence can experience acute 
withdrawal symptoms. Naloxone and fl umazenil have short 
half-lives and may require redosing every 20 to 30 minutes 
if resedation occurs, and thus, close patient observation is 
paramount.

DISCUSSION

Various levels of intravenous sedation can be administered by 
oral and maxillofacial surgeons. Conscious sedation is defi ned 
as “a controlled, pharmacologically induced, minimally 
depressed level of consciousness that retains the patient’s 
ability to maintain a patent airway independently and con-
tinuously, with the ability to respond appropriately to physical 
stimulation and/or verbal command.” Deep sedation is defi ned 
as “a controlled, pharmacologically induced state of depressed 
consciousness from which the patient is not easily aroused, 
and which may be accompanied by a partial loss of protective 
refl exes, including the ability to maintain a patent airway 
independently and/or respond purposefully to physical stimu-
lation or verbal command.” General anesthesia is defi ned as 
“an induced state of unconsciousness accompanied by partial 
or complete loss of protective refl exes, including the ability 
to independently maintain an airway and respond purpose-
fully to physical stimulation or verbal command.”

Respiratory depression from oversedation can occur during 
the course of a procedure or in the recovery period but is 
relatively uncommon when sedation is administered by an 
experienced oral and maxillofacial surgeon (short half-lives 
and lack of active metabolites are ideal properties of intrave-
nous anesthetic agents). The short duration of action of 
modern intravenous anesthetics relies on rapid redistribution 
(alpha half-life) and/or rapid metabolism. However, repeated 
doses of opioids, benzodiazepines, or barbiturates for longer 
procedures may cause accumulation in inactive tissues 
(especially adipose tissue), which is later released into circu-
lation to cause delayed emergence (beta half-life), thereby on 
occasion requiring a reversal agents. Naloxone is an opioid 
antagonist that competitively binds to mu-receptors, effec-
tively reversing the sedative, analgesic, and respiratory-
depressant effects of any given opioid (e.g., fentanyl, morphine, 
sufentanil, alfentanil, remifentanil, meperedine). Flumazenil 
is a competitive antagonist to benzodiazepines (e.g., mid-
azolam, lorazepam, diazepam) at the central benzodiazepine 
receptor (alpha subunits of the GABA receptor), and it reverses 
all effects of benzodiazepines (e.g., sedation, respiratory 
depression, anxiolysis). The respiratory-depressant effects of 
midazolam (Versed, the most commonly used benzodiaze-
pine) are minimal compared to those of propofol and 
narcotics.

Inadequate local anesthesia or insuffi cient time allocation 
for its onset may make the sedated patient appear uncoopera-
tive or undersedated. The clinician may decide to deepen the 
sedation to control the uncooperative patient and overcome 
the effects of inadequate local anesthesia. Once the painful 
stimulus is gone or the local anesthesia has set in, the patient 
may return to a deeper level of sedation or may become 
oversedated with respiratory depression. Risk of oversedation 
and respiratory depression can be minimized by using local 
anesthesia effectively.

Some additional precautions should be noted when adminis-
tering anesthesia to pediatric and elderly patients. Small 
doses of benzodiazepines and opioids can cause signifi cant 
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respiratory depression in the elderly patient. The changes in 
physiology and medical comorbidities associated with aging are 
beyond the scope of this section, but a general precaution used 
by clinicians is “go low and go slow.” It is important to remem-
ber that children have a lower functional residual capacity 
(FRC) and do not tolerate hypoventilation and hypoxemia well, 
which is evidenced by a more rapid drop in oxygen saturation. 
Differences in the pediatric airway (larger tongue, lymphyoid 
hypertrophy, more rostrally positioned larynx, long and fl oppy 
epiglottis, narrowest at cricoid cartilage, more compliant tra-
cheal walls, more caudal anterior cord attachment, underdevel-
oped accessory muscles) are important to recognize.
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Inadequate Local Anesthesia

Gary F. Bouloux, MD, DDS, MDSc, FRACDS, FRACDS (OMS), and Shahrokh C. Bagheri, DMD, MD

CC

A 38-year-old man presents with left facial swelling and 
pain secondary to a carious left maxillary cuspid (acute 
infection decreases the effi cacy of local anesthetics).

HPI

The patient reports a 2-month period of a toothache loca-
lized to the upper left quadrant. Two days ago, he experien-
ced an acute exacerbation of his pain along with the 
development of progressively enlarging left facial swelling. 
He was subsequently seen by his general dental practitioner, 
who attempted to extract the tooth but was unsuccessful 
due to persistent pain despite several local anesthetic 
injections.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. The patient has had multiple dental resto-
rations under local anesthesia without any complications. He 
has no known drug allergies.

Although occasionally patients report an “allergy” to epi-
nephrine, this is a naturally occurring catecholamine present 
in all individuals that plays a critical role in homeostasis and 
is not a source of allergic reactions. The transient tachycardia 
that may be seen with local anesthetic injections that contain 
epinephrine (especially with intravascular injection) is simply 
an adrenergic response to the epinephrine.

EXAMINATION

Maxillofacial. There is a fl uctuant and tender swelling 
extending from the midline of the upper lip to the left cheek, 
consistent with left canine space abscess.

IMAGING

Panoramic radiograph reveals a carious left maxillary 
cuspid with an associated 1.5-cm periapical radiolucent 
lesion.

LABS

No routine laboratory tests are indicated unless dictated by 
the medical history. A WBC count may be obtained to monitor 
for leukocytosis.

ASSESSMENT

Left canine space infection complicated by failure to extract 
the left maxillary cuspid secondary to inadequate local 
anesthesia

TREATMENT

Management of failure to achieve adequate local anesthesia 
should be evaluated for any etiologic factors. Anatomical 
variation, accessory innervation, poor technique, inadequate 
volume or concentration of local anesthetic, the presence of 
infection, or an excessively anxious patient may all contribute 
to the failure to achieve adequate local anesthesia. Upon 
identifi cation of potential causes, the clinician should develop 
a stepwise plan to address the problem. A reasonable approach 
may utilize supplemental anesthetic injections, regional block 
anesthesia (rather than infi ltration), intraligamentary injec-
tions, intraosseous injections, intrapulpal injections, or addi-
tion of other medications such as nitrous oxide for anxiolysis 
and analgesia. With failure of all the above measures, consid-
eration must be given to either deep sedation or general 
anesthesia.

In this patient, the infraorbital rim (infraorbital foramen 
is approximately 8  mm inferior to the rim) was palpated, 
and the overlying tissues was cleansed with an alcohol 
wipe. A total of 5  ml of 2% lidocaine with 1  :  100,000 
epinephrine was injected after placing the tip of the hypo-
dermic needle through the skin against the foramen. The 
tissue was gently massaged to facilitate diffusion of the 
local anesthetic into the foramen to anesthetize the infraor-
bital and anterior superior alveolar nerves. The nasopalatine 
and greater palatine nerves were anesthetized in the usual 
manner. After 10 minutes, the left maxillary cuspid was 
extracted without any subjective pain. No purulent drainage 
was obtained through the socket, and therefore a horizontal 
vestibular incision was made, allowing the release of approx-
imately 10  ml of purulent drainage. A sample of the pus 
was sent for Gram stain, aerobic and anaerobic cultures, 
and antibiotic sensitivity. A drain was placed and the wound 
was left open to facilitate continued drainage. The patient 
was prescribed a 10-day course of penicillin and instructed 
to rinse with warm saltwater fi ve times a day. An opioid 
with acetaminophen was prescribed for postoperative 
pain control. The patient was seen at 2 and 7 days for drain 
removal and follow-up with subsequent resolution of the 
infection.
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COMPLICATIONS

Complications related to failure to achieve local anesthesia 
are related to the psychological impact and frustration by the 
patient and clinician, the added cost and time to complete a 
necessary procedure using a different modality, and possible 
toxic effects of local anesthetic due to repeat injections. The 
negative impact on a patient’s perception of the dental profes-
sion should not be underestimated.

Complications may also be related to the progression 
of the disease process (such as the spread of infection) that 
failed to be treated due to the inadequacy of local anesthesia. 
Infection must be treated as soon as possible to reduce 
the likelihood of the patient becoming septic (disseminated 
infection). Furthermore, infections in close proximity to 
vital structures (such as the eye) may rapidly spread, causing 
dissemination of the infection into distant areas. This includes 
spread of infection into the orbit or, via communicating 
veins, into the cavernous sinus with the development of 
cavernous sinus thrombosis. The presence of signifi cant 
infraorbital swelling and tenderness is a relative contraindica-
tion to the use of the extraoral infraorbital anesthetic block 
due to concern for the development of cavernous sinus 
thrombosis.

There are several strategies to overcome the inadequacy of 
local anesthesia in the presence of infection. A larger volume 
or a higher concentration of the local anesthetic solution may 
be used. However, care must be taken to avoid toxicity from 
an excessive volume of local anesthetic. Toxicity initially 
presents as CNS excitation, but with increasing doses, CNS 
depression (including respiratory depression) can be seen. 
Epinephrine will substantially reduce toxicity by decreasing 
tissue absorption. However, epinephrine can result in tachyar-
rhythmias and increased blood pressure, particularly with 
inadvertent intravascular injection.

The initial excitement and agitation seen with local anes-
thetic toxicity are due to the suppression of the inhibitory 
cortical neurons, while the more common somnolence and 
decreased consciousness are secondary to inhibition of excit-
atory cortical neurons. Treatment is purely supportive with 
attention to the airway, breathing, and circulation (ABCs). An 
increase in heart rate (beta1-receptor stimulation) and blood 
pressure (alpha1-receptor stimulation) may also follow the 
inadvertent intravascular administration of epinephrine con-
taining local anesthetic. This should be considered carefully 
when treating patients with cardiac conditions, although local 
anesthetics containing epinephrine are more effi cacious due 
to the localized vasoconstriction that reduces systemic absorp-
tion of the catecholamine. However, the pain and anxiety 
generated with inadequate local anesthesia may be more 
harmful than the administration of a local anesthetic contain-
ing epinephrine due to the release of endogenous catechol-
amines. Aspiration after placement of the local anesthetic 
needle in the tissues and prior to injection should always be 
performed to reduce the likelihood of intravascular injection. 
The toxic doses of the most commonly used anesthetics are 
listed in Table 3-2.

DISCUSSION

Failure to achieve local anesthesia can be due to multiple 
factors, including the technique, anatomy, infection, and 
patient selection. The latter can often be predicted from the 
initial patient consultation and can potentially be avoided by 
alternate or modifi ed surgical planning (sedation, regional 
block, preoperative anxiolytics). Appropriate choice of local 
anesthetic agent, adequate volume, and the choice of infi ltra-
tion versus regional block anesthesia must be considered care-
fully. Anatomical variations may result in unusual neural 
innervation of mandibular and maxillary structures. A step-
wise progression from more distal infi ltration to more proxi-
mal regional block anesthesia will often overcome this 
diffi culty. Anesthesia of maxillary structures may necessitate 
extraoral infraorbital anesthesia (as in the present case) or a 
maxillary (V2) block anesthesia via the greater palatine 
foramen or pterygomaxillary fi ssure. Anesthesia of the man-
dibular structures may necessitate consideration of accessory 
neural pathways such as the nerve to mylohyoid. The use of 
the closed mouth (Akinosi) technique for patients with trismus 
should be considered. The Gow-Gates technique may also be 
helpful when anesthesia of the mandibular trunk is desired or 
in cases of failed attempts at inferior alveolar nerve block 
using standard technique.

The presence of infection is generally considered to reduce 
the effectiveness of local anesthetics due to several mecha-
nisms. The primary mechanism is due to the altered pH of 
the tissue. Different local anesthetics have different dissocia-
tion constants (pKa), which defi ne the concentration of ionized 
and nonionized local anesthetic at a given pH. The nonion-
ized form of the local anesthetic is responsible for penetrating 
nerve membranes and subsequently dissociating to give the 
ionized form, which blocks sodium channels. In the presence 
of infection and hence a lower tissue pH, lidocaine with a pKa 
of 7.9 exists predominantly in the ionized form, which is 
unable to diffuse through membranes. While giving addi-
tional anesthetic is reasonable, a better choice would be to 
increase the concentration (percent) of the agent or to use a 
different agent with a lower pKa so that more of the nonion-
ized form is available. Additionally, the increased tissue per-
fusion secondary to infl ammation may increase removal of 

Table 3-2.   Commonly Used Local Anesthetics 
in Oral and Maxillofacial Surgery

Local Onset Duration of  Maximum
Anesthetic (min) Action (min) pKa Dose

Lidocaine 3 to 5  60 to 90 7.9 7  mg/kg (with 
     vasoconstrictor)
    4  mg/kg (without
     vasoconstrictor)
Bupivacaine 5 to 10  90 to 180 8.1 2  mg/kg*
Mepivacaine 3 to 5  45 to 90 7.8 5  mg/kg*
Articaine 3 to 5 120 to 180 7.8 7  mg/kg*

*With or without epinephrine.
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the local anesthetic from the site of administration, although 
this plays a minor role. A more proximal regional block anes-
thetic injection may also suffi ce in the presence of infection 
as the local anesthetic is delivered into the uninfected tissue, 
and therefore problems related to a decreased tissue pH are 
avoided. It should be remembered, however, that chronic pain 
may result in both peripheral and central nervous system 
sensitization that may reduce the effi cacy of the local anes-
thetic, even when given as a regional block away from the 
source of infection or pain.
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Malignant Hyperthermia

Vincent J. Perciaccante, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 15 year-old boy (incidence of malignant hyperthermia 
[MH] is highest in children) is undergoing an open reduction 
with internal fi xation (ORIF) of a left mandibular angle 
fracture in the operating room. He had presented to the 
emergency department complaining of pain, swelling, and 
malocclusion.

HPI

While playing ball, the patient sustained an accidental blow 
to the left side of the jaw from an opponent’s elbow. He was 
diagnosed with a fractured mandible and subsequently was 
admitted to the hospital for treatment of his injury under 
general anesthesia. The patient was induced with propofol, 
given succinylcholine, and nasotracheally intubated without 
diffi culty. He was maintained on sevofl urane (halogenated 
inhaled anesthetic) and intravenous agents. The patient had a 
smooth anesthetic course for the fi rst 20 minutes of the pro-
cedure before the onset of unexplained tachycardia and 
elevation in his end-tidal CO2 (earliest signs of MH). The 
diagnosis of MH was considered.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

He underwent tonsillectomy and adenoidectomy at age 6 
under general anesthesia without any surgical or anesthetic 
complications (MH can be triggered in a susceptible patient 
who previously underwent an uneventful anesthetic). His 
family history is negative for MH (MH is an autosomal dom-
inant inherited disorder. However, many patients present with 
MH without any prior documented FH).

EXAMINATION

MH is a life-threatening hypermetabolic state that can be 
recognized by a variety of signs and symptoms, most com-
monly while the patient is under general anesthesia.

General. Muscle rigidity (commonly seen in the masse-
ters) and skin mottling are present.

Vital signs. His heart rate is 130  bpm (unexplained tachy-
cardia is one of the early signs), temperature 39.2°C (hyper-
thermia is regarded as a hallmark feature, but it may be a late 
fi nding), and respirations 34 per minute (tachypnea).

Adjunctive monitors. His end-tidal CO2 is 57  mm  Hg and 
rising (hypercapnia) (end-tidal CO2 can rise to 2 to 3 times 
normal at a constant minute ventilation).

EKG. He has sinus tachycardia at 130  bpm (supraven-
tricular and ventricular arrhythmias, including cardiac arrest, 
can be observed).

IMAGING

No imaging studies are indicated in the acute management of 
MH. A chest radiograph is obtained after the initial treatment 
to evaluate the position of the endotracheal tube if the patient 
remains intubated and for evaluation of the lung fi elds.

LABS

Upon diagnosis of MH, a full set of serum electrolytes, liver 
function tests, urinalysis, and arterial blood gases should be 
ordered to aid in the correction and diagnosis of electrolyte 
and acid-base disturbances.

The laboratory fi ndings would characteristically refl ect the 
following metabolic conditions:
• Acidemia (elevated Pco2 and metabolic [lactic] acidosis)
• Hyperkalemia (secondary to acidosis)
• Hypercalcemia (secondary to reduced uptake of Ca2+ 

from the sarcoplasmic reticulum of skeletal muscles)
• Elevated serum transaminases and creatinine kinase 

(CK) and subsequent rhabdomyolysis causing 
myoglobinuria (secondary to hypermetabolic skeletal 
muscle activity)

ASSESSMENT

Acute onset of malignant hyperthermia during ORIF of a 
mandible fracture

TREATMENT

The successful treatment of MH constitutes early administra-
tion of dantrolene and removal of the triggering agent. Box 
3-2 details the steps that should be followed when treating 
MH.

Arrhythmias usually respond to correction of acidosis and 
hyperkalemia. Antiarrhythmic agents, excluding calcium 
channel blockers, may be used for arrhythmias that do not 
respond to correction of acidosis and hyperkalemia.

COMPLICATIONS

The mortality rate of untreated MH has been reported to be 
as high as nearly 70%. Approximately 25% of persons with 
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MH relapse within the fi rst 24 hours. Following an MH 
episode, the patient should be transferred to an intensive care 
unit until all vital signs have returned to normal. Dantrolene 
treatment should be continued during this period; the usual 
dose is 1  mg/kg intravenously every 4 to 6 hours.

DISCUSSION

The incidence of MH may be as high as 1:5000 to 1:65,000 
in children. Triggering agents, such as succinylcholine and 
volatile anesthetic agents, in a genetically predisposed patient 

release calcium from the sarcoplasmic reticulum, leading to 
elevated concentrations of calcium in the muscle cells. This 
increased metabolism causes the muscles to contract and 
become rigid. The increased metabolism leads to the elevated 
end-tidal CO2 and acidosis. Rhabdomyolysis leads to hyper-
kalemia and potential arrhythmias, as well as myoglobinuria 
and potential renal failure.

The routine use of succinylcholine has fallen out of favor. 
Many anesthesiologists use nondepolarizing agents such as 
rapacuronium or rocuronium when possible. However, none 
of these drugs have replaced succinylcholine for rapid 
sequence intubation or the reversal of laryngospasm. Danto-
lene sodium should be available in all facilities at which any 
triggering agents are routinely used.

In preparation for an anesthetic procedure with a known 
MH-susceptible patient, anesthetic vaporizers are removed or 
taped in the off position. The carbon dioxide absorbent (soda 
lime or baralyme) is changed. Oxygen at 10  L/m is fl ushed 
through the circuit via the ventilator for at least 20 minutes. 
During this time, a disposable, unused breathing bag should 
be attached to the Y-piece of the circle system and the venti-
lator set to infl ate the bag periodically. The use of a new or 
disposable breathing circuit is recommended.
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Box 3-2.   Steps for Treating Malignant 
Hyperthermia

• Activate EMS, if not within a hospital.
• Discontinue the surgical procedure as quickly as possible.
• Discontinue the triggering agents.
• Hyperventilate with 100% O2 at 3 to 4 times the normal 

minute ventilation.
• Give dantrolene sodium 2.5  mg/kg intravenously, repeated 

every 5 to 10 minutes based on ongoing signs of MH.
• 36 Vials should be on hand (20  mg/vial)
• Add 60  ml of sterile water without bacteriostatic agent 

to each vial of dantrolene to reconstitute the drug
• Shake vigorously to reconstitute (until clear)
• Use IV spike transfer pins to reconstitute
• Once mixed, protect from direct light
• 2.5  mg/kg body weight given initially, repeated every 5 

to 10 minutes
• Continue administration until signs of MH abate

• Obtain ABGs, treat hyperkalemia (glucose, insulin, and 
calcium) and acidosis (bicarbonate 1 to 2  mEq/kg).

• In case of hyperthermia: Cooling measures should be 
instituted with cold IV fl uids (normal saline), external ice 
packs to groin and axilla, and gastric lavage with cold 
solutions.

• Call the MH hotline for immediate consultation at 1-800-
MH-HYPER.
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Emergent Surgical Airway

John M. Allen, DMD, and Chris Jo, DMD

CC

A 48-year-old man presents to the emergency depart-
ment complaining of diffi culty breathing and inability to 
swallow.

HPI

The patient has a 2-month history of intermittent swelling of 
his right mandible associated with a carious right mandibular 
fi rst molar. For the past 3 days, he has developed rapidly 
increasing swelling of the right fl oor of the mouth (sublingual 
space) and submandibular triangle (submandibular space) 
that has spread to the contralateral side, consistent with 
Ludwig’s angina (see Chapter 4, the section on Ludwig’s 
angina). During the past 24 hours, he has been sitting upright 
in the sniffi ng position (unable to lay supine because of a 
choking sensation), has been unable to control his secretions, 
has had diffi culty swallowing (dysphagia), and has been 
unable to open his mouth (trismus). His tongue has protruded 
forward (glossoptosis), and he is having diffi culty talking 
(dysphonia). His level of anxiety has increased with the onset 
of progressive dyspnea (diffi culty breathing), and he is now 
unable to clear his airway, making gurgling noises and a 
faint high-pitched crowing sound (signs of upper airway 
obstruction).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

His past medical history is signifi cant for well-controlled type 
2 diabetes and morbid obesity.

EXAMINATION

General. The patient is a well-developed moderately obese 
male in severe respiratory distress (obesity increases the dif-
fi culty of endotracheal intubation).

Vitals signs. His blood pressure is 168/94  mm  Hg (hyper-
tension), heart rate 120  bpm (tachycardia), respirations 25 
per minute (tachypnea), and temperature 39.4°C, with oxy-
gen saturation of 96% on 5-L oxygen via nasal cannula.

Maxillofacial. He has bilateral submandibular and sub-
mental brawny cellulitis that is tender to palpation, warm, and 
erythematous. The neck is moderately sized, but the trachea 
and larynx are easily palpable. The trachea is midline (devi-
ated trachea increases the diffi culty of intubation). The cervi-
cal spine has full range of motion (neck extension facilitates 
intubation or securing a surgical airway).

Intraoral. Oral examination is limited due to decreased 
mouth opening. He is unable to handle his secretions (dyspha-
gia, evidenced by drooling of saliva). The fl oor of the mouth is 
elevated, tender, and edematous. The tongue is large and pro-
truding forward. The uvula and soft palate are not visible (Mal-
lampati Class IV). The right mandibular fi rst molar is grossly 
carious. Further airway evaluation can be performed with 
fi beroptic nasopharygoscopy (to visualize the hyopharynx, 
base of tongue, pharyngeal walls, epiglottis, and vocal cords) 
to determine airway patency and the amount of airway edema.

Figure 3-2 is a diagrammatic representation of the surgical 
landmarks related to the airway; these include the thyroid 
notch, cricothyroid membrane, cricoid cartilage, and supra-
sternal notch.

IMAGING

In the setting of impending airway embarrassment, any 
attempts to obtain imaging studies should be delayed until a 
secure airway is established. Loss of an airway in the radiol-
ogy suite where anesthesia staff and an experienced surgeon 
are not immediately available can be devastating. Therefore, 
upon evaluation of the patient, the surgeon needs to rapidly 
make a decision to either progress directly to the operating 
room, where optimal personnel and equipment for advanced 
airway interventions are available, or, in more emergent set-
tings, proceed to establish a surgical airway in the emergency 
department (this should be avoided if possible).

If the patient is deemed to be stable, with no immediate 
threat to airway obstruction, a panoramic radiograph (to 
evaluate possible odontogenic sources of infection), and a CT 
scan with contrast (to localize loculated areas of abscess 
formation and to assist in airway evaluation) can be obtained. 
A lateral cephalometric radiograph is a readily available study 
that can be obtained at bedside. It can provide some informa-
tion regarding the posterior airway space (prevertebral soft 
tissue should be less than 7  mm and 20  mm at the level of C3 
and C7, respectively); with the advent of fi beroptic nasopha-
ryngoscopy and CT, it is infrequently used.

In this patient, no radiographic studies were ordered due 
to airway instability, and the patient was taken directly to the 
operating room.

LABS

Laboratory studies should not delay the establishment of a 
secure airway. When possible, a CBC with differential and a 
basic metabolic panel are indicated for evaluation of the sys-
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temic response and metabolic derangements associated with 
severe odontogenic fascial space infections. Arterial blood 
gas analysis can be used to determine the adequacy of venti-
lation. Other laboratory values are ordered based on pertinent 
medical information.

A STAT laboratory study obtained by the emergency phy-
sician demonstrated a WBC count of 18,000 cells/mm3 and a 
blood glucose concentration of 310  mg/dl.

ASSESSMENT

A 46-year-old man with Ludwig’s angina now complicated 
by an impending loss of airway

TREATMENT

Upon suspicion or diagnosis of impending airway embarrass-
ment, the anesthesia team and operating room–emergency 
department staff needs to be notifi ed immediately. The 
surgeon and anesthesiologist (if available) need to decide the 
safest means of rapidly obtaining a secure airway. Patients 
with potential diffi cult airways (diffi cult mask ventilation and 
diffi cult intubations) need to be identifi ed in anticipation for 
advanced airway interventions (identifi ed risk factors include 
obesity, short neck, rigid neck, small mouth opening, retrog-
nathia, Mallampati Class III and IV, and prominent upper 
incisors).

Patients that are deemed diffi cult to intubate are potential 
candidates for awake fi beroptic nasal intubation or an elective 
awake tracheotomy in a controlled operating room setting. 

However, it is possible for a “routine” intubation procedure to 
convert into a diffi cult airway during an otherwise unantici-
pated presentation. During the course of a diffi cult laryngos-
copy, the anesthetist or anesthesiologist may not be able to 
intubate or adequately ventilate the patient, requiring an 
emergent surgical airway (fortunately this is uncommon). For 
emergent intervention of a comprised airway in the adult 
patient, a cricothyroidotomy is the procedure of choice. Tra-
cheostomy is used for emergency surgical airways in the 
pediatric population younger than 10 to 12 years. The small 
size of the cricothyroid membrane (3  mm) and the poorly 
defi ned anatomic landmarks make performing a cricothyroid-
otomy extremely diffi cult in children. There is also an 
increased risk of laryngeal and vocal cord injury with crico-
thyroidotomy in this age group.

Needle cricothyroidotomy with jet insuffl ation can also 
be performed by skilled anesthesia personnel (providing 
temporary oxygenation but not ventilation). The patient can 
be oxygenated while the surgeon establishes a defi nitive 
surgical airway (tracheotomy or cricothyroidotomy). If a sur-
gical cricothyroidotomy is performed, conversion into a 
formal tracheotomy should be considered, primarily depend-
ing on the anticipated duration for the surgical airway (patients 
requiring prolonged ventilatory support should be converted 
to a tracheotomy). The techniques for each are described 
below.

Needle cricothyroidotomy with jet insuffl ation. Ideally, 
the patient should be supine or semisupine with a shoulder 
bolster to hyperextend the neck. The cricothyroid membrane 
(slight depression between the thyroid cartilage and cricoid 

Hyoid bone

Sternal notch

Thyroid membrane

Common carotid artery

Superior thyroid vein (cut)

Internal jugular vein

Thyroid gland (cut)

Middle thyroid vein (cut)

Inferior thyroid vein (cut)

Aortic arch

1st and 2nd tracheal rings

Cricothyroid membrane

Superior thyroid artery (cut)

Cricoid cartilage

Right recurrent laryngeal nerve

Subclavian artery

Brachiocephalic vein

Thyroid cartilage

Figure 3-2 Surgical landmarks of the neck in relation to the airway.
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cartilage) is palpated, and the larynx is stabilized using the 
thumb and forefi nger. In a thin neck with prominent land-
marks, an incision is not needed and direct puncture through 
skin and cricothyroid membrane can be accomplished. It may 
be necessary to make a small incision through skin over the 
identifi ed region of the cricothyroid membrane. Using a 3-ml 
syringe attached to a 14-gauge angiocatheter, the needle is 
inserted through the cricothyroid membrane, directing the 
needle at a 45-degree angle caudally while applying negative 
pressure to the syringe and aspirating as the needle is advanced 
(aspiration of air indicates entry into the tracheal lumen). The 
14-gauge needle is removed from the angiocatheter, leaving 
the angiocatheter within the trachea. Once in place, the cath-
eter can be insuffl ated with oxygen with commercially avail-
able kits or with clinical ingenuity. A small hole can be cut 
in the oxygen tubing near its attachment to the 3-ml syringe 
(can also be attached to a 7.5 endotracheal tube connector). 
The hole is occluded for 1 second and left open for 4 seconds, 
forcing oxygen into the trachea and allowing for some passive 
exhalation (if any). Adequate oxygenation can be maintained 
for 30 to 45 minutes, but hypercarbia will result from inad-
equate ventilation. Preparations should be made to convert 
the airway to a tracheotomy or for another attempt at endo-
tracheal intubation, at the surgeon’s and anesthesiologist’s 
discretion.

Surgical cricothyroidotomy. The nondominant hand is 
used to stabilize the laryngeal cartilage, and a vertical skin 
incision is made using a No. 15 or 11 (or any available) blade 
over the cricothyroid membrane (providing the option of 
superior-inferior extension of the incision as needed). The 
incision is carried through the skin and superfi cial fat layer, 
immediately over the cricothryoid membrane, which is verti-
cally incised with the blade. Subsequently, the blade handle 
is inserted into the incision site and rotated 90 degrees to 
provide access into the tracheal lumen. The lumen is further 
dilated with fi nger dissection or with the use of a Trousseau 
dilator. A small cuffed endotracheal, or tracheotomy tube, is 
inserted and the patient is ventilated. A positive return of 
carbon dioxide is the best modality to confi rm correct tube 
placement. The tube is secured, and the chest is auscultated 
for bilateral breath sounds.

In this patient, an emergent surgical cricothyroidotomy 
was performed after the airway was lost during an unsuccess-
ful attempt at an awake fi beroptic nasal intubation. Due to 
the severity of infection, diffi culty of airway, and prolonged 
anticipation of cannulation, the cricothyroidotomy was sub-
sequently converted to a formal tracheotomy.

COMPLICATIONS

The most feared complication involved with performing a 
needle cricothyroidotomy procedure is inadequate oxygen-
ation and ventilation leading to anoxic brain injury and car-
diovascular collapse. Proper placement of the insuffl ating 
needle is paramount for a successful outcome. Complications 
associated with the emergent nature of this procedure are 
associated with the placement and manipulation of the 14-

gauge needle. Laceration of adjacent structures, including the 
thyroid, the posterior tracheal wall, and the esophagus, can 
occur leading to severe hemorrhage, which can cause embar-
rassment of the already compromised airway. Hematoma for-
mation and aspiration of blood can contribute to a negative 
outcome. Improper placement of the needle can also result in 
subcutaneous or mediastinal emphysema.

Complications associated with surgical cricothyroidotomy 
include all the acute events discussed with the needle crico-
thyroidotomy procedure, as well as chronic complications 
associated with the surgical intervention. Creation of a false 
passage into the surrounding connective tissue and damage 
to the larynx and vocal cords can result from improper or 
forced introduction of the endotracheal tube. Subsequent 
laryngeal stenosis or vocal cord paralysis may occur, resulting 
in permanent damage.

DISCUSSION

The various possible etiologies of airway embarrassment (loss 
of airway) secondary to upper airway obstruction (severe 
maxillofacial trauma, infections, tumors, congenital or devel-
opmental deformities, laryngospasm, foreign body, or edema) 
can be differentiated based on chronology, presentation, and 
physical and radiographic fi ndings. A true loss of airway is 
defi ned as the inability to ventilate (with bag-mask-valve, 
laryngeal mask airway, or Combitube) and inability to intu-
bate an unconscious patient (a surgical emergency). Although 
it is usually progressive, it may have a sudden onset based on 
etiology and can occur prior to arrival to the operating room, 
during an attempted intubation, after extubation, or in an 
offi ce setting during intravenous sedation. This is distin-
guished from loss of protective airway refl exes, in which the 
patient has an upper airway obstruction that is easily managed 
with chin-lift/jaw-thrust, oral or nasal airways, and positive 
pressure mask ventilation (see Chapter 3, the section on respi-
ratory depression secondary to oversedation).

There are numerous situations where an oral and maxil-
lofacial surgeon may encounter patients with diffi cult airways 
and/or acute airway embarrassment. The surgeon and anes-
thesia team should communicate to anticipate the likelihood 
of a diffi cult intubation (requiring awake fi beroptic nasal intu-
bation) or possible loss of airway (requiring emergent surgical 
intervention). The surgeon should take charge once the airway 
is lost (cannot intubate, cannot ventilate scenario) and rapidly 
secure a surgical airway, as described earlier. The operating 
room staff should be prepared to assist for an emergent cri-
cothyroidotomy (in the adult) or tracheotomy (in the pediatric 
patient).

Recognition of a compromised airway represents the most 
diffi cult and crucial step in airway management. A compro-
mised airway may be classifi ed as sudden and complete, 
insidious and partial, or progressive. Assessment and frequent 
reassessment of airway patency and adequacy of ventilation 
are crucial. A patient’s refusal to lie down may be an indica-
tor that the patient is unable to maintain the airway or handle 
secretions. Tachypnea is generally related to pain and anxiety 
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but may also be an early indicator of airway or ventilatory 
collapse. Compromised ventilatory efforts may occur in 
unconscious patients with alcohol or drug abuse or neck, 
thoracic, or intracranial injuries. These patients often require 
endotracheal intubation to establish and maintain a defi nitive 
airway and to protect against pulmonary aspiration.

Objective signs of airway obstruction may be revealed 
with visual assessment to determine whether the patient is 
agitated or obtunded. Agitation may suggest hypoxia, whereas 
an obtunded patient may refl ect hypercarbia. The abusive 
patient may be hypoxic and should not be presumed to be 
intoxicated. Cyanosis related to hypoxemia is manifest by the 
presence of a blue hue within the perioral tissues and the nail 
beds. Visualization of chest retractions and the use of acces-
sory muscles provide further evidence of airway compromise. 
The chest should be evaluated by auscultation. Noisy breath 
sounds, snoring, gurgling, and crowing sounds (stridor) may 
be associated with partial upper airway obstruction. Hoarse-
ness (dysphonia) may indicate laryngeal obstruction or edema. 
The trachea should be palpated to determine its position.

A defi nitive airway involves the presence of an endotra-
cheal tube within the trachea, connected to an oxygen source. 
There are three forms of defi nitive airways:
• Orotracheal tube
• Nasotracheal tube
• Surgical airway (cricothyroidotomy or tracheotomy).
Initial attempts should be directed toward placement of an 
orotracheal or a nasotracheal tube. If edema or severe oro-
pharyngeal hemorrhage obstructs the airway preventing 
endotracheal tube placement, then a surgical airway must be 
performed. Depending on the experience of the surgeon, a 
surgical cricothyroidotomy is preferred to a tracheotomy in 
the emergent setting, because it is easier to perform, is asso-

ciated with less bleeding, and requires less time. An awake 
tracheotomy is more appropriate in the diffi cult airway 
without the acute loss of airway.
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4 Oral and Maxillofacial 
Infections

Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Ludwig’s Angina
• Buccal Space Abscess
• Vestibular Space Infection
• Lateral Pharyngeal and Masticator Space Infection
• Osteomyelitis

Odontogenic and nonodontogenic maxillofacial infections are 
some of the oldest disease processes treated by oral and max-
illofacial surgeons. These patients commonly present to the 
offi ce or, in severe cases, to the hospital emergency depart-
ment. Although the majority of infections can be treated in a 
nonemergent fashion, early recognition and correct manage-
ment of severe infections can be life saving. Knowledge of 
the surgical anatomy and path of spread of infections in the 
head and neck is fundamental in providing correct diagnosis 
and treatment. The ability of severe infections of the sublin-
gual, submandibular, and parapharyngeal spaces to cause 
airway compromise, cavernous sinus thrombosis, and possi-
bility or mediastinal spread of infection has resulted in com-
plications and death, especially in the medically compromised 
patient who presents late in the disease process.

Despite the availability of a wide spectrum of antimicro-
bial agents and increasing knowledge of microbiology, the 
treatment of odontogenic infections remains primarily surgi-
cal. Removal of the source of infection and establishment of 
adequate drainage for elimination of the purulent material 
provide the mainstay treatment. Adequate antibiotic coverage 
is, however, important and should not be overlooked.

The response to treatment can be monitored by several 
clinical (swelling, erythema, pain, interincisal opening) 
and laboratory (white blood cell [WBC] count, C-reactive 
protein) parameters. The measurement of temperature is an 
ancient method of monitoring the response to an infectious 
process. Fever occurs secondary to the production of endog-
enous pyrogens (e.g., cytokines, interleukins, tumor necrosis 
factor) that affect the hypothalamus and medulla to increase 
the temperature set point. The defi nition of fever is arbitrary, 

and there is considerable variability in “normal temperature” 
for a population of healthy adults. A range of defi nitions 
are acceptable (between 37.5°C to 38.5°C) depending on 
how sensitive an indicator the surgeon wants to use. The lower 
the temperature used to defi ne fever, the more sensitive the 
indicator is for detecting an infectious process but the less 
specifi c it will be. Normal body temperature is generally 
considered to be 37.0°C and varies according to circadian 
rhythm and menstrual cycle. Many different variables can 
infl uence temperature, such as exercise and environmental 
factors.

Chills occur in response to the elevation in temperature 
setpoint during the initiation of fever. This is often accompa-
nied by the need for increased insulation and decreased expo-
sure of exposed skin. Shivering is also seen, contributing to 
the increase in temperature.

The differential is a ratio of the different types of WBCs 
present (polymorphonuclear neutrophils [PMNs], lympho-
cytes, monocytes, eosinophils, or basophils). With a rise in 
WBC count, as seen during an acute infection, the predomi-
nant increase occurs in the PMNs. Chemotactic factors con-
tribute to the recruitment of PMNs to the site of infection (or 
injury) with a subsequent increase in production of neutro-
phils by the bone marrow. The increased precursor forms of 
the PMNs (myelocytes and promyelocytes) are released into 
the circulating blood. The movement toward circulation of 
immature forms is termed a shift to the left and is usually 
seen during acute infections.

In this chapter, we present four teaching cases of infections 
that have an odontogenic etiology. We also present a case of 
osteomyelitis of the mandible.
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Ludwig’s Angina

Jaspal Girn, DMD, and Chris Jo, DMD

CC

A 34-year-old otherwise healthy man presents to the emer-
gency department stating, “My neck and tongue are swollen, 
and it all started with a toothache.”

Ludwig’s angina is predominantly seen in young adults 
with as much as a 3:1 male predilection.

HPI

The patient presented to the emergency department with a 
3-day history of progressive swelling and pain in his neck. 
He reports a 3-week history of severe, intermittent pain in his 
lower right third molar. Ten days ago, his general dentist 
prescribed him amoxicillin for a periapical abscess and 
pericoronitis associated with his right mandibular third 
molar, which was partially impacted and decayed. Despite 
compliance with antibiotics, he progressively developed 
persistent swelling and a foul-tasting drainage around the 
tooth. He began to have swelling under the right side of 
his tongue (right sublingual space), which spread to the 
contralateral side (no anatomical barrier between right and 
left sublingual spaces). Simultaneous to the fl oor of the 
mouth swelling, the neck began to swell on the right side, 
which then spread to the other side. He reports having sub-
jective fevers and chills (signs of systemic infl ammatory 
involvement), as well as dysphagia (diffi culty swallowing) 
and odynophagia (painful swallowing). He states that he 
has not been able to eat or drink in the past 48 hours 
(causing dehydration). He denies dysphonia (diffi culty speak-
ing, seen with edema of the vocal cords and upper airway) 
or any chest discomfort (seen with advanced mediastinal 
involvement).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

This patient is otherwise healthy. Diabetes mellitus and other 
immunocompromised states are risk factors for poor outcome 
and death (see Complications later).

EXAMINATION

General. The patient is sitting upright, appears very restless, 
and is unable to tolerate his oral secretions (evidenced by 
constant use of a Yankauer suction and drooling of saliva). 
He appears to be in mild respiratory distress, but there is no 
evidence of stridor (high-pitched crowing noise due to partial 
upper airway obstruction).

Airway. The airway is stable on examination. The trachea 
is diffi cult to palpate due to edema but appears to be midline. 
Fiberoptic nasopharyngoscopy can be performed to further 
evaluate the patency of the upper airway and the amount of 
edema of the surrounding soft tissue (see chapter 3, section 
on emergent surgical airway). Alternatively, computed tomog-
raphy (CT) scans of the neck can delineate neck and airway 
swelling.

Vital signs. The patient’s blood pressure is 138/89  mm  Hg, 
heart rate 110  bpm (tachycardia), respirations 28 per minute 
(tachypnea), and temperature 40.0°C (febrile), with oxygen 
saturation 96% on room air.

Maxillofacial. There is obvious moderate to severe facial 
swelling over the lower third of the face. Brawny and painful 
induration of the submandibular and submental spaces is noted 
bilaterally (Figure 4-1). There is erythema over the anterior 
neck extending down to the clavicles. However, subcutaneous 
crepitus (indicative of subcutaneous air from gas producing 
organisms) is not present. No cervical lymphadenopathy or 
fl uctuance was palpated (lymphadenopathy would be diffi cult 
to assess in the presence of neck edema or induration).

Intraoral. The patient’s mouth opening is limited with a 
maximal interincisal opening of 20  mm (trismus indicates 
masticator space involvement or guarding secondary to pain). 
The fl oor of the mouth and tongue are elevated and edematous 
(sublingual space). The oropharynx is not clearly visualized 
due to the limited mouth opening and elevated tongue (posi-
tive predictors of diffi cult laryngoscopy and endotracheal 
intubation).

Cardiovascular. The patient is tachycardic without rubs, 
murmurs, or gallops (tachycardia and friction rubs can be 
indicative of mediastinitis). He is negative for Hamon’s sign 
(crepitus heard with a stethoscope during systole indicative 
of mediastinitis).

Pulmonary. Lung fi elds are clear to auscultation bilater-
ally without rales, bronchi, or wheezes (aspiration of saliva 
or exudates can be seen with advanced cases).

IMAGING

Before obtaining any imaging studies, the surgeon needs to 
decide on the urgency of the infectious process compromising 
the airway. If the airway is deemed stable, imaging studies 
should be obtained to guide surgical treatment. However, any 
possibility of acute airway embarrassment should not delay 
direct transfer to the operating room for advanced airway 
interventions. Once the airway is stabilized, imaging studies 
can be safely obtained.
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have also suggested that a very high CRP level at the time of 
admission is a predictor of a complicated hospital course. 
Electrolyte disturbances (sodium, potassium, magnesium, 
calcium) are common among patients with severe head and 
neck infections, especially when the patient is not able to 
tolerate oral intake due to swelling or pain. Blood urea nitro-
gen (BUN) and creatinine levels are useful to evaluate for 
prerenal azotemia due to hypovolemia. Blood cultures are 
indicated in the patient with persistent fever. An electrocar-
diogram (EKG) should be obtained with suspicion of medias-
tinitis. An arterial blood gas (ABG) measurement is warranted 
in the critically ill patient presenting with septic shock.

This patient presented with the following lab values: WBC 
of 21,000 cells/mm3 with a 35% bandemia, BUN of 30  mg/dl 
(normal range, 7 to 18  mg/dl), and creatinine of 1.2  mg/dl 
(normal range, 0.6 to 1.2  mg/dl). The BUN/creatinine ratio 
was 25 (ratio greater than 20 is indicative of prerenal azote-
mia). The remainder of his electrolyte values were within 
normal limits.

ASSESSMENT

Ludwig’s angina secondary to carious right mandibular third 
molar (odontogenic source of infection accounts for 70% to 
90% of cases, the vast majority arising from second or third 
molars)

Ludwig’s angina was fi rst described by Karl Friedrich 
Wilhelm von Ludwig in 1836 as a rapidly progressing gan-
grenous cellulitis originating in the region of the subman-
dibular area that extends without any tendency to form 
abscesses. Ludwig’s angina is now known as an aggressively 
spreading cellulitis that simultaneously affects the bilateral 
submandibular, sublingual, and submental spaces. Although 
Ludwig’s angina is classically described as a cellulitis, pro-
gression to abscess formation within the involved spaces is 
most often the case, and to this date, clinicians still use the 
term “Ludwig’s angina” when describing a bilateral subman-
dibular, sublingual, and submental space infection. Grodin-
sky and Holyoke’s criteria for Ludwig’s angina may no longer 
have any useful clinical application. The term “angina” is a 
misleading term, because any chest discomfort seen with this 
is from descending mediastinitis and is not related to isch-
emic heart disease.

TREATMENT

Treatment begins with evaluation of the patient’s airway and 
appropriate management to prevent acute airway embarrass-
ment (see Chapter 3, the section on emergent surgical airway). 
The airway is fi rst evaluated by the general appearance of the 
patient (a distressed patient with stridorous respirations is 
assumed to have an airway compromise until proved 
otherwise). The oral cavity should be examined to evaluate 
the amount of tongue, fl oor of mouth, soft palate, and pha-
ryngeal wall edema (many times an oral examination is very 
limited due to the patient’s inability to open). A fi beroptic 
nasopharyngoscopy can be performed in the emergency 

Figure 4-1 Brawny cellulitis and erythema of the bilateral sub-
mandibular and submental spaces.

A panoramic radiograph is the initial screening study of 
choice. It provides an excellent overview of the dentition, 
identifying any odontogenic sources of the infection. CT 
scans of the neck with contrast material is indicated when 
dealing with deep neck space infections (chest CT should be 
included if there is a suspicion of descending mediastinitis). 
This study can help determine the anatomical spaces involved, 
localize any fl uid collections (loculations of purulence), and 
determine if the airway is deviated or compromised. CT is 
also helpful in surgical planning for incision and drainage. 
When a chest CT is deemed unnecessary, chest radiographs 
(posteroanterior and lateral views) can be an important 
screening tool to detect a widened mediastinum, which may 
be indicative of descending mediastinitis.

In this patient, the panoramic radiograph revealed a carious 
right mandibular third molar, with a large periapical radiolu-
cent lesion. The CT scan of the patient’s neck reveals a 
rim-enhancing fl uid collection involving the bilateral sub-
mandibular, submental, and right sublingual spaces (Figure 
4-2). In addition, there is diffuse soft tissue edema consistent 
with cellulitis in the involved spaces. No subcutaneous emphy-
sema is seen in the cervical tissues (subcutaneous gas collec-
tion is considered a hallmark sign of cervical necrotizing 
fasciitis and is seen in up to 46% to 67% of cases). The 
patient’s airway is patent and midline. A chest CT was ordered 
due to the erythema tracking down the anterior neck. No 
mediastinal involvement was observed.

LABS

A complete blood count (CBC) and complete metabolic panel 
(CMP) are indicated during the work-up of severe odonto-
genic infections. The presenting WBC count is a marker of 
the severity of infection and should be followed during the 
course of treatment. C-reactive protein (CRP) is an acute-
phase reactant that is released in response to infl ammation, 
and it can be used to monitor the response to therapy. Studies 
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department to further assess the airway, including the vocal 
cords. Intravenous dexamethasone can be given to reduce 
the airway edema in patients with impending upper respira-
tory obstruction. An emergent cricothyroidotomy should 
be performed if the patient loses the airway before arrival 
to the operating room. An awake tracheotomy or an awake 
fi beroptic nasal intubation can be performed in the operating 
room if the situation is less acute (oral intubation by direct 
laryngoscopy may also be possible in less severe cases). 
There is support in the current literature that a tracheotomy 

may be indicated in patients with Ludwig’s angina (see 
Complications).

Supportive measures should be initiated while arrange-
ments are made with the operating room. This should include 
fl uid resuscitation and initiation of broad-spectrum empiric 
antibiotic therapy. Fluid resuscitation is commonly needed 
because patients present with hypovolemia due to the lack of 
oral intake (insensible losses are accelerated by fever) and/or 
some degree of sepsis or septic shock. Adequacy of fl uid 
resuscitation should be continuously monitored (heart rate, 

A

C D

B

Figure 4-2 A, Axial view, soft tissue CT neck scan with contrast showing an enhancing fl uid collection in the submental space. B, Axial 
view, soft tissue CT neck scan with contrast showing enhancing fl uid collections in the submental and bilateral submandibular spaces. 
C, Axial view, soft tissue CT neck scan with contrast showing an enhancing fl uid collection in the right sublingual space. Note that 
Wharton’s duct seen on this view confi rms that this abscess is above the mylohyoid muscle. D, Sagittal reconstruction, soft tissue CT neck 
scan with contrast showing a large submandibular space abscess extending from the inferior border of the anterior mandible to the hyoid 
bone.
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blood pressure, urine output, and BUN/creatinine). Vasopres-
sive therapy may be indicated in patients presenting with 
septic shock. Tight glycemic control (blood glucose 90 
to 110  mg/dl) is desirable, especially in the critically ill 
patient.

Empiric antimicrobial therapy should be promptly initi-
ated to cover the mixed aerobic-anaerobic polymicrobial 
organisms (gram-positive, gram-negative, aerobic, and 
anaerobic) commonly involved in these infections. The 
combination of penicillin G with an adult dose of 4 to 30 
million units per day, divided every 4 to 6 hours in combina-
tion with metronidazole, is an appropriate regimen. Other 
recommendations include clindamycin 900  mg intravenously 
every 8 hours, ticarcillin clavulanate 3.1  g intravenously 
every 6 hours, ampicillin sulbactam 3  g intravenously every 6 
hours, or piperacillin tazobactam 3.375  g intravenously every 
6 hours. Chow in 1992 recommended high-dose intravenous 
penicillin G combined with clindamycin, metronidazole, or 
cefoxitin. When available, the antibiotic regimen should be 
guided by cultures and sensitivity studies. CRP has been 
shown to be an excellent marker for severity of the infec-
tion and the patient’s response to surgical and antibiotic 
therapy.

Aggressive surgical drainage and debridement, along with 
elimination of the source of infection, are necessary for defi n-
itive treatment. Delay in taking the patient to the operating 
room for surgical treatment is associated with a worse 
outcome. Cultures should be taken either via aspiration 
techniques or with a culturette swab. Most cases of Ludwig’s 
angina can be managed using small incisions in the subman-
dibular and submental regions (larger cervical hockey stick 
or apron incisions may be indicated when complicated by 
necrotizing fasciitis). Blunt dissection is carried out to explore 
all the involved spaces. Subperiosteal dissection and debride-
ment are important in the area around the source of infection, 
and any offending teeth should be extracted. The intraoral 
and extraoral dissections can be dissected to freely commu-
nicate, allowing for dependent extraoral drainage. Therefore 
the abscess is decompressed, the necrotic debris is debrided, 
and the wounds are copiously irrigated. Red rubber catheters 
and/or Penrose drains can be used to facilitate postoperative 
wound irrigation and to allow dependent drainage. Drains can 
be slowly advanced out of the wound postoperatively or 
removed when purulent drainage ceases. Repeat drainage and 
lavage procedures in the operating room should be consid-
ered, especially in more severe infections that are refractory 
to treatment.

The patient was given 16  mg of dexamethasone intrave-
nously in the emergency department, intravenous fl uid resus-
citation was initiated, and empiric intravenous antibiotics 
were administered. Antibiotic therapy consisted of ampicil-
lin-sulbactam (Unasyn) 3.0  g every 6 hours and clindamycin 
900  mg every 8 hours. The patient was urgently taken to the 
operating room for incision and drainage of the involved 
anatomical spaces of the neck and extraction of the right 
mandibular third molar. The patient was intubated success-

fully via an awake nasal fi beroptic endotracheal intubation. 
An 18-gauge needle was used to aspirate purulent exudate 
from the submandibular space, which was sent for Gram 
stain, aerobic and anaerobic cultures, and antibiotic sensitiv-
ity studies. The surgical drainage consisted of three incisions 
of 1.5 to 2  cm in length, 2  cm below the inferior border at the 
angle of the mandible bilaterally and anteriorly in the sub-
mental area. Blunt dissection with a hemostat and a Kelly 
clamp was carried out to explore all involved spaces. Copious 
amounts of purulence and necrotic tissue were expressed 
from the surgical sites. The right mandibular third molar was 
elevated and extracted. The gingival cuff was elevated, and 
subperiosteal dissection was carried out along the lingual 
plate to enter into the sublingual and submandibular spaces. 
All the incisions were connected to each other in the subpla-
tysmal and subperiosteal planes. Irrigation drains were placed 
in both submandibular, sublingual, and the submental spaces. 
All drains were irrigated with copious amounts of antibiotic 
irrigation. The patient was left intubated for 3 days postop-
eratively due to surgical and airway edema. After signifi cant 
resolution of the infection and edema, he had a positive cuff 
leak test and was extubated over an Eschmann tube, which 
was left in place for several hours. He did not experience any 
postextubation airway compromise and was transferred to the 
ward the following day.

COMPLICATIONS

The most feared complication associated with Ludwig’s 
angina is death due to airway compromise. Loss of airway 
from upper airway obstruction can occur at any time during 
the perioperative period, before arrival at the operating room, 
during an attempted intubation, after an accidental or self-
extubation in the intensive care unit (ICU), or after a planned 
extubation (see Chapter 3, the section on emergent surgical 
airway). Potter and colleagues in 2002 reported a 3% inci-
dence of loss of airway for patients who received a trache-
otomy versus 6% for patients maintained with endotracheal 
intubation. They reported two deaths (4% mortality rate) sec-
ondary to loss of airway, and both deaths occurred in the 
endotracheal intubation group (one occurred after a planned 
extubation and the other occurred after an unplanned extuba-
tion). The tracheotomy group had shorter ICU stay (1.1 versus 
3.1 days) and shorter overall hospital stay (4.9 versus 5.9 
days). Har-El and associates reported that patients with 
Ludwig’s angina or a retropharyngeal space abscess had 
a signifi cant need for tracheotomy. Their review of 110 
patients showed that 4 of 8 patients meeting their criteria for 
severe infection who did not receive a tracheostomy devel-
oped upper airway obstruction necessitating an emergent sur-
gical airway (50% incidence of airway loss in the endotracheal 
intubation group). They concluded that tracheotomy is indica-
ted in patients with Ludwig’s angina. Loughnan and col-
leagues report successful endotracheal intubation in 9 of 10 
patients with Ludwig’s angina using an inhalational induction 
technique and direct laryngoscopy, but they do not report on 
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the postoperative morbidity and mortality. If postoperative 
endotracheal intubation is planned, adequate sedation, four-
point restraints, and a secured tube (taped around the head or 
wired to the teeth) are paramount to prevent unanticipated 
self or iatrogenic extubation. Upon extubation, a cuff-leak test 
should be performed and an Eschmann tube should be left in 
place to facilitate reintubation if needed (postextubation 
laryngeal edema may cause loss of airway despite having a 
good cuff-leak test).

Before the advent of antibiotics, the mortality rate from 
Ludwig’s angina was greater than 50%. Fortunately, the prev-
alence and mortality rates have signifi cantly decreased due 
to better access to dental care and antibiotic therapy. 
When complicated by descending mediastinitis and thoracic 
empyema, the mortality rates remains as high as 38% to 60%, 
despite antibiotic therapy (Figure 4-3). When complicated 
by cervical necrotizing fasciitis, the more recent reported 
mortality rates are 18% to 22% (any delay in surgical treat-
ment increases mortality). Tung-Yiu and colleagues reported 
that an immunocompromised state (e.g., diabetes mellitus) 
increases the risk of an odontogenic infection developing into 
cervical necrotizing fasciitis. Of their series of 11 cases, seven 
patients were immunocompromised (four with diabetes mel-
litus), which accounted for all major complications including 
two deaths. Others have reported a mortality rate as high as 
67% with severe odontogenic infections associated with dia-
betes mellitus. Currently there is no evidence to suggest that 
HIV/AIDS status increases the risk of developing Ludwig’s 
angina and its associated complications.

Other potential complications include aspiration, ventila-
tor-acquired pneumonia, septic shock, and acute renal 
failure.

DISCUSSION

Ludwig’s angina is defi ned by the involvement of specifi c 
anatomical spaces (bilateral submandibular, sublingual, and 
submental spaces). The sublingual space(s) is bounded ante-
riorly and laterally by the mandible, superiorly by the fl oor of 
the mouth and tongue, and inferiorly by the mylohyoid muscle. 
There is no anatomical barrier between the left and right 
sublingual spaces. The submandibular space is separated 
from the sublingual space by the mylohyoid muscle, thus 
forming the roof of the submandibular space. The hyoglossus 
and styloglossus muscles form the medial border, and the 
body of the mandible forms the lateral border. The skin, 
superfi cial fascia, platysma, and superfi cial layer of the deep 
cervical fascia form the superfi cial boundary. The anterior 
bellies of the digastric muscles form the lateral borders of the 
submental space. The roof is formed by the mylohyoid muscle. 
The symphysis of the mandible and the hyoid bone form its 
anterior and posterior borders, respectively. The sublingual 
and submandibular spaces posteriorly communicate freely 
with each other and with the medial masticator and lateral 
pharyngeal spaces, which in turn is contiguous with the ret-
ropharyngeal space. Extension of the infection along the 
carotid sheath (contained within the posterior compartment 
of the lateral pharyngeal space [LPS]) or retropharyngeal 
space can lead to descent into the superior mediastinum. The 
alar fascia separates the retropharyngeal space from the 
“danger space” (space 4 of Grodinksy and Holyoke), which 
extends to the diaphragm and the posterior mediastinum. The 
anterior paratracheal spaces provide anterior access to the 
superior mediastinum (Figure 4-4).

Ludwig’s angina most commonly has an odontogenic etiol-
ogy (70% to 90%). A periapical abscess from the second or 
third mandibular molars is the most common cause. The roots 
of these teeth are commonly below the attachment level of 
the mylohyoid muscle to the internal oblique ridge. The peri-
apical abscess perforates the lingual cortex, with spread into 
the sublingual (if the root is above the mylohyoid attachment) 
or submandibular space (if the root is below the mylohyoid 
attachment). The infection can then rapidly spread to adjacent 
continuous or contiguous spaces. Other causes include peri-
tonsillar or parapharyngeal abscesses, oral lacerations, man-
dibular fractures, and submandibular sialadenitis.

The bacteriological profi le of Ludwig’s angina is usually 
polymicrobial, and it includes anerobes and ananerobes. 
The most common organisms are Streptococcus viridans, 
β-hemolytic streptococci, staphylococci, Klebsiella pneu-
moniae, anaerobic Bacteroides, and Peptostreptococcus. S. 
viridans is one of the most commonly isolated organisms. 
This is consistent with previous reports associating this 
organism with odontogenic infections. K. pneumoniae is 
another commonly isolated organism, with a higher incidence 
in patients with diabetes mellitus.

Figure 4-3 Another patient with Ludwig’s angina and descend-
ing mediastinitis via the anterior paratracheal spaces and bilateral 
carotid spaces. Note the soft tissue edema and erythema of the 
anterior neck tracking down to the sternum.
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Buccal Space Abscess

Abtin Shahriari, DMD, MPH, and Shahrokh C. Bagheri, DMD, MD

CC

A 34-year-old woman presents to the urgent care clinic com-
plaining of pain and progressively enlarging swelling of her 
right cheek.

HPI

The patient has not received any dental care for the past 
several years (risk factor for odontogenic infections). Six 
months earlier, she noticed that a segment of a restoration 
broke off the right maxillary second molar. At the time, there 
was no associated pain, and she elected to neglect the tooth. 
Two days before presentation, she developed acute onset of 
right-side swelling of the cheek associated with mild pain and 
discomfort that have progressively exacerbated. There is no 
history of dysphasia, swelling of the fl oor of the mouth, or 
diffi culty breathing (would be indicative of parapharyngeal 
or sublingual infections and are not seen with pure buccal 
space involvement).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.
Severe odontogenic infections are most commonly seen in 

patients with a history of dental neglect. When infections are 
seen in patients with compromised immunity (AIDS, diabe-
tes, chemotherapy), the infectious process may prove more 
resistant to treatment.

EXAMINATION

General. The patient was a well-developed and well-
nourished woman in mild distress (patients with buccal space 
infections are frequently very concerned due to the extent of 
swelling and pain).

Vital signs. Vital signs were stable and afebrile (an 
elevated temperature is not always seen, especially in well-
localized infections, unless there is surrounding cellulitis 
or systemic dissemination of the infection).

Maxillofacial. Signifi cant right-side facial edema extended 
from the inferior border of the mandible superiorly to the level 
of the zygoma (Figure 4-5). The swelling is soft and fl uctuant 
and with no apparent intraoral or extraoral drainage (untreated 
buccal space infections may spontaneously drain providing 
some relief or spread into other fascial spaces). There is 
tender right submandibular lymphadenopathy (due to active 
infection).

Intraoral. The maximal interincisal opening is 35  mm 
(trismus is not seen with buccal space infections because 
it does not involve the muscles of mastication). Bimanual 
examination of the right cheek reveals fl uctuance extending 
to the depth of the maxillary and mandibular vestibules. 
The right maxillary second molar (tooth No. 2) is grossly 
carious. The fl oor of the mouth is soft and not elevated (it is 
important to assess the airway for patency), the oropharynx 
is clear, and the uvula is midline (deviation is seen with lateral 
pharyngeal space [LPS] infections).

A key clinical fi nding of buccal space infections is 
the general lack of extension of swelling below the inferior 
border of the mandible. Infections can spread in a subcu-
taneous plane to the neck or the periorbital tissue, but exten-
sion beyond the buccal area implies tissue involvement beyond 
this space. The buccal space does not compromise the 
airway.

IMAGING

The panoramic radiograph is the imaging study of choice for 
the evaluation of suspected buccal space infections and is 
frequently the only imaging study that is necessary. It allows 
a general screening of the bony anatomy of the maxillofacial 
region, as well as identifi cation of potential odontogenic 
sources of infection (most commonly, the maxillary or 
mandibular fi rst or second molars). A CT scan with intrave-
nous contrast material can be obtained if there is clinical 
suspicion of orbital, parapharyngeal, or submandibular space 
involvement.

For this patient, the panoramic radiograph demonstrated a 
severely carious right maxillary second molar, with a well-
demarcated periapical radiolucent lesion.

LABS

No routine laboratory tests are indicated for the evaluation 
and treatment of buccal space infections. A CBC can be 
obtained to assess for leukocytosis (elevated WBC count). 
This test may be valuable in cases that are refractory to treat-
ment or in the presence of other medical comorbidities. The 
WBC count may not be elevated with isolated buccal space 
infections.

Routine use of culture and sensitivity studies for all buccal 
space infections is not indicated. However, in patients with 
multiple comorbidities or infections that are resistant to con-
ventional therapy, culture and sensitivity studies may be 
useful to guide antimicrobial therapy.
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ASSESSMENT

Right buccal space abscess secondary to carious right max-
illary second molar

TREATMENT

Surgical establishment of drainage along with removal of the 
source of infection is the most important treatment for buccal 
space infections. Antibiotic therapy is recommended and 
should be initiated to aid in resolution of the infection.

In cases of odontogenic etiology, tooth extraction or end-
odontic therapy eliminates the source of infection. When 
possible, extraction is more effective because it also allows 
spontaneous drainage of the infection. Drainage allows 
removal of purulent material, increases tissue perfusion, 
and therefore enhances the delivery of both oxygen and anti-
biotics. Incision and drainage is one of the oldest and most 
effective surgical procedures. Ideally, abscesses should be 
drained when fl uctuant, before spontaneous rupture and 
drainage.

Several basic principles should be applied when draining 
an infection:
• The incision is best placed in healthy mucosa or skin 

when possible
• Camoufl age of the incision in an aesthetic area such as 

inside the mouth or in the crease of the neck
• Anatomical placement of an incision that allows 

drainage by gravity
• Placement of a drain for open communication, with 

subsequent removal once drainage has ceased
The incision is frequently placed intraorally through the 

mucosa in a transverse orientation (although transcutaneous 
incisions may be necessary in select cases). The buccinator 
muscle is bluntly penetrated using a hemostat, entering into 
the buccal space. Culture and sensitivity studies should be 
obtained when indicated (see earlier). Frequent irrigation of 

the wound can be helpful. Other supportive measures such as 
intravenous fl uid therapy (hydration), good oral hygiene, and 
nutritional support are prescribed as necessary.

For this case, with the patient under intravenous sedation 
anesthesia, needle aspiration of the buccal space was accom-
plished releasing 5  ml of brown purulent material that was 
sent for culture and sensitivity studies. Subsequently, a small 
transverse incision was placed intraorally about 1  cm superior 
to the depth of the mandibular vestibule, allowing drainage 
of another 8  ml of pus. The right maxillary second molar was 
extracted without any complication. The buccal space and 
the extraction socket were copiously irrigated, and a Penrose 
drain was placed and secured with a 2-0 silk suture. The 
patient was prescribed a 10-day course of penicillin (penicil-
lin remains the empiric antibiotic of choice for outpatient 
odontogenic infections). The patient was seen in the offi ce the 
next day and 3 days after demonstrating progressive resolu-
tion of her condition.

COMPLICATIONS

Complications of buccal space infections are related to:
• Delay in the diagnosis leading to systemic or local 

spread of the infection
• Surgical interventions resulting in inadequate drainage
• Compromised host immunity leading to failure of 

therapy
• Antibiotic-resistant organisms or inadequate 

pharmacotherapy
• Damage to vital structures due to surgical interventions
Rapid recognition of the above complications will improve 
the outcome.

Infection in the buccal space can spread to the cavernous 
sinus via the transverse facial vein (uncommon), periorbital 
space through the subcutaneous plane, submandibular space 
via inferior or posterior extensions, and superfi cial temporal 
and infratemporal spaces via the buccal fat pad. Injury to 
adjacent structures is usually avoided by careful attention to 
the regional anatomy. The buccal fat pad, Stensen’s (parotid) 
duct, and facial artery should be avoided. However, altered 
anatomy due to regional edema may alter the surgical anatomy.

By far the most common etiology of buccal space infec-
tions is odontogenic. However, recurrent buccal space infec-
tions can be seen as a complication of Crohn’s disease. 
Granulomatous lesions and ulcerations of the buccal mucosa 
can develop into true buccal space infections. Treatment of 
buccal space infections of odontogenic etiology in a patient 
with Crohn’s or granulomatous disease may prove to be more 
challenging.

DISCUSSION

Dense sheets of connective tissue called fascia encompass 
muscles, glands, vascular, and neural structures, facilitating 
movement during function. Bacterial infections that penetrate 
the fascial spaces can therefore spread via the anatomical 
confi nes of these “potential” spaces. Bacterial infections 

Figure 4-5 Swelling of the right face secondary to a buccal space 
abscess.
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spread via hydrostatic pressure and follow the path of least 
resistance, which is the loose, areolar connective tissue that 
surrounds the muscles enclosed by the fascial layers. Certain 
bacteria that produce enzymes that aid in the destruction of 
tissue (e.g., hyaluronidases and collagenases) are more viru-
lent (the relative pathogenicity or the relative ability to do 
damage to the host). Such bacteria more easily invade the 
potential spaces surrounding the muscles.

The buccal space (included in the primary fascial spaces) 
is confi ned anatomically by the subcutaneous skin layer 
superfi cially and medially by the buccinator muscle. Anteri-
orly, it ends at the modiolus (aponeurotic junction of the buc-
cinator and orbicularis oris muscles just posterior to the oral 
commissure). Posteriorly and just medial to the ascending 
ramus, the buccinator muscle is attached to the superior pha-
ryngeal constrictor muscle at the pterygomandibular raphe. 
This formation leads to important anatomical pathways for 
the spread of infection into other spaces. Laterally, it creates 
a communication with the masseteric space (space between 
the masseter muscle and the lateral body of the ramus). Pos-
teriorly and medially, the space communicates with the pter-
ygomandibular, lateral pharyngeal, and infratemporal spaces 
superiorly. Extension of the buccal fat pad can allow buccal 
space infections to enter the superfi cial temporal space, 
extending via the transverse facial vein and pterygoid plexus 
into the infratemporal space. Rarely, it can erode into the 
transverse facial vein or pterygoid plexus and follow a poste-
rior route to the cavernous sinus.

Infections that spread to the subcutaneous plane have no 
superfi cial anatomical barriers and can therefore spread to 
adjacent anatomical areas along this plane. Clinical inspec-
tion of the overlying skin can frequently aid in identifi cation 
of subcutaneous spread of the infection. Demarcation of the 
areas of erythema with a skin-marking pen can be used to 
monitor the progression of the infectious process.

Odontogenic infections (such as buccal space infections) 
are mixed infections. A large proportion (over half) are com-

posed of anaerobes, mostly gram-negative rods (Fuso-
bacterium, Bacteroides). Gram-positive cocci (streptococci 
and peptostreptococci) are also seen in large numbers 
(over 25%).

Noncomplicated buccal space infections can be frequently 
treated in the offi ce using intravenous sedation and close 
outpatient follow-up. However, the presence of systemic 
involvement (fever, sepsis, leukocytosis), dehydration, medical 
comorbidities, noncompliant patients, compromised immune 
status (diabetes, AIDS, chemotherapy, malnutrition), or infec-
tions that involve other deep fascial spaces may warrant 
hospital admission for intravenous antibiotics and medical 
evaluation.

In 2006, Flynn and associates conducted a prospective 
study to predict the length of hospital stay and the failure to 
respond to penicillin in severe odontogenic infections. They 
reported a failure of over 20% with penicillin therapy. This 
fi nding suggests a correlation between infection severity and 
penicillin resistance and is the basis for the recommendation 
of clindamycin as the empiric antibiotic of choice in odonto-
genic infections serious enough to require hospitalization. For 
outpatient treatment, penicillin resistance has not been shown 
to be a signifi cant problem; therefore, penicillin remains 
the empiric antibiotic of choice for outpatient odontogenic 
infections.
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Vestibular Space Infection

Piyushkumar P. Patel, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 33-year-old man presents to the clinic with the chief com-
plaint of “my jaw is swollen and painful.”

HPI

Approximately 1 week prior to presentation, the patient began 
to experience acute pain localized to the right posterior man-
dibular molars, with subsequent development of progressively 
increasing swelling in his right buccal vestibule over the 
course of 3 days. He denies any dysphagia (diffi culty swal-
lowing), dyspnea (diffi culty breathing), or globus (sensation 
of a lump in the throat). There is no history of any fever or 
chills.

PMHX/PDHX/MEDICATIONS/
ALLERGIES/SH/FH

Noncontributory.
The most important risk factor for the development of a 

vestibular space infection is poor oral hygiene and dental 
neglect. Medical comorbidities that compromise the immune 
system and/or wound healing (smoking, malnutrition, HIV/
AIDS, diabetes, chemotherapy) may complicate the treatment 
of this infection.

EXAMINATION

General. The patient is a well-developed and well-nourished 
man in no apparent distress.

Vital signs. His vital signs are stable and he is afebrile 
(vestibular space infections generally do not cause fever in an 
otherwise healthy individual).

Maxillofacial. There is slight edema of the right posterior 
mandible secondary to swelling of the right mandibular 
vestibule.

Intraoral. The fl oor of mouth is soft and nontender (sub-
lingual space not involved). He is able to protrude his tongue 
past the vermillion-cutaneous border of the lower lip. He has 
no restriction of mouth opening (trismus is indicative of mas-
ticator space involvement and is not seen with vestibular 
space infections). There is a signifi cant fl uctuant swelling of 
the mandibular right posterior buccal vestibule, with no 
obvious purulent discharge (Figure 4-6). The right mandibu-
lar fi rst molar has a large restoration that is painful to palpa-
tion, with open carious distal margins. The remaining teeth 
are asymptomatic.

IMAGING

The panoramic radiograph provides the best overall survey of 
the entire mandible and maxilla and serves as a screening tool 
for evaluation of the dentition. An intraoral periapical radio-
graph can be used for greater degree of detail, but this radio-
graph may be diffi cult to obtain in patients with acute pain. 
The development of a vestibular abscess requires the perfora-
tion of the buccal cortex or the presence of severe periodontal 
disease and therefore radiographic evidence of a periapical 
radiolucent lesion or periodontal disease is common. Caries 
or large restorations are frequently seen with the associated 
tooth.

For this patient, a panoramic radiograph demonstrates 
caries on the distal aspect of the right mandibular fi rst molar 
that appears to extend to the pulp chamber. There is a 4 × 
5-mm periapical radiolucent lesion associated with the distal 
root apex.

LABS

No routine laboratory testing is indicated in the management 
of vestibular space infections unless dictated by the medical 
history. Assessment of the WBC count is not necessary unless 
there is suspicion of systemic spread or infection (fever, 
malaise, sepsis). Culture and sensitivity studies are not man-
datory for the initial management of vestibular space infec-
tions. However, for cases that do not respond to the initial 
therapy, causing spread of the infection beyond the vestibular 
space, Gram stain, cultures, and antibiotic sensitivity studies 
may be obtained to guide treatment. Despite adequate samples, 
it is frequently diffi cult for microbiology laboratories to 
isolate a specifi c organism (due to the polymicrobial nature 
of the infection), and therefore antibiotic sensitivity studies 
can be diffi cult to obtain.

ASSESSMENT

Buccal vestibular space abscess secondary to carious right 
mandibular fi rst molar

TREATMENT

Infections that are limited to buccal vestibular space are con-
sidered low risk and can be managed conservatively on an 
outpatient basis with close follow-up. Successful treatment of 
odontogenic infections is mainly surgical and consists of the 
following:
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• Elimination of the source of infection (tooth extraction 
or endodontic therapy)

• Establishment of drainage to aid in removal of the 
causative microorganisms, reducing the bacterial load to 
a level that can be managed by normal defense 
mechanisms

• Appropriate antibiotic coverage
Although antibiotic coverage is routinely used for treatment 
of vestibular infections, the elimination of the source of infec-
tion along with adequate drainage will successfully treat the 
majority of these infections.

Both aerobic and anaerobic gram-positive cocci, along 
with anaerobic gram-negative rods, are the most common 
causative organisms in odontogenic infections. For vestibular 
infections in an otherwise healthy individual, penicillin is 
still considered to be an effective empirical drug of choice 
and is routinely prescribed without obtaining cultures and 
sensitivity data.

This patient was treated by extraction of the right man-
dibular fi rst molar, and a vestibular incision allowing drain-
age with subsequent placement of a Penrose drain (Figure 
4-7). Blunt dissection was carried to the buccal mandibular 
cortex, identifying an area of perforation adjacent to the 
tooth. He was also placed on an oral dose of penicillin and 
discharged to home care with a follow-up appointment in 48 
hours. The drain was removed at that time, with progressive 
resolution of his condition.

COMPLICATIONS

Complications in the treatment of vestibular infections are 
uncommon but mostly related to injury to adjacent anatomical 
structures, failure to remove the offending source of infection, 
antibiotic resistance, compromised host defenses, or spread to 
other fascial spaces. Vestibular infections can pass around the 
levator anguli oris muscle to enter the infraorbital space or 
between the buccinator and depressor anguli oris to enter the 
subcutaneous or buccal space.

The vestibular space primarily contains areolar connective 
tissue, but it is crossed by the parotid duct and the long buccal 
and mental nerves. Incisions should be made to avoid Stensen’s 
duct in the posterior maxillary vestibule, the mental nerve in 
the apical region of the mandibular premolars, the infraorbital 
nerve in the apical region of the maxillary cuspids, and the 
greater palatine neurovascular bundle in cases of palatal 
infections.

In infections that do not appropriately respond to treat-
ment, consideration should be given to inadequate drainage 
or resistant bacterial strains. Culture and sensitivity studies 
should then be obtained to guide antimicrobial therapy.

DISCUSSION

Carious exposure and subsequent bacterial invasion of the 
pulp lead to necrosis of the pulpal tissues. The infl ammatory 
process then spreads to the surrounding periodontal ligament 
and bone. The fi rst pathological change in the area is apical 
periodontitis. This results in an infl ammatory and immuno-
logically mediated process that causes bone resorption and 
results in a localized abscess. If the process is allowed to 
continue, the infl ammatory process will spread peripherally 
until cortical bone is destroyed and a subperiosteal abscess is 
formed. Eventually the periosteum is perforated as the infec-
tion spreads via the “path of least resistance.” The severity of 
the abscess depends on factors such as virulence of the micro-
organism and the anatomical arrangement of adjacent muscles 
and fascia. Vestibular space infections are caused by perfora-
tion of the abscess through the buccal cortex superior to the 
attachment of the buccinator muscle in the mandible and 
inferior to the attachment of the buccinator muscle in the 

Figure 4-6 Right vestibular abscess secondary to carious right 
mandibular fi rst molar.

Figure 4-7 Extracted right mandibular fi rst molar with place-
ment of a Penrose drain in the right vestibule.
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78 Oral and Maxillofacial Infections

maxillary posterior region. The vestibular abscess is far more 
common than a palatal infection due to the thicker bone of 
the palate.

The vestibular space is the potential space between the 
vestibular mucosa and the underlying muscles of facial expres-
sion. The posterior boundary is bounded by the buccinator in 
either jaw, and the anterior boundary is made up by the intrin-
sic muscles of the lips and the orbicularis oris. In the anterior 
mandible, the abscess is confi ned to the vestibular space by 
the attachment of the mentalis muscle.
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Lateral Pharyngeal and Masticator Space Infection

Piyushkumar P. Patel, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 25-year-old man presents to the emergency department 
with the complaint that “my throat is swollen and I cannot 
swallow.”

HPI

Approximately 1 week earlier, the patient began to exper-
ience acute pain localized to the posterior mandibular 
molars, with subsequent development of edema in his left 
posterior oropharynx 3 days later. He reports the onset of 
progressively worsening dysphagia (diffi culty swallowing) 
and globus (sensation of a lump in the throat) that eventually 
prompted him to seek care. He has diffi culty swallowing his 
secretions, either drooling or spitting them out (this is an 
important clinical note because it denotes signifi cant life-
threatening oropharyngeal edema). He explains that he has 
had minimal oral intake with the onset of fevers and chills. 
At this time he does not report any diffi culty with breathing, 
but he feels more comfortable when sitting up (important 
clinical sign of dangerous oropharyngeal edema). The patient 
has a muffl ed “hot potato” voice (secondary to supraglottic 
edema).

Dental infections have become the most common etiology 
of deep neck infections in the Western world, involving the 
masticator, parapharyngeal, and submandibular spaces. More 
than 50% of patients presenting with infection involving these 
spaces have an odontogenic etiology, placing oral and maxil-
lofacial surgeons as a preferred provider of surgical care for 
this group.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The past medical and dental histories are unremarkable. The 
patient lives in a shelter and does not currently hold a job 
(although masticator space infections can be seen in indi-
viduals of all socioeconomic strata, the condition is far more 
predominant in the population with less access to health care, 
including frequent dental examinations).

Despite the lack of coexisting medical diseases in this 
patient, it is important to consider any conditions that 
impair the immune system such as AIDS, diabetes mellitus, 
chronic corticosteroid therapy, or chemotherapy. Patients 
should be questioned regarding risk factors for HIV infec-
tion and appropriately tested as needed. Masticator space 
infections can have very aggressive behavior in the face of 
immunosuppression.

EXAMINATION

General. The patient is a thin and unkempt-appearing man 
with a noticeable pungent odor (indicative of neglect to health 
and hygiene). The patient is not in respiratory distress (impor-
tant to assess the need for advanced airway intervention 
immediately upon examination). He appears anxious, sitting 
up holding an emesis basin to catch his secretions as they 
drool from his mouth (diffi culty maintaining secretions).

Vital signs. His blood pressure is 104/68  mm  Hg (hypo-
tension secondary to dehydration), heart rate 116 (tachycardia 
secondary to hypotension and fever), respirations 20 per 
minute, and temperature 39.2°C (febrile), with oxygen satura-
tion of 98% on room air.

Maxillofacial. There is signifi cant swelling and induration 
of the left side extending from the level of hyoid bone anterior 
to the sternocleidomastoid to the zygomatic arch. Cranial 
nerves II through XII are grossly intact. The pupils are equal, 
round, and reactive to light and accommodation (PERRLA) 
with no proptosis or ptosis of the eyelid (would be suggestive 
of cavernous sinus involvement).

Intraoral. Maximal interincisal opening is 17  mm 
(trismus) (Figure 4-8, A). The fl oor of mouth is soft (sublin-
gual space not involved). The patient is able to protrude his 
tongue past the vermillion-cutaneous border of the lower lip. 
There is signifi cant fl uctuant swelling of the left oropharynx 
toward the right tonsillar area, with the tip of the uvula touch-
ing the right pharyngeal wall (Figure 4-8, B). The operculum 
overlying the partially bony impacted left mandibular third 
molar is edematous, erythematous, and tender to palpation 
with no obvious purulent discharge (mandibular third molars 
are a common cause of lateral pharyngeal infections). Mucous 
membranes of the buccal mucosa are dry (secondary to 
dehydration).

IMAGING

Before any further diagnostic imaging, the treating surgeon 
must decide if the patient (and the airway) is stable enough 
to obtain further studies or arrangements should be made to 
proceed directly to the operating room and establish a secure 
airway (endotracheal or nasotracheal intubation, tracheos-
tomy, cricothyrotomy). Any possibility of acute respiratory 
obstruction should preclude the surgeon to directly proceed 
to the operating room. Imaging studies can be safely obtained 
to guide further treatment at a later time.

When available, a panoramic radiograph is an important 
imaging study for evaluation of suspected odontogenic 
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infections. It provides an excellent overview of the mandible 
and maxilla and serves as a screening tool for evaluation of 
the dentition. Also, in patients with trismus, other dental 
radiographs may be diffi cult to obtain. Because mandibular 
third molars are the most common odontogenic cause for 
parapharyngeal space infections, this radiograph becomes 
necessary to evaluate the third molars. In addition, it delin-
eates the relationship to adjacent structures such as the infe-
rior alveolar canal and other possible bony pathology.

The combination of contrast-enhanced CT scans and clin-
ical examination has the highest sensitivity and specifi city in 
the diagnosis of deep neck infections. The use of contrast 
improves the ability to identify the hyperemic capsule of 
a longstanding abscess (abscesses are seen as discrete, 
hypodense areas, which show an enhancing peripheral rim 

with use of intravenous contrast material). In general, most 
radiologists interpret hypodense areas without ring enhance-
ment to represent cellulitis or edema. However, studies have 
shown that, when drained, approximately 45% of hypodense 
areas without ring enhancement yield pus. In a study by 
William and associates, a hypodense area of greater than 2  ml 
without ring enhancement yielded purulence at the time of 
surgery. In the same study, CT scans were able to correctly 
differentiate cellulitis from an abscess in 85% of deep neck 
space (lateral and retropharyngeal) infections.

CT also provides important information regarding the 
details of adjacent anatomical structures such as integrity of 
the airway, tracheal deviation, and proximity of vascular 
structures (the carotid sheath). Airway deviation and possible 
risk of rupture of the pharyngeal abscess during intubation 
are important factors in determining the choice of securing 
the airway.

Magnetic resonance imaging (MRI) is also a useful 
imaging modality for soft tissue evaluation. Compared with 
CT, advantages of MRI include superior anatomical multipla-
nar display, high soft tissue contrast, fewer artifacts from 
dental amalgam, and lack of ionizing radiation. However, 
MRI is diffi cult and slower to perform on an emergency 
basis and is more costly, and claustrophobia may preclude 
examination in some patients. When possible, MRI has 
been shown to be superior in the assessment of deep neck 
infections.

Ultrasonography has shown some benefi t in differentiating 
cellulitis from an abscess in superfi cial locations, but the use 
of this modality as a sole imaging technique for deep neck 
infection is in its infancy. The ultrasound probe can be placed 
intraorally, although in the setting of an acute infection and 
trismus, this can be diffi cult. An abscess is seen as an echo-
free cavity with an irregular, well-defi ned circumference.

For the patient described above, the airway appeared clin-
ically stable and a panoramic radiograph demonstrated carious 
and partially bony impacted left mandibular third molar. A 
CT scan with contrast demonstrated a signifi cant swelling of 
the lateral pharyngeal area and deviation of the airway (Figure 
4-9). Large rim-enhancing hypodense areas consistent with 
pus are seen on the left lateral masticator and lateral pharyn-
geal (anterior compartment) spaces.

LABS

A CBC and a basic metabolic panel should be obtained during 
the initial evaluation of deep neck space infections. The WBC 
count is an indicator of the severity of systemic response to 
the infection and can be obtained periodically to monitor the 
progression of infection (caution should be exercised in inter-
pretation of this value in a patient who is at high risk for 
undiagnosed AIDS because the WBC count may appear 
within the normal range secondary to the inability to mount 
an adequate immune response).

Serum creatinine and BUN levels should be obtained 
before using contrast material for imaging. Contrast material 
has been known to cause contrast-associated nephropathy. 

A

B

Figure 4-8 A, Signifi cant swelling of the left face and maximal 
interincisal opening of 17  mm. B, Large fl uctuant swelling of the 
posterior oropharynx partially obstructing the airway.

Ch004-A04574.indd   80 6/27/2007   2:51:26 PM



This is the third most common cause of hospital-acquired 
acute renal failure and is seen following the administration 
of contrast material in the absence of other identifi able causes. 
The condition is defi ned as an increase in serum creatinine 
of greater than 25% from baseline or a rise greater than 
0.5  mg/dl within 48 hours of contrast exposure in the absence 
of other causes. Risk factors for the development of contrast-
associated nephropathy are summarized in Box 4-1. In the 
presence of risk factors, renal function should be carefully 
monitored, and a baseline serum creatinine obtained before 
and within 48 to 72 hours after the procedure.

The WBC count for this patient was 18.5 cell/mm3; the 
differential included 80% polymorphonucleocytes with a shift 
to the left (indicative of an acute infl ammatory process).

Serum chemistries showed sodium of 150  mEq/dl 
(hypovolemic hypernatremia due to dehydration), BUN of 

48  mg/dl, and creatinine of 1.1  mg/dl (prerenal azotemia con-
sistent with dehydration).

ASSESSMENT

Deep neck infection involving the anterior compartment of 
the left LPS with signifi cant upper airway deviation and 
edema, and left medial and lateral masticator space infec-
tions secondary to an impacted mandibular third molar, 
complicated by dehydration and potential onset of sepsis

TREATMENT

Successful treatment of fascial space infections should include 
the following:
• Surgical drainage of an abscess or, in select cases, 

drainage of cellulites
• Identifi cation and removal of the source of infection (the 

tooth in cases of odontogenic etiology)
• Administration of antibiotics (guided by culture and 

sensitivity when possible)
• Optimization of host nutritional and immune status.
Antimicrobial therapy can abort abscess formation if admin-
istered at an early stage of infection. However, once an abscess 
is formed, antimicrobial therapy is more effective in conjunc-
tion with adequate surgical drainage.

Impending airway obstruction may require immediate 
airway management (see Chapter 3, the section on emergent 
surgical airway, and Ludwig’s angina earlier in this chapter). 
Maintaining spontaneous ventilation and airway patency is 
critical in patients with a compromised airway. Even a small 
dose of a respiratory depressant may change an apparently 
controlled situation into an emergent one, especially in the 
presence of a fatiguing patient. Morbidity or death due to the 
loss of an airway is still reported. Available options include 
endotracheal intubation versus establishment of a surgical 
airway. The advantages and disadvantages of these methods 
are summarized in Table 4-1. Consideration should be given 
to endotracheal intubation using an awake fi beroptic tech-
nique. This requires a skilled anesthesiologist and patient 
cooperation and can be time consuming.

Regardless of the airway technique used, caution should 
be exercised to prevent rupture of the abscess during intuba-
tion, which can result in aspiration of purulent material and 
is associated with signifi cant morbidity (aspiration pneumo-
nitis, pneumonia, lung abscess, acute respiratory distress syn-
drome) and mortality. One useful technique is to aspirate the 
LPS before to any intubation attempts. This can be done in 
the operating room under local anesthesia. The abscess can 
be decompressed signifi cantly, thereby reducing the risk of 
aspiration during intubation.

The anterior compartment can be approached intraorally 
via an incision over the pterygomandibular raphe with blunt 
dissection around the medial side to enter the LPS. The extra-
oral approach is accomplished by making a 1- to 2-cm inci-
sion approximately 2 fi nger-breadths inferior to the mandible; 
dissection is then carried through the platysma to the 

Figure 4-9 Axial cut, contrast-enhanced CT scan demonstrating 
large areas of rim-enhanced hypodensities (loculations) both medial 
and lateral to the left mandible with signifi cant deviation of the 
airway.

Box 4-1.   Risk Factors for Contrast-Associated 
Nephropathy

Preexisting renal disease
Diabetes
Volume of contrast dye used
Dehydration
Congestive heart failure
Advanced age
Presence of nephrotoxic drugs (NSAIDs, ACE-Is)

From Soma VR: Contrast-associated nephropathy, Heart Dis 4:372-379, 
2002.
ACE-Is, Angiotensin-converting enzyme inhibitors; NSAIDs, nonsteroidal 
antiinfl ammatory drugs.
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superfi cial layer of the deep cervical fascia. Suffi cient fascia 
is exposed to identify the submandibular gland and the pos-
terior belly of the digastric muscle. Dissection is then carried 
just posterior to the posterior belly of the digastric muscle in 
a superior, medial, and posterior direction into the LPS. If 
fi nger dissection is also used, the surgeon will be able to 
palpate the endotracheal tube medially and the carotid sheath 
posterolaterally. Through-and-through intraoral-extraoral 
drainage can be obtained by combining the intraoral approach 
with the extraoral approach. If old clots are found or if any 
signs of carotid sheath involvement are present, then vertical 
extension of the incision can be made along the anterior 
border of the sternocleidomastoid muscle. This extension 
allows the carotid artery to be pulled anteriorly and controlled 
as necessary.

The extraoral incision should parallel the lines of relaxed 
skin tension and lie in a cosmetically acceptable site whenever 
possible. The incision should also be supported by healthy 
underlying dermis and subcutaneous tissue. Placement of 
drains should allow for gravity-dependent drainage. A rigid 
drain should not be placed into the LPS because of the poten-
tial for erosion into the carotid sheath.

Supportive care to ensure adequate hydration, caloric 
intake, and analgesia is also important. It is reported that 
minimum daily fl uid requirements increase by 300  ml per 
degree of fever (°C) per day. Caloric requirements also 
increase by approximately 5% to 8% per degree of fever per 
day.

Studies have shown that gram-positive cocci and gram-
negative rods have the greatest growth percentage in cultures 
from deep neck space infections of odontogenic origin. Pen-
icillin is still considered to be an effective empirical drug of 
choice for odontogenic infections. Due to rising incidence of 
penicillin resistance and failure of penicillin therapy, many 
clinicians advocate the empiric use of clindamycin or a com-
bination β-lactam with penicillinase inhibitor (e.g., ampicillin 
sulbactam) for deep neck space infections of odontogenic 
origin until an antibiogram is obtained. Clindamycin has the 
disadvantage of not covering Eikenella corrodens.

This patient was given a bolus of normal saline and was 
taken urgently to the operating room. The anesthesiologist 

was informed about the parapharyngeal space involvement, 
and a plan for airway management was agreed on between 
the anesthesiologist and the surgeon. Before any attempts at 
intubation, 6  ml of lidocaine was injected on the mucosa of 
the oropharynx superfi cially; subsequently, 35  ml of purulent 
material was evacuated, allowing decompression of the swell-
ing (Figure 4-10). Subsequently, the patient was placed in the 
supine position, and anatomical landmarks were marked on 
the neck for a tracheotomy or cricothyroidotomy. The surgeon 
and operating room personnel were positioned and prepared 
for an emergent surgical airway should the need arise. The 
anesthesiologist successfully intubated the patient using an 
awake fi beroptic nasal intubation technique. With a large-
bore needle, the LPS was further aspirated and the material 
was sent for culture and sensitivity. The left mandibular third 
molar was extracted. The left medial and lateral masticator 
and the LPS were explored and drained via an intraoral and 
extraoral approach. A red rubber catheter was secured into 
the medial and lateral masticator spaces, and a Penrose drain 
was secured in the LPS. The patient was started on ampicil-
lin-sulbactam 3  g intravenously every 6 hours. He remained 
intubated postoperatively and was transferred to the ICU. 
On the night of his surgery, he was weaned to minimal ven-
tilator settings. He was awake and alert and in no apparent 

Table 4-1.   Intubation Versus Surgical Airway

Procedure Advantages Disadvantages

Intubation Potentially fast method Nonsecured airway
 Nonsurgical procedure Patient discomfort is required for extended periods
  Diffi cult to perform with upper airway edema
  Risk of rupture of abscess with subsequent aspiration
  Requires mechanical ventilation during period of intubation
  Laryngotracheal stenosis
Tracheotomy Airway security Surgical procedure
 Patient comfort Bleeding
 Less need for ventilation and sedation Scarring
 Earlier transfer from unit to fl oor Pneumothorax

From Potter JK: Tracheotomy versus endotracheal intubation for airway management in deep neck space infections, J Oral Maxillofac Surg 60:349-354; 2002.

Figure 4-10 Samples of the aspirate to be sent for Gram stain 
and aerobic and anaerobic culture and sensitivity studies.
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distress with a Glasgow Coma Scale score of 11T. Wound care 
regimen also included meticulous irrigation of the drains. On 
postoperative day 1, the patient’s WBC count decreased to 
13,000 cells/mm3 (it is not uncommon for WBC count to 
increase immediately after surgery due to demargination), 
and there was a notable decrease in pharyngeal and facial 
edema (it is not uncommon for surgical edema and fl uid 
resuscitation to worsen the preexisting edema). A Gram stain 
revealed the presence of gram-positive cocci in pairs and 
chains (Streptococcus species) and gram-negative rods (mixed 
infection). On the second postoperative day, his WBC count 
decreased to 10,200 cells/mm3 with a signifi cant decrease in 
edema with return of the uvula to midline. All sedative med-
ications were discontinued, and the patient was extubated 
after passing a “cuff-leak” test. He was subsequently trans-
ferred to the ward and discharged to home care with oral 
antibiotics after 5 days of wound care and intravenous medi-
cations. At discharge, there was no signifi cant drainage, 
and therefore all drains were removed. He was given instruc-
tions for jaw range-of-motion exercises and a follow-up 
appointment.

COMPLICATIONS

Complications of masticator space infections are partially 
dependent on the severity of the presenting infection, status 
of the host immune system, the virulence and resistance pat-
terns of the infecting bacteria, and the time of presentation. 
Complications can be major, ranging from death from airway 
embarrassment to unsightly scars from incisions for drainage 
or tracheostomy.

Infections that have gained entry into the LPS may erode 
into the carotid sheath or impair any of the nerves found in 
the posterior compartment. Signs that indicate possible carotid 
sheath involvement include the following:
• Ipsilateral Horner’s syndrome (ptosis, miosis, anhydrous)
• Unexplained palsies of cranial nerves IX through XII
• Recurrent small hemorrhages from the nose, mouth, or 

ear (herald bleeds)
• Hematoma in the surrounding tissue
• Persistent peritonsillar swelling despite adequate 

drainage
• Protracted clinical course
• Onset of shock
Any signs of carotid sheath involvement warrant immediate 
radiological evaluation, CT, or CT angiography. Surgical 
exploration and control of the great vessels may be 
required.

Involvement of the cranial nerves (vagus and glossopha-
ryngeal nerves) can result in sudden death from bradycardia, 
asystole, and cardiac arrhythmia. The LPS is also subject to 
infection from nonodontogenic sources, including the para-
pharyngeal sinuses or other masticator spaces. Involvement 
of the retropharyngeal space can lead to descending infection 
involving the mediastinum. Erythema over the upper chest is 
suggestive of descending infection and may require cardio-
thoracic consultation.

Of particular concern are infections that do not appropri-
ately respond to treatment. Consideration should be given to 
inadequate drainage or resistant bacterial strains. Culture and 
sensitivity studies can be obtained on purulent aspirates to 
guide antimicrobial therapy.

DISCUSSION

The LPS has the shape of an inverted pyramid or cone, the 
base of which is the sphenoid and the apex at the hyoid bone. 
The boundaries of this space are summarized in Table 4-2.

The LPS is divided by the styloid process and its muscles 
into an anterior and a posterior compartment. The anterior 
compartment contains only fat, connective tissue, and lymph 
nodes. The posterior compartment contains the glossopha-
ryngeal, spinal accessory, and hypoglossal nerves. It also 
contains the carotid sheath (the carotid artery, internal jugular 
vein, and vagus nerve; the cervical sympathetic trunk lies 
posterior and medial to the carotid sheath). A strong fascial 
plane, the stylopharyngeal aponeurosis of Zuckerkandel and 
Testut, separates the anterior and posterior compartments. It 
is a barrier that helps prevent the spread of infection from the 
anterior to the posterior compartment.

Lateral pharyngeal infections could be caused by tonsil-
litis, otitis media, mastoiditis, parotitis, and, most commonly, 
secondary to an odontogenic etiology. Involvement of the LPS 
can also occur via spread through lymphatic vessels and sub-
sequent rupture of a node. Lymphatic drainage from the nose 
and paranasal sinuses, ear, or oral cavity can involve this area. 
Infection can also spread from retropharyngeal, sublingual, 
submandibular, or masticator space infections. Peritonsillar 
abscesses that rupture through the superior constrictor muscle 
can also cause entry and infection of the LPS directly.

Symptoms of LPS involvement vary according to whether 
the anterior or posterior compartment is involved. The four 
most common signs of involvement of the anterior compart-
ment are
1. Trismus
2. Induration or swelling at the angle of the jaw
3. Pharyngeal bulging with or without deviation of the 

uvula
4. Fever

Table 4-2.   Boundaries of the Lateral 
Pharyngeal Space

Space Boundary

Anterior Pterygomandibular raphe (junction of buccinator and 
  superior constrictor muscles)
Posterior Prevertebral fascia that communicates with the 
  retropharyngeal space
Medial Buccopharyngeal fascia on lateral surface of the 
  superior constrictor muscle
Lateral Fascia over the medial masticator, the parotid gland, 
  and mandible

 Lateral Pharyngeal and Masticator Space Infection 83
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Deviation of the uvula with bulging or the pharyngeal wall 
can also be seen with peritonsillar abscesses; however, trismus 
is usually absent. With LPS infections, trismus is seen sec-
ondary to involvement of the adjacent medial pterygoid 
muscle. It can be diffi cult to differentiate a pterygomandibu-
lar space abscess from an LPS infection, but this distinction 
may be of academic interest only because treatment would be 
similar. Involvement of the posterior compartment may show 
posterior tonsillar deviation and retropharyngeal bulging. In 
this scenario, palsies of cranial nerves IX through XII may 
be seen, as well as ipsilateral Horner’s syndrome (ipsilateral 
blepharoptosis, pupillary miosis, and facial anhidrosis). A 
common sign of LPS involvement is the presence of swelling 
of the lateral neck just above the hyoid and just anterior to the 
sternocleidomastoid muscle. This is the point at which the 
LPS is closest to the skin and where dependent edema or 
exudate is constrained by binding of the fascial layers to the 
hyoid bone.

Signifi cant upper airway edema may require the patient to 
remain in an upright position, because assuming the supine 
position may lead to airway obstruction. Also, depending on 
the severity of the obstruction, patients may present with 
breathing with their mouth open or in the “sniffi ng position” 
with extension of the neck, stridor, labored breathing, inter-
costal retractions, tracheal tug, sore throat, or globus. Changes 
in voice also provide a clue to the location of airway involve-
ment. A muffl ed or “hot potato” voice usually signifi es a 
supraglottic process, while hoarseness is a sign of vocal cord 
involvement.
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Osteomyelitis

Jaspal Girn, DMD, and Chris Jo, DMD

CC

A 49-year-old man returns to your offi ce 3 months after 
extraction of his mandibular third molars complaining that, 
“I still have some swelling and drainage from my mouth.” 
(Osteomyelitis is more common in the mandible than in the 
maxilla due to the relatively lower blood supply.)

HPI

The patient presents with a history of persistent pain and 
swelling on the left side of his face, which has increased 
during the past month. He had four full bony impacted third 
molars removed 3 months ago without any acute complica-
tions. He returned 2 weeks after surgery for follow-up with 
a complaint of tenderness of the lower left extraction 
socket. The socket was noted to be fi lled with debris but 
without purulence and was irrigated clear. Instructions for 
follow-up were given, but the patient did not return for 
re evaluation. He now returns 3 months later due to the 
in creasing pain, swelling, and some drainage from the left 
lower socket. He has not seen any other doctors and has 
not been on any antibiotics. He denies having fevers or 
chills, diffi culty swallowing (dysphagia), or diffi culty talking 
(dysphonia).

PMHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. The patient has no risk factors for 
osteomyelitis.

Although osteomyelitis has a higher incidence in patients 
who are immunocompromised (diabetes, HIV/AIDS, chemo-
therapy), intravenous drug users, patients with compromised 
splenic function (or splenectomy), patient undergoing radia-
tion therapy, or patients who use tobacco, it can occur in 
patients with no risk factors.

The macrophages within the reticuloendothelial system 
of the spleen are involved in sequestration of encapsulated 
organisms (e.g., H. infl uenza, S. pneumonia, and Salmonella 
and Klebsiella species); therefore, an absent spleen or a com-
promised splenic function is a risk factor for osteomyelitis 
secondary to these organisms. Patients with sickle cell anemia 
are at risk because during a sickle cell crisis the splenic 
reticuloendothelial system is overwhelmed and becomes 
“clogged” by sickled red blood cells, leading to compromised 
splenic function and eventual “autosplenectomy.” A history 
of bisphosphonate use should also be noted, to rule out pos-
sible osteonecrosis of the jaws.

EXAMINATION

General. The patient is a well-developed and well-nourished 
man in no apparent distress.

Vital signs. His blood pressure is 132/81  mm  Hg, heart 
rate 80, respirations 16 per minute, and temperature 37.1°C 
(afebrile).

Maxillofacial. There is mild left facial swelling, erythema, 
and tenderness at the inferior border of the mandible. No 
fi stulous tract is present (Actinomyces israelii infections com-
monly cause cutaneous fi stulas). The lymph nodes were pal-
pable in the left submandibular area (secondary to chronic 
infection). The inferior alveolar nerve is intact bilaterally 
(altered sensation can be commonly seen in osteomyelitis of 
the mandible).

Intraoral: The maximal interincisal opening is 25  mm 
(decreased due to guarding secondary to pain). The left ret-
romolar pad is tender to palpation with moderate erythema 
and swelling. There is a small draining fi stula distal to the 
left mandibular second molar in the attached gingiva. The 
oropharynx is clear, the uvula is midline, and the fl oor of 
the mouth is soft and nonelevated. The dentition is in 
good repair. There appear to be no changes in his occlusion 
(occlusal change would be suggestive of a pathological 
fracture).

IMAGING

Several imaging modalities are available for the evaluation of 
suspected osteomyelitis. A panoramic radiograph is the initial 
diagnostic study of choice when dealing with postextraction 
complications (e.g., retained tooth fragments, local wound 
infections, mandibular fractures, foreign bodies, bony seques-
tra, and pathology of adjacent teeth) or osteomyelitis. The 
destructive process of osteomyelitis must extend at least 1  cm 
and demonstrate 30% to 50% bone demineralization before 
it becomes radiographically apparent. The radiograph would 
show a loss of defi nition and lytic changes within the tra-
becular patterns of the involved bone. Eventually, radiopaque 
sequestra (fragments of bone that have become devitalized) 
may become visible, demonstrating a “mottled” radiolucent 
appearance.

Two-dimensional CT with contrast material is useful for 
visualizing soft tissue abnormalities such as the presence of 
an abscess and for assessing bony integrity or cortical disrup-
tions. MRI can be useful for the evaluation of osteomyelitis 
due to the superior imaging of soft tissue, defi ning the extent 
and location of osteomyelitis. Nuclear medicine imaging 
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modalities can detect osteomyelitis 10 to 14 days earlier than 
conventional radiographic imaging. Scintigraphy with tech-
netium 99m scanning is very sensitive in detecting increased 
bone turnover, and its specifi city in detecting osteomyelitis is 
improved with the use of gallium 67 or indium 111.

In this patient, a panoramic radiograph (Figure 4-11) 
reveals a mottled radiolucent appearance in the area of the 
extracted left mandibular third molar, which extends to the 
inferior border of the mandible. There is evidence of reactive 
extracortical bone formation at the inferior border of the 
mandible. The proximal segment is not rotated superiorly (a 
rotated proximal segment would indicate a pathological 
fracture). 

LABS

A CBC is necessary to evaluate the initial WBC count and to 
monitor the response to surgical and antibiotic therapy (WBC 
count may be elevated in acute or subacute osteomyelitis). 
This patient had a WBC count of 15,000 cells/mm3 (ele-
vated).

ASSESSMENT

Acute suppurative osteomyelitis of the left mandible
Although a 3-month duration may indicate a chronic state, 

acute suppurative osteomyelitis is the corrected diagnosis 
based on the fact that this disease process has not yet been 
managed either medically or surgically. Suppuration indicates 
that the body has mounted an immune response to the infec-
tion.

Several classifi cation systems have been proposed, but no 
one scheme has gained acceptance. In the simplest form, 
osteomyelitis can be classifi ed as acute or chronic. It is further 
characterized as suppurative or nonsuppurative. Waldvogel 
and associates proposed the staging of osteomyelitis into 
three separate groups based on the etiology: osteomyelitis 
related to a hematogenous source, secondary to a contiguous 

focus of infection, or associated with vascular insuffi ciency. 
The Cierny-Mader staging system is the most commonly used 
classifi cation system for long-bone osteomyelitis. It divides 
the disease into four stages of osseous involvement and then 
combines it with three physiological host categories to give 
12 discrete clinical stages. In addition, chronic diffuse scle-
rosing osteomyelitis is a unique form of osteomyelitis that is 
described as a painful disease state that occurs only in the 
mandible and is more often seen in younger female patients.

TREATMENT

Osteomyelitis is treated with a combination of surgical and 
medical interventions. Nonsurgical management of true 
osteomyelitis is futile and only allows for exacerbation of the 
existing condition and delay of more extensive surgical 
interventions.

If feasible, empiric antibiotic therapy should not be initi-
ated until cultures are taken (purulent exudate and/or bone 
cultures) to accurately identify the causative organism(s). A 
bone culture is preferable for identifi cation of the causative 
organism(s). Osteomyelitis caused by a contiguous focus of 
infection is often polymicrobial and, therefore, empiric broad-
spectrum antibiotic(s) is initiated. Once culture and sensitiv-
ity results are available, antibiotic regimens should be adjusted 
to target the causative organism(s). The course and route 
(intravenous or oral) of antibiotic therapy are debatable and 
are frequently determined by clinical judgment. It has been 
generally accepted that a 4-week course of intravenous anti-
biotics is necessary, especially when dealing with chronic or 
refractory osteomyelitis. However, earlier stages of osteomy-
elitis may require only a short course of intravenous antibiot-
ics (if needed), followed by a 1- to 2-week course of oral 
antibiotics based on serial clinical examinations.

Penicillin remains the empirical antibiotic of choice for 
osteomyelitis of tooth-bearing bone. However, many organ-
isms responsible for osteomyelitis of the jaws are penicillin 
resistant, including Prevotella, Porphyromonas, Staphylo-

Figure 4-11 Panoramic radiograph 
showing mottled radiolucency at the 
extraction socket extending down to 
the inferior border. Extracortical reac-
tive bone formation is seen at the infe-
rior border. The proximal segment is 
not rotated or telescoped, suggesting 
that a pathological fracture has not 
occurred.
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coccus, and Fusobacterium. Therefore it may be prudent to 
use a penicillin combined with a β-lactamase inhibitor 
(clavulanate) in combination with metronidazole (Flagyl) to 
improve anaerobic coverage. In patients who are allergic to 
β-lactam antibiotics, clindamycin is recommended due to its 
effectiveness against penicillinase-producing staphylococci, 
streptococci, and anaerobic bacteria. However, clindamycin 
is ineffective against Eikenella corrodens (common organism 
in osteomyelitis and odontogenic infections) and additional 
coverage is required. It is important to recognize that ana-
erobic organisms are diffi cult to culture, resulting in fre-
quent false-negative anaerobic growth (therefore empiric 
anaerobic coverage may be prudent despite a negative ana-
erobic culture).

Surgical management of osteomyelitis should be planned 
in conjunction with medical treatment. In the early stages, 
surgical interventions should be limited to extraction of 
grossly loose teeth, debridement of fragments of bone, and 
incision and drainage of fl uctuant areas. If the infection per-
sists, further surgical procedures such as sequestrectomy, 
saucerization, decortication, or resection followed by recon-
struction should be considered.

Sequestra are devitalized pieces of bone, which act as a 
nidus of infection. Sequestra are eventually resorbed, removed, 
or spontaneously expelled through the mucosa or skin, but 
they may persist and propagate a host response. Due to the 
avascular nature of necrotic sequestra, they are poorly pene-
trated by antibiotics and should be removed with minimal 
trauma, either intraorally, and/or transcutaneously. Saucer-
ization is the “unroofi ng” of bone to expose the medullary 
cavity. The buccal cortex of the mandible is removed until 
bleeding bone is encountered at all margins of the surgical 
defect, thus producing a saucer-like defect. The purpose of 
this is to decompress the bone to allow extrusion of pus, 
debris, and any bony sequestra. The defect can be packed with 
a medicated dressing, changed several times over subsequent 
days, and irrigated daily to ensure no fragments of necrotic 
bone are left behind as the wound heals by secondary inten-
tion (or simply left open for irrigation). The lingual aspect of 
the mandible rarely requires reduction because it has a rich 
blood supply from the mylohyoid muscle. In the maxilla, 
saucerization is rarely needed because the cortex is thin and 
formed sequestra can be easily removed. Decortication of the 
mandible refers to the removal of chronically infected cortical 
bone, which is usually extended 1 to 2  cm beyond the affected 
area. Corticocancellous bone grafting of osteomyelitis has 
traditionally not been advocated, but there is some recent 
evidence suggesting the feasibility of immediate bone graft-
ing along with stabilization of the mandible.

Refractory cases may require resection of the diseased 
bone and immediate stabilization with a reconstruction plate 
(in conjunction with a vascularized free fl ap or a pectoralis 
major fl ap). In cases of pathological fractures of the mandible 
(Figure 4-12), the diseased bone is debrided or resected, and 
the mandible is stabilized (using rigid internal fi xation or a 
Joe Hall Morris biphasic external fi xator), and reconstructed 
using several available techniques. Hyperbaric oxygen has 

been shown to be effective in treating osteomyelitis and 
should be considered in severe or refractory cases.

This patient underwent a bone culture (antibiotic therapy 
was not initiated until cultures were obtained) and local 
debridement via an intraoral approach. Intraoperatively, it was 
noted that the buccal and lingual cortices were intact. There 
were multiple loose fragments of devitalized bone (sequestra) 
and abundant granulation tissue tracking down to the inferior 
border of the mandible. After the wound was debrided, a round 
bur was used to remove the surrounding affected bone until 
normal-appearing, bleeding bone was encountered. The patient 
was started on empiric intravenous antibiotics (ampicillin-sul-
bactam and metronidazole) and remained hospitalized until 
the initial culture and sensitivity results were available. Cul-
tures demonstrated growth of Streptococcus anginosis that 
was pansensitive, with negative anaerobic cultures. He was 
discharged home on oral amoxicillin with clavulanic acid and 
metronidazole, as well as chlorhexidine mouthwash. He was 
kept on a liquid diet until soft tissue healing occurred to 
prevent retention of food debris into the wound. He was subse-
quently switched to a soft diet for 8 weeks after surgery to 
prevent a postoperative pathological fracture. Final cultures 
did not grow any additional organisms, and therefore the anti-
biotic regimen was not changed during the course of his treat-
ment. He healed without any complications.

COMPLICATIONS

Osteomyelitis is a complication of various oral and maxillo-
facial surgical procedures, and its incidence is related to both 
host factors and virulence of the infecting organisms. Treat-
ment of osteomyelitis can itself be compounded by further 
complications. These include a persistent refractory infection 
of the bone, pathological fractures (at presentation, intraop-
eratively or postoperatively), necessity for resection of chron-
ically infected bone, disfi gurement, neurosensory impairment, 
and systemic spread of the infection.

Antibiotic therapy is associated with side effects such as 
diarrhea and Clostridium diffi cile pseudomembranous colitis, 
as well as the emergence of resistant microorganisms. Meth-
icillin-resistant Staphylococcus aureus (MRSA) has become 
a very common community acquired organism in many com-
munities. MRSA osteomyelitis requires intravenous vanco-
mycin until sensitivity profi les (antibiogram) are available. If 
the organism is sensitive to only vancomycin, a peripherally 
inserted central catheter line can be used to allow delivery of 
intravenous antibiotics at home.

Uncontrolled diabetes mellitus presents as a special chal-
lenge. Tight glycemic control (blood glucose 90 to 110  mg/dl) 
is paramount for recovery from any infection. Noncompliant 
patients may require extended hospitalization to achieve gly-
cemic control and delivery of intravenous antibiotics. Some 
patients may require an insulin pump, and critically ill patients 
may require an insulin drip. Sliding scale insulin is generally 
not regarded as adequate treatment because it designed to 
treat hyperglycemia rather than to prevent it (therefore it is 
always one step behind the hyperglycemia). Baseline insulin 
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regimens need to be adjusted to prevent hyperglycemic 
episodes.

Pathological fractures of the mandible (see Figure 4-12) 
occur with suffi cient destruction of cortical bone, primarily 
due to osteolytic changes associated with osteomyelitis and/or 
the result of periosteal stripping during an aggressive de -
bridement (at 2 to 3 weeks postdebridement, the mandible is 
at greatest risk of fracture due to the critical phase of remod-
eling/resorption). Maxillomandibular fi xation (6 to 8 weeks) 
should be considered for patients at higher risk for postop-
erative pathological fractures. A liquid or soft diet is prudent 
for those at moderate risk.

DISCUSSION

Osteomyelitis is an infl ammatory condition involving the 
medullary cavity of bone that begins as a bacterial infection 
and can cause signifi cant bony destruction. The microorgan-
isms cause host tissue injury from direct cellular attack and 
through enzymatic degradation. The host responds by recruit-
ing neutrophils to the area to digest the pathogens via release 
of enzymes and phagocytosis. When purulence (composed 
of necrotic tissue, dead bacteria, and WBCs) accumulates, it 
causes an increase in the intramedullary pressure, causing 
collapse of the vessels, venous stasis, and congestion. Vessels 
within the haversian system and Volkmann’s canals of the 
cortical bone may undergo thrombosis or experience stasis 
and congestion, resulting in the surrounding bone becoming 
ischemic and thereby permitting the extension of osteomyeli-
tis. If purulence continues to accumulate, the periosteum is 
penetrated and mucosal or cutaneous fi stulas develop.

The establishment of an infection within bone is related to 
the compromise in the bone’s vascular supply, but other 
factors, such as the virulence of the organism and the integ-
rity of the host defenses, are also important. Host factors 
include systemic diseases with a microvascular component 
(e.g., diabetes), blood dyscrasias (e.g., sickle cell disease), 
immunosuppression (e.g., HIV infection), and collagen vas-
cular disorders or bone dysplasias (e.g., osteopetrosis).

Initially, Staphylococcus aureus and Staphylococcus epi-
dermidis accounted for 80% to 90% of osteomyelitis of the 
jaws. However, the frequency of S. aureus involvement in osteo-
myelitis has decreased due to the improved culture methods 
used to identify organisms, especially anaerobes. Anaerobes 
are frequently associated with aerobic organisms in osteomyeli-
tis. Currently, osteomyelitis is recognized as a disease com-
monly caused by streptococci (α-hemolytic) and oral anaerobes 
such as Peptostreptococcus, Fusobacterium, and Prevotella.
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Figure 4-12 Panoramic radiograph 
of another patient with osteomyelitis 
of the left mandible after extraction 
of a third molar. Note that there is 
a pathological fracture of the left 
mandible with the proximal segment 
telescoped with the distal segment 
and rotated superiorly.
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5 Dentoalveolar Surgery
Shahrokh C. Bagheri, DMD, MD, and Husain Ali Khan, MD, DMD

This chapter addresses:
• Third Molar Odontectomy
• Alveolar Osteitis (Dry Socket)
• Surgical Exposure of an Impacted Maxillary Canine
• Lingual Nerve Injury
• Displaced Root Fragments During Dentoalveolar Surgery

Dentoalveolar surgery is the most commonly performed sur-
gical procedure by oral and maxillofacial surgeons. This 
refers to the surgical procedures associated with the dentate 
segment of the maxilla or mandible, termed the alveolar 
ridge. They include a variety of procedures ranging from 
simple tooth extractions, alveoplasty (recontouring of the 
alveolar bone), removal of tori, exposure of impacted teeth 
for orthodontic treatment, and extraction of impacted third 
molars. The origins and the current practice of oral and max-
illofacial surgery are heavily based on dentoalveolar surgery. 
Over 50% of the practice of oral and maxillofacial surgeons 
worldwide compromises dentoalveolar procedures. Place-
ment of dental implants has been added to the rehabilitative 
and reconstructive options of the maxillofacial region, replac-
ing the more traditional preprosthetic procedures.

Since its establishment in 1918, the American Association 
of Oral and Maxillofacial Surgeons (AAOMS) has gone 

through extensive change, refl ecting progressive changes 
in the specialty. Initially called the American Society of 
Exodontists, it was originally formed by a group of oral sur-
geons in Chicago after the National Dental Association 
meeting. As the association has grown, it has gone through 
several name changes, each refl ecting the expansion of the 
specialty. Despite the wide scope of training of graduating 
oral and maxillofacial surgeons as evidenced by the sections 
in this book, dentoalveolar surgery remains the foundation of 
the specialty.

In this chapter we present fi ve teaching cases representing 
some of the important aspects of this branch of oral and 
maxillofacial surgery. Three cases focus on complications of 
dentoalveolar surgery (dry socket, lingual nerve injury, and 
displacement of a tooth fragment during surgery), and two 
discuss the current issues in the treatment of impacted canines 
and third molars.
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Third Molar Odontectomy

Shahrokh C. Bagheri, DMD, MD, and Husain Ali Khan, MD, DMD

CC

A 17-year-old boy is referred to your clinic for consultation 
regarding his third molars.

HPI

The patient has recently completed his orthodontic therapy. 
For the past few weeks, he has experienced increasing dis-
comfort in the posterior mandible and was subsequently 
referred by his orthodontist for evaluation. He denies any 
fever, swelling, or drainage from the area.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Non-contributory . He does not report any symptoms sugges-
tive of temporomandibular joint (TMJ) dysfunction (TMD) 
and does not take any medications. He smokes approximately 
one pack of cigarettes per day (risk factor for the development 
of dry sockets).

EXAMINATION

General. The patient is a well-developed and well-nourished 
man in no apparent distress (higher levels of anxiety may 
require a deeper level of sedation/anesthesia).

Maxillofacial. There is no soft tissue abnormality with no 
lymphadenopathy (LAD). He has a good range of mandibular 
motion with an maximal interincisal opening (MIO) of 
45  mm. Examination of the TMJ reveals no abnormalities 
(clicks or pain upon palpation). The muscles of mastication 
are nontender to palpation (important to detect preexisting 
symptoms of TMD).

Intraoral. Oral soft tissue is free of any lesions with no 
evidence of acute infection. The mandibular third molars are 
partially erupted with approximately 20% of the crown visible 
in the oral cavity with insuffi cient room for functional erup-
tion. The overlying operculum appears slightly infl amed with 
evidence of food debris, and periodontal pockets of greater 
than 6  mm on the distal of the left and right mandibular 
second molars. The right and left maxillary third molars are 
partially erupted. Oral hygiene is fair.

IMAGING

A panoramic radiograph is the minimum imaging modality 
necessary for the evaluation and treatment of impacted third 

molars. Computed tomography (CT) scans are not necessary 
for the routine evaluation, but they may be used in select cases 
of suspected maxillofacial pathology or for accurate determi-
nation of the inferior alveolar nerve anatomy.

In this patient, the panoramic radiograph reveals a partial 
lack of space to accommodate the eruption of the mildly 
mesioangularly impacted mandibular molars with 75% root 
development (Figure 5-1). The roots are not fused and do not 
extend below the level of the neurovascular bundle. The out-
lines of mandibular canals are easily discerned on the radio-
graph. There is no diversion of the inferior alveolar canal, 
darkening of the third molar root, and interruption of the 
cortical white line (risk factors associated with inferior alve-
olar nerve injury) (Box 5-1). The maxillary third molars are 
vertically positioned with partial bony impaction. The maxil-
lary sinuses and the remainder of the radiograph are within 
normal limits.

LABS

No routine laboratory tests are indicated for the routine eval-
uation of impacted third molars unless dictated by underlying 
medical conditions.

ASSESSMENT

Partial bony impaction of the right and left maxillary and 
mandibular third molars with insuffi cient room for eruption; 
localized gingivitis and early periodontal pocketing noted 
around the left and right mandibular third molars

TREATMENT

Two major professional organizations have made contradic-
tory recommendations towards the prophylactic removal of 
impacted third molars. The AAOMS Third Molar Clinical 
Trials published several scientifi c articles that link third 
molars to future health problems in adults. In light of these 
fi ndings, in 2005, the AAOMS suggested that removal of the 
third molars during young adulthood may be the most prudent 
option. In contrast, the National Health Service (NHS) of 
Great Britain and its associated arm, the National Institute of 
Clinical Excellence (NICE), published a series of guidelines 
recommending that “the practice of prophylactic removal of 
pathology-free impacted third molars should be discontinued 
in the NHS.” These guidelines, made public in 2000, did 
acknowledge the ongoing AAOMS Third Molar Clinical 
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Trials, but as of this writing, their recommendations remain 
to be revised to account for more recently published 
evidence.

While in some regions of the world, socioeconomic and 
available resources play a major role in the determination of 
guidelines for third molar extractions, current scientifi c evi-
dence remains unchanged. The cumulative fi nancial costs of 
treating the health complications of retained third molars in 
the older population should be considered. While it is clear 
that the extraction of third molars poses some risks to the 
patient, determination of extraction versus nonextraction of 
asymptomatic third molars must compare the cost and risks 
of surgical extraction with the lifetime health and cost ben-
efi ts from prevention and elimination of any pathological 
processes associated with retention of the third molars.

The effectiveness, safety, and relatively minimal cost 
incurred by extraction of third molars using outpatient offi ce-
based anesthesia, along with the currently available scientifi c 
evidence linking asymptomatic third molars to multiple health 
hazards, overwhelmingly support the extraction of asymp-
tomatic third molars in young adults.

The patient described here was seen in the clinic for extrac-
tion of his teeth under intravenous sedation. Monitors (pulse 
oximeter, blood pressure, and a three-lead electrocardiogra-
phy) are placed, and oxygen is delivered via a nasal mask at 

4  L/min followed by nitrous oxide. A steroid was slowly 
infused intravenously (decreases incidence of postoperative 
swelling and discomfort). Midazolam and fentanyl were 
slowly titrated until a comfortable state of conscious sedation 
was achieved. Local anesthesia with epinephrine was injected, 
and adequate time was allowed for the local anesthetic block. 
A bite block was place for TMJ stabilization. An oral screen 
with loosely packed moist gauze was placed to protect the 
airway from accidental aspiration. A full mucoperiosteal fl ap 
was elevated using a buccal envelope incision with a distal 
hockey-stick extension for the mandibular third molars. 
Special consideration was given to not traumatize the lingual 
tissue. A buccal trough was made using a high-speed instru-
ment, and the teeth were elevated and extracted. Careful 
attention is given to not violate the lingual cortex. The neu-
rovascular bundle was not visualized, and there was no exces-
sive hemorrhage from the socket (both associated with 
increased risk of inferior alveolar nerve injury). The wound 
was irrigated with normal saline, and the fl aps where closed 
with chromic suture with careful attention to suture only the 
superfi cial lingual mucosa, to avoid lingual nerve injury. The 
upper third molars were removed through an envelope muco-
periosteal fl ap. Care was taken to avoid the roots of maxillary 
second molars (a possible complication). There was no evi-
dence of an oral antral communication. The tooth follicles 
were removed and the sites were irrigated. Gauze was placed 
between the teeth to promote hemostasis, and the patient was 
monitored in the recovery room until he was fully awake and 
alert.

COMPLICATIONS

Third molar extraction is the most commonly performed sur-
gical procedure by oral and maxillofacial surgeons. A well-
planned surgical approach with the goal of prevention is the 
best way to minimize complications. Despite our best efforts, 
complications are expected, and it is best to counsel patients 
preoperatively for potential risks. Clinicians need to be 
aware of the risk factors associated with an increased risk 
of complications, especially for this commonly performed 
procedure.

Figure 5-1 Panoramic radiograph 
demonstrating impacted maxillary 
and mandibular third molars (orth-
odontic retainer appliance is noted in 
the mandibular anterior incisors).

Box 5-1.   Rood’s Radiographic Predictors of 
Potential Tooth Proximity to the 
Inferior Alveolar Canal

• Darkening of root
• Defl ection of the root
• Narrowing of the root
• Dark and birid root apex
• Interruption of the white line of the canal
• Diversion of the canal
• Narrowing of the canal

In Miloro M, ed: Peterson’s principles of oral and maxillofacial surgery, ed 
2. London, 2004, BC Decker, Table 41-1, p 820.
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Sensory nerve injury is well documented. Injury to the 
inferior alveolar nerve can lead to a range of symptoms in its 
distribution (anesthesia, hypoesthesia, dysesthesia, or pares-
thesia). A review of the literature demonstrates an incidence 
of nerve injury between 0.4% and 5%. In one large study with 
367,170 patients, the incidence of nerve injury was 0.4% (22% 
of whom had symptoms lasting longer than 12 months). The 
incidence of inferior alveolar nerve injury is slightly more 
common than for the lingual nerve. However, the inferior 
alveolar nerves have a higher incidence of spontaneous recov-
ery (due to its position in the bony canal allowing greater 
possibility of the nerve endings to reapproximate). Injury to 
the long buccal nerve is also possible, but it is less concerning, 
causing minimal to no subjective disability. Patients with 
severed inferior alveolar nerve or lingual nerve should be 
referred to a microneurosurgeon for prompt evaluation and 
potential surgical intervention (decompression, neurolysis, or 
neurorrhaphy). Complications from local anesthesia are also 
reported probably due to direct needle trauma to the inferior 
alveolar nerve. The reported incidence ranges between 
1:400,000 to 1:750,000.

Not unlike any other procedures, infections are commonly 
associated with third molar removal both preoperatively and 
postoperatively. This appears to by more common after 
removal of partial and full bony impactions. Infections can 
occur as early as within several days of the procedure or may 
present late (within several weeks) and can be localized to 
the area of the third molar or occasionally spread to adjacent 
facial spaces to cause severe life-threatening infections. Most 
infections are easily managed with local measures and the 
use of antibiotics. The incidence of postoperative infection is 
approximately 3%.

Localized osteitis (dry socket) is a well-known complica-
tion of teeth extractions and is discussed in detail elsewhere 
in this text (see Alveolar Osteitis [Dry Socket] later in this 
chapter). Other complications associated with third molar 
surgery include periodontal complications, maxillary sinus 
involvement (oral antral communications, displacement of a 
fragment into the sinus), breaking of instruments, aspiration 
or swallowing of foreign objects, TMJ pain, maxillary tuber-
osity fractures, root fracture, injury to adjacent teeth, hemor-
rhage/hematoma, wound dehiscence, mandible fracture, and 
soft tissue emphysema.

DISCUSSION

Indications for the removal of third molars are variable and 
determined by many factors. Insuffi cient room for adequate 
eruption of the teeth can create a noncleanable environment 
for both the surrounding soft tissue and adjacent teeth. The 
increased diffi culty and risks of third molar removal with 
increasing age, inadequate oral hygiene, and tooth position, 
as well as periodontal health and orthodontic considerations, 
should be taken into account. Erupted or partially erupted 
third molars have been shown to have a negative impact on 
the periodontal health. In a study by Dodson, attachment 
levels and probing depths improved after third molar removal. 

However, the relationship between third molars and periodon-
tal disease pathogenesis requires further study. There is no 
clear consensus on the ability of mandibular third molars to 
cause crowding of the anterior teeth. Although some investi-
gators have shown a statistical association of third molars and 
late anterior crowding, this association is not strong. The 
majority of the literature does not support this hypothesis.

Offenbacher and colleagues published a study looking at 
periodontal disease and the risk of preterm delivery. They 
looked at 1020 pregnant women who received antepartum 
and postpartum periodontal examinations. The conclu-
sions clearly demonstrate that maternal periodontal disease 
increases the relative risk of preterm or spontaneous preterm 
births. The mothers with third molar periodontal pathology 
had elevated serum markers of systemic infl ammation (C-
reactive protein, isoprostanes). Periodontal disease was also 
a predictor of more severe adverse pregnancy outcomes.

For extraction of third molars, there are a wide range of 
choices of anesthetic and surgical techniques related to the 
surgeon’s training and experience. As the common dictum 
proclaims, “There is more than one way to do it.” Many dif-
ferent surgical fl aps and instruments have been developed 
over the years. A variation of the buccal hockey-stick incision 
appears to be the most commonly used and has the lowest 
incidence of permanent neurosensory injury. Similarly, the 
choice of anesthesia can vary from local anesthesia to intra-
venous sedation using a variety of medications, to general 
anesthesia with endotracheal intubation. This is infl uenced by 
many factors, including patient preference, available resources, 
operator training, and practice patterns within the region.

The anatomy of the inferior alveolar nerve is variable, but 
the canal is usually located inferior and buccal to the impacted 
mandibular third molars. In the largest cadaveric study of 
lingual nerve anatomy, by Behnia and associates, 669 nerves 
from 430 fresh cadavers were examined. In 94 cases (14%) 
the nerve was above the lingual crest, and in one case the 
nerve was in the retromolar pad region. In the remaining 574 
cases (86%) the mean horizontal and vertical distances of the 
nerve to the lingual plate and the lingual crest were 2.1  mm 
and 3.0  mm, respectively. In 149 cases (22.3%) the nerve was 
in direct contact with the lingual plate of the alveolar process. 
This unpredictable anatomy of the lingual nerve in relation 
to the mandibular third molar lends itself susceptible to 
injury.
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Alveolar Osteitis (Dry Socket)

Eric P. Holmgren, MS, MD, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 19-year-old woman presents to your clinic 5 days after 
removal of four impacted third molars with a complaint of 
increasing pain that is diffi cult to control with prescription 
pain medications.

HPI

The patient underwent removal of four diffi cult full bony 
impactions. Postoperatively, she was given a prescription for 
an opioid/acetaminophen combination medication for pain 
control. On the fi fth postoperative day, she describes a dull, 
aching pain that radiates to her left ear. She complains of a 
bad odor (halitosis) and taste within her mouth emanating 
from her lower jaw. She reports to have adhered closely to the 
postoperative instructions.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient uses birth control pills and smokes one pack of 
cigarettes per day (both risk factors for the development of 
alveolar osteitis) (Box 5-2).

EXAMINATION

General. The patient appears to be in mild distress secondary 
to pain. The accompanying parent is very concerned.

Vital signs. Her vital signs are within normal limits (dry 
sockets do not cause fever).

Maxillofacial. There is bilateral edema of the lower face 
consistent with her surgery. There are no cranial nerve 
defi cits.

Intraoral. The extraction sockets of the maxillary third 
molars and the right mandibular third molar appear to be 
healing adequately with no evidence of exposed alveolar 
bone. The extraction socket of the left mandibular third molar 
shows evidence of exposed bone, food debris, and sensitivity 
upon irrigation. There is no purulence (alveolar osteitis is not 
an infection).

IMAGING

A panoramic radiograph is not routinely indicated for the 
evaluation of alveolar osteitis, unless there is suspicion of 
a retained bony or tooth fragments within the sockets. 
Non-resorbable dry socket packs must contain a radio-
paque material to ensure removal of any packing material 

upon subsequent visits, which can be confi rmed with 
radiographs.

The preoperative panoramic radiograph should be evalu-
ated for the proximity of the inferior alveolar nerve before the 
application of eugenol-based medicaments, due to the possi-
ble neurotoxic effects of this medication.

LABS

No laboratory tests are indicated for the routine management 
of alveolar osteitis.

ASSESSMENT

Alveolar osteitis (dry socket) of the extraction socket of the 
left mandibular third molar

TREATMENT

The primary goal of treatment is relief of pain through this 
phase of delayed healing. Medicaments such as eugenol and 
lidocaine jelly have been advocated for packing of the socket. 
Packings can be changed every day or every other day for 
approximately 3 to 6 days until the pain is resolved. It is 
imperative to avoid the use of a eugenol-based packings if 
one suspects close proximity of the inferior alveolar nerve 
due to eugenol’s neurotoxic properties. It is important to eval-
uate the preoperative panoramic radiograph and the operative 
note for evidence of close proximity or exposure of the infe-
rior alveolar nerve to the roots and/or socket of the third 
molars. In such instances, alternatives such as lidocaine jelly 
soaked in 1/4-inch gauze strips may be used. Once the pain 
has subsided, the packing should be removed to avoid the 
development of a foreign body reaction. Previously it was 
thought that curettage of the socket can induce bleeding and 
therefore healing. This has not been shown to promote healing. 
Aggressive curettage of the socket is unnecessary and contra-
indicated. There is no indication for the use of antibiotics for 
treatment of dry sockets.

In this patient, gentle irrigation with warm saline (without 
curettage) and an iodoform/eugenol-based packing placed 
into the socket, along with prescription antiinfl ammatory 
medication, were used. She had improvement of her pain 
within minutes and subsequently returned 48 hours later with 
marked reduction of pain. The packing was removed and the 
socket was gently irrigated. She was instructed to maintain 
good oral hygiene and rinse with a warm saline until the 
socket no longer collects debris.
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COMPLICATIONS

The vast majority of cases of alveolar osteitis heal despite any 
intervention. Most medicaments (which usually contain 
eugenol) that are placed in the socket are palliative and may 
not necessarily expedite recovery. However, one must identify 
chronic nonhealing extraction sockets, especially in patients 
at risk for the development of osteomyelitis (diabetes or 
chronic steroid use) and osteoradionecrosis (history of radia-
tion therapy to the surgical site). Patients who do not respond 
to routine care of diagnosed alveolar osteitis must undergo 
further evaluation for other pathological processes.

DISCUSSION

The onset of alveolar osteitis is variable but commonly occurs 
between 3 and 7 days postextraction. The etiology, preven-
tion, and treatment of alveolar osteitis are up for debate. The 
most prevailing theory of the pathogenesis of alveolar osteitis 
is the destruction of the initial clot by fi brinolytic activity, 
impairing the formation of granulation tissue that promotes 
the initial fi brillar bone and ultimately mature bone forma-
tion. Bacteria may play an important but not clearly defi ned 
role. The incidence of alveolar osteitis is between 1% and 3% 
of all extraction sockets but has been reported as high as 20% 
of impacted mandibular third molars. The next most com-
monly involved teeth are the mandibular premolars, followed 
by the maxillary premolars, molars, canines, and incisors.

It is well known that smoking, oral contraceptive pills, a 
history of existing pericoronitis, traumatic extractions (cor-
relating with the surgeon’s experience), older age, and inad-

equate irrigation at the time of surgery are highly associated 
with the development of alveolar osteitis. Based on several 
studies, preoperative rinsing with chlorhexidine and thorough 
intraoperative lavage using physiological saline reduce the 
incidence of alveolar osteitis by up to 50%. Studies on the 
effi cacy of topical/intraalveolar antibiotics and its benefi ts 
are debatable. Recent studies have not demonstrated any 
benefi ts.

Similarly, the use of systemic perioperative antibiotics has 
not been shown to be of any benefi t. At present, the literature 
does not support the use of perioperative antibiotics in reduc-
ing the incidence of alveolar osteitis.

Despite current thinking, factors such as vasoconstrictive 
use, seasonal affects, the degree of bacterial load within the 
socket, fl ap design, and negative pressure dislodging the clot 
(use of a straw or spitting). have not been shown to increase 
the incidence of dry sockets. As mentioned, there is evidence 
that the use of oral contraceptives is a risk factor but female 
gender alone is not.
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Box 5-2.   Factors That Are Suggested to 
Infl uence the Incidence of 
Alveolar Osteitis

Increased Risk With
• Smoking
• Birth control pills
• History of pericoronitis
• Increased age
• Traumatic extraction (inexperienced surgeon)
• Inadequate irrigation

Decreased Risk With
• Prerinsing with chlorhexidine
• Maintenance of good oral hygiene perioperatively
• Thorough intraoperative lavage
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Surgical Exposure of an Impacted Maxillary Canine

Bruce Anderson, HBSc, DDS, and Chris Jo, DMD

CC

A 14-year-old boy is referred to your offi ce by his orthodon-
tist for exposure and bracketing of an impacted left maxillary 
canine (normally erupting between ages 11 and 12).

The maxillary canines are the second most commonly 
impacted teeth (the most common are the third molars).

HPI

The patient has a history of premature loss of the primary left 
maxillary canine secondary to trauma (premature loss of 
teeth with subsequent arch length reduction is one of the 
many causes of impaction). Orthodontic treatment has begun 
and suffi cient arch space has been accommodated for the 
guided eruption of the impacted canine. The patient has no 
history of any other impacted or congenitally missing teeth 
and presents with an otherwise full dentition.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

General. The patient is a well-developed and well-nourished 
boy in no apparent distress.

Maxillofacial. He has a symmetrical facial appearance 
with no obvious skeletal abnormalities.

Intraoral. Orthodontic bands, brackets, and arch wires are 
in place. A well-healed edentulous space is present in the area 
of the left maxillary cuspid with an adequate alveolar ridge. 
A small, painless, palpable bony buccal protuberance can be 
noted in the area of the left maxillary cuspid, consistent with 
the crown of the impacted canine (clinical evaluation to deter-
mine palatal or buccal impaction is important and often suf-
fi cient to determine the approach for access to the tooth). The 
gingival and palatal tissue appear healthy with no notable 
periodontal defects.

IMAGING

A panoramic radiograph is the initial screening study of 
choice for evaluating impacted teeth. It provides an excellent 
overview of the dentition, associated dentoalveolar structures, 
and location of impacted teeth. Periapical “shift shots” can 
help determine if the tooth is buccal/labial or palatal/lingual 
(the SLOB rule: Same Lingual, Opposite Buccal, is frequently 

used to determine the position of the tooth as the cone of the 
x-ray machine is moved anteriorly or posteriorly to observe 
the position of the tooth on the subsequent fi lm). Occlusal 
fi lms, lateral cephalometric fi lms, or CT scans can be used 
for precisely locating the position and orientation of impacted 
teeth.

In this patient, the panoramic radiograph shows a fully 
formed impacted left maxillary cuspid with a mesioangular 
orientation. Figure 5-2 demonstrates the position of the 
impacted canine before the initiation of orthodontic therapy. 
The crown of the canine appears to have a pericoronal radio-
lucent lesion consistent with a hyperplastic dental follicle 
(although a dentigerous cyst or other pathological processes 
are also possible). No crestal bone loss is noted in the sur-
rounding region. The full bony impacted third molars are also 
noted.

LABS

No laboratory studies are indicated for routine exposure and 
orthodontic bracket placement of impacted teeth unless dic-
tated by the medical history.

ASSESSMENT

Full bony mesioangular labially impacted left maxillary 
canine

TREATMENT

Current popular treatments of impacted canines can be 
divided into open and closed surgical techniques, differing 
slightly in regard to palatal versus labial impactions. Auto-
transplantation and extraction with implant replacement are 
less commonly used techniques and are described with other 
historical techniques below.

Open techniques. These surgical techniques are indicated 
when the crown of the impacted canine is in an appropriate 
location near the alveolar process, allowing exposure and 
access for orthodontic bracket placement. For palatal impac-
tions, the excision of overlying soft tissue may be performed 
with a surgical blade or electrocautery. Bone removal may be 
performed with a rotary instrument, rongeurs, or hand instru-
ments to expose the crown to the level of the cervical margin. 
Complete exposure of the crown may not be feasible in cases 
where the crown is in close proximity to incisor roots. Any 
dental follicle remnants should be excised at this time, and 
gentle luxation of the tooth may be performed to rule out 
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ankylosis. An orthodontic bracket with gold chain may be 
etched and bonded to the crown with the chain attached pas-
sively to existing orthodontic arch wires. The wound may be 
left open or packed with a periodontal dressing for a period 
of 4 to 5 days. It is generally accepted that a period of 6 to 8 
weeks be observed in both palatal and labial impactions to 
allow for spontaneous eruption prior to the application of 
orthodontic forces. The apically repositioned fl ap is the open 
technique of choice for labially impacted canines. Electrocau-
tery, or a “window” excision of overlying soft tissue, should 
be avoided with labial impactions as it usually results in a 
lack of attached gingiva following eruption with a possible 
need for a secondary graft procedure. A full-thickness muco-
periosteal fl ap with vertical incisions is raised to the level of 
the vestibular sulcus, followed by bone removal, follicle 
removal, and crown exposure as previously described. The 
distal aspect of the fl ap is positioned apically and sutured with 
chromic gut at the level of the cervical margin, thus placing 
attached gingiva at the level of the cementoenamel junction. 
Again, the bracket with chain may be bonded at this time.

Closed techniques. These surgical techniques are indi-
cated when the crown is not near the alveolar process or is in 
a position that inhibits the apical repositioning of a fl ap. In 
both palatal and labial impactions, a full-thickness mucoperi-
osteal fl ap is raised, allowing subsequent crown exposure, 
gentle luxation, and bonding of the orthodontic bracket with 
chain. At this point, the chain may be brought through the 
distal aspect of the fl ap, or through a stab incision within the 
body of the fl ap, and then the full fl ap is repositioned and 
sutured. In closed techniques, orthodontic forces may be 
applied after 1 week to allow for soft tissue healing.

COMPLICATIONS

The most prevalent complication associated with surgical 
exposure of impacted canines is failure of the orthodontic 
bracket bond or fracture of the chain. This is of higher con-
sequence in closed techniques as it requires surgical reexpo-
sure of the crown before replacement of the bracket. Moisture 

in the surgical fi eld during bracket bonding may be the likely 
cause of this complication. Reexposure will also be required 
with the low occurrence of gingival overgrowth in open 
techniques.

Periodontal defects may occur as a result of inappropriate 
fl ap design and/or bone loss adjacent to the surgical site. 
Damage to the erupting tooth and adjacent tooth roots, includ-
ing root resorption, may occur secondary to diffi culty control-
ling the path of eruption.

Ankylosis of the impacted tooth should be considered if 
no movement is observed following a suffi cient application of 
orthodontic forces and time. Intrusion of the anchoring denti-
tion may be observed in this situation. Some suggest that the 
act of gently luxating the tooth at the time of exposure may 
cause ankylosis as a result of bleeding and infl ammation.

DISCUSSION

Excluding third molars, canines are the most commonly tre-
ated impactions by the oral and maxillofacial surgeon. Bass 
reported the frequency of impacted canines as 2%, with 
palatal impactions occurring more frequently than labial. 
Chaushu and associates in 2005 reviewed the surgical expo-
sure and bracketing of 60 patients with 71 non–third molar 
impactions (57 canines, 14 central incisors). In their study, 
palatal impactions occurred most frequently (2:1), and they 
found that the use of a closed technique for palatal impactions 
had a statistically signifi cant improvement in mean recovery 
time. Most impacted canines have an unknown etiology; 
however, numerous etiologies have been attributed to canine 
impactions, including mechanical obstruction by adjacent 
teeth or pathology, arch length discrepancy (more prevalent 
in labial impactions), premature loss of deciduous teeth, asso-
ciated syndromes, questionable genetic predispositions, 
and endocrine abnormalities such as hypothyroidism and 
hypopituitarism.

Historical treatments of impacted canines include the 
placement of crown forms or cervical wires. Adapted alumi-
num or plastic crown forms were commonly placed following 

Figure 5-2 Panoramic radiograph 
demonstrating the horizontal im -
paction of the left maxillary canine 
before orthodontic therapy. The full 
bony impacted third molars are also 
noted.
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exposure with a closed technique with resulting erosion of 
overlying soft tissue secondary to a foreign body reaction. 
Once visible in the oral cavity, the crown form was removed 
and orthodontic brackets were placed. Wires secured around 
the cervical neck of the canine were also popularly used, but 
this was a more technically demanding procedure, sometimes 
requiring excessive manipulation of the tooth, and erosion of 
the canine at the cervical neck has been reported with this 
technique.

Additional surgical options include autotransplantation, 
segmental osteotomy, and extraction with subsequent implant 
placement. Autotransplantation may be indicated in circum-
stances of deep impactions and involves the creation of a bony 
socket for the extracted and transplanted canine. Survival 
rates have been reported at 70%, and as high as 94% when 
the periodontal membrane is intact at time of transplantation. 
This technique, however, is not commonly used as it is less 
predictable, with several reported cases of external root 
resorption. Segmental osteotomy is seldom performed and 
carries the risks of a more technical procedure. The incidence 
of extraction and replacement with osseointegrated implants 
has increased in recent years, but the use of implants in 
growing children is still controversial. Implants have been 
shown to migrate and may become submerged as growth 
continues vertically. The latter complication may be avoided 
by placement of the implant after vertical growth of the alve-
olus is completed. Despite these concerns, successful restora-
tion using implants has been demonstrated in numerous 
studies and warrants further investigation.

The decision between using an open versus a closed tech-
nique is often left up to the practitioner and may be one of 
personal choice. As mentioned previously, there are certain 
physical location factors of the involved impacted tooth 
that may dictate one technique over another, but the trend in 
the literature seems to show a smaller overall complication 
rate associated with open techniques. Studies have reported 
a 2-fold rate of complication in closed compared to open 
techniques, with the primary complication in closed cases 

being bond or wire failure and the primary complication in 
open cases being soft tissue overgrowth. Bond failure in open 
techniques is a minor complication, and some suggest delay-
ing bracket placement until after the observational period, 
allowing greater control of moisture in the surgical fi eld. No 
signifi cant differences in subsequent periodontal complica-
tions have been reported between the two groups. The con-
sensus appears to be that both techniques are acceptable and 
provide predictable results for the treatment of impacted 
canines.
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Lingual Nerve Injury

Shahrokh C. Bagheri, DMD, MD, and Roger A. Meyer, MD, DDS, FACS

CC

A 26-year-old woman is referred to a microneurosurgeon for 
evaluation of anesthesia of the left tongue (absence of percep-
tion of any stimulation of the mucosa).

HPI

The patient had all four third molars extracted by an oral and 
maxillofacial surgeon 11 weeks before presentation. Upon 
follow-up at 7 days with the referring surgeon, the patient 
complained of persistent anesthesia on the left tongue and 
altered taste sensation. No neurosensory testing was done at 
that time. Six weeks after surgery, the patient continued to 
report profound numbness of the right tongue and no improve-
ment in taste perception. All surgical wounds were healed. 
Neurosensory testing of the tongue (pinprick and light touch) 
demonstrated total anesthesia of the anterior two thirds of the 
left tongue, fl oor of mouth, and lingual gingiva. Photographic 
documentation of the affected area of the tongue was made. 
The patient was appointed for reevaluation in 4 weeks. At 
follow-up (10 weeks postsurgery), repeat neurosensory testing 
revealed no change (persistent total anesthesia) from the pre-
vious examination. The patient was subsequently referred to 
a microneurosurgeon for evaluation of left lingual nerve 
anesthesia.

The patient also complained of pain radiating into her left 
tongue when chewing food or brushing her left lower teeth 
(allodynia) and frequent accidental biting of her tongue. 
(Allodynia is defi ned as pain due to a stimulus that does not 
normally produce pain. Dysesthesia is an unpleasant abnor-
mal sensation, either spontaneous or evoked, and anesthesia 
dolorosa is pain in an area or a region that is anesthetic.)

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman in no apparent distress.

Maxillofacial. There is no lymphadenopathy, and all 
extraction sockets are healing well. There are no masses or 
ulcerations, no fasciculations or atrophic changes of the 
tongue, and no evidence of recent tongue trauma (scars or 
lacerations). Inspection of the lingual and buccal aspects of 
mandible reveals no abnormalities (texture, color, and consis-

tency of mucosa are within normal limits). Palpation and 
percussion of the lingual surface of the posterior mandible 
adjacent to the third molar area produced a localized painful 
sensation that radiated to the left tongue (positive Tinel’s sign; 
a provocative test of regenerating nerve sprouts in which light 
percussion over the nerve elicits a distal tingling sensation; 
used as a sign of small fi ber recovery but can also be confused 
with neuroma formation).

Clinical neurosensory. This examination is performed at 
three levels: A, B, and C (Box 5-3). Cranial nerves II through 
XII are intact (except left lingual nerve distribution).

In patients with abnormal pain sensations (allodynia, anes-
thesia dolorosa, dysesthesia), a local anesthetic block is a 
good predictor of pain relief from microneurosurgical repair 
of the injured nerve.

IMAGING

Panoramic radiograph (11 weeks postsurgery) reveals no evi-
dence of retained root fragment or foreign bodies. The outline 
of the socket of the right mandibular third molar is well 
demarcated and is appropriate for the stage of healing.

LABS

No routine laboratory tests are indicated for routine micro-
neurosurgical evaluation unless dictated by the medical 
history.

ASSESSMENT

Left lingual nerve neurotmesis or Sunderland fi fth-degree 
injury (Table 5-1) (nerve injury with disruption of all axonal 
and sheath elements, producing Wallerian degeneration and 
likely neuroma formation)

Microneurosurgical intervention is indicated for lingual 
nerve neurorrhaphy (suturing of the two nerve ends together) 
and possible excision of proximal stump neuroma.

TREATMENT

The two most important factors in successful microneurosur-
gery are correct patient selection (diagnosis) and prompt 
evaluation of suspected nerve injuries. Surgical treatment 
may include nerve exploration with identifi cation of nerve 
pathology such as a neuroma in continuity, lateral exophytic 
neuroma, lateral adhesive neuroma, and partial transaction or 
transaction with a stump neuroma. Specifi c intraoperative 
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fi ndings will dictate the surgical treatment modality of 
choice.

Under general nasal endotracheal anesthesia, bupivacaine 
with epinephrine was injected into the soft tissue of the oper-
ative fi eld in addition to an inferior alveolar nerve block for 
vasoconstriction of the associated proximal vessels. Using 
3.5X loop magnifi cation (or an operating microscope) and 
fi beroptic lighting, incisions were made along the gingival 
margins of premolar and molar teeth, on both the buccal and 
lingual aspects of the mandible. The mucoperiosteum was 
elevated from the region of the bicuspids and posteriorly up 
the ascending ramus. The periosteum was sharply incised 
with microscissors, and the lingual nerve was identifi ed and 
dissected free to reveal a total transaction adjacent to the 
previously removed third molar with a stump neuroma on the 
proximal segment. There was a defect in the lingual cortex 
of the mandible. The distal and proximal nerve stumps were 
freed of surrounding scar tissue, the proximal amputation 
neuroma was excised, and the distal nerve stump was fresh-
ened to ensure viable fascicles (Figure 5-3, A). Subsequently, 
the nerve endings were reanastomosed (neurorrhaphy) in 
a tension-free manner (tension across the suture line of 
greater than 25g will signifi cantly compromise regeneration) 
using 8-0 nylon sutures (Figure 5-3, B). The anastomosis 

was guarded by a resorbable fl exible collagen nerve cuff to 
avoid fi brous tissue ingrowth (Figure 5-3C). The mucosal 
incision was closed with chromic sutures, and the patient was 
extubated.

Postoperatively the patient was closely monitored for ade-
quate wound healing and subsequent neurosensory reeduca-
tion exercises. At 1-year follow-up, the patient demonstrated 
both subjective and objective signs of left lingual nerve 
sensory function.

COMPLICATIONS

Like other surgical operations, microneurosurgical interven-
tion is not without risks. Careful patient selection is of para-
mount importance. The indications for microneurosurgical 
intervention are not always consistent in the literature. 
However, common indications for surgical exploration and 
repair of the lingual nerve include the following:
• Abnormal and triggered hyperpathia (a painful syndrome 

of increased reaction to a stimulus), allodynia, or 
hyperalgesia (an increased response to a stimulus that is 
normally painful) that is abolished by an anesthetic 
block of the suspected nerve

• Constant, deep pain in an anesthetic (anesthesia 
dolorosa) or a hypoesthetic tongue that is abolished by a 
local anesthetic block of the suspected nerve

• Intolerable anesthesia or hypoesthesia with no signs of 
recovery with interval neurosensory testing, persisting 
beyond 3 months after injury

Patients with tolerable anesthesia/hypoesthesia or with satis-
factory neurosensory recovery without intolerable pain or 
dysfunction may not be candidates for surgical nerve explora-
tion. It is possible for such patients to have a worse outcome, 
such as the development of anesthesia dolorosa, in a previ-
ously anesthetic but nonpainful region. Fortunately, this 
appears to be a rare event. Most patients with nerve injury 
whose presurgical symptom is numbness rather than pain do 
not develop painful sensations after microsurgical nerve 
repair. More commonly, failure of peripheral trigeminal 
microneurosurgery is related to the ability to restore the pre-
injury sensory function. In cases of total nerve severance 
(neurotmesis or Sunderland fi fth-degree), the time lapse from 

Table 5-1.   Nerve Injury Classifi cation

Seddon Sunderland Histology Outcomes

Neurapraxia First degree No axonal damage, no demylination Rapid recovery (days to weeks)
   or no neuroma
Axonotmesis Second, third and Some axonal damage, demylination,  Loss of sensation, slow incomplete
  fourth degree  possible neuroma  recovery (weeks to months),
    microsurgery may help
Neurotmesis Fifth degree Severe axonal damage, nerve Loss of sensation, spontaneous recovery
   discontinuity, neuroma formation  unlikely, microsurgery may help

Box 5-3.   Performance Levels for 
Clinical Neurosensory

Level A (Directional and two-point discrimination): Patient 
unable to feel the direction of the stimulus using a cotton 
swab and unable to feel a single- versus two-point stimuli 
applied to the affected side. Control side within normal 
limits (inability to discriminate two points farther than 
6.5  mm apart is considered abnormal).

Level B (Contact detection): Patient does not experience pain 
to repetitive application of touch/pressure. Control side is 
within normal limits.

Level C (Pain sensitivity): Exhibits no response to pinprick, 
noxious pressures, and heat on the left lingual nerve 
distribution. Control side is within normal limits.
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injury to repair, proper surgical technique (such as tension-
free closure), patient age, and health status are among the 
most important factors for success. Best results are seen when 
repair is performed within 6 months of the date of injury. In 
cases of a witnessed nerve severance, immediate primary 
nerve repair is indicated unless the surgical site is contami-
nated (e.g., gunshot wound), the patients current medical 

A

B

C

Figure 5-3 A, Proximal and distal nerve stumps before reanas-
tomosis. B, Neurorrhaphy with 8-0 nylon sutures. C, Repair pro-
tected by a resorbable fl exible collagen nerve cuff.

status is compromised, or the surgeon does not possess the 
training or instrumentation to complete the repair.

DISCUSSION

The inferior alveolar nerve and the lingual nerve are the 
sensory nerves most commonly injured during surgical treat-
ment by oral and maxillofacial surgeons. Injury to these nerves 
is not always avoidable despite knowledge of the anatomy and 
meticulous surgical technique. The lingual nerve has a more 
variable and less predictable course. The lingual nerve is 
positioned above the lingual alveolar crest at the retromolar 
area in 14% of cases (see the section on third molar odontec-
tomy earlier in this chapter). In other cases, the lingual nerve 
travels through the submandibular salivary gland. Injuries to 
the lingual nerve occur less frequently than do injuries to the 
inferior alveolar nerve. However, the lingual nerve, which is 
located entirely within soft tissue, is less likely to spontane-
ously recover from injury compared with the inferior alveolar 
nerve. This is hypothesized to be due to the position of the 
inferior alveolar nerve in the bony canal that serves as a 
conduit for nerve regeneration.

The reported incidence of temporary paresthesia to the 
lingual nerve from third molar surgery is between 2% and 6%, 
with approximately less than 25% of these injuries resulting 
in a permanent defi cit. Several factors may be associated with 
an increased risk of lingual nerve injury, including lingual 
bone–splitting technique, aggressive curettage of the follicular 
sac or granulation tissue, excessive lingual bone removal, 
lingual plate perforation by a drill or an instrument, and deeply 
placed lingual sutures. Placement of lingual retraction 
increases the incidence of temporary lingual nerve paresthesia 
but may decrease the incidence of permanent nerve injury.

Upon injury to a nerve, the distal axonal segment degener-
ates slowly (Wallerian degeneration). The distal segments are 
progressively phagocytosed over several months and replaced 
by scar tissue. Once scar tissue has fully replaced the connec-
tive tissue framework, the regenerating proximal axons can 
no longer recannulate the endoneurial tubules and reinnervate 
their target tissue. Therefore best results for microneurosurgi-
cal repair of nerve severance are achieved when surgery is 
performed as soon as the diagnosis is confi rmed and the 
patient is willing to proceed with the procedure given the 
risks and benefi ts. Within 6 months of the injury, the patient 
has a reasonable chance of success (80% to 90%) (defi ned as 
response to pressure and light touch at normal thresholds, 
two-point discrimination at a threshold of less than 15  mm, 
and no hyperesthesia), whereas beyond 12 months, the likeli-
hood of success is very low.
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Displaced Root Fragments During Dentoalveolar Surgery

Danielle Cunningham, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 41-year-old man is referred to your offi ce for extraction of 
a nonrestorable left maxillary fi rst molar.

HPI

Four years earlier the patient had a root canal performed due 
to extensive caries on the left maxillary fi rst molar without 
any complications (extractions of endodontically treated teeth 
have a greater probability of root fracture and displacement). 
He did not pursue restoration of the tooth due to fi nancial 
reasons and is now referred for extraction of the failed root 
canal. He presented to his general dentist with a complaint of 
pain and mild gingival swelling adjacent to the left maxillary 
fi rst molar.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. The patient does not use tobacco.
Medical comorbidities (such as chronic steroid therapy, 

smoking cigarettes, diabetes, radiation therapy, or malnutri-
tion) that compromise wound healing may increase the likeli-
hood of persistent oral antral communications requiring 
repeat surgical closure. However, the regional anatomy of the 
area, such as the length of the roots, extent of sinus pneuma-
tization, and amount and quality of surrounding bone, is also 
important.

EXAMINATION

Intraoral. The patient has localized gingival edema and ery-
thema of the left maxillary fi rst molar, with no vestibular 
fl uctuance. There is a 2-mm draining fi stula on the buccal 
gingiva. A large carious lesion is present on the mesial-occlu-
sal surface of the tooth. The left maxillary second and third 
molars (teeth Nos. 15 and 16) are missing with signifi cant 
resorption of the posterior maxillary ridge.

IMAGING

The periapical or panoramic radiograph is the minimal 
imaging modality necessary before the extraction of a tooth. 
The panoramic radiograph allows better evaluation of the sur-
rounding structures (such as the maxillary sinus). Evaluation 
of the size and shape of the tooth, degree of sinus pneumatiza-
tion, and amount of bone is important for assessment of pos-
sible risks for oral antral exposure or root fracture.

For this patient, the panoramic radiograph reveals a long 
palatal root of the left maxillary fi rst molar that appears to 
partially project into the sinus. There is a loss of continuity 
of the maxillary sinus in the area of the palatal root (sugges-
tive of a periapical scar secondary to the previous root canal 
or a pathological process involving the maxillary sinus).

LABS

No laboratory testing is indicated before routine dentoalveo-
lar surgery unless dictated by the medical history.

ASSESSMENT

Nonrestorable carious left maxillary fi rst molar requiring 
extraction

Preoperative assessment of this patient should alert the 
surgeon to the increased likelihood of root fracture and/or 
oral antral communication upon surgical removal of the left 
maxillary fi rst molar. Well-informed patients are more accept-
ing of necessary secondary procedures (such as oral antral 
closure, root retrieval form the sinus, or nerve repair).

TREATMENT

After injection of local anesthetic with epinephrine, extrac-
tion of the left maxillary fi rst molar was attempted using an 
elevator and forceps. Removal of the tooth revealed fracture 
of the palatal root with the root fragment retained within the 
palatal socket. A root tip pick was used to retrieve the frag-
ment. During elevation, the root tip suddenly disappeared 
from the surgical fi eld. Evaluation of the socket reveals a dark 
hole, suggesting that the fragment has dislodged into the 
maxillary sinus.

Upon diagnosis of a displaced root into the maxillary 
sinus, several maneuvers may be attempted to retrieve the 
fragment. It is possible for a fragment to be displaced below 
the Schneiderian membrane without actual dislodgment into 
the maxillary antrum. If the membrane appears intact, this 
diagnosis should be considered. In cases of dislodgment into 
the sinus, a perforation into the antrum may be visible. Asking 
the patient to exhale while pinching the nose may demon-
strate air or bubbles exiting the socket, confi rming the diag-
nosis of sinus perforation. Immediately upon diagnosis, a 
small suction tip can be placed at the apex of the extraction 
socket in an attempt to remove the fragment. The procedure 
can be repeated with the patient placed in an upright position. 
If this maneuver fails, the maxillary sinus can be irrigated 
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with normal saline followed by suctioning to allow root 
retrieval. If the root fragment cannot be visualized, the 
procedure should be aborted. The following two treatment 
approaches should be considered:
• The sinus communication is closed and the root 

fragment is left in place. The patient is subsequently 
monitored with panoramic radiographs to document the 
position of the root. In patients who are asymptomatic, 
with small fragments that are fi xed within the antrum, it 
is possible to simply observe the root with serial 
radiographs.

• Closure of the sinus perforation followed by immediate 
or delayed removal of the root fragment via a Caldwell-
Luc, transalveolar, or endoscopic sinus surgery.

These treatment options are addressed in more detail below 
(see Discussion).

COMPLICATIONS

Displacement of a tooth/root fragment into the maxillary 
sinus in a known complication of maxillary dentoalveolar 
surgery. Although several preoperative fi ndings can identify 
patients at risk (see earlier), this complication can occur in 
any patient. Other possible complications of dentoalveolar 
surgery are listed in Box 5-4.

Pain and swelling are inevitable consequences of any sur-
gical intervention. However, measures to minimize pain and 
swelling (preoperative steroids, short operative time, and 
careful surgical technique) may increase patient comfort 
and satisfaction.

DISCUSSION

The palatal root of the maxillary fi rst molar is the most likely 
root to be pushed into the maxillary sinus. There is some 
controversy regarding the optimal management of displaced 
root fragments into the maxillary sinus. Many surgeons advo-
cate removal of all root fragments from the sinus regardless 
of any preexisting sinus or periapical pathology. It is hypoth-
esized that a root tip may act as a foreign body within the 
sinus leading to polyps or sinusitis. Although there are no 
randomized trials to evaluate this issue, most authors argue 
that the decision needs to be made on a case-by-case basis. It 
is recommended that if the root tip is small (less than 3  mm) 
and the sinus and the tooth demonstrate no preexisting pathol-
ogy, only minimal attempts should be made to retrieve the 
root. The majority of root fragments are fi brosed into the 
sinus membrane without any long-term sequelae. Case reports 
of retrieved maxillary implants that had migrated or perfo-
rated the sinus mucosa have demonstrated no infl ammatory 
changes in the mucosa (both clinically and radiographically). 
However, there are other case reports where migration of a 
cover screw caused acute sinusitis.

A standard procedure used to retrieve foreign bodies from 
the maxillary sinus is the Caldwell-Luc procedure. A ves-
tibular incision is used to access the canine fossa. A per-
foration is made in the anterior maxillary wall, allowing 

visualization of the sinus. This can be enlarged to gain access 
to the sinus as needed. Careful attention to the infraorbital 
nerve avoids postoperative hypoesthesia.

Access to the maxillary sinus can also be gained via a 
transalveolar approach, by extending the opening of the 
extraction socket. Removal of buccal bone beyond the apex 
of the socket allows exposure of the antral mucosa. If the 
membrane has not been violated, this tissue plane may be 
explored; otherwise, an opening can be made through the 
membrane to allow sinus exploration. The opening is closed 
primarily using a buccal fl ap. This technique provides supe-
rior exposure to the antral fl oor (exposing the most likely 
position of the dislodged tooth). However, if the patient is 
interested in replacing the edentulous area with an implant, 
this approach would compromise the alveolar ridge bone, 
which is important for implant restorations.

Prevention of root displacement is the best treatment. If a 
root tip is fractured and the clinician suspects the possibility 

Box 5-4.   Complications of Dentoalveolar 
Surgery

Intraoperative Complications
• Root fracture (increased incidence with age and root canal 

therapy)
• Injury to adjacent structures (lingual nerve, inferior 

alveolar nerve, mental nerve, greater palatine artery and 
vein, and injury to adjacent teeth and restorations)

• Maxillary tuberosity fracture (seen with maxillary second 
and third molar extractions, with an increasing incidence 
with age)

• Oral antral communication
• Displacement of the tooth fragments (or entire tooth) 

outside of the tooth socket. Root fragments can be 
displaced into the maxillary sinus, inferior alveolar canal, 
infratemporal fossa (uncommon complication of maxillary 
third molar extractions), sublingual space (perforation of 
the lingual cortex above the mylohyoid attachment), or the 
submandibular space (perforation below the mylohyoid 
attachment)

• Hemorrhage (bleeding in an otherwise noncoagulopathic 
patient is almost always easily controlled with local 
measures)

• Temporomandibular joint pain (secondary to acute 
temporomandibular joint muscle spasm, especially with 
preexisting internal derangement)

• Mandibular fracture (this is an uncommon but known 
complication of mandibular third molar extractions)

• Failure to achieve adequate local anesthesia

Postoperative Complications
• Alveolar osteitis (dry socket)
• Wound infection
• Periodontal complications (loss of gingival attachment 

levels or development of periodontal pockets)
• Poor wound healing causing delayed recovery
• Alveolar bone abnormalities/irregularities (may require 

repeat minor alveoplasty)
• Osteoradionecrosis
• Bisphosphonate-induced osteonecrosis of the jaws

Ch005-A04574.indd   104 6/27/2007   2:52:22 PM



of displacement into the sinus, blind attempts at elevation of 
the fragment should be avoided. The use of adequate lighting 
(headlight) and full exposure of the area usually allow suc-
cessful retrieval of the root from the socket. A variety of 
methods, including the use of endodontic fi les to remove root 
tips, have been described.

It is generally recommended that exposure of the sinus via 
the oral cavity warrants antibiotic therapy and “sinus pre-
cautions,” regardless of decision to retain or retrieve a 
tooth fragment. The sinus fl ora includes the bacteria 
Haemophilus infl uenzae, Streptococcus pneumoniae, and 
Moraxella catarrhalis. Nasal decongestants such as oxym-
etazoline (Afrin) or pseudoephedrine are used to improve 
sinus drainage. Topical application of oxymetazoline (alpha-
agonist) causes arteriolar vasoconstriction, resulting in nasal 
mucosal shrinkage, which allows for improved drainage. 
Oxymetazoline should not be used for longer than 3 to 5 days 
secondary to the development of rhinitis medicamentosa, 
causing rebound nasal congestion. Pseudoephedrine (sympa-
thomimetic, alpha-adrenergic agonist)-containing deconges-
tants cause vasoconstriction by selectively acting on the 
peripheral alpha-receptors, without the central nervous system 
side effects. These medications are frequently available in 
combination with an antihistamine or antitussive agents.

Extraction of mandibular molars can be complicated by 
displacement of root tips through a perforated lingual cortex 
into the submandibular or sublingual space (depending on the 
attachment of the mylohyoid muscle). The lingual plate at the 
area of the mandibular third molars can be very thin and, in 
some instances, fenestrated. Upon identifi cation of a tooth 
fragment that is likely to be dislodged from the socket, place-

ment of a fi nger along the medial aspect of the lingual cortex 
can frequently prevent this complication.

If a tooth becomes dislodged into the submandibular/
sublingual space, attempts should be made at removal through 
the extraction socket or the perforation. If this maneuver is 
unsuccessful, a lingual mucoperiosteal fl ap can be elevated 
to allow exploration of the immediate region. Care should be 
taken not to injure the lingual nerve. In the event of failure 
to identify the tooth, the procedure should be aborted, and 
the patient is placed on antibiotics. A time period of 4 to 6 
weeks has been recommended to allow the development of 
fi brosis around the tooth to facilitate removal. A CT scan may 
be obtained to visualize the exact position of the tooth, allow-
ing careful preoperative planning. For small root fragments 
(less than 5  mm) that are not associated with any pathology, 
the surgeon may elect to observe the tooth and only remove 
the fragment if it becomes symptomatic.
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6 Head and Neck 
Pathology

Deepak Kademani, DMD, MD, FACS, and Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Pleomorphic Adenoma
• Irritation Fibroma
• Acute Herpetic Gingivostomatitis
• Aphthous Ulcers
• Sialolithiasis
• Acute Suppurative Parotitis
• Mucocele
• Presentation of a Neck Mass: Differential Diagnasis
• Oral Leukoplakia
• Osteoradionecrosis of the Mandible

Pathological diseases of the head and neck encompass a wide 
spectrum of disorders with associated maxillofacial or sys-
temic involvement. Several categories of disorders can be 
identifi ed, which can frequently assist in formulation of a 
differential diagnosis:
• Infectious (e.g., bacterial, viral, fungal infections)
• Traumatic etiology (e.g., irritation fi broma)
• Neoplastic: epithelial, connective tissue, glandular, 

lymphatic, osseous, muscle, and vascular tumors that can 
be characterized as either benign or malignant tumors; 
metastatic disease to the head and neck are by defi nition 
malignant

• Immunologically mediated disorders (e.g., rheumatoid 
arthritis)

• Side effects or other medical or surgical therapy (e.g., 
osteoradionecrosis)

• Cysts of the head and neck (infl ammatory and non-
infl ammatory cysts)

• Pathological processes related to the regional anatomy 
(e.g., sialolithiasis)

• Congenital malformations (cleft lip and 
palate)

• Degenerative disorders (osteoarthritis)
• Iatrogenic (e.g., intraoperative damage to a cranial 

nerve)
• Idiopathic (e.g., aphthous ulcers)
• Vasculitis (e.g., temporal arteritis)
Several of these categories are addressed elsewhere in this 
book. In this chapter, we have elected 12 teaching cases that 
represent disorders of infectious, traumatic, neoplastic, ana-
tomic, and idiopathic etiology common in the oral and max-
illofacial region. A teaching case discussing the differential 
diagnosis of a neck mass is provided, and a case of osteora-
dionecrosis outlines the current controversies and manage-
ment issues for this complex complication of head and neck 
radiation.
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Pleomorphic Adenoma

Scott D. Van Dam, DDS, MD, and Deepak Kademani, DMD, MD, FACS

CC

A 53-year-old woman (pleomorphic adenoma is most common 
in the fourth to sixth decades of life, with a slight female 
predilection) schoolteacher is referred for evaluation of a 
mass inferior to her left ear.

HPI

Over the past 8 months, she had noticed a progressively 
enlarging mass anterior and inferior to her left ear (pleomor-
phic adenoma is the most commonly occurring benign tumor 
of the major salivary glands. They are typically slow growing, 
at a rate of less than 5  mm per year). She explains that it has 
slowly enlarged, prompting her to bring it to her dentist’s 
attention. There is no associated pain, paresthesias, or motor 
defi cits (motor or sensory nerve defi cits are not commonly 
seen with benign salivary neoplasm). She denies any consti-
tutional symptoms including fever, chills, night sweats, appe-
tite changes, and weight loss (systemic symptoms associated 
with infl ammatory or malignant processes).

PMHX/PSHX/MEDICATIONS/ALLERGIES/SH/FH

She sees her dentist yearly for routine maintenance. She 
drinks alcohol on social occasions, and has never smoked. 
(There is no known association between tobacco and alcohol 
as risk factors for the development of pleomorphic adenomas. 
One potential risk factor is exposure to certain chemicals and 
dyes, but this association is very weak.)

There is no previous history of head and neck cancer or 
facial cosmetic surgery (important to be aware of previous 
surgeries in the area of the pathology). She has completed all 
her childhood immunizations including the mumps vaccine 
as part of the MMR vaccine (less likely to have mumps as a 
cause of parotid swelling).

EXAMINATION

General. The patient is a well-developed and well-nourished 
43-year-old woman in no apparent distress.

Vital signs. Her blood pressure is 135/90  mm  Hg, heart 
rate 80, respirations 16, and temperature 36.9°C.

Maxillofacial. Examination of the eyes and ears is unre-
markable. The tympanic membranes are clear bilaterally. 
Cranial nerves II to XII are intact, with no weakness of the 
muscles of mastication (V). There is no sensory defi cit in the 
V1-V3 distributions. Facial mimetic muscles are intact and 

symmetrical (involvement of the facial or trigeminal nerve 
would be suggestive of a malignant process).

There is a visible swelling in the left subauricular area 
that distorts her facial contour. Palpation reveals a well-
circumscribed, freely moveable, fi rm, rubbery 1- to 1.5-cm 
nontender mass above the angle of the mandible (benign 
processes are typically slow growing and push rather than 
infi ltrate local structures, as the overlying skin and adjacent 
structures such as blood vessels and nerves are usually not 
involved). There is no warmth, erythema, ulceration, or indu-
ration of the overlying soft tissue (signs of an infl ammatory 
or a malignant process).

Intraoral. The parotid papillae appear noninfl amed bilat-
erally, with expression of clear saliva from Stenson’s duct 
(purulence drainage from the duct would be indicative of 
suppurative parotitis). There are no mucosal ulcerations or 
intraoral extension of the mass (consistent with a benign 
process).

Neck. No palpable submandibular or cervical lymphade-
nopathy (palpable lymph nodes would be indicative of a 
malignant neoplastic process).

IMAGING

Several imaging modalities may be used for the evaluation of 
a parotid mass, including ultrasound, computed tomography 
(CT), magnetic resonance imaging (MRI), and sialography. 
The most commonly used initial studies of choice are CT and 
MRI.

Histological confi rmation is ideally performed preopera-
tively by means of fi ne-needle aspiration (FNA). This is best 
performed by an experienced cytopathologist and can provide 
diagnostic information guiding defi nitive treatment. FNA can 
have a high false-negative rate, and therefore inconclusive 
results can be repeated using ultrasonographic or CT guid-
ance. Should the FNA continue to be inconclusive, one should 
proceed with defi nitive surgical resection of the tumor with 
facial nerve preservation, if possible. It is not necessary to 
perform an open biopsy of the parotid gland because 80% of 
parotid masses are benign and therefore a parotidectomy is 
appropriate as a diagnostic and treatment modality. Patients 
should be prepared preoperatively for the potential of facial 
nerve defi cit. If the integrity of the nerve is maintained during 
the procedure, facial nerve function will return.

Sialography can be used to identify sialoliths and ductal 
obstruction and to differentiate parenchymal from nodal 
disease. A CT scan can also help differentiate nodal from 
parenchymal disease and is particularly useful in assessing 
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larger lesions with atypical ultrasonic features. This is not as 
reliable as sialography for identifi cation of ductal pathology. 
MRI offers excellent visualization of the glandular pathology 
and tumors. It is often the imaging modality of choice. Neither 
CT nor MRI can reliably outline the surgical anatomy of the 
mass relative to cranial nerve VII.

A panoramic radiograph can be used as a surveillance 
imaging tool to exclude the presence of intraductal or glan-
dular calcifi cations; however, it is not particularly useful in 
the evaluation of parotid gland lesions.

For this patient, a panoramic radiograph confi rmed no 
observable pathology. A CT scan demonstrated a well-
circumscribed mass within the substance of the parotid gland, 
measuring 1.5  cm in diameter with no homogeneous enhance-
ment following contrast administration (Figure 6-1). There 
was no evidence of enlarged intraparotid lymph nodes.

LABS

No routine laboratory tests are indicated in the workup of a 
parotid mass. A complete blood cell count (CBC) may be 
obtained to evaluate for an elevation of the white blood 
cell (WBC) count secondary to an infectious process. The 
minimum preoperative laboratory examination should include 
the hematocrit and hemoglobin levels. Further laboratory tests 
would be dictated by the medical and surgical histories.

For this patient, the CBC was within normal limits.

DIFFERENTIAL DIAGNOSIS

The slow circumscribed growth, lack of fi xation, and absence 
of cranial nerve involvement or adenopathy associated with 
this lesion suggest a benign process. In addition, the absence 
of any erythema, pain, or warmth, together with a normal 
WBC count, implies a noninfectious/infl ammatory process. 

With a swelling in this region, a differential for proliferative 
processes includes pleomorphic adenoma, Warthin’s tumor, 
monomorphic adenoma, and malignant salivary gland neo-
plasms (Box 6-1).

ASSESSMENT

FNA demonstrates a combination of ductal cells, chondro-
myxoid matrix, and dispersed plasmacytoid and lymphocyte-
like myoepithelial cells (classic histology for pleomorphic 
adenoma), confi rming the diagnosis of pleomorphic 
adenoma

Pleomorphic adenomas are characterized by a variety of 
morphological and histological patterns. It is considered a 
true “mixed” tumor, referring to the biphasic proliferation of 
both ductal epithelial and myoepithelial (mesenchymal) cells. 
The ductal epithelial cells give rise to gland-like epithelial 
structures, while the myoepithelial cells are responsible for 
the characteristic pleomorphic extracellular matrix (myxo-
chondroid connective tissue). Within a single tumor, there 
may be cellular, glandular, myxoid, cartilaginous, and even 
ossifi ed features. This morphological diversity may only be 
evident when the lesion is excised and examined in its entirety. 
Histologically, pleomorphic adenomas may resemble poly-
morphous low-grade adenocarcinoma, adenoid cystic carci-
noma, basal cell adenoma, or epithelial-myoepithelial 
carcinoma. The connective tissue lining, or “pseudocapsule,” 
is an important feature limiting growth but may be incom-
plete or infi ltrated by tumor cells (tumor pseudopodia).

FNA may show various combinations of three elements: 
ductal cells, chondromyxoid matrix, and myoepithelial cells. 

Figure 6-1 Axial CT scan with contrast showing a rim-
enhancing mass of the left parotid gland.

Box 6-1.    Differential Diagnosis of a 
Slow-Growing Parotid Mass

Pleomorphic adenoma (most likely diagnosis given the 
presentation). This is the most common tumor of the major 
salivary glands, with 75% occurring in the tail of the 
parotid.

Warthin’s tumor (papillary cystadenoma lymphadenosum). 
This is also a benign, slow-growing tumor, typically seen in 
the elderly male population older than 50 years. About 10% 
of these tumors can present bilaterally at the time of 
diagnosis.

Monomorphic adenoma. This is a benign tumor affecting the 
major or minor salivary glands, accounting for 6% of all 
benign salivary tumors. There are two histological 
variants—canalicular adenoma, which predominantly 
affects the minor salivary glands of the lips, and basal cell 
adenoma, which is most often seen in the parotid gland.

Malignant salivary gland neoplasms. These include 
mucoepidermoid carcinoma, adenoid cystic, acinic cell 
carcinoma, polymorphous low-grade adenocarcinoma, and 
squamous cell carcinoma. All these tumors may present as 
a mass within the parotid gland. These tumors frequently 
involve the facial nerve and require more extensive 
treatment with possible sacrifi ce of the facial nerve.
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An aspirate with more than one of these components, espe-
cially when coupled with characteristic clinical presentation, 
makes this a straightforward diagnosis.

TREATMENT

Enucleation of a pleomorphic adenoma of the parotid gland 
is associated with recurrence rates of up to 40%. The treat-
ment of choice is a superfi cial parotidectomy, which has 
resulted in low morbidity with recurrence rates of less than 
2% to 3%. An attempt should be made to remove the tumor 
en bloc while maintaining the integrity of the capsule, with 
a 5-mm cuff of normal tissue. When the capsule is encoun-
tered on the deep aspect, it must be carefully dissected from 
the facial nerve. Maintaining the capsule is thought to be the 
key factor in minimizing recurrence. This observation led to 
the development of extracapsular dissection, in which the 
tumor and capsule are carefully dissected from the parotid 
gland. This conservative approach is associated with low rates 
of morbidity (facial nerve damage and Frey syndrome) with 
recurrence rates of 2% to 3%. Upon excision, the specimen 
should be delivered to pathology intact, to allow macroscopic 
evaluation of the integrity of the capsule. Pleomorphic adeno-
mas of the palate should be excised with a 5-mm margin 
including the overlying mucosa and underlying periosteum.

For this patient, a superfi cial parotidectomy with cranial 
nerve VII preservation was performed through a face-lift inci-

sion. The tumor was excised with a 5- to 10-mm margin of 
uninvolved surrounding tissue, with the exception of the deep 
margin, where the capsule was carefully dissected off of the 
facial nerve. The superfi cial musculoaponeurotic system was 
carefully repositioned in an attempt to prevent Frey syndrome.

Subsequently, the intact specimen was evaluated using 
frozen sections by the pathologist, and the diagnosis of pleo-
morphic adenoma was confi rmed. Permanent hematoxylin 
and eosin–stained sections demonstrated typical histology 
including gland-like epithelial cells forming nests, chords, 
and duct-like structures within a heterogeneous stromal back-
ground of myxoid, chondroid, and mucoid material along with 
a distinct fi brous connective tissue lining.

COMPLICATIONS

Early complications can include facial nerve paralysis, hem-
orrhage, hematoma, infection, skin fl ap necrosis, trismus, 
salivary fi stula, sialocele, and seroma formation. Long-term 
complications include Frey syndrome, hypoesthesia of the 
greater auricular nerve, tumor recurrence, and cosmetic 
deformity from the soft tissue defect (Box 6-2).

DISCUSSION

Salivary gland tumors are rare, with an overall incidence of 
2.5 to 3 per 100,000 per year. The majority of parotid (80%) 

Box 6-2.  Complications of Parotidectomy for Pleomorphic Adenoma

Facial nerve injury. Cranial nerve VII can be preserved in most 
parotidectomies in the setting of benign disease. However, 
despite correct surgical technique, paresis of this nerve can 
occur. Careful handling, with minimal skeletonization of the 
branches, can help reduce anoxia and ischemia 
intraoperatively. If major trauma to the nerve is avoided, 
defi cits are usually transient (seen in 14% to 40% of cases) 
and can be expected to resolve.

Recurrence. In a review of 52 studies (804 cases of 
pleomorphic adenoma), Hickman and coworkers reported a 
5-year recurrence free rate of 96.6% and 10-year recurrence-
free rate of 93.7%. There is a higher risk of multifocal 
recurrence (20% to 40% of cases), of which 25% are 
malignant, when the surrounding tissues are seeded by 
inappropriate handling of the tumor, such as with open 
biopsy of major glands, or attempts at enucleation. Such 
recurrences usually are within the fi rst 10 years after the 
original surgery. Some recent immunohistochemical studies 
(Bankamp and Bierhoff, 1999) have claimed that recurrent 
tumors are characterized by differentiation of the epithelial 
components, which is related to greater proliferation.

Malignancy and metastasis. The overall rate of malignant 
transformation for a pleomorphic adenoma has been 
estimated at about 6%. There are three distinct histological 
types of mixed tumor with the potential for metastasis:
1. A benign-appearing lesion may become a benign 

metastasizing pleomorphic adenoma. These lesions tend to 

recur locally, often multiple times, before metastasizing. 
This is a rare occurrence.

2. There is a 2% to 3% risk of malignant transformation to 
carcinoma ex-pleomorphic adenoma. This usually occurs 
in larger and longstanding benign pleomorphic adenomas 
(usually about twice the size and present for about twice 
as long). The average age for presentation of carcinoma 
ex-pleomorphic adenoma is 60 years, and usually the 
original pleomorphic adenoma has been present for more 
than 15 years.

3. Very rarely, malignant change in both ductal and 
myoepithelial elements gives rise to a true mixed 
malignant pleomorphic adenoma or carcinosarcoma.

Frey syndrome (auriculotemporal nerve syndrome or 
gustatory sweating). This is a relatively common long-term 
complication of parotidectomy. It is characterized by 
localized sweating and dermal fl ushing during salivary 
stimulation. This is thought to be caused by aberrant 
connections between severed secretomotor parasympathetic 
fi bers as they anastomose with severed postganglionic 
sympathetic fi bers that supply the sweat glands of the face in 
the auriculotemporal region. Frey syndrome has been 
reported in as high as 30% to 60% of patients undergoing 
parotidectomy. However, only 10% of patients have 
symptoms requiring treatment. Treatment options include 
surgical disruption of the aberrant neural connections or use 
of botulinum toxin.

Bankamp DG, Bierhoff E. Proliferative activity in recurrent and nonrecurrent pleomorphic adenoma of the salivary glands. Laryngorhinootologie 78(2):77-80, 1999.
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and submandibular gland (60%) tumors are benign. Fifty 
percent of tumors originating form the minor salivary glands, 
and only 10% of tumors of the sublingual gland are benign. 
Pleomorphic adenoma compromises about 40% to 70% of all 
salivary gland tumors. It is the most frequent salivary gland 
tumor in both children and adults and the most common 
tumor of both major and minor salivary glands. Approxi-
mately 75% of pleomorphic adenomas occur in the parotid 
gland. Ten percent are found in the submandibular gland, and 
another 10% are found in the palate. Pleomorphic adenomas 
make up 60% to 70% of all parotid neoplasms, 40% to 60% 
of submandibular gland tumors, and 40% to 70% of minor 
salivary gland tumors.

Pleomorphic adenoma classically presents as a painless, 
fi rm swelling. It may be lobulated, irregularly dome shaped, 
or smooth. The consistency is typically rubbery or semisolid, 
and there may be isolated areas that are softer. If untreated, 
it will enlarge slowly over months or years. The connective 
tissue capsule generally limits growth, but tumors can become 
very large if neglected.

In the parotid gland, pleomorphic adenoma most com-
monly presents in the inferior aspect of the superfi cial lobe. 
Deep lobe invasion may manifest as a mass of the soft palate 
or lateral pharyngeal space. CT or MRI scans can help local-
ize tumor or differentiate lymph nodes from tumor.

The most common intraoral sites are the palate and 
upper lip. When arising from minor glands of the palate, 
pleomorphic adenomas are most commonly located lateral 
to the midline at the junction of the hard and soft palate. 
Minor gland tumors may cause localized pressure resorp-

tion of the palate but do not tend to invade the underlying 
bone.
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Irritation Fibroma

Aric Murphy, DDS, and Deepak Kademani, DMD, MD, FACS

CC

A 30-year-old woman is referred by her local dentist for 
evaluation of a small mass in her cheek.

HPI

The patient admits to a history of biting her cheek for several 
months. More recently she has noticed a lesion on her left 
buccal mucosa. The lesion is not painful, and there is no history 
of bleeding from the area. She denies any other constitutional 
symptoms such as fever, weight loss, nausea, and vomiting.

PMHX/PSHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. The patient has no history of tobacco use 
or alcohol consumption and no signifi cant family history.

EXAMINATION

Maxillofacial. The patient is normocephalic, with no sub-
mandibular or cervical lymphadenopathy (lymphadenopathy 
would be seen in infl ammatory or neoplastic conditions).

Intraoral. The tongue, fl oor of mouth, hard and soft palate, 
and gingiva are all within normal limits. The uvula is midline, 
pharyngeal mucosa and tonsils appear normal, and bimanual 
examination reveals no masses or tenderness. There is an 
8-mm pedunculated round, nonulcerated mass along the 
occlusal plane on the left buccal mucosa. The lesion is slightly 
pale but has the same consistency as the surrounding mucosa 
with no erythema (Figure 6-2).

IMAGING

No imaging studies are indicated unless there is suspicion of 
other pathological processes.

LABS

No routine labs are indicated unless dictated by underlying 
medical conditions.

DIFFERENTIAL DIAGNOSIS

Despite characteristic clinical fi ndings of a fi broma, the dif-
ferential diagnosis of a soft tissue mass needs to be considered 
(Box 6-3).

BIOPSY

For small lesions of less than 1  cm, an excisional biopsy 
(complete removal with a small rim of grossly normal appear-
ing tissue) is appropriate. For larger lesions (larger than 1  cm), 
an incisional biopsy (removal of a representative segment of 
the lesion) can allow for histological confi rmation prior to the 
defi nitive treatment.

ASSESSMENT

Histologically, the lesion appears as a nodular mass of 
fi brous connective tissue covered by stratifi ed squamous epi-
thelium; this is consistent with the diagnosis of a traumatic 
(irritation) fi broma of the buccal mucosa

Occasionally, chronic infl ammatory infi ltrates can be seen 
within the connective tissue portion of the lesion.

TREATMENT

Excisional biopsy for histopathological analysis is both 
diagnostic and the defi nitive treatment for this patient. With 
the patient under local anesthesia, a No. 15 surgical blade is 
used to harvest a 1-mm rim of normal appearing adjacent 
tissue around the lesion. The entire excision is elliptical in 
shape to facilitate primary closure. Once the mucosa is 
incised, a subcutaneous plane under the lesion is developed 
at the level of the submucosa. The entire specimen is then 
removed and sent for histological examination. The surgical 
site is rendered hemostatic and closed in a single-layer 
fashion.

COMPLICATIONS

There are very few complications that may result from exci-
sion of lesions from the buccal mucosa. For all surgical pro-
cedures, bleeding and infection are possible, although with 
good surgical technique and hemostasis, this is rarely a 
problem. Antibiotics are not routinely required preoperatively 
or postoperatively for these procedures, as the infection risk 
is extremely low. It is important for the surgeon to recognize 
the position of the Stensen’s duct and to ensure a minimum 
of 5-mm distance from the orifi ce of the duct, to avoid inad-
vertent injury. In lesions that are particularly close, a lacrimal 
probe may be placed for identifi cation of the duct, and in some 
situations, sialoducoplasty for ductal repositioning may be 
required.

112

Ch006-A04574.indd   112 6/27/2007   2:53:34 PM



DISCUSSION

The oral fi broma (irritational or traumatic) is one of the most 
common exophytic, soft tissue lesions seen within the oral 
cavity with an incidence of 12 lesions per 1000 population. It 
is considered a reactive hyperplasia of fi brous connective 
tissue in response to local irritation or trauma. These lesions 
have a limited growth potential, and the lesion may even 
decrease in size after prolonged removal of irritation or 
trauma.

Clinically, the fi broma can occur anywhere in the oral 
cavity, but it is most common in the buccal mucosa along the 
occlusal plane. Other common sites are the labial mucosa, 
tongue, and gingiva. Fibromas often appear pink due the 
absence of vascularity. Most commonly, they appear as a 
well-circumscribed nodule that is often pedunculated or 
sessile. Rarely do the lesions exceed 2  cm in the greatest 
dimension. In some cases, the lesion can appear white due to 
hyperkeratosis from continual irritation. Occasionally, the 
fi broma can appear mildly erythematous and even ulcerated, 
if recently traumatized. Fibromas most commonly occur 
between ages 30 and 50 years, favoring females to males in 
a 2:1 ratio in cases submitted for biopsy. Treatment is conser-
vative surgical excision and the prognosis is excellent with 

rare recurrence. It is important to submit the lesion for 
histopathological diagnosis because some benign, and even 
malignant, tumors can mimic the clinical appearance of 
the fi broma.
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Figure 6-2 Pedunculated round, nonulcerated mass, along the 
occlusal plane on the left buccal mucosa. (From Ibsen OAC, Phelan 
JA: Oral pathology for the dental hygienist, ed 4, Philadelphia, 
2004, WB Saunders.)

Box 6-3.    Differential Diagnosis for Fibroma

Mucocele. This lesion is commonly more bluish, fl uctuant and 
may have history of intermittent swelling and rupturing.

Salivary duct cyst. A true cyst with an epithelial lining.
Benign mesenchymal tumors such as a neuroma or 

schwanomma. Tumors of nerve origin are usually fi rm and 
may be tender to palpation and need to be differentiated 
histologically. Antoni A and B palisading neural cells are 
seen in a schwanomma, which is a neoplasm originating 
from the myelin sheath. A neuroma is derived from the 
neural tissue and does not show this feature. Other 
mesenchymal tumors include hemangiomas and 
neurofi bromas. Lipomas are benign tumors of adipose 
tissue. They are usually yellowish in color, soft, and 
nontender to palpation. They are relatively infrequent in the 
maxillofacial region.

Benign and malignant salivary gland tumors such as a 
pleomorphic adenoma, adenoid cystic carcinoma, or 
mucoepidermoid carcinoma. It is important to exclude 
minor salivary gland tumors as 50% are malignant, so 
histological confi rmation is important to dictate treatment.

Squamous cell carcinoma. This is an unlikely diagnosis given 
the history and clinical presentation.
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Acute Herpetic Gingivostomatitis

Matthew J. Karban, DMD, and Deepak Kademani, DMD, MD, FACS

CC

A 4-year-old boy presents to the pedodontist because he has had 
a sore mouth and decreased oral intake for the past 2 days.

Acute herpetic gingivostomatitis is an infection that typi-
cally affects children. The most common age of onset is 
between 6 months to 5 years. A second peak occurs in the 
early 20s. The majority (90%) of primary infections are 
asymptomatic. By adulthood, about 60% to 95% of the popu-
lation is affected by a herpes virus.

HPI

The patient’s mother reports that he has been in distress with 
mouth pain and has not been eating well for the past few days 
(pain is the most common presenting symptom). The parents 
noticed multiple vesicles and ulcers in his mouth 2 days 
earlier. He has had a low-grade temperature over the past 2 
days, which they have treated with acetaminophen (in the 
pediatric population, decreased oral intake is often the fi rst 
sign of a developing infectious/pathological process).

It is important to distinguish primary and recurrent infec-
tion. Primary infection tends to be more severe and can occur 
anywhere in the oral cavity. Symptoms typically last 1 week 
and can be associated with malaise, lymphadenopathy, and 
fever. Recurrent disease occurs sporadically and tends to be 
limited to the keratinized mucosa.

PMHX/PSHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has never been to the dentist. He does not have 
any known drug allergies and is not on any medications. The 
mother admits to having recurrent herpes labialis several 
weeks ago.

Herpes simplex virus (HSV) is transmitted via direct 
contact with infected secretions from the saliva and other 
bodily fl uids. The main risk factor is a known exposure to the 
virus. When HSV-1 comes into contact with the host, the 
virus migrates to the sensory nerve endings and frequently to 
the trigeminal ganglia. The virus then enters a latent phase 
for 7 to 10 days before replication. Recurrent disease with 
HSV-1 characteristically involves the distribution of the tri-
geminal nerve.

EXAMINATION

General. The patient is an uncooperative, anxious boy in 
otherwise good health.

Vital signs. His blood pressure is 105/70  mm  Hg, heart 
rate 100  bpm, respirations 18 per minute, and temperature 
38.9° (febrile).

Maxillofacial. He has palpable cervical lymph nodes (this 
is commonly seen with acute herpetic gingivostomatitis). The 
face is symmetrical, with no other obvious signs of infection 
or edema.

Intraoral. Multiple vesicles and ulcerations extend over 
the buccal and labial alveolar mucosa and dorsal tongue 
(Figure 6-3) (primary acute herpetic gingivostomatitis can 
affect both the keratinized and nonkeratinized mucosa, but 
recurrent infection preferentially involves the keratinized 
tissue). Ulcerations measure from 1 to 3  mm in diameter and 
are covered by a pseudomembrane and an erythematous 
border. The gingiva is erythematous and painful, and there is 
copious saliva production with drooling.

Extremities: Right thumb displays similar erythematous 
vesicles and ulcerations (consistent with herpetic whitlow).

IMAGING

No imaging modalities are necessary for the diagnosis and 
management of acute herpetic ginigivostomatitis.

LABS

The diagnosis of acute herpetic gingivostomatitis is mainly a 
clinical diagnosis, but several laboratory tests are available 
for detecting an active herpes viral infection. Some of these 
tests include viral cultures, direct immunofl uorescence, and 
a Tzanck smear. The Tzanck smear involves unroofi ng the 
vesicles and scraping of the tissue bed for cytological exami-
nation. Identifi cation of multinucleated epithelial giant cells 
with eosinophilic viral inclusions is the hallmark feature.

ASSESSMENT

Acute (primary) herpetic gingivostomatitis

TREATMENT

Acute herpetic gingivostomatitis is a self-limiting condition 
usually resolving within 3 weeks from the onset of symptoms. 
Treatment predominantly involves observation and palliative 
care. This may involve topical anesthetics and over-the-
counter pain relief such as acetaminophen or ibuprofen. Fluids 
and electrolyte status should be monitored as needed to avoid 
dehydration.
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Pharmacological treatment is often minimal due to the 
self-limiting course of the herpes virus. In more severe cases, 
pharmacotherapy can be of use if administered appropriately. 
Conventional antiviral therapy such as acyclovir, valcyclovir, 
and pencyclovir have been proved effective and can shorten 
the healing times by several days.

Primary acute herpetic gingivostomatitis can be managed 
on an outpatient basis with aggressive oral hydration, analge-
sia, and topical and systemic antiviral therapy. The main 
criteria for hospital admission include severe dehydration and 
pain.

Adult patients are typically managed on an outpatient 
basis. Severe disease refractory to treatment may indicate an 
underlying cause of immunosuppression that may require 
further evaluation for recurrent, persistent or refractory 
disease.

COMPLICATIONS

The main complications include potential nutritional defi cien-
cies and inadequate fl uid intake leading to dehydration, ocular 
involvement, herpetic whitlow, and central nervous system 
involvement.

Ocular herpes is relatively rare, affecting 50,000 patients 
in the United States per year. Stromal keratitis occurs is 25% 
of patients affected with ocular symptoms, involves infl am-
mation of the deep layers of the cornea, and can lead to 
globe rupture and blindness. Herpetic whitlow is an intense 
painful infection of the hand involving one or more fi ngers 
that typically affects the terminal phalanx. HSV-1 is the 
cause in approximately 60% of cases of herpetic whitlow, 
and HSV-2 is the cause in the remaining 40%. In children, 
HSV-1 is the most likely causative agent. Infection involving 
the fi ngers usually is due to autoinoculation from primary 
oropharyngeal lesions as a result of fi nger-sucking or thumb-
sucking behavior in patients with herpes labialis or herpetic 

gingivostomatitis. In the general adult population, herpetic 
whitlow is most often due to autoinoculation from genital 
herpes; therefore, it is most frequently secondary to infection 
with HSV-2.

Similarly, in health care workers, infection with HSV-1 is 
more common and usually is secondary to unprotected expo-
sure to infected oropharyngeal secretions of patients. This 
easily can be prevented by use of gloves and by scrupulous 
observation of universal fl uid precautions.

Although a prodrome of fever and malaise may be 
observed, most often, the initial symptoms are pain and 
burning or tingling of the infected digit. This usually is 
followed by erythema, edema, and the development of 1- to 
3-mm grouped vesicles on an erythematous base over the next 
7 to 10 days. These vesicles may ulcerate or rupture and 
usually contain clear fl uid, although the fl uid may appear 
cloudy or bloody. Lymphangitis and epitrochlear and axillary 
lymphadenopathy are not uncommon. After 10 to 14 days, 
symptoms usually improve signifi cantly and lesions crust over 
and heal.

After the initial infection, the virus enters cutaneous 
nerve endings and migrates to the peripheral ganglia and 
Schwann cells, where it lies dormant. The primary infection 
usually is the most symptomatic. Recurrences observed 
in 20% to 50% of cases are usually milder and shorter in 
duration.

Over 2100 cases of herpetic encephalitis are seen in the 
United States per year, making it a rare but extremely serious 
brain disease. HSV-1 is almost always the culprit, except 
in newborns. In about 70% of infant herpes encephalitis, 
the disease occurs when a latent HSV-2 virus is activated. 
Untreated, herpes encephalitis is fatal in over 70% of cases. 
Fortunately, rapid diagnostic tests and treatment with acyclo-
vir have signifi cantly improved both survival rates (up to 
about 80%) and complication rates.

DISCUSSION

Acute gingivostomatitis is an oral presentation of HSV-1. The 
virus typically presents in children between the ages of 6 
months to 5 years with a peak incidence at 2 to 3 years of 
age. Infection is rare before 6 months of age due to the pres-
ence of maternal anti-HSV antibodies. Manifestations rarely 
present into adulthood.

The initial clinical presentation includes fever, nausea, and 
cervical lymphadenopathy, although it is thought that 90% of 
all primary infections are subclinical. Patients may proceed 
to display multiple small yellow- or white-fi lled vesicles, 
which develop into 1- to 3-mm ulcers after a few days. These 
vesicles and ulcers can present on attached and unattached 
gingiva as well as the tongue. Affected gingiva is erythema-
tous, enlarged, and painful, often leading to constitutional 
symptoms such as dehydration from lack of adequate oral 
intake. In adults, acute herpetic gingivostomatitis can also 
present as pharyngotonsillitis. Diagnosis is primarily based 
on clinical presentations along with the absence of any previ-
ous clinical symptoms and confi rmatory laboratory studies.

Figure 6-3 Acute herpetic gingivostomatitis of the dorsal tongue. 
(From Ibsen OAC, Phelan JA: Oral pathology for the dental hygien-
ist, ed 4, Philadelphia, 2004, WB Saunders; courtesy Dr. Edward 
V. Zegarelli.)
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Aphthous Ulcers

Ma’Ann C. Sabino, DDS, PhD, Anthony A. Indovina, Jr., DDS, and Deepak Kademani, DMD, MD, FACS

CC

A 25-year-old woman is referred for evaluation of painful 
ulcerations inside her mouth (aphthous ulcerations affect 20% 
of the population with a slight female predilection).

HPI

For the past 5 years, the patient reports episodes of ulcers that 
occur spontaneously and typically last for 3 weeks with inter-
vals of up to 1 to 3 months between episodes. She does not 
have any history of trauma or known infectious diseases. The 
ulcers occasionally occur at multiple sites simultaneously. 
The hallmark feature is that they are slow healing with visible 
scarring, are extremely painful, and can take as long as 3 
weeks to heal.

PMHX/PDHX/MEDS/ALLERGIES/SH/FH

There is no known history of immunosuppression, HIV, mal-
nutrition, cancer, or previous infections of the head and neck 
region (potential risk factors).

A careful history may identify contributing etiological 
factors. In some individuals, the ulcers are a secondary or 
hypersensitivity response to an antigenic stimulus, especially 
foods, while other ulcers represent a primary autoimmune 
disorder. Patients with aphthae have a decreased ratio of T-
helper (CD4+) cells to T-suppressor/cytotoxic (CD8+) cells in 
their circulation, and the ulcer bed itself has a high level of 
CD8+ cytotoxic cells. While this is a likely contributor to the 
destruction in these ulcers, initiating causes are variable 
due to multiple contributing factors: familial predisposition, 
allergy, nutritional imbalances, infectious agents, hormones, 
trauma, stress, and blood dyscrasias. Individuals with comor-
bid extraoral diseases such as Behçet disease (ulcerations of 
the genitalia, ocular and oral mucous membranes), Crohn 
disease, celiac disease, ulcerative colitis, psoriasis, and anky-
losing spondititis are at increased risk of developing aphthous 
ulcelations. Cyclic neutropenia is responsible for a subgroup 
of patients with aphthous stomatitis, with the ulcers occurring 
at points of minor trauma during times when the number of 
circulating neutrophils is low. Stress may be indirectly respon-
sible for the sores, which were once called “stress ulcers,” 
through its modulation of the immune system. Paradoxically, 
tobacco smoking, with its own immune modulation, is often 
protective, probably because of the increased keratinization 
resulting from local irritation of the oral mucous mem-
branes.

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman in no apparent distress.

Vital signs. Vital signs are stable and the patient is afebrile 
(fever is usually not seen with aphthous ulcers).

Maxillofacial. There is no facial swelling or cervical 
lymphadenopathy.

Intraoral. There are multiple ulcerations at various stages 
of healing within the oral mucosa measuring between 6 and 
12  mm. Two ulcers at the right buccal mucosa appear to 
coalesce (Figure 6-4). There is also a 7-mm ulcer of the left 
lateral tongue. The lesions demonstrate a central zone of 
ulceration covered by a fi brinopurulent membrane that is sur-
rounded by a varying degree of erythema along the margins. 
There does not appear to be any source of trauma in associa-
tion with the ulcers (sharp dental restorations or fractured 
dental cusps).

IMAGING

No imaging studies are indicated for the evaluation of aph-
thous ulcers.

LABS

Routine laboratory tests are not indicated unless dictated by 
other underlying medical conditions.

ASSESSMENT

Multiple minor and major aphthous ulcers in an otherwise 
healthy 25-year-old woman

The diagnosis of aphthous ulcers is usually a clinical diag-
nosis. In cases of chronic nonhealing ulcers, a biopsy may be 
indicated to exclude viral and/or neoplastic etiologies. There-
fore, all lesions should be followed for observation for ade-
quate healing. Diagnosis is established by clinical history 
without the need for routine histopathology. Should a biopsy 
be performed, it would likely show surface mucosal ulcer-
ation with an intense infl ammatory infi ltrate. The ulcer bed 
would likely have an increased concentration of CD8+ cyto-
toxic cells.

TREATMENT

There is no defi nitive cure for aphthous ulcerations. Treat-
ment is directed toward symptomatic relief and is based on 
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the type of ulcer and response to topical versus systemic 
therapy. Aphthous ulcers are categorized into three types 
based on clinical course, size, and shape and are designated 
as minor, major, and herpetiform (Box 6-4).

Topical corticosteroid therapy. Topical therapy should 
be discontinued within 2 weeks if no improvement is obs-

erved. Clinicians should be cautious with prolonged use of 
topical steroids as pseudomembranous candidiasis may 
develop.
• Fluocinonide 0.05% ointment or gel over ulcer four 

times daily
• Clobetasol propionate 0.05% ointment over ulcer three 

times daily
• Dexamethasone elixir 0.5  mg/5  ml swish for 3 minutes 

and expectorate three times daily
First-line systemic therapy. If topical corticosteroid 

therapy fails to resolve the pathology, intralesional or sys-
temic corticosteroid therapy is indicated. Intralesional injec-
tion of 20 to 40  mg triamcinolone has been shown to be 
effi cacious in reducing pain and resolving recurrent and major 
aphthous ulcers in HIV-positive patients. Additionally, short-
course high-dose (“short-burst”) prednisone (40 to 80  mg) 
therapy for 3 to 7 days without taper has been described with 
excellent clinical results. Clinicians should be cautioned of 
the use of systemic corticosteroid therapy during active infec-
tions such as tuberculosis, which is prevalent in the HIV-
positive population.

Second-line systemic therapy: Thalidomide has been 
shown to be a potent immunomodulator that is effi cacious in 
treatment of severe forms of recurrent aphthous ulcers. Treat-
ment with thalidomide 200  mg daily for 1 month resulted in 
a signifi cantly greater number of individuals with complete 
or partial resolution of ulcers and decreased pain compared 
with control subjects. However, its use is limited by adverse 
effects, including constipation, drowsiness, peripheral neu-
ropathy, and excessive fatigue.

COMPLICATIONS

The most common complication of aphthous ulceration is 
pain leading to diffi culty eating. Scar formation can be seen 
with major aphthous ulcers.

DISCUSSION

Recurrent aphthous ulcerations remain one of the most 
common oral mucosal disorders. Despite its prevalence, its 
etiology is largely unknown. The differentiation of aphthous 
ulcers into minor, major, and herpetiform categories does not 
have an etiological basis. Mucosal ulcerations may also be 
manifested in chronic diseases related to immunosuppres-
sion, malnutrition, infection, and neoplasm.

Chronic irritation of nonkeratinized oral mucosa by dental 
appliances (ill-fi tting dentures or orthodontic wires), frac-
tured dental cusps, or dental treatment may cause ulcerations 
to occur; this needs to be differentiated from aphthous ulcer-
ations. Removal of the source of irritation usually allows for 
resolution of the ulcer.

Defi ciencies of iron, vitamin B12, and folate have been 
implicated in the pathogenesis of chronic aphthous ulcers. 
According to a study by Scully and colleages, 18% to 28% of 
cases of recurrent aphthous ulcers occurred in patients with 
these defi ciencies compared with 8% in healthy cohorts. In 

Figure 6-4 Multiple aphthous ulcers of the oral mucosa 
(arrows).

Box 6-4.    Categorization of Aphthous Ulcers

Minor aphthous ulcer (aka Mikulicz aphthae). Less than 
10  mm in size, requiring no treatment and resolving within 
7 to 10 days without scarring. Should the ulcer remain after 
2 weeks, topical corticosteroid therapy is indicated (see 
later). Palliative therapy in the form of topical local 
anesthetic such as 2% viscous lidocaine, diphenhydramine 
elixir (12.5  mg/ml), or topical benzocaine may be indicated 
in cases of severe pain associated with minor aphthous 
ulcers.

Major ulcers (aka periadenitis mucosa necrotica recurrens, 
Sutton disease). Major aphthous ulcers are by defi nition 
greater than 10  mm in diameter with deeper penetration 
than minor ulcers and therefore heal with scarring. 
Resolution of major aphthous ulcers may exceed several 
weeks in length. Treatment of more severe forms of major 
aphthous ulcers includes the use of topical or systemic 
corticosteroid therapy (see later). A protocol has been 
established by Kerr and Ship in the management of 
aphthous ulcers, especially with reference to those 
associated with HIV-infected patients.

Herpetiform ulcers. Herpetiform ulcers occur as many (10 to 
100) small ulcerations coalescing within a large area of 
nonkeratinized mucosa that can extend to keratinized 
mucosa. Its name and clinical characteristic bear 
resemblance to ulcerations resulting from primary herpes 
simplex infection. Herpetiform ulcers are distinct from 
herpetic ulcers in that they lack viral particles and are not 
preceded by formation of vesicles. Healing occurs within 7 
to 10 days.
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some cases, replacement of the defi ciencies results in clinical 
improvement.

Varicella zoster virus and cytomegalovirus antibody titers 
have been isolated in patients with recurrent aphthous ulcers, 
but results are confl icting. The association between the pres-
ence of varicella zoster virus or cytomegalovirus and the 
development of aphthous ulcers has not been demonstrated. 
The gram-negative Helicobacter pylori was previously impli-
cated in the formation of recurrent aphthous ulcers in children 
and adolescents, but it is no longer considered an important 
etiological factor. HIV infection has been shown to increase 
the propensity for developing recurrent aphthous ulcers, espe-
cially the major aphthous variant. The relationship between 
HIV infection and ulcer formation may be related to the 
decrease in circulating CD4 T-lymphocytes (fewer than 
100 cells/mm3) and resultant immunosuppression related to 
this disease.
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Sialolithiasis

Derek H. Lamb, DMD, Deepak Kademani, DMD, MD, FACS, and Shahrokh C. Bagheri, DMD, MD

CC

A 48-year-old woman reports to your offi ce complaining of 
pain and swelling of the right submandibular region (sialo-
liths, or salivary stones, within the salivary gland ductal 
system, tend to occur more commonly in the elderly popula-
tion, with a slight female predominance).

HPI

The patient reports having episodes of mild discomfort of the 
right submandibular area over the past 7 months (it is not 
uncommon for symptoms to wax and wane, especially during 
mealtime, coinciding with gland function). Her pain and 
swelling increased signifi cantly 2 days earlier, which has 
prompted her to seek care.

Decreased salivary fl ow is the most signifi cant risk factor 
for the development of sialolithiasis (salivary gland stones 
within a gland or duct) and sialadenitis (infl ammation of the 
salivary gland). Dehydration, poorly controlled diabetes mel-
litus, certain medications, and radiation therapy are among 
several factors that can lead to xerostomia (dry mouth) sec-
ondary to decreased salivary fl ow.

PMHX/PSHX/MEDICATIONS/ALLERGIES/SH/FH

Major depression diagnosed 5 years earlier (some of the 
medications used to treat depression have anticholinergic 
side effects that include decreased production of saliva).

Type 1 diabetes mellitus was diagnosed 7 years ago. The 
patient’s most recent HbA1c was 9% and her blood glucose 
levels range between 200 and 300  mg/dl (both indicative of 
poorly controlled diabetes, which is associated with an 
increased risk of sialolithiasis secondary to osmotic diuresis 
causing dehydration. The decreased immune function seen 
with diabetes is also a risk factor for the development of 
sialadenitis).

She has no known history of autoimmune disorders such 
as Sjögren syndrome or a history of radiation therapy (both 
are risk factors for xerostomia).

Medications include amitriptyline (tricyclic antidepressant 
with anticholinergic side effects, including xerostomia) and 
regular and NPH insulin as adjusted by her endocrinologist. 
The patient admits to drinking alcohol socially (chronic 
excessive alcohol consumption may predispose to the devel-
opment of sialoliths secondary to frequent episodes of dehy-
dration. Alcohol suppresses the antidiuretic hormone [ADH], 
causing polyuria).

EXAMINATION

General. The patient is a well-developed and well-nourished 
alert woman in mild discomfort (secondary to pain).

Vital signs. Her blood pressure is 143/89  mm  Hg (elevated 
secondary to anxiety), heart rate 110 (tachycardia secondary 
to anxiety), respirations 15 per minute, and temperature 
37.1°C (sialadenitis can present with fever secondary to 
infl ammation of the gland).

Neck. There is mild to moderate tender right submandibu-
lar swelling (Figure 6-5). The area is fi rm and warm to touch 
on the overlying skin (dolor, tumor, calor, and rubor second-
ary to localized infl ammation). Several palpable cervical 
lymph nodes are detected on the ipsilateral neck (enlarged 
lymph nodes are not uncommon secondary to localized 
infl ammation of the submandibular gland. Lymphadenopathy 
due to a neoplastic process is also possible, but these are 
usually nontender due to the noninfl ammatory etiology).

Intraoral. Bimanual palpation reveals a 2- to 3-cm pal-
pable tender mass of the right posterior fl oor of the mouth 
consistent with the location of the submandibular gland. 
Decreased salivary fl ow is observed relative to the contralat-
eral gland at the opening of Wharton’s duct (strong evidence 
of dysfunction or obstruction of the right submandibular 
gland).

IMAGING

The majority of sialoliths are radiopaque and are visible on 
plain radiographs (panoramic or occlusal radiograph) or CT 
scans. Some calculi may be radiolucent (not visible radio-
graphically) secondary to the lack of mineralization or smaller 
size. If there is a high index of suspicion for a sialolith despite 
negative imaging, a sialogram may be considered. This was 
frequently used in the past, but it has been largely replaced 
by CT and ultrasound imaging. Sialography is contraindi-
cated in the setting of acute infection. Ultrasonography and 
magnetic resonance sialography are other imaging modalities 
that have been more recently applied for identifi cation of 
sialoliths.

In the absence of documented caliculi, kinks and strictures 
should be considered as possible causes of salivary obstruc-
tion. Sialography and sialendoscopy can be useful in diagnos-
ing such anatomical impediments to salivary fl ow.

For this patient, a panoramic radiograph revealed a 1-cm 
radiopaque lesion of the right submandibular area consistent 
with a sialolith (Figure 6-6). (It is not uncommon, however, 
for the sialolith to be undetectable on a panoramic radiograph 
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due to overlap with the body of the mandible or due to the 
radiolucent nature of a sialolith). A CT scan with intravenous 
contrast was also obtained to outline the anatomy of the sub-
mandibular gland in preparation for surgical excision. The CT 
scan also revealed a 10-mm stone within the body of the 
submandibular gland (Figure 6-7).

LABS

No laboratory studies are indicated in the evaluation and 
treatment of sialolithiasis unless dictated by the medical 
history. In the management of sialadenitis, a WBC count 
may be benefi cial for monitoring the progression of an infec-
tious process. In cases of suspected sepsis, adjunctive labora-
tory studies such as blood cultures and complete metabolic 
panels can be obtained to guide medical and supportive 
therapy.

ASSESSMENT

Sialolithiasis within the right Wharton’s duct with associated 
localized chronic sialadenitis (infl ammation of the subman-
dibular gland)

TREATMENT

There is a considerable body of literature with regard to the 
treatment of sialolithiasis. These have included transductal 
surgical removal, ductal dilation, lithotripsy, laser ablation, 
endoscopic retrieval, sialadenectomy (submandibular gland 
excision), or a combination of these approaches. The size and 
location of the stone, history of prior treatments, existing 
medical conditions, availability of resources, and surgeon 
preference are among the factors to be considered for optimal 
treatment planning. Transductal surgical removal is probably 
the most common technique; up to 70% of sialoliths can be 
removed by this method. Surgical access to the posterior 
portion of the duct and the risk for injury to the lingual nerve 
are among factors limiting the use of this technique.

In select cases, small stones along the anterior portion of 
Wharton’s duct can be managed conservatively with antiin-
fl ammatory agents and antibiotics. Moist heat, sialogogues 
(cholinergic agonists), and certain foods such as hard tart 
candies or sour lemon drops can be used adjunctively to 
ameliorate symptoms. Palpable sialoliths can often be “mas-
saged” out, relieving symptoms and alleviating the need for 
further treatment (although recurrence is not uncommon). 
Anticholinergics (which decrease salivary gland production) 
should be avoided when possible. If these measures are unsuc-
cessful, ductal dilation followed by manual expression of the 

Figure 6-5 A view of the right neck demonstrating swelling of 
the right submandibular region.

Figure 6-6 Panoramic radiograph demonstrating a well-
demarcated radiopaque lesion in the area of the right mandibular 
angle.

Figure 6-7 Contrast-enhanced CT scan demonstrating an 10-mm 
radiopaque lesion within the body of the submandibular gland con-
sistent with a sialolith.
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stone may be used to facilitate stone removal. Larger stones 
in the posterior third of the duct or within the glandular 
parenchyma that foresee problematic transoral surgical access 
may be best served by removal of the submandibular gland 
and ligation of Wharton’s duct.

The choice of treatment is based on individual clinical and 
radiographic fi ndings as well as surgical judgment. The most 
important factor in the treatment of sialolithiasis is the pres-
ence or absence of clinical symptoms. In the absence of symp-
toms, treatment may not be necessary. In the presence of signs 
and symptoms (pain, swelling, purulent drainage) of ductal 
or glandular obstruction treatment is typically medical with 
hydration, systemic antibiotics, and sialogogues to stimulate 
salivary fl ow for cleansing of the ductal system.

In this case, given the diagnosis of chronic sialadenitis and 
the presence of a large sialolith, it was elected to excise the 
submandibular gland transcutaneously (intraoral removal of 
the submandibular gland has been reported, but the transcu-
taneous approach is the most commonly used procedure), 
along with removal of the existing sialolith. With the patient 
under general endotracheal anesthesia, an incision was made 
1.5 to 2  cm below the inferior border of the mandible (to avoid 
the marginal mandibular branch of the facial nerve) and dis-
section was carried through the platysma muscle. The invest-
ing layer of deep cervical fascia was incised at the inferior 
most extent of the dissection. The facial artery and vein were 
ligated, and the gland was removed along with the capsule 
(which is an extension of the fascia that surrounds the gland). 
The submandibular duct was identifi ed and the duct was 
ligated. The lingual nerve was identifi ed, as it makes its 
course from lateral to medial (passing inferior to Wharton’s 
duct). The crossing of these two structures takes place in the 
area of the fi rst and second molars, lateral to the hypoglossal 
nerve. The surgical specimen (submandibular gland) was sent 
to pathology for histological examination (Figure 6-8). A 
drain was placed to prevent hematoma formation (the deci-
sion to place a drain is not uniform among surgeons and 
depends on intraoperative and patient-related factors). This 
was removed the next day. The pathology report confi rmed 

the presence of submandibular calculi within the gland paren-
chyma that showed extensive fi brosis and destruction of glan-
dular architecture.

COMPLICATIONS

Depending on the severity of the presenting symptoms and 
the chronology of the disease process, sialolithiasis may be 
treated with a variety of methods. A common complication 
in all modalities that spare the submandibular gland is recur-
rent, new-onset, or nonresolving sialadenitis. The initial path-
ological insult may irreversibly damage the gland (fi brosis 
of glandular architecture), rendering it incapable of function 
and thereby prone to sialadenitis. Therefore in cases of 
multiple recurrences with nonsurgical therapy or in patients 
with signifi cant comorbid medical conditions such as diabetes 
that increase the risk of infection, consideration should 
be given to excision of the gland. In select cases, excision of 
the gland may be the treatment of choice at the initial presen-
tation. In either scenario, most surgeons elect not to remove 
the gland during acute episodes of infection, because the 
existing infl ammation can complicate surgical dissection and 
increase the chances of nerve injury, postoperative infection, 
and fi stula formation. If there is clinical or radiographic evi-
dence of purulence around the gland, an incision and drainage 
may be performed initially to gain control of the acute 
process.

A signifi cant complication associated with surgical exci-
sion of major salivary glands is nerve injury. Removal of the 
submandibular gland may be associated with damage to the 
lingual and hypoglossal nerves or the marginal mandibular 
branch of the facial nerve. Facial nerve injury is also a com-
plication of parotidectomy (although sialolithiasis of this 
gland is far less common).

The submandibular glands produce up to 70% of the saliva, 
so decreased salivary output may be one consequence of 
sialadenectomy. Patients sometimes complain of subjective 
xerostomia following submandibular gland excision. This is 
rarely of any clinical consequence, especially in cases where 
the contralateral gland is functioning well.

Postoperative pain and swelling should be managed as 
with other maxillofacial procedures using a combination of 
opioids, over-the-counter analgesics (such as nonsteroidal 
antiinfl ammatory drugs), and steroids as deemed necessary 
by the treating surgeon. The use of postoperative antibiotics 
should be based on the status of host factors, preexisting 
infections, clinical fi ndings, and experience of the surgeon. 
Postoperative infection should be managed with antibiotics 
using culture and sensitivity studies when available and inci-
sion and drainage as needed.

DISCUSSION

Sialolithiasis is the most common nonneoplastic disease of 
the salivary glands and the most common cause of salivary 
gland obstruction. Patients frequently complain of recurrent 
pain and swelling of the gland, particularly around meal-

Figure 6-8 Gross specimen of the excised submandibular gland, 
demonstrating the enlarged and fi rm gland structure consistent with 
sialadenitis.
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times. Salivary gland calculi are estimated to occur in 1% to 
2% of the population. However, the prevalence of symptom-
atic sialolithiasis is 0.45%. They are most common within the 
body of the submandibular gland or Wharton’s duct (80% to 
90%). From 5% to 10% of sialoliths occur in the parotid 
gland/duct, and the remaining 0% to 5% are located within 
the sublingual or minor salivary glands.

The higher incidence of submandibular sialoliths is likely 
secondary to the thicker, mucoid secretions of the gland as 
well as the long, convoluted, and superiorly directed path of 
the duct along the anterior fl oor of the mouth. Wharton’s duct 
has two noteworthy bends (areas more likely to develop sial-
olithiasis): the genu (knee area), which is located at the pos-
terior border of the mylohyoid muscle, and around the 
punctum, where the duct makes an acute turn before empty-
ing into the oral cavity. The diameter of the duct ranges from 
2 to 4  mm and is narrowest at the punctum.

The etiology of sialolithiasis is not clear. A popular theory 
is that mineralization occurs around a nidus of organic matter 
and may be the initial etiological factor. Bacteria, foreign 
bodies, ductal epithelial cells, and collections of mucus are 
thought to be probable sources of this organic matrix. Their 
retention in the gland and ductal system is likely due to mor-
phoanatomical abnormalities such as ductal stenosis (obstruc-
tion), strictures (constriction), or diverticula (outpouching). 
Irregular salivary composition is thought to contribute to 

mineralization around these structures. High concentrations 
of substances such as calcium combined with low levels of 
crystallization inhibitors in the saliva are thought to play a 
role in the continued growth of the calculi, which ultimately 
may result in obstruction.
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Acute Suppurative Parotitis

David G. Molen, DDS, MD, Deepak Kademani, DMD, MD, FACS, and Shahrokh C. Bagheri, DMD, MD

CC

A 25-year-old man presents to the emergency department 
complaining of right facial swelling. You are consulted for 
management of a presumed odontogenic infection.

HPI

He reports awakening with painful right facial swelling 
48 hours earlier. He has noticed a foul taste in his mouth 
(secondary to oral mucosal dehydration and purulent 
drainage from Stenson’s duct), and has had no appetite. 
He admits to limited oral intake over the past 24 hours. 
Over the past 12 hours, he has begun to feel weak and light-
headed and has developed chills. He has not been to a dentist 
in over 10 years and acknowledges having several “bad 
teeth.”

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient is a known alcoholic (risk factor for acute sup-
purative parotitis) who is presently living in a homeless 
shelter. He is unaware of any major medical problems or aller-
gies and is not currently taking any medications.

EXAMINATION

General. The patient is a thin (dehydration and malnutrition) 
man who appears older than his stated age; he is trembling 
(chills) and appears to be in pain.

Vital signs. His blood pressure is 128/85  mm  Hg, heart 
rate 110 (mild tachycardia secondary to elevated tempera-
ture), respirations 16 per minute, and temperature 39.5°C 
(febrile).

Maxillofacial. He has obvious facial asymmetry, with 
swelling of the soft tissues over the right preauricular area 
and angle of the mandible (Figure 6-9). The tissue is indu-
rated, erythematous, and exquisitely tender to palpation (signs 
of infl ammation). He has palpable, mobile, tender lymph 
nodes in the right precervical chain. His maximum interinci-
sal opening is 25  mm (trismus).

Intraoral. He is partially edentulous with most of his 
remaining teeth grossly carious, including the right mandibu-
lar second and third molars. The oral mucous membranes are 
dry (consistent with dehydration). There is no visible or pal-
pable fl uctuance, suppuration, or swelling around any teeth 
or in the buccal vestibules or fl oor of mouth. The uvula is 
midline, with no fullness of the lateral pharyngeal spaces. 

Palpation of his involved tissues extraorally produces puru-
lence from Stensen’s duct on the right. The contralateral duct 
produces clear saliva, as do both submandibular ducts.

Skin. There is decreased skin turgor with tenting (sign of 
dehydration, a predisposing factor for acute suppurative 
parotitis).

IMAGING

A panoramic radiograph is the initial screening study of 
choice to rule out possible odontogenic sources of infection. 
CT with intravenous contrast is indicated when the source and 
extent of infection is unclear. Contrast-enhanced CT will 
assist in determining the proper management strategies.

In this patient, the panoramic radiograph reveals multiple 
grossly carious teeth, consistent with the clinical examina-
tion. There are no frank periapical lesions, and no other 
pathology is noted. Contrast-enhanced CT (which can be 
rapidly performed and will delineate the suspected infectious 
process when performed with intravenous contrast) shows 
diffuse enlargement of the right parotid parenchyma with 
stranding. There are no discreet lesions or loculations within 
the gland and no involvement of the adjoining potential fascial 
spaces (Figure 6-10). A sialogram is contraindicated in this 
setting. (increased risk of ductal or glandular rupture and 
typically is extremely painful in the patient with acute 
parotitis).

LABS

A CBC with differential is indicated to evaluate the present-
ing WBC count. A basic metabolic panel is indicated to rule 
out metabolic and electrolyte derangements associated with 
chronic alcohol abuse, dehydration, and malnutrition. Liver 
function tests may be indicated in chronic alcohol abusers. 
Blood cultures may be indicated in patients presenting with 
signs of sepsis. Gram stain and culture and sensitivity of the 
purulent exudates (if present) ensure that proper antibiotic 
coverage is maintained.

In this patient, the WBC count was elevated at 17 × 109/L. 
Serum electrolytes include Na+ at 153  mEq/L (hypernatre-
mia), K+ 3.6  mEq/L, Cl− 112  mEq/L, HCO3

− 20  mEq/L, 
blood urea nitrogen 28  mg/dl, creatine 1.4  mg/dl, and Mg2+ 
1.3  mg/dl.

Liver function tests. Results were aspartate amino trans-
ferase of 180  U/L, alanine aminotransferase 90  U/L, gamma-
glutamyl transpeptidase 90  U/L, and alkaline phosphatase 
98  U/L.
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Microbiology

• Gram stain. Reveals gram-positive cocci in clusters and 
gram-negative bacilli

• KOH. Few hyphae noted (normal fi nding)
• Cultures of purulence from Stenson’s duct. 

Staphylococcus aureus identifi ed after 48 hours
The patient’s electrolyte values are consistent with dehydra-
tion (elevated Na+, blood urea, and creatine), which is common 
in alcoholics (alcohol suppresses ADH, causing water loss 

from the kidneys). Low magnesium and elevated liver 
enzymes, with the aspartate amino transferase/alanine ami-
notransferase ratio 2:1 or greater, are also common with 
chronic alcohol abuse.

ASSESSMENT

Acute suppurative parotitis with associated dehydration in 
an alcoholic patient

TREATMENT

The management of patients with acute suppurative parotitis is 
primarily medical, consisting of rehydration with intravenous 
fl uids, initiation of empiric antibiotic therapy, nutritional 
support, and stimulation of salivary fl ow. Surgical intervention 
may be necessary when demonstrated areas of loculation are 
present within the gland. Over 80% of cases are caused by 
Staphylococcus aureus; therefore, empiric fi rst-line antibiotic 
treatment includes the β-lactamase–resistant penicillins, fi rst-
generation cephalosporins, or clindamycin. A review by Brook 
found strict anaerobes to be the causative agent in 43% of cases 
of acute suppurative parotitis; cultures and sensitivities should 
be followed closely and antibiotic therapy adjusted accord-
ingly, for a total course of 10 to 14 days. Most patients should 
respond to aggressive medical management within 3 to 5 days. 
Extraoral incision and drainage of the capsule of the parotid 
may be indicated for failure to respond to medical therapy. 
Follow-up after resolution with sialography and/or repeat 
CT scan to determine possible underlying treatable explana-
tions for the episode (stones, duct strictures, or tumor) may be 
indicated.

COMPLICATIONS

There are rare reports of patients with acute suppurative par-
otitis developing cervical necrotizing fasciitis. Possible infec-
tious complications also include facial nerve dysfunction, 
septicemia, mastoiditis/osteomyelitis, and spread into adja-
cent fascial spaces with possible airway compromise. The 
reported mortality rate of acute suppurative parotitis 
approaches 25%. Acute suppurative parotitis is also seen as 
a complication of chronic recurrent parotitis, which may ulti-
mately necessitate superfi cial or total parotidectomy (see 
Discussion). In the setting of acute suppurative parotitis, the 
criterion for parotidectomy is recurrence after two episodes 
of medical management; elective parotidectomy should be 
performed only after a period of 4 to 6 weeks of quiescence 
to allow for identifi cation and preservation of the facial nerve 
in a noninfl amed surgical fi eld.

DISCUSSION

The term “parotitis” is a generic designation for parotid swell-
ing with an infl ammatory component. The aim of diagnosis 
should be to categorize the patient with parotitis into one of 
three possible subcategories to guide management (Box 6-5):

Figure 6-9 Frontal view showing facial asymmetry, with swell-
ing of the soft tissues over the right preauricular area and angle of 
the mandible.

Figure 6-10 Contrast-enhanced CT showing diffuse enlarge-
ment of the right parotid parenchyma with stranding.
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• Acute (bacterial) suppurative parotitis
• Nonsuppurative parotitis (parotid sialadenitis)
• Chronic recurrent parotitis
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Box 6-5.   Categorization of the Patient With Parotitis Into One of Three Possible Subcategories to 
Guide Management

Acute (bacterial) suppurative parotitis. This is caused by 
colonization of the gland by oral bacteria which have 
migrated in a retrograde fashion through Stensen’s duct. 
Patients almost invariably have a comorbid state, causing 
decreased salivary fl ow and/or immunosuppression. Common 
contributors to this relatively uncommon condition are 
diabetes, alcoholism, autoimmune disorders (e.g., Sjogren), 
medications (e.g., tricyclic antidepressants, anticholinergics, 
or diuretics), dehydration, malnutrition, neoplasm, or ductal 
obstruction. It is most common in debilitated elderly patients 
(nursing home or hospitalized patients) but has been 
described in all populations. The hallmark of ASP is frank 
suppuration along with the cardinal signs of infl ammation; 
tumor (swelling), rubor (redness), calor (heat), dolor (pain), 
and functio laseo (loss of function). Sialography can be 
benefi cial at follow-up in diagnosing ductal disorders or 
obstructions, it should be avoided in the acute stage. The 
increased pressure can be exquisitely painful, and can 
potentially rupture an already dilated duct.

Nonsuppurative parotitis (NSP) (parotid sialadenitis). The 
list of other causes of parotid infl ammation and swelling that 
will not cause frank suppuration is lengthy and includes 
viruses, granulomatous infl ammation, and autoimmune 
disorders. Although frank suppuration is not present, the 
gland can still be milked for discharge, which can be sent for 
viral or microbial studies. The most common viral cause of 
parotitis is paramyxovirus (mumps), although others must be 
considered (Epstein-Barr virus, coxsackievirus, herpes 
simplex, cytomegalovirus). HIV can cause bilateral parotid 
enlargement secondary to intraglandular lymphadenopathy. 
The most common cause of granulomatous parotid 
infl ammation is Mycobacterium tuberculosis. Other 
mycobacterium, Actinomycosis species, and cat-scratch 
disease (Bartonella henselae) may need to be considered. 
Autoimmune states head the list of “other” causes and 
usually lead to bilateral parotid swelling. Common culprits 

are Sjogren disease, systemic lupus erythematosus, diabetes, 
cystic fi brosis, and collagen vascular disease. Nonsuppurative 
infectious states should be treated accordingly, while 
noninfectious infl ammation is usually addressed by treating 
the underlying disease state and avoiding low-fl ow salivary 
states and antisialogogue medications whenever possible.

Chronic recurrent parotitis (CRP). This entity has been 
described as a nonspecifi c parotid sialadenitis with episodes 
of swelling and remission or persistent swelling with 
recurrent infection, either unilaterally or bilaterally. The 
overlap with the two previously discussed disease states is 
the cause of much confusion, and often times the diagnosis 
of CRP is delayed until further investigations and resolution 
of the presenting complaint, especially with recurrent 
episodes. A state of CRP can also be initiated by many of the 
same diseases that contribute to ASP and NSP. Diagnosis is 
made upon discovery of characteristic changes within the 
ductal and parenchymal architecture of the gland. These 
changes can be noted on sialography, CT, MRI, scintigraphy, 
or combinations thereof. Early fi ndings include ectasia and 
dilatation of peripheral ducts, progressing to “sausaging” of 
the primary duct, and continuing to destruction of 
parenchyma with extravasation of contrast material in late 
stages. Treatment is usually supportive when patients are 
symptomatic, and includes antibiotics when appropriate, 
sialogogues, short-term oral steroids (dexamethasone) and 
dilatation of Stensen’s duct with lacrimal probes to encourage 
drainage. Lavage with normal saline or penicillin solutions 
has been advocated to facilitate resolution of symptoms due 
to stasis of salivary fl ow or presence of sialoliths. The 
treatment of last resort for troublesome recurrent or 
refractory cases is parotidectomy, either superfi cial or total, 
and should not be entertained until conservative treatment 
options have been exhausted. Both operations have risks of 
facial nerve dysfunction, with a slightly greater risk with 
total parotidectomy.
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Mucocele

David M. Weber, DDS, MD, and Deepak Kademani, DMD, MD, FACS, and Shahrokh C. Bagheri, DMD, MD

CC

A 20-year-old patient presents to offi ce complaining of a 
painless mass of her lower lip. (Mucoceles are more common 
in young adults, but can be seen in all ages, including infants. 
There is no gender predilection.)

HPI

The patient was recently evaluated by her general dentist and 
was subsequently referred for evaluation and treatment of a 
persistent mass of her lower lip. The lesion was noticed 1 
month earlier and has gradually increased to its current size 
(some patients give a history of recurrent swelling that peri-
odically ruptures). The mass developed after trauma to the 
lower lip during function and has proved to be a site of con-
tinued trauma due to its persistence.

Although trauma (such as lip biting) had been associated 
with mucoceles, a positive history of trauma is frequently 
lacking.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. There is no association with preexisting 
medical conditions and the incidence of mucoceles.

EXAMINATION

Maxillofacial. There is asymmetrical prominence of the 
patient’s lower lip (most common site). There are no other 
areas of swelling or lymphadenopathy.

Intraoral. Examination reveals no pathology of the 
hard or soft palate, tongue, fl oor of the mouth, or buccal 
mucosa. A soft, 1-cm painless mass is appreciated just 
inferior and medial to the right labial commissure (Figure 
6-11). The mass is fl uctuant, soft, and nontender with a 
bluish mucosal discoloration. There is some evidence of 
trauma to the mass from the adjacent dentition. The tissue 
overlying the mass has become fi brotic as a result of repetitive 
trauma.

IMAGING

No imaging studies are indicated unless there is suspicion of 
other pathological processes.

LABS

No routines labs are indicated unless dictated by underlying 
medical conditions.

DIFFERENTIAL DIAGNOSIS

Despite characteristic clinical fi ndings, in addition to the 
mucocele, the differential diagnosis of a soft tissue mass 
needs to be considered.

The differential diagnosis would include an irritation 
fi broma. This lesion is commonly pink and nonfl uctuant and 
does not have history of intermittent swelling and rupturing 
(as opposed to a mucocele). Otherwise, it has a differential 
that is similar to a fi b roma (see the section on irritation 
fi broma earlier in this chapter).

BIOPSY

Although the clinical examination can be highly suspicious 
of a mucocele, histopathological analysis is the only confi r-
matory test. An excisional biopsy (removal of entire lesion) 
is both diagnostic and the defi nitive treatment.

ASSESSMENT

An excisional biopsy was performed under local anesthesia 
confi rming the diagnosis of a mucocele

Histopathological examination of a mucocele would demon-
strate spillage of mucin surrounded by dense granulation tissue, 
which may be seen in association with minor salivary glands. 
An infl ammatory response (neutrophils) may be observed.

TREATMENT

The above patient was seen in the clinic for excisional biopsy 
under local anesthesia. Care was taken to evert the lower lip 
with fi nger pressure against the skin. This provides increased 
exposure of the mass on the mucosal surface. A straight-line 
incision is made perpendicular to the vermillion border over the 
length of the mass on the mucosal surface. This is followed with 
careful, blunt, and sharp dissection around the mucocele and the 
offending gland. The surgical specimen was labeled and sent to 
pathology, and a diagnosis of a mucocele was confi rmed.

Alternative surgical approach to treatment of mucocele 
includes excision or marsupialization with a carbon dioxide 
laser. Cryotherapy has also been used for the treatment of 
mucoceles. Direct application of liquid nitrogen is made with 
a cotton-tip applicator. A major advantage with this technique 
is compliance with pediatric patients.

COMPLICATIONS

The most common complication associated with treatment of 
mucocele is its recurrence. This can be minimized by the 
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removal of any adjacent minor salivary glands. With patients 
who experience problematic recurrence, a carbon dioxide 
laser can be used to ablate the surgical fi eld, which is left to 
heal by secondary epithelialization. Excision or dissection of 
larger mucoceles of the lower lip can pose a risk to the labial 
branch of the mental nerve, resulting in postoperative neuro-
sensory dysfunction.

DISCUSSION

Mucoceles, also called mucus retention cysts, or mucus extra-
vasation phenomenon, by defi nition, are cavities fi lled with 
mucus produced by trauma to minor salivary glands. With 
functional trauma to the soft tissue and underlying glands, 
mucus leaks into the adjacent tissues, creating a mucocele. It 
is the most common lesion affecting the oral mucosa. It can 
grow to a few millimeters in size and rarely is larger than 
1.5  cm. The lower lip is the most common site of a mucocele 
due to its susceptibility to trauma. Seldom are they seen in 
the upper lip even though it has an equivalent number of 
minor salivary glands. In a recent study of distribution of 
mucoceles in 263 patients, 78% occurred in the lower lip and 
3% occurred in the upper lip. These fi ndings are consistent 
with previous studies. Mucoceles do not have an epithelial 
lining (in contrast to salivary duct cysts). The extravasation 
of mucus produces a wall of infl amed fi brous tissue.
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Figure 6-11 A 1-cm painless mass seen just inferior and medial 
to the right labial commissure.
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Presentation of a Neck Mass: Differential Diagnosis

Kevin L. Rieck, DDS, MS, MD, and Shahrokh C. Bagheri, DMD, MD

CC

A 63-year-old man is referred for evaluation of a mass in his 
neck.

HPI

The patient reports a several-month history of a midline sub-
mandibular neck swelling that he associated with an abscessed 
tooth. A mandibular tooth was subsequently removed by his 
dentist, but the patient indicates no improvement. He reports 
that the area is slightly tender (swellings of neoplastic origin 
are unlikely to be painful or tender). He explains that the 
swelling under his jaw had been present for many months 
(chronic process) but became bothersome over the past several 
weeks. There are no associated symptoms of hoarseness or 
dysphagia (would be seen with impingement of a mass on the 
vocal cords or posterior oropharynx). There is no history of 
recent weight loss (cachexia could be a sign of a malignant 
process). He does not have any complaints of airway obstruc-
tion or diffi culty breathing (expanding mass could progres-
sively impinge on the airway).

PMHX/PDHX/ MEDICATIONS/ALLERGIES/SH/FH

He has no signifi cant past medical or surgical history. There 
is no family history of similar presentations. He does not 
have any risk factors for neoplastic causes of his neck mass 
(smoking, alcohol). His abscessed tooth could cause subman-
dibular swelling, but this would be unlikely due to persistence 
of symptoms after removal of the infectious source.

Patients should be questioned regarding a history of malig-
nancies that may present with a metastatic lesion in the neck.

EXAMINATION

General. The patient is a well-developed and well-nourished 
patient in no apparent distress.

Vital signs. Vital signs are stable and he is afebrile (fever 
and the associated elevation in baseline heart rate can be 
secondary to an infectious etiology). Tumors can also cause 
fever either secondary to associated infl ammation/infection 
or due to the release of infl ammatory mediators such as tumor 
necrosis factor.

Maxillofacial. There is a soft, doughy midline swelling of 
the submandibular area measuring 6  cm in diameter. The 
mass appears freely movable with no clear attachment to the 
overlying skin. No fl uctuance or frank fl uid component is 

appreciated within the mass upon bimanual examination. It 
is not warm to palpation (seen with infl ammation). The over-
lying skin appears normal (Figure 6-12). No palpable cervical 
adenopathy is noted.

Intraoral. Partial edentulism is noted with no gross areas 
of decay in the remaining dentition. There are no soft tissue 
lesions within the oral cavity. Salivary fl ow appears normal 
and without evidence of obstruction or erythema at the ori-
fi ces of the submandibular and parotid ducts (important 
fi nding that makes sialadenitis unlikely). The muscles of mas-
tication and temporomandibular joints are unremarkable. 
Bimanual intraoral examination also reveals the palpable 
mass in the midline fl oor of mouth that appears to be con-
tiguous with the anterior neck mass. The mass does not 
elevate with tongue protrusion or swallowing (elevation of the 
mass would be consistent with a thyroglossal duct cyst).

IMAGING

Panoramic, lateral cephalometric or lateral neck fi lms are 
rarely used in evaluating a neck mass. The panoramic radio-
graph should be used as a screening tool for evaluation of the 
dentition if there is suspicion of an odontogenic source of 
infection.

For this patient the panoramic radiograph demonstrated no 
source of odontogenic or osseous pathology. The contrast-
enhanced CT scan showed a 5-cm cystic appearing mass in the 
anterior midline neck between the mandible and the hyoid 
bone (Figure 6-13). Several spherical densities were noted 
within the lesion. There was no evidence of adenopathy. The 
mass appeared discreet and not attached to the overlying skin.

LABS

No specifi c laboratory tests are indicated in the absence of 
pertinent medical history.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a neck mass can be quite exten-
sive and can include any or all of the intricate structures 
within the neck. There are several considerations in distin-
guishing between infl ammatory and/or infectious causes, 
anatomical variants, congenital lesions, and benign or malig-
nant processes. One of the most important aspects in assess-
ing a neck mass is a thorough patient history. The age of the 
patient is an important initial consideration. An adult patient 
over the age of 40 has an 80% chance that a nonthyroid neck 
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mass will be neoplastic, of which 80% of cases are metastatic 
squamous cell carcinoma from the aerodigestive tract. Figure 
6-14 is a fl ow chart for the diagnosis of a neck mass that uses 
age and location as distinguishing factors.

In general it is useful to consider four broad categories: 
anatomical, infl ammatory and/or infectious, congenital, and 
neoplastic (Box 6-6).

One must maintain a high index of suspicion for metastatic 
disease processes. These commonly include squamous cell 
cancers of the head and neck, lung, thyroid, and salivary 
glands malignancies. Melanoma may also present in this area. 
Primary neck tumors presenting as a neck mass typically 
result from salivary gland lesions, lymphoma, or thyroid 
masses. Benign masses result from several of the tissues in 
the neck. These can include lipomas, neural tumors, vascular 
lesions, sebaceous cysts, and fi bromas.

ASSESSMENT

A well-circumscribed soft tissue mass of the anterior midline 
neck

An FNA was performed that revealed scant cellular mate-
rial. Diagnosis would require surgical exploration with an 
excisional biopsy.

TREATMENT

This 63-year-old man underwent a cervical exploration under 
general anesthesia in the hospital setting. Prior to any inci-
sion, the lesion was aspirated and returned several milliliters 
of a viscous yellowish fl uid. A transverse incision was made 
in the anterior neck well below the mass. Subcutaneous skin 
fl aps were raised and the platysma muscle was identifi ed. 
Blunt dissection was performed around the mass. The mylo-
hyoid muscle was identifi ed and divided in the midline. No 
communication with the oral cavity was encountered. The 
mass was removed and submitted for permanent histopatho-
logical examination (Figure 6-15). A drain was placed in the 
neck defect and the wound was closed in standard layered 
fashion.

The pathological diagnosis revealed the lesion to be a 
dermoid cyst. These cysts can have tremendous histological 
variability. There is a connective tissue wall that may have a 
thin lining of epithelial cells. This can exhibit keratinization, 
and the lumen may be fi lled with keratin as well as sebaceous 
fl uid. Glandular components from apocrine or sebaceous 
tissue may also be present.

COMPLICATIONS

Several complications can occur in performing neck surgery. 
Hematomas; seromas; wound infections; injury to branches 
of the facial, trigeminal or hypoglossal nerves; and atypical 
scar formation are all possible sequelae. Surgeons must have 
a thorough understanding of anatomy in order to effectively 
recognize and manage lesions and complications in this 
complex area.

A

B

Figure 6-12 Frontal view (A) and profi le (B) swelling of the 
submandibular area measuring 6  cm in diameter. The overlying skin 
appears normal.

Figure 6-13 Contrast-enhanced CT scan showing a 5-cm cystic 
appearing mass in the anterior midline neck between the mandible 
and the hyoid bone.
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DISCUSSION

The diagnostic challenge in assessing the neck mass can be 
overwhelming. It is important to have a consistent system 
in both history taking and examination aspects of the app-
roach to this complex anatomic region. Onset, duration, size 
fl uctuations, or progression and any associated symptoms 
must be elucidated from the patient when possible. Similarly, 
the association of squamous cell carcinoma with alcohol 
and tobacco abuse has been well documented, and the 
patient’s present and past use of these products should be 
noted. Any recent exposure to infectious diseases, trauma, 
animals (cats), dental work, or surgical intervention should 
be determined.

The adult patient presenting with a neck mass should 
have a thorough history taken to assist the diagnosis. 
Supplemental evaluation with ultrasound, CT scan, MRI, 
or positron emission tomography scans, in addition to a 
fi ne needle aspirates of the mass can be extremely useful 

�40 years �40 years

1. Inflammatory 1. Neoplastic
malignant�benign

3. Neoplastic
benign�malignant

2. Congenital/
developmental

Location

3. Congenital/
developmental

Midline or
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 Dermoid cyst, thyroglossal
 duct cyst
Neoplastic:
 Thyroid, lymphoma
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 Bacterial, viral
Congenital:
 Branchial cleft cysts,
 lymphangioma
Neoplastic:
 Lymphoma, metastatic
 carcinoma, salivary gland
 tumors, carotid body tumor

Lateral
neck

2. Inflammatory

Figure 6-14 Evaluation of a neck mass using age and location as distinguishing factors.

Figure 6-15 Surgical specimen later diagnosed as a dermoid cyst.
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Box 6-6.  The Four Major Categories for the differential diagnosis of a Neck Mass

• Anatomical. Several anatomical structures are palpable in 
certain patients. These include the transverse process of C1, 
the hyoid bone, thyroid and cricoid cartilages, and prominent 
or atherosclerotic carotid bulbs.

• Infl ammatory and/or infectious. This category 
encompasses several causes for a neck mass, which is 
generally a reactive process. Cervical adenitis can arise from 
bacterial, viral, parasitic, and fungal sources. Staphylococcus 
aureus, cutaneous skin infections, Epstein-Barr virus, and 
herpes simplex viruses are frequent culprits. Other 
infl ammatory causes include infectious and/or obstructive 
lesions of the salivary glands. Sialadenitis and associated 
sialolithiasis of the major salivary glands can cause 
signifi cant swelling within the neck.

• Congenital lesions or masses. These are frequently 
recognized at an early age but may also present later in life 
with the onset of new symptoms. Several common disorders 
are encountered: thyroglossal duct cyst, branchial cleft cyst 
or fi stula, cystic hygroma, dermoid cyst, lymphangioma, and 
ranula. Other rare conditions such as thymic mass, 
laryngoceles, and teratomas can occur.

° Thyroglossal duct cysts are midline or anterior neck 
masses. These frequently appear post upper respiratory 
tract infection. The mass itself moves with swallowing or 
tongue protrusion. The cyst, thyroglossal tract, and 
midportion of the hyoid bone are removed in the Sistrunk 
procedure to treat this condition.

° Dermoid cysts are midline masses that lie deep to the 
cervical fascia and tend to be slow growing. They are 
above the hyoid bone and do not move with protrusion of 
the tongue.

° Branchial cleft cysts are remnants of the branchial arch 
apparatus present during embryogenesis.

° First branchial cleft cysts (two types are possible).
• Type I cysts tend to occur in the preauricular or 

postauricular region and connect the skin to the 
external auditory canal.

• Type II cysts are near the mandibular angle and 
closely associated with the parotid gland.

° Second branchial cleft cysts are the most common of the 
branchial cleft cysts. The cyst or opening to the cyst is 
usually found at the anterior edge of the 
sternocleidomastoid muscle.

° Third branchial cleft cysts are very rare. These are also 
found along the anterior border of the sternocleidomastoid 
muscle but ultimately empty into the piriform sinus.

° Fourth branchial cleft cysts can occur and have an 
extensive course through the neck looping around the 
hypoglossal nerve and aortic arch.

• Neoplastic. Neoplastic lesions in the neck are common 
and have certain characteristics that set them apart from 
other conditions. Masses fi xed to the underlying 
structures and matted nodes are ominous fi ndings for 
malignancy.

in further defi ning the lesion. Suspected infl ammatory 
or infectious conditions should respond to broad-spectrum 
antibiotics. Suspected neoplastic masses should be evalu-
ated with contrast-enhanced CT scans and an FNA of the 
mass.

This patient tolerated the surgical procedure well and had 
an uneventful postoperative course. Histopathological evalu-
ation confi rmed the diagnosis of a dermoid cyst. This is 
thought to result from entrapment of midline epithelial tissue 
during the closure of the mandibular and hyoid branchial 
arches. In this location, they are rarely present at birth and 
typically present in young adulthood. As in this case, these 
cysts typically feel dough-like, but this can vary with the 
actual contents of the cyst. They can be either above or below 
the mylohyoid muscle. Surgical extirpation is the recom-
mended treatment and recurrence is rare.
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Oral Leukoplakia

Derek Lamb, DMD, Deepak Kademani, DMD, MD, and Shahrokh C. Bagheri, DMD, MD

CC

A 53-year-old man is referred to your offi ce by his general 
dentist for evaluation of an intraoral lesion that was found 
during a routine dental examination. The prevalence of 
oral leukoplakia increases with age and has a strong male 
predilection.

HPI

The patient presents with a painless, asymptomatic white 
lesion (leukoplakia) of the right buccal mucosa (lip vermilion, 
buccal mucosa, and gingiva are the most common sites). He 
was not aware of the lesion until his general dentist detected 
it during a routine oral exam. The lesion has been present for 
an unknown duration. He denies any history of trauma, cheek 
biting (morsicatio buccarum), or parafunctional habits 
(chewing tobacco, snuff, sunfl ower seeds, or other foreign 
objects that may cause frictional keratosis). He denies any 
history of fevers, weight loss, dysphagia, or other constitu-
tional symptoms.

PMHX/PSHX/MEDICATIONS/ALLERGIES/SH/FH

The patient’s history is signifi cant for a 44 pack per year 
history of smoking (higher incidence in patients using tobacco 
on a routine basis).

EXAMINATION

General. The patient is a white man who appears his stated 
age. He is well nourished with no signs of cachexia (seen with 
advanced malignant disease or malnutrition).

Maxillofacial. There is a 1.3 × 0.8-cm well-circumscribed, 
slightly elevated white plaque of the right mid buccal mucosa 
just inferior to the occlusal plane (presents as linea alba 
on the buccal mucosa). The lesion is soft, nonindurated, 
nonulcerated, and nonadherent to underlying tissues (fi rm, 
indurated, ulcerated, and/or fi xed lesions can be a sign of 
invasive carcinoma). The lesion does not rub off with gauze 
(white lesions that can be scraped off have a separate differ-
ential diagnosis) and does not form a bulla with fi rm pressure 
(negative Nikolsky sign). No Wickham striae are present 
(seen in lichen planus). The lesion does not diminish or disap-
pear when stretched (seen in leukoedema). No other lesions 
or masses are noted. He is partially edentulous with poor oral 
hygiene and no grossly carious teeth.

Neck. No cervical or submandibular lymphadenopathy 
was noted.

IMAGING

Imaging for soft tissue lesions is based on the clinical presen-
tation and differential diagnosis. This lesion is a superfi cial 
mucosal lesion that does not appear to invade underlying 
structures; therefore, no imaging studies are required.

LABS

No routine laboratory studies are indicated for a planned biopsy 
or workup of a white lesion in an otherwise healthy patient.

DIFFERENTIAL DIAGNOSIS

The working differential diagnosis of a white lesion of the 
buccal mucosa that cannot be scraped off should include 
hyperkeratosis with or without dysplasia (histological diagno-
sis), lichen planus, morsicatio buccarum (chronic cheek 
biting), frictional keratosis, nicotine stomatitis, leukoedema, 
and white sponge nevus. The diagnosis of leukoplakia is one 
of exclusion, presenting as a white plaque that cannot be 
removed, and requires a biopsy for histological confi rmation. 
Because leukoplakia is considered a premalignant lesion with 
risk of malignant transformation, squamous cell carcinoma is 
included in the differential diagnosis.

BIOPSY

Defi nitive diagnosis requires an incisional or excisional biopsy 
depending on the size and character of the lesion. Typically, 
lesions less than 1  cm can be easily excised and closed pri-
marily, whereas an incisional biopsy is indicated in larger 
lesions or when a malignancy is suspected.

In this patient, an excisional biopsy was performed under 
local anesthesia (direct infi ltration into the lesion should be 
avoided to prevent distortion of the specimen), which showed 
full-thickness (from basal layer to surface mucosa) epithelial 
dysplasia with cellular atypia, loss of rete peg formation with 
mucosal atrophy, and superfi cial parakeratosis. The integrity 
of the basement membrane was maintained, indicating carci-
noma in situ (if the dysplastic cells invaded through the base-
ment membrane into the underlying submucosa, invasive 
squamous cell carcinoma would be the correct diagnosis).

ASSESSMENT

Oral leukoplakia with biopsy-proved diagnosis of carcinoma 
in situ (TisN0M0, stage 0 squamous cell carcinoma) of the 
right buccal mucosa
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TREATMENT

Traditionally, the fi rst line of treatment of white oral lesions 
has been identifi cation and elimination of possible etiological 
factors. This is then followed by a 2-week period of observa-
tion. Persistent lesions with no identifi able cause undergo 
biopsy to establish a diagnosis. The resulting diagnosis should 
dictate the subsequent management. Toluidine blue may be 
used to identify potential biopsy sites that are more likely to 
exhibit dysplastic changes. Exfoliative cytology can be used 
for the evaluation of mucosal lesions (advantage of being less 
invasive and not requiring local anesthesia). However, a 
biopsy is required for a defi nitive diagnosis.

Current treatment is aimed at prevention of malignant 
transformation and resolution of the lesion. Biopsy-proved 
hyperkeratosis (gives the lesion the white textured appear-
ance) without dysplasia can be closely observed for changes, 
while hyperkeratosis with mild to moderate dysplasia can be 
treated with carbon dioxide laser ablation. Severe dysplasia 
or carcinoma in situ requires wide local excision. Laser 
excision, ablation, or a combination of the two can also 
be performed depending on the location of the leukoplakia. 
Chemopreventive measures (β-carotene, vitamin A, or reti-
noids) have been shown to cause regression of existing lesions 
and prevention of other lesions in the aerodigestive tract 
(therapy must be maintained indefi nitely and therefore patient 
compliance is low). Photodynamic therapy, although not 
available in the United States, is showing some promise in 
the treatment of precancerous and malignant lesions.

This patient underwent an excisional biopsy of the lesion 
under local anesthesia. An elliptical incision was made 
around the entire lesion and into the submucosa (the junction 
of the basement membrane and submucosa is important in 
the evaluation for possible invasive carcinoma). Normal 
appearing tissue surrounding the area is also included in the 
biopsy specimen to ensure clear margins. Electrocautery is 
used to provide hemostasis of the surgical bed. The wound is 
close primarily. The surgical specimen is oriented with 
sutures of different length placed at the anterior and superior 
margins.

The histopathological report confi rmed carcinoma in situ, 
which requires a wide local excision of the entire lesion for 
histological documentation.

COMPLICATIONS

The main concern with oral leukoplakia is the risk of malig-
nant transformation. Leukoplakia is a premalignant lesion 
implying that it is “a morphologically altered tissue in which 
cancer is more likely to occur than in its normal counterpart.” 
The rate of malignant transformation of oral leukoplakia 
(homogeneous type) is between 3% and 6%. Erythroplakia, 
which is much less common than leukoplakia, has a much 
higher transformation rate (20% to 90%), and always requires 
surgical excision. Consequently, it is very important for these 
patients to be followed closely for any mucosal changes allow-

ing prompt treatment to reduce the morbidity and mortality 
from malignant transformation.

DISCUSSION

The World Health Organization defi nes leukoplakia as “a 
white patch or plaque that cannot be characterized clinically 
or pathologically as any other disease.” It is, therefore, a 
diagnosis of exclusion. Leukoplakia is a condition that is 
frequently encountered in the oral cavity and is most com-
monly found on the lip vermillion, buccal mucosa, and 
gingiva. However, lesions of the fl oor of the mouth, tongue, 
and lower lip are most likely to exhibit dysplasia and are 
associated with a higher rate of malignant transformation. 
The prevalence in the general population is estimated to vary 
from less than 1% to more than 5%. Its presence has been 
associated with tobacco smoking (although the rate of malig-
nant transformation with smokeless tobacco has not defi ni-
tively been shown to be higher), sanguinaria, ultraviolet 
radiation, and microorganisms such as Treponema pallidum 
(mucous patch of stage 2 syphilis), Candida albicans, and 
human papilloma virus.

Lesions may present as a white patch (leukoplakia), a 
white patch with red dots (speckled leukoplakia), or a mixed 
red and white lesion (erythroleukoplakia). Those lesions with 
areas of mixed erythema frequently contain advanced dyspla-
sia or invasive squamous cell carcinoma (biopsy of mixed 
lesions should include the red component). Leukoplakic 
lesions are classifi ed histopathologically according to the 
degree of dysplasia or histology of the cellular and other 
epithelial elements. Mild dysplasia is cellular atypia that is 
limited to the basilar and parabasilar epithelial layers. Moder-
ate dysplasia involves the basal layer up to the midportion of 
the spinous layer. Severe dysplasia is atypia that extends more 
than halfway through the epithelium but does not involve the 
full thickness. Carcinoma in situ is defi ned as dysplasia of the 
entire epithelial layer without invasion of the basement mem-
brane into the underlying tissue.

Most leukoplakias do not transform into carcinomas, and 
recent studies have attempted to identify molecular markers 
for malignant transformation. Potential areas that have been 
explored are DNA ploidy status, loss of heterozygosity utiliz-
ing microsatellite markers, p53 mutations and aberrant 
expression, inappropriate expression of other oncogenes such 
as cyclin D1, and differentiation markers such as keratins and 
cell surface carbohydrates including blood group antigens.

Another aggressive form of this disease is proliferative 
verrucous leukoplakia. Interestingly, proliferative verrucous 
leukoplakia is not associated with tobacco use, and it has a 
strong female predilection. It has a high recurrence rate and 
a tendency to slowly spread to involve multiple oral sites. Pro-
liferative verrucous leukoplakia has a high rate of malignant 
transformation (to verrucous or squamous cell carcinoma).

Figure 6-16 demonstrates a case of severe leukoplakia 
under the denture-bearing tissue. There was evidence of mod-
erate dysplasia upon biopsy of the midpalatal area.
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Osteoradionecrosis of the Mandible

Abtin Shahriari, DMD, MPH, and Shahrokh C. Bagheri, DMD, MD

CC

A 67-year-old man is referred to your offi ce for evaluation of 
exposed bone of the left posterior mandible subsequent to 
full-mouth extraction (osteoradionecrosis is more commonly 
seen in the elderly and in the posterior mandible).

HPI

The patient has a history of squamous cell carcinoma of the 
left tonsillar fossa treated with a total dose of 7300 centiGray 
(cGy) of external radiation 1 year earlier (cGy is the unit for 
radiation that has replaced the equivalent unit of rad). Full-
mouth extraction was performed 9 months after completion 
of radiation therapy. During the past 3 months, he has devel-
oped a nonhealing painful wound of the left mandible. He has 
been on several different antibiotics and oral chlorohexidine 
with no apparent resolution. His current pain level has been 
diffi cult to manage with opioid analgesics. In addition, he 
reports to have lost over 10 pounds in the past 2 months (due 
to decreased oral intake). One month ago, he heard a cracking 
noise on his left mandible with associated pain (suggestive of 
a pathological fracture). More recently, the skin overlying his 
mandible has developed an orocutaneous fi stula.

The most important factor for the development of osteora-
dionecrosis is the radiation dose. High-dose radiotherapy 
(above 7200  cGy) is likely to reach the clinical threshold 
for the development of osteoradionecrosis, compared to a 
moderate dose (5000  cGy to 6400  cGy). Patients are gener-
ally at a progressively increasing risk with doses above 
5000  cGy.

The risk of developing osteoradionecrosis is also related 
to other factors, including location of the primary tumor, size 
of the tumor, proximity of the tumor to bone, condition of the 
dentition, and type of treatment (external beam radiotherapy, 
brachytherapy, surgery, or chemotherapy). Other medical 
comorbidities that infl uence wound healing such as the nutri-
tional status and extrinsic factors such as tobacco or alcohol 
abuse are likely to play a role. However, the radiation dose 
and time elapsed since radiation therapy are the most sig-
nifi cant risk factors.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a 40-year history of tobacco and alcohol use 
(risk factors for oral squamous cell carcinoma).

He has no history of oral or intravenous bisphosphonate 
use or adjuvant chemotherapy.

Osteonecrosis of the jaws secondary to bisphosphonate use 
can have a similar clinical presentation as osteoradionecrosis 
despite a different pathophysiology (see Chapter 2, section on 
bisphosphonate related osteonecrosis of the jaws). Metastatic 
disease to the mandible (prostate, kidney) is rare but can 
present as a nonhealing wound. Primary malignant tumors of 
bone, osteomyelitis, and fi bro-osseous lesions can present as 
exposed bone, but most of these conditions are easily distin-
guished from osteoradionecrosis by an accurate history and 
clinical and radiographic examination.

EXAMINATION

General. The patient is a cachectic, thin man in mild distress 
(generalized muscle wasting is an indication of the poor nutri-
tional status but is also related to the wasting associated with 
advanced malignant processes).

Vital signs. Vital signs are stable and he is afebrile (lack 
of fever is not uncommon with osteoradionecrosis).

Maxillofacial. There is minimal left facial edema, with 
hyperemic skin (secondary to the effects of radiation) overly-
ing the mandible posteriorly. The left mandible is painful to 
palpation. The maximal jay opening is less than 25  mm (due 
to radiation fi brosis and pain). There is no cervical or sub-
mandibular lymphadenopathy (positive nodes may be seen 
with acute infections or recurrence of the primary tumor). 
There is a draining orocutaneous fi stula of the left neck, with 
surrounding erythema.

Intraoral. His oral hygiene is poor. The extraction sockets 
of the posterior left mandible have not healed, and there is 
approximately 1.5  cm of exposed bone. The oral mucous 
membranes are dry (radiation-induced xerostomia secondary 
to the effects of radiation on salivary glands). The mandible 
shows intersegmental mobility across the area of exposed 
bone (indicative of mandible fracture).

Pulmonary. He has a barrel-shaped chest with distant 
breath sounds and mild bilateral scattered rhonchi (physical 
fi ndings consistent with emphysema secondary to prolonged 
tobacco use).

Although this patient is edentulous, radiation caries is 
commonly seen on teeth remaining in the path of radiation 
and is probably related to pulpal necrosis combined with the 
effects of xerostomia from radiation.

IMAGING

The panoramic radiograph is the initial imaging study of 
choice for evaluation of the mandible, and may be the only 
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study necessary for suspected osteoradionecrosis. A CT scan 
of the mandible may also be used to more accurately delineate 
the areas of bony involvement.

For this patient, the panoramic radiograph demonstrates 
an undefi ned poorly demarcated sclerotic radiolucent lesion 
with a fracture at the left angle (Figure 6-17).

LABS

Laboratory tests for the preoperative workup of osteoradio-
necrosis should include a CBC to assess for leukocytosis 
secondary to any acute infection and baseline hematocrit and 
hemoglobin levels. Other tests are ordered based on the 
medical history and extent of anticipated surgery. An albumin 
and prealbumin level may be obtained if there is a suspicion 
of malnutrition (as seen with chronic alcohol use). Nutritional 
status should be supplemented as needed.

This patient had a WBC count of 11,000 cells/mm3. The 
prealbumin level was 8  mg/dl, which is consistent with mal-
nutrition (normal range, 16 to 30  mg/dl). The basic metabolic 
panel was within normal limits.

ASSESSMENT

Stage III osteoradionecrosis of the left posterior mandible, 
with a pathological fracture and an orocutaneous fi stula 
compounded by generalized malnutrition

TREATMENT

There is some controversy regarding the optimal treatment of 
osteoradionecrosis. The description of the pathophysiology of 
osteoradionecrosis by Marx in 1983 (hypoxia, hypocellular, 
hypovascular) is generally well accepted. As radiation energy 
passes through normal tissue, it immediately kills a small 
number of cells, which incur internal damage to their DNA, 
RNA, enzyme systems, and cell membranes. These cells may 
not be replaced when they die (due to impaired cell division). 
Consequently the tissue become less cellular (hypocellular), 
less vascular (hypovascular), and less oxygenated (hypoxic). 
Marx has further popularized the use of hyperbaric oxygen 

therapy for treatment of early and advanced osteoradionecro-
sis using a hyperbaric oxygen protocol (described later). 
Hyperbaric oxygen therapy is administered in a pressurized 
chamber most commonly at 2.4 atmospheres (ATA), which is 
equal to the pressure under 45 feet of water. The patient 
breathes 100% oxygen for a predetermined amount of time 
(90 minutes at 2.4 ATA is considered one dive). The increase 
in partial pressure (Pao2) of the inspired air increases the 
amount of oxygen dissolved in blood and subsequently 
increases the oxygen delivered to tissue. The increased oxygen 
gradient at the cellular level stimulates angiogenesis, and 
therefore vascularity. Hyperbaric oxygen may also have a 
oxygen-dependent bactericidal function affecting the function 
of leukocytes (oxygen tension less than 30  mm  Hg signifi -
cantly impairs the ability of the leukocytes to kill the phago-
cytosed organism). Absolute contraindications of hyperbaric 
oxygen include untreated pneumothorax, optic neuritis, ful-
minant viral infections, and congenital spherocytosis.

With the advent of microvascular surgery and the recent 
advances in this fi eld, many surgeons recommend resection 
of the necrotic mandibular (or maxillary) segment and imme-
diate reconstruction using microvascular free fl aps without 
the use of hyperbaric oxygen. Until further studies regarding 
the outcome, morbidity, cost, and effectiveness of these two 
dramatically different treatment philosophies are available, 
the optimal treatment of osteoradionecrosis remains partially 
unclear. The two methodologies are briefl y described next:

Hyperbaric oxygen protocol. This protocol developed by 
Marx is based on categorizing osteoradionecrosis into three 
stages. Patients presenting with exposed bone are designated 
as having stage I osteoradionecrosis. These patients would 
receive 30 dives of hyperbaric oxygen. If the bone softens and 
granulation tissue develops, the patient is designated as a 
stage I responder and is treated by minimal local debridement 
followed by 10 more dives. However, if the patient does not 
respond, he is designated as having stage II, which is treated 
by surgical debridement followed by 10 additional dives. If 
there is persistence of dehiscence and exposed bone, he is 
designated as having stage III osteoradionecrosis. This 
requires a continuity resection, jaw stabilization, and soft 
tissue fl ap as needed. Patients presenting with a pathological 

Figure 6-17 A panoramic radio-
graph demonstrates an undefi ned 
poorly demarcated sclerotic radio-
lucent lesion with a fracture at the left 
angle.
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fracture, orocutaneous fi stula, or osteolysis of the inferior 
border of the mandible are also designated as having stage III 
osteoradionecrosis.

Microvascular techniques. A vast body of literature sup-
ports the treatment of early and late osteoradionecrosis using 
free vascular tissue transfer into the irradiated fi eld with 
success rates of over 95%. Microvascular surgery (free fl aps) 
allows the surgeon to bring in hard and soft tissues with 
independent blood supply anastomosed outside of the radiated 
fi eld. Commonly used donor sites include the free fi bular 
osteocutaneous fl ap (see Chapter 11, section on fi bular free 
fl ap for mandibular reconstruction), radial forearm fasciculo-
cutaneous fl ap (see Chapter 11, section on radial forearm free 
fl ap), the deep circumfl ex iliac artery osteomyocutaneous fl ap 
using the iliac crest, and the anterolateral thigh (soft tissue 
transfer). The arterial and venous blood supply of the trans-
ferred tissue (fl ap) is anastomosed into the available vessels 
within the head and neck (most commonly, the carotid or 
associated branches and the jugular venous system).

An advantage of microvascular fl aps with respect to osteo-
radionecrosis is the ability to bring in new blood supply inde-
pendent of the compromised host bed. This eliminates the 
need for multiple costly hyperbaric oxygen treatments.

This patient was taken to the operating room for resection 
of the fracture segment and associated necrotic tissue and 
fi stula (Figure 6-18, A). A free fi bula fl ap was harvested 
(Figure 6-18, B) and inserted into the defect along with 
anastomosis of the vessels to the facial artery and internal 
jugular vein. The postoperative panoramic radiograph and 
clinical photograph demonstrate the position of the fi bular 
graft and soft tissue closure 4 weeks postsurgery (Figure 6-18, 
C and D).

COMPLICATIONS

Radiotherapy can be highly effective in the treatment of head 
and neck cancer. However, the effects of direct and scattered 
radiation on adjacent normal tissue are associated with sig-
nifi cant side effects that further affect the already compro-
mised quality of life of a cancer patient. Radiation-induced 
damage should be anticipated and prevented whenever pos-
sible. Early management can ameliorate the long-term effects. 
Radiation-induced damage is the result of the deleterious 
effects of radiation, not only on the oral mucosa but also on 
the adjacent salivary glands, bone, dentition, and masticatory 
musculature. Radiation mucositis is an acute complication 
representing the infl ammatory response to acute radiation 
injury. This is a self-limiting condition that may develop in 
the last 3 weeks of radiotherapy and may extend for about 1 
month thereafter. During this period, topical viscous 2% lido-
caine gel as well as systemic analgesic may be needed for 
pain control, along with the use of chlorhexidine gluconate 
antiseptic rinses. Radiation caries is seen as hard and black 
erosions of the teeth structure mostly at the gingival margin, 
cusp tips, and incisal surfaces, presenting only in the direct 
path of radiation. Even the best oral hygiene, dental care, and 
fl uoride treatment will not totally prevent this condition.

The chronic complications of radiotherapy include mucosal 
fi brosis and atrophy, salivary gland dysfunction, soft tissue 
necrosis, osteoradionecrosis, dysgeusia (distortion or decrease 
in sense of taste), ageusia (loss of taste function), muscular 
fi brosis (causing trismus), xerostomia, and fungal and bacte-
rial infections. Radiation-induced xerostomia is caused by the 
direct damaging effects of radiation on both major and minor 
salivary gland structures located within the path of radiation. 
Dysphagia (diffi culty swallowing) is one of the most troubling 
and least treatable chronic complications of radiation. Last, 
there can be signifi cant effects of radiation on jaw growth and 
development of teeth in the younger population.

Complications directly related to osteoradionecrosis 
include chronic pain, drug dependency, trismus, nutritional 
defi ciencies, pathological fractures, orocutaneous fi stulas, 
disfi gurement due to loss of soft tissue and bone, loss of time 
from work and family, and the psychological stigma of having 
a nonhealing wound.

DISCUSSION

Osteoradionecrosis is defi ned as a radiation-induced necrosis 
of bone and associated soft tissue.

This is a well-known complication of radiation therapy 
that predominantly involves the mandible, although it can be 
seen in the maxilla. This condition has frustrated maxillofa-
cial surgeons and radiation oncologists since the 1950s with 
the popularization of radiation therapy for head and neck 
cancer. Osteoradionecrosis was initially thought to have an 
infectious etiology, but subsequent studies have shown infec-
tion to be a secondary process related to the hypovascular, 
hypoxic, and hypocellular nature of radiated tissue and the 
subsequent inability to resist infection. The incidence and 
prevalence of osteoradionecrosis of the jaws after radiation 
therapy for the treatment of oral and oropharyngeal cancer is 
uncertain and has been reported between 1% and 30% in the 
literature. The incidence increases as more time is elapsed 
from surgery. Recent studies, along with the development of 
improved radiation technology such as intensity-modulated 
radiation therapy (IMRT) and other methods that expose the 
normal tissue to lower doses of radiation for head and neck 
cancer, suggest a lower incidence than previously reported. 
Intensity-modulated radiation therapy is an exciting new 
modality in radiation technology that is applied in the head 
and neck. It uses dose-volume relationships with computer 
imaging to substantially localize the delivered radiation and 
reduce the dose received by the mandible, with the goal of 
reduction of osteoradionecrosis.

The advantages of intensity-modulated radiation therapy 
include the following:
• Delivery of high doses to the target volume
• Relatively sparing of normal structures in the head and 

neck because of the sharp dose gradient
• Accurate delivery of radiation
The main disadvantages are the greater preparation needed 
compared to conventional plans from the perspective of phy-
sician contouring and physics design and requirement of a 
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Figure 6-18 A, Intraoperative view demonstrating the pathological fracture of the angle of the mandible with adjacent necrotic bone. 
B, Harvest of a free fi bula osteomyocutaneous fl ap. C, Postoperative panoramic radiograph showing inset of the free fi bula for mandibular 
reconstruction. D, Profi le view of the patient showing the inset of the soft tissue fl ap and closure of the orocutaneous fi stula. (Courtesy Dr. 
R. Bryan Bell, DDS, MD.)
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thorough understanding of target selection and delineation on 
the part of the treating physician. The use of intensity-modu-
lated radiation therapy is expected to translate into a further 
reduction of the risk of osteoradionecrosis.

Osteoradionecrosis can be categorized into three different 
types based on etiology and chronology:
1. Early trauma-induced osteoradionecrosis, which develops 

either soon after radiation or months afterward (attributed 
to the combined effects of radiation injury with surgical 
trauma and physiological demands of wound healing)

2. Spontaneous osteoradionecrosis (unassociated with any 
surgical or traumatic event, occurring secondary to high-
dose radiation)

3. Late trauma-induced osteoradionecrosis, usually associ-
ated with surgical procedures over 2 years since 
radiotherapy

The highest incidence of osteoradionecrosis has been seen 
with oral cancer of the tongue, retromolar region, and fl oor 
of the mouth. This is probably due to the proximity of the 
mandibular bone within the radiated fi eld.

Prevention of osteoradionecrosis is currently the best 
modality of treatment. Upon diagnosis of head and neck 
cancer, radiation therapy is usually initiated as soon as 
possible. General dental evaluations should be conducted 
promptly to treat and control for caries and initiate fl uoride 
tray treatments. It is generally recommended that grossly 
carious and periodontally diseased mandibular teeth that are 
in the direct path of radiation 5000  cGy or greater should be 
removed at least 14 to 21 days before the initiation of radiation 
therapy. Restorable maxillary teeth that do not have severe 
periodontal disease do not require preradiation extraction. A 
retrospective study by Curi reviewed 104 patients who were 
treated for osteoradionecrosis of the jaws. All patients had a 
history of osteoradionecrosis of at least 3 months’ duration 
with a minimum follow-up of 1 year. In this group, osteora-
dionecrosis was seen predominantly in the mandible com-
pared with the maxilla (20:1). This is attributed to the greater 
blood supply and thinner bone of the maxilla. In cases where 
a severe toothache or a dental abscess occurs during radiation 
therapy, treatment should not be interrupted. The decayed 
tooth should be restored with noninvasive methods such as 
pulpotomies, pulpectomies, endodontic treatment, and anal-
gesics. In cases of an acute odontogenic abscess, an incision 
and drainage in addition to endodontic therapy and antibiotics 
is recommended. There generally is a 4-month period after 
radiation, the “golden window” that allows for defi nitive care, 
including extractions. The effects of radiation damage to the 
tissue are time dependent and take several months to affect 
wound healing.

There are three basic types of radiotherapy protocols. 
External beam radiotherapy is the most common (includes 
intensity-modulated radiation therapy), followed by intersti-
tial (or implant-seeded) radiotherapy. The third type is the 
neutron beam radiotherapy, which is the most damaging to 
the normal tissue as well as tumor cells. The latter is rarely 
used due to its complications. Radiation entails high linear 
energy transferred to tissue with the intent to kill cancer cells. 

The external beam radiotherapy is usually achieved with 
cobalt-60 radiation-emitting beta-particles that collide with 
water molecules, splitting them into free radicals such as 
superoxide O•, and hydroxyl OH−, which react with DNA, 
RNA, enzyme systems, and cell membranes. Most cells 
survive but incur internal damage to the cell structures, 
resulting in impairment of cell division. Consequently, the 
tissue becomes progressively less cellular, less vascular, and 
hypoxic.

There has been some controversy over the prophylactic use 
of hyperbaric oxygen therapy before extraction of teeth in a 
previously irradiated fi eld. Hyperbaric oxygen therapy dates 
back to 1930s, when the United States Navy studied the use 
of oxygen to treat divers who had decompression sickness and 
arterial gas embolism.

In clinical practice, it has been used both for treatment and 
prophylactically for management and prevention of compro-
mised wound healing. The benefi t of prophylactic hyperbaric 
oxygen therapy before the extraction of teeth in previously 
irradiated tissue has been questioned, given the lower inci-
dence of osteoradionecrosis reported in recent years. Despite 
the growing body of scientifi c evidence supporting hyperbaric 
oxygen therapy in wound healing, its precise application 
remains a controversial issue. This controversy has resulted 
in a continuing skepticism among some practitioners.

Further scientifi c studies are necessary to address the 
optimal application of hyperbaric oxygen therapy in preven-
tion and treatment of osteoradionecrosis.
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7 Oral and Maxillofacial 
Trauma

Martin B. Steed, DDS, and Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Subcondyle Mandibular Fracture
• Combined Mandibular Parasymphysis and Angle Fractures
• Zygomaticomaxillary Complex Fracture
• Zygomatic Arch Fracture
• Nasal Fracture
• Frontal Sinus Fracture
• Naso-Orbital-Ethmoid Fracture
• Le Fort I Fracture
• Le Fort II Fracture
• Le Fort III Fracture
• Orbital Trauma: Fracture of the Orbital Floor
• Panfacial Fracture

“What the mind does not know the eye cannot see.”
The modern management of maxillofacial trauma has 

evolved with the advent of new biomaterials, improved diag-
nostic imaging, and refi ned instrumentation with associated 
techniques. The approach to maxillofacial trauma is in part 
related to the surgeon’s training and available facilities, but 
the basis of evaluation of the trauma patient who has sus-
tained maxillofacial injuries remains unchanged. The impor-
tance of adherence to Advanced Trauma Life Support (ATLS) 
protocols and comprehensive physical examination cannot 
be overemphasized. The use of bone grafts and placement of 
dental implants allows oral and maxillofacial surgeons to be 
in a unique position to offer complete rehabilitation beyond 
the immediate surgical repair of the fractured segments. An 
understanding of occlusion and related musculoskeletal appa-
ratus is essential for correct management of facial fractures 
that involve the dentate segments. The goal of maxillofacial 
trauma surgery is restoration of the preinjury level of function 
and optimal cosmetic outcome. In addition, practitioner 
emphasis of prevention and public health measures such as 
strict seatbelt laws, airbags, protective sporting gear, helmets, 
and restriction of alcoholic beverages while operating motor 
vehicles will reduce the incidence of traumatic injuries.

In this chapter we present a series of cases representing 
the spectrum of maxillofacial injuries as they are encountered 
in the most classic way. Although most of the cases presented 
(except for the panfacial trauma case) represent isolated injury 
patterns, it is important to recognize that injuries can present 
in any combination.

It is not our intent to provide an exclusive approach to the 
evaluation and management of these injuries but rather to 
emphasize common patterns of presentations, treatment 
options, complications, and discussion of other pertinent 
factors. In clinical practice, three interdependent factors are 
related to a successful outcome—the patient, the injury, and 
the surgeon. These are different every time.

The Facial Injury Severity Scale (FISS) is a tool used to 
designate the severity of facial injuries (Box 7-1). This is a 
numerical value of the sum of all facial fractures and fracture 
patterns. The FISS is a predictor of severity of facial injury 
as measured by the operating room charges required for treat-
ment and the length of hospital stay.

The Glasgow Coma Scale (GCS) score is a universally 
used system for evaluation of neurological status (Box 7-2).
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Box 7-2.   Glasgow Coma Scale (GCS)

Eye Opening (E)
4 = Spontaneous
3 = To voice
2 = To pain
1 = None

Verbal Response (V)
5 = Normal conversation
4 = Disoriented conversation
3 = Words, but not coherent
2 = No words  .  .  .  only sounds
1 = None

Motor Response (M)
6 = Normal (follows command)
5 = Localizes to pain
4 = Withdraws to pain
3 = Decorticate posture
2 = Decerebrate
1 = None

Total = E + V + M

Box 7-1.   Facial Injury Severity Scale (FISS)

Mandible
Dentoalveolar 1 point
Each fracture of the body/ramus/symphysis 2 points
Each fracture of condyle/coronoid 1 point

Mid face
Each midfacial fracture is designated 1 point, unless part of 
 a complex fracture pattern
Dentoalveolar 1 point
Le Fort I 2 points
Le Fort II 4 points
Le Fort III 6 points
(Unilateral Le Fort fractures are assigned half the numeric value)
Naso-orbital-ethmoid 3 points
Zygomaticomaxillary complex 1 point
Nasal 1 point
Orbital fl oor/rim fracture 1 point

Upper face
Orbital roof/rim 1 point
Displaced frontal sinus/bone fracture 5 points
Nondispalaced frontal sinus/bone fractures 1 point
Facial laceration >10  cm long 1 point

Bagheri SC, Dierks EJ, Kademani D, et al: Application of a Facial Injury 
Severity Scale in craniomaxillofacial trauma, J Oral Maxillofac Surg 
64:404-414, 2006.
The FISS is the summation of the above points in an individual patient.
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Subcondyle Mandibular Fracture

Timothy M. Osborn, DDS, and Brett A. Ueeck, DMD, MD

CC

You are asked to evaluate a 21-year-old man who reportedly 
fell and hit his chin. He presents to the local emergency 
department explaining that, “I fell and cut my chin.”

Direct trauma to the chin is the most common etiology of 
condyle fractures associated with isolated blunt trauma. The 
impact at the symphysis area is transmitted to the condylar 
head against the glenoid fossa and subsequently causes a 
fracture at the weaker subcondylar area.

HPI

During routine daily exercise, the patient reports jumping 
over a fence, when he tripped and landed on his chin and right 
hand earlier this morning. He was seen at a local emergency 
department for the deep cut on his chin. He also complains 
of inability to open wide and pain in front of his right 
ear. He denies losing consciousness (would be indicative of 
intracranial injury) or neck pain (the association between 
mandible fractures and cervical spine injuries, although infre-
quent, is well established, and any neck pain warrants further 
evaluation). In addition, he describes a sore right wrist.

Although subcondylar fractures associated with blunt 
trauma can occur in isolation, more than half of fractures 
are associated with a contralateral parasymphysis or angle 
fracture. Characteristically, the mandible fractures at the 
point on impact (symphysis or angle) and at the subcondylar 
area.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

General. The patient is a well-developed and well-nourished 
man in no apparent distress.

Maxillofacial. There is a 3-cm hemostatic laceration at the 
submental region (point of impact). Upon opening the man-
dible deviates to the right (due to the unopposed contralateral 
lateral pterygoid muscle). The maximal interincisal opening 
is limited to 20  mm, with associated pain. Palpation of the 
right preauricular region also elicits pain (pain at the preau-
ricular area with a history of trauma to the symphysis is 
highly suggestive of a subcondylar fracture).

Intraoral. Left lateral excursive movement is limited 
to 2  mm (excursive movement of the mandible to the left 

requires the function of the right lateral pterygoid against 
an intact condylar neck). There are no associated intraoral 
lacerations or dental trauma (fractures of the teeth are 
not uncommon with forceful closure of the mandible at the 
time of trauma). Occlusal examination shows premature 
contacts on the right side, with a posterior left open bite 
(secondary to collapse of the vertical height of the mandible 
on the right).

Extremities. There is pain to passive range of motion 
(ROM) of the right wrist.

IMAGING

Depending on the facility, initial imaging for evaluation of 
the mandible may include a computed tomography (CT) scan, 
panoramic radiograph, or plain-view mandibular series that 
includes lateral and posteroanterior cephalometric fi lms, a 
reverse Towne’s view, and oblique views of the mandible. 
Many rural hospitals still use a plain-view series of the man-
dible. Most hospitals use a CT scan, which has become the 
gold standard imaging modality. A CT scan allows the entire 
face to be evaluated in one study. The mandible can also be 
evaluated in several different anatomical planes. The axial 
and coronal planes are the two most commonly used views. 
The coronal plane can be very helpful for condylar process 
fractures, while the axial planes are useful for the body. 
Direct coronal imaging requires hyperextension of the neck 
and should not be obtained in patients with a suspicion of 
cervical spine injury. Three-dimensional reconstructions are 
extremely valuable and allow preoperative planning in a more 
sophisticated manner for complex cases such as gunshot 
wounds or severely comminuted fractures. A panoramic fi lm 
is the single best plain fi lm for evaluating the entire mandible 
at once. In combination with a reverse Townes view, the sen-
sitivity for detecting a condylar process fracture increases. 
However, all modalities have limitations and surgeons should 
use imaging studies based on individual cases and available 
resources.

For this patient, a CT scan was obtained as the initial 
study, demonstrating a right subcondylar fracture on coronal 
and axial views (Figure 7-1). A plain wrist fi lm was also 
obtained, which revealed a right-sided fracture of the distal 
radius (Colles fracture).

LABS

No routine laboratory testing is indicated unless dictated by 
the medical history.
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ASSESSMENT

Right subcondylar fracture of the mandible, and associated 
chin laceration; Colles fracture of the right wrist; FISS score 
of 1

TREATMENT

The treatment of fractures of the mandibular condyle is one 
of the most widely debated topics in the maxillofacial litera-
ture. Several variables should be considered when determin-
ing treatment and predicting the prognosis, including the level 
of fracture, degree and direction of displacement, age of 
patient, medical status, concomitant injuries, and status of the 
dentition. Assael has developed a comprehensive list of con-
siderations affecting treatment selection and outcome, all of 

which should be considered in evaluation of patients prior to 
institution of therapy. While the comprehensive discussion of 
these considerations is beyond the scope of this chapter, the 
variables can be divided into patient, surgeon, and third party 
categories. The age, gender, medical status, compliance, asso-
ciated injuries, and fracture type are a few of the patient-
specifi c variables. The surgeon’s ability and resources, as well 
as resources to cover the expense of treatment, are also per-
tinent to successful treatment.

The primary goal in the treatment of any fracture is ade-
quate stabilization allowing for fracture healing and primary 
osseous union. In treatment of mandibular condyle fractures, 
the goals of treatment are:
• Pain-free mouth opening with return to an acceptable 

interincisal opening
• Pain-free functional movement
• Restoration of occlusion
• Facial and jaw symmetry, and establishment of facial height
• Minimal visible scarring
Preinjury alignment of the mandibular condyle within the 
glenoid fossa is not essential for adequate rehabilitation after 
mandibular condyle fractures. The pull of the lateral ptery-
goid muscle characteristically displaces the condyle anteriorly 
and medially, and therefore closed reduction (more correctly 
termed “closed treatment”) typically does not reduce the 
condyle into its original position.

The treatment options are categorized into surgical and 
nonsurgical modalities. The surgical treatment includes open 
reduction with or without internal fi xation; however, most 
advocate that if an open approach is taken, fi xation should be 
applied. Endoscopic reduction and fi xation of condyle frac-
tures has gained popularity during the past decade. The use 
of this technique requires the familiarity with the endoscope 
and the ability to convert the procedure to an open method if 
endoscopic reduction fails to successfully complete the pro-
cedure. The options of nonsurgical treatment include closed 
reduction (closed treatment) with maxillomandibular fi xation 
(CR-MMF) or diet modifi cation with ROM exercises. In the 
treatment of facial fractures, patients older than 10 years are 
treated in a similar manner as adults; however, it is rarely 
advocated that children and teenagers undergo open reduction 
of condyle fractures; soft diet with mobilization is the treat-
ment of choice in patients 15 years old or younger. If the 
occlusion is unstable and not reproducible, a short period of 
intermaxillary fi xation (2 weeks) can be advocated.

For this patient, the occlusion was reestablished easily with 
minimal manipulation, and after extensive discussion of pro-
cedures, alternatives, risks, and benefi ts, the patient was 
placed in MMF for 4 weeks, without any complications.

COMPLICATIONS

The complications of treating fractures of the mandibular 
condyle are well described in the literature and are often used 
as the basis of comparison for surgical versus nonsurgical 
treatment. One of the most severe late complications can be 
temporomandibular joint (TMJ) ankylosis (fusion between 

A

B

Figure 7-1 A, Coronal view of the ramus and condyle showing 
an anteromedial displaced subcondylar fracture on the right side. 
B, Axial view at the level of the glenoid fossae. Notice the absence 
of the condyle from the fossa on the right.
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the mandibular condyle and the glenoid fossa). Patients with 
TMJ ankylosis often have a history of facial trauma. Preven-
tion of ankylosis was discussed by Zide and Kent in 1983. 
They advocated appropriate physiotherapy early in the phase 
of nonsurgical treatment. Other types of late mandibular dys-
function have been cited as complications of closed reduction, 
including chronic pain, malocclusion, internal derangement, 
asymmetry, limited mobility, and gross radiographic abnor-
malities (however, radiographic abnormalities in the absence 
of pain or functional impairment have no clinical signifi -
cance). Long-term complications of open reduction and inter-
nal fi xation (ORIF) are scar perception, facial nerve palsy/
paralysis, loss or failure of fi xation, Frey syndrome, avascular 
necrosis, TMJ dysfunction, and facial asymmetry. The early 
complications are few and can include early failure of fi xa-
tion, malocclusion, pain, and infection.

DISCUSSION

As is common with most traumatic injuries, fractures of the 
mandibular condyle occur in men (78%) between the ages of 
20 and 39 (60%). The majority of the fractures are unilateral 

(84%); fewer are bilateral (16%); 14% of fractures are intra-
capsular, 24% are in the condylar neck, and 62% are sub-
condylar fractures. For children 10 years or younger, 41% of 
fractures are intracapsular, which dramatically infl uences the 
profi le of treatment and potential complications in children. 
Another important difference between children and adults is 
anatomical. Adults have a relatively narrow condylar neck 
and thick articular surface, while the pediatric patient has a 
relatively broad condylar neck and thin articular surface in 
an active osteogenic phase.

Many studies have compared various outcomes of surgical 
versus nonsurgical therapy, with most of the debate being 
centered on ORIF and CR-MMF (closed treatment). The out-
comes studied included perception of pain, occlusal function, 
asymmetry, maximal interincisal opening/ROM, muscle 
activity, malocclusion, midline deviation, radiographic 
changes, and nerve dysfunction. Brandt and Haug in 2003 
conducted a review of the literature (Table 7-1) regarding 
open versus closed treatment and suggested indications for 
closed and open reduction. If a patient has an acceptable 
ROM, good occlusion, and minimal pain, observation or CR-
MMF is preferred regardless of the level of the fracture. They 

Table 7-1.   Review of the Literature for Open Versus Closed Treatment of Mandibular 
Subcondylar Fractures

Author Total No. of Patients Follow-up Results

Hidding et al 20 ORIF/54 CR-MMF 5  yr Deviation 64% CR-MMF versus 10% ORIF 
   Anatomical reconstruction 93% ORIF versus 7% CR-MMF
   No differences in headaches mastication or MIIO
Konstantinovic and 26 ORIF/54 CR-MMF 2.5  yr 100% of ORIF were 81% to 100% of ideal
 Dimitrijevic   77.7% of CR-MMF were 81% to 100% of ideal
   No difference in deviation or MIIO
Oezman et al 20 ORIF/10 CR-MMF 2  yr MRI revealed 30% disc displacement in CR-MMF and 10% in ORIF
   MRI revealed 80% of CR-MMF with maligned or deformed 

condyles
Worsae and Thorn 61 CR-MMF/40 ORIF 2  yr 39% Complication rate in CR-MMF—asymmetry, malocclusion, 

reduced MIIO, headaches, pain 4% 
   Complication rate in ORIF—malocclusion, impaired mastication, pain
Haug and Assael 10 CR-MMF/10 ORIF 6  yr No statistically signifi cant differences found for ROM, occlusion, 

contour, or motor or sensory function 
   ORIF associated with perceptible scars 
   CR-MMF associated with chronic pain
Throckmorton et al 14 CR-MMF/62 ORIF 3  yr No perceivable differences noted between CR-MMF versus ORIF 

for mandibular motion or muscle activity
Palmieri et al 74 CR-MMF/62 ORIF 3  yr ORIF patients had greater mobility
Ellis et al 65 CR-MMF 6  wk Position of condylar process is not static
Ellis et al 61 ORIF 6  mo Anatomical reduction possible, but changes in the condylar 

process position may result from a loss of fi xation
Ellis et al 77 ORIF/65 CR-MMF 3  yr CR-MMF had signifi cantly greater percentage age of malocclusion
Ellis and 81 CR-MMF/65 ORIF 3  yr CR-MMF had shorter posterior facial and ramus heights on the
 Throckmorton    side of injury
Ellis et al 93 ORIF/85 CR-MMF 3  yr ORIF—17.2% facial nerve weakness at 6 weeks with 0% at 6  mo 

and 7.5% scarring judged as hypertrophic
Ellis and 91 CR-MMF/64 ORIF 3  yr No difference noted between ORIF versus CR-MMF for
 Throckmorton    maximum bite forces

Modifi ed from Brandt M, Haug RH: Open vs closed reduction of adult mandibular condyle fractures: a review of the literature regarding the evolution of current 
thoughts on management, J Oral Maxillofac Surg 61:1324-1332, 2003.
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also suggest that condylar displacement and ramus height 
instability are the only orthopedic indications for ORIF of 
condylar fractures. Based on their review, they concluded that 
under similar indications and conditions, ORIF is the pre-
ferred approach.

Haug and Assael described the indications and contrain-
dications for open treatment of condylar fractures in 2001. 
Their absolute indications for ORIF are patient preference 
(when no absolute or relative contraindications coexist), when 
manipulation and closed reduction cannot reestablish pretrau-
matic occlusion and/or excursions, when rigid internal fi xa-
tion is being used to address other fractures affecting the 
occlusion, the rare instance of intracranial impaction of 
the proximal condylar segment, and when stability of the 
occlusion is limited. Among the absolute contraindications 
are condylar head fractures (including single fragment, 
comminuted, and medial pole) and when medical illness or 
systemic injury adds undo risk to an extended general anes-
thesia. Condylar neck fractures were among the relative 
contraindications.

When the decision is made to use nonsurgical techniques, 
there is no consensus on the use of immobilization and for 
the duration of immobilization. One can fi nd literature sup-
porting anywhere from 0 to 6 weeks of closed treatment. A 
period of MMF is typically instituted for one of three 
reasons:
1. Patient comfort
2. To promote osseous union
3. To help reduce the fractured segment
A method for treating fractures with no occlusal disturbances, 
acceptable ROM, and minimal pain is to place the patient in 
early full function along with functional physiotherapy. If the 
patient demonstrates occlusal discrepancy, Erich arch bars 
can be placed for MMF or guiding elastics. For pediatric 
patients in a mixed dentition stage who demonstrate an occlu-
sal discrepancy, there may be a need for circum-mandibular 
wires and/or circum-zygomatic or piriform wires to obtain 
adequate stabilization.

Regardless of the type of treatment, patients should undergo 
postoperative physical therapy. Functional therapy is needed 
to improve ROM, asymmetrical movements, scarring within 
the joint, or other TMJ dysfunctions. If there is limitation in 
mouth opening, tongue blades or other sequentially enlarging 
devices to gradually improve range of mandibular opening 
can be used. For patients with asymmetrical mouth opening, 
it is recommended that they function on the contralateral side. 
Patients can be encouraged to observe their opening and 
closing in the mirror and to use their hand to help correct any 
asymmetrical movement. The overall goal is to achieve early 
full function.

When the decision is made to use ORIF, many advocate a 
retromandibular approach. This approach affords excellent 
exposure to the ramus-condyle unit for reduction and fi xation. 
The approach was fi rst described by Hinds and Girotti in 1967 
and later adapted for use in the treatment of mandibular 
condyle fractures. An incision of 3  cm is made parallel to the 
posterior border of the mandible starting 1  cm below the ear 

lobe. Dissection proceeds through skin, subcutaneous tissue, 
and platysma down to the parotid capsule. The tail of the 
parotid is released and elevated with blunt dissection if neces-
sary to avoid violation of the parotid capsule. The posterior 
mandible and pterygomasseteric sling are identifi ed. The 
periosteum at the posterior border of the mandible is incised 
and dissected in a subperiosteal plane. Both sides of the frac-
ture are exposed to facilitate reduction and fi xation. One can 
also use a similar approach when utilizing endoscopy. This 
approach allows excellent exposure to the ramus condyle unit, 
minimal visible scarring, and low incidence of facial nerve 
damage. Other surgical approaches to the mandibular condyle 
include a preauricular (or endaural) incision, intraoral inci-
sion, or Risdon-type incision, depending on the fracture 
pattern and location.

Multiple modalities have been used to rigidly fi x man-
dibular condyle fractures. Studies have evaluated the biome-
chanical behavior of dynamic compression plates, locking 
plates, mini–dynamic compression plates, adaptation plates, 
and single and double miniplates. Both mini–dynamic com-
pression plates and double miniplates have been shown to be 
stable for fi xation. It has also been shown that resorbable 
plates are effective and provide reliable stability in ORIF of 
condylar fractures. Many surgeons recommend that fi xation 
be applied with the use of one or two 2.0-mm plates with two 
or three bicortical screws on both sides of the fracture. Lag 
screw fi xation can be used in appropriate situations.

Treatment of fractures of the mandibular condyle requires 
consideration of many factors. Many techniques are available 
to surgeons and patients. One must always use the simplest 
approach with the lowest risk of morbidity to accomplish the 
goals of treatment.
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Combined Mandibular Parasymphysis and Angle Fractures

Michael S. Wilkinson, DMD, Shahrokh C. Bagheri, DMD, MD, and Brett A. Ueeck, DMD, MD

CC

You are asked by the trauma physician at your local emer-
gency department to evaluate a 23-year-old male patient for 
facial fractures (mandible fractures are more common in 
males in the third decade of life). His chief complaint is that, 
“My jaw hurts, and my teeth do not come together like 
before.”

HPI

The patient was riding his motor cross bike earlier today 
when he crashed and landed on his face. He was not 
wearing a helmet, but he denies any loss of consciousness. 
He was able to get up from the scene and ride his bike to 
the emergency department. He explains that his lower face 
and jaw are painful, his teeth do not occlude correctly, and 
his left lower lip is anesthetic.

Assault, motor vehicle accidents, and sporting injuries are 
the most common etiologies of mandible fractures. Malocclu-
sion is the single most important historic information sugges-
tive of a mandible or dentoalveolar fracture. Paresthesia of 
the distribution of the third division of the trigeminal nerve 
(V3) is common and can be due to neuropraxia, axontemesis, 
or neurotemesis of the mental or inferior alveolar nerve at the 
fracture site.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

He smokes one pack of cigarettes a day and drinks alcohol 
on the weekends. He denies all other habits (both alcohol and 
tobacco use have been associated with an increased risk of 
infectious complications with mandible fractures).

EXAMINATION

Primary Survey

Airway and cervical spine control. Speaking without dif-
fi culty (in cases of multiple fragmented mandible fractures, 
the upper airway can become acutely compromised due to 
posterior collapse of the tongue with loss of a stable genio-
glossus insertion at the genial tubercle). The cervical spine 
examination is within normal limits (Haug and associates 
report an association between cervical spine injuries and 
mandible fractures. The stability of the cervical spine is 
crucial throughout the care of the patient).

Breathing and oxygenation. The patient’s breathing is 
unlabored, with an oxygen saturation of 97% on room air.

Circulation. There is no active bleeding.
General. He is semisupine on an emergency department 

bed with oxygen.
Vital signs. His blood pressure is 116/78  mm  Hg, heart 

rate 70 bpm, respirations 12 per minute, and temperature 
37°C.

Secondary Survey

Neurological. The patient is alert and oriented times 3, and 
his GCS score is 15.

Maxillofacial. The facial structures are grossly symmetri-
cal. Examination of the eyes (pupils, visual acuity, visual 
fi elds, and extraocular movements) are within normal limits. 
External ears are without deformity. The tympanic mem-
branes are clear (external auditory canal lacerations, tym-
panic plate rupture, and fracture of the posterior wall of the 
joint should be ruled out). The remainder of the facial bones 
are stable except the mandible, which demonstrates mobility 
in the parasymphysis region on the right and in the left angle 
regions. Facial edema is present bilaterally with tenderness to 
palpation at the fracture sites. This motion causes pain. 
Cranial nerves II through XII are intact with the exception of 
anesthesia of V3 on the left side. His neck is nontender and 
demonstrates full range of active motion with no neck pain 
(important to rule out cervical spine injury).

Intraoral. His dentition is in moderate repair and he has 
obvious steps in his occlusal plane between the right man-
dibular central incisor and the right mandibular lateral incisor 
and distal to the left mandibular second molar. There are 
multiple lacerations involving the gingiva in the associated 
areas. He has an obvious malocclusion, and there is hema-
toma formation in the anterior fl oor of the mouth.

IMAGING

Most practitioners consider CT scanning to be the gold stan-
dard imaging modality for evaluation of mandible fractures. 
A CT scan allows the entire face to be evaluated in one study. 
Facial bones including the mandible can be evaluated in 
several different anatomical planes. The axial and coronal 
planes are the two most commonly used views. The coronal 
plane can be very helpful for condylar process fractures, 
whereas the axial views are useful for the corpus. Patients 
with suspicion of cervical spine injury should not have the 
neck hyperextended for direct coronal imaging; instead, 
digitally reconstructed coronal images can be used.

Despite the popularity of CT imaging, in many facilities 
the initial imaging studies may consist of a panoramic radio-
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graph or a plain-view series of the mandible (posteroanterior, 
reverse Towne’s, and bilateral lateral oblique radiographs). 
Many rural hospitals still use a plain-view series of the 
mandible. Therefore familiarity with plain radiographs is 
important.

A panoramic radiograph is the imaging modality of choice 
for patients presenting at the surgeon’s offi ce. This radiograph 
is inexpensive and is the single best plain fi lm for evaluation 
of the entire mandible. Nondisplaced or minimally displaced 
fractures of the condyle or the symphyseal area may be dif-
fi cult to detect on a panoramic radiograph. When combining 
a reverse Townes view and/or an anteroposterior radiograph 
of the mandible, there are similar sensitivity and specifi city 
as a CT scan. The decision to order different imaging modal-
ities should be based on available resources, physical exami-
nation fi ndings, and the cost and knowledge of limitations 
related to particular studies.

For this patient, a panoramic radiograph demonstrates 
fractures at the left angle and right parasymphysis area (Figure 

7-2, A). A posteroanterior view of the mandible shows severe 
displacement at the left angle (explaining the anesthesia of 
the left V3) and fracture at the right parasymphysis (Figure 
7-2, B). Notice that the degree of lateral displacement is not 
evident on the panoramic radiograph.

LABS

Routine laboratory testing is not mandatory before surgical 
correction of mandible fractures unless dictated by under-
lying medical conditions. In cases of infected mandible 
fractures, a white blood cell (WBC) count may be 
obtained.

ASSESSMENT

Open mandibular fractures at the right parasymphysis (non-
displaced), and left angle (severely displaced); FISS of 4; 
also an associated injury to his left inferior alveolar nerve 

A

B

Figure 7-2 A, Panoramic radio-
graph demonstrating fracture at the 
left angle and right parasymphysis 
area. B, Posteroanterior radiograph 
of the skull showing severe lateral 
displacement of the mandible angle 
on the left. The fracture at the right 
parasymphysis is also evident.
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most consistent with neurotmesis or Sunderland’s class 5 
injury

TREATMENT

The treatment of mandible fractures has a long and compli-
cated history dating back to 1600 bc. The mandible is unique 
in that it is singled out as the bone in the face requiring special 
attention to various aspects of treatment (occlusion, aesthet-
ics, function), to achieve a good result. The important points 
in treating mandible fractures are immobilization of the frac-
tures, the appropriate use of antibiotics, and restoration of 
form and function.

Mandible fractures at the angle and parasymphysis involv-
ing the teeth-bearing segments are considered open fractures. 
Treatment should be rendered in a timely fashion, as soon as 
the patient is stable and operating room facilities are avail-
able. Preoperative antibiotics have been shown to decrease 
the incidence of postoperative infectious complications and 
should be initiated regardless of the time interval before 
defi nitive surgery can be completed. The use of postoperative 
antibiotics remains largely practitioner dependent, and no 
good evidence exists guiding its necessity and potential 
benefi ts for the duration of treatment.

More important in the prevention of infection is the proper 
application of fi xation. Movement at the fracture site increases 
not only the chance of infection but also the development of 
fi brous union, malunion, or nonunion. Rigid fi xation is the 
key to good outcome. However, the use of semirigid fi xation 
techniques, when correctly applied, can also provide a suc-
cessful outcome. Lag screws are also a strong form of fi xation 
and provide the very good rigidity, but the technique is not 
applicable to all fractures. Locking versus nonlocking fi xa-
tion plates provides continued rigidity, if the contact area at 
the screw/plate–bone interface is reduced due to bony remod-
eling. In addition, locking plates do not require precise adap-
tation to the bony anatomy, because the screw is “locked” into 
special threads within the plate. Closed reduction of mandible 

fractures continues to be an acceptable form of treatment and, 
in certain patients, provide the best option. Closed reduction 
does not offer the benefi t of early function, and the patient 
must tolerate a prolonged period of intermaxillary fi xation.

When treating cases where the mandible has more than 
one fracture, consideration should be given to the sequence 
of fi xation. It is generally advocated to fi xate the fracture 
segments involving dentate segments to ensure correct occlu-
sal relationship before fi xation of nondentate segments. In this 
case, the parasymphysis fracture was repaired fi rst, to cor-
rectly establish arch form and occlusion.

This patient was treated with ORIF under general anesthe-
sia in an ambulatory care facility (Figure 7-3). Arch bars were 
applied, and subsequently the occlusion and arch form were 
reestablished. Fixation at the parasymphysis fracture was 
completed by placing a plate at the superior border (zone of 
tension) and a plate at the inferior border (zone of compres-
sion). The fracture at the angle was reduced and fi xated using 
rigid fi xation plates at the superior and inferior border. No 
postoperative MMF was used. He was allowed to function 
and maintain a soft-chew diet. The use of antibiotics consisted 
of perioperative intravenous penicillin. The patient was sent 
home with a prescription for Peridex (chlorhexidine) and 
oral analgesics. The postoperative course was otherwise 
uncomplicated.

Similarly, the fracture could be treated using a single lag 
screw placed according to the Niederdellman method, as 
shown in Figure 7-4.

COMPLICATIONS

Mandibular angle fractures are generally more prone to the 
development of complications compared with the body, sym-
physeal, or parasymphyseal areas. Multiple complications 
may arise but most commonly include loose hardware neces-
sitating removal, infection, malocclusion, delayed union, and 
fi brous union. Damage to the inferior alveolar and lingual 
nerves can be a complication of the initial injury or a 

Figure 7-3 Postoperative panoramic 
radiograph demonstrating rigid fi xa-
tion of the fracture segments.

Ch007-A04574.indd   152 6/27/2007   2:55:02 PM



consequence of treatment. Infection rates for angle fractures 
reportedly range from 2% to over 19%.

DISCUSSION

There are a variety of treatment options for the treatment of 
mandible fractures that primarily differ in the method of 
fi xation (number, size, and location of fi xation plates and 
screws). Traditionally, mandible fractures have been success-
fully treated with closed reduction using intermaxillary fi xa-
tion. This method results in relatively few complications. 
However, this modality is associated with a delay to func-
tional rehabilitation relative to the more modern techniques 
of ORIF.

ORIF failed to attain widespread use before the 1960s 
mainly due to early reports of metal corrosion of steel plates 
and screws, metal fatigue, and screw loosening. The advent 
of biocompatible materials such as vitallium and titanium, 
along with orthopedic biomechanical studies ascribing the 
benefi ts of compression osteosynthesis, increased interest in 
open treatment of mandible fractures. Many practitioners 
prefer open versus closed reduction of parasymphysis/angle 
fractures of the mandible. The treatment of subcondylar frac-
tures has caused a series of controversies that are addressed 

in a separate section (see the section on subcondyle mandible 
fracture earlier in this chapter).

Considerable variation arises when comparing methods of 
fi xation. For example, dynamic compression plating (Schmoker 
and Spiessl), monocortical noncompression miniplate (Michelet), 
superior border mandibular angle plate (Champy) (Figure 7-5), 

A

B

Figure 7-4 A, Intraoperative view of a different patient with an angle fracture treated with a single lag screw. B, Postoperative panoramic 
radiograph of the patient in A showing fi xation at the angle using a lag screw, and also at the parasymphysis using a lag screw and a 
superior border plate.

Figure 7-5 Postoperative panoramic radiograph of a patient with 
a left angle mandible fracture. The left angle is treated by the 
Champy technique with semirigid fi xation using a four-hole plate.
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lag screw (Niederdellmann and associates), and rigid locking 
reconstruction plate techniques have all been described. Con-
sensus for optimal treatment of mandibular parasymphysis/
angle fractures remains elusive, with each method exhibiting 
pros and cons and a paucity of prospective randomized trials 
for direct comparison.

Angle fractures produce the highest frequency of compli-
cations among mandibular fractures. Infection, malunion, 
nonunion, and damage to adjacent structures (nerve, tooth) 
all plague reduction of this anatomical site. Thus many 
practitioners espouse the concept of absolute rigidity of the 
bony segments for rapid, uncomplicated healing. Early on, 
AO/ASIF (Arbeits-gemeinschaft für Osteosynthesefragen/
Association for the Study of Internal Fixation) established 
principles recommended superior and inferior border dynamic 
compression plates. On the other end of the spectrum, Champy 
recommended a single noncompression miniplate at the supe-
rior border for angle fractures based on his studies demon-
strating the tendency of the superior border to separate from 
unfavorable muscle pull (tension zone) and the inferior man-
dibular border to compress (compression zone) with an inter-
posed neutral zone or “line of zero force.” Contrary to the 
principles of interfragment rigidity for optimal healing, some 
studies describe decreased complications with less rigid tech-
niques, such as the Champy technique.

Niederdellmann in the 1970s described the use of lag 
screws for treatment of mandibular angle fractures with 
placement of the screw through the impacted third molar, if 
present, and subsequent removal of the tooth and screw after 
healing. Due to technique sensitivity and diffi culty, the 
Niederdellmann lag screw technique remains less popular.

Several studies attribute an associated increased risk of 
angle fractures with the presence of impacted third molars. 
Management of teeth in the line of fracture has previously 
sparked some controversy. Extraction is undoubtedly indi-
cated in cases where the tooth in the line of fracture is deeply 
carious, harbors periodontal or pericoronal infection, pre-
vents bony reduction of the fracture, demonstrates severe root 
exposure, or is fractured. However, in the absence of the 
above conditions, extraction of the tooth has shown a statisti-
cally signifi cant benefi t. Ellis in 2002 reported a relatively 
increased, but statistically not signifi cant, risk of postopera-
tive complications (namely, infection) with teeth left present 

in the line of fracture, resulting in need for infection manage-
ment and/or removal of hardware. Other studies recommend 
that tooth buds in the line of fracture should be preserved 
unless infection occurs, requiring subsequent removal.

Overall, mandibular angle fractures are common and rela-
tively easily treated with a variety of conventional techniques. 
The surgeon should keep in mind the potential complications 
and adhere strictly to the sound principles regardless of the 
technique selected.
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Zygomaticomaxillary Complex Fracture

Shahrokh C. Bagheri, DMD, MD, and Chris Jo, DMD

CC

A 28-year-old (peak incidence second or third decades) man 
(male:female ratio is 4:1) is admitted to the local emergency 
department 4 hours after he was hit on his left side of his face 
with a fi st (left zygoma most commonly affected). He com-
plains of left-sided facial pain, blurry vision, and inability to 
open his mouth fully (trismus present in about one-third of 
patients).

HPI

The patient claims that he was minding his own business 
when he was suddenly “jumped” and beaten in the face with 
a fi st by an unknown individual. He does not report losing 
consciousness. He was subsequently brought to the emer-
gency department by the emergency medical services (EMS) 
personnel.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

He has a positive history of alcohol abuse (more common in 
the trauma population) and an 8 pack-year history of tobacco 
use.

EXAMINATION

The patient’s ATLS primary survey is negative, and his GCS 
score is 15.

General. He is alert and oriented times 3. The patient is a 
well-developed and well-nourished man in mild distress.

Vital signs. His blood pressure is 130/84  mm  Hg, heart 
rate 120  bpm (tachycardia), respirations 16 per minute, and 
temperature 37.6°C.

Maxillofacial. There is tenderness over the left zygoma 
and subconjunctival ecchymoses and edema around the left 
eye (present in 50% to 70% of cases). There is a palpable step 
along the zygomaticofrontal (ZF) suture and infraorbital rim, 
with fl attening over the zygomatic arch, as well as visible 
depression over the malar eminence and hypoesthesia of the 
left maxillary branch (V2) of the trigeminal nerve (50% to 
90% of cases).

Eyes. The pupils are equal, round, and reactive to light and 
accommodation (PERRLA) (cranial nerves II and III), with 
no ptosis (cranial nerve III). There is no proptosis (tense 
proptosis may be indicative of a retrobulbar hematoma, a 
surgical emergency). Careful examination of the pupils 
reveals a downward displacement of the left pupil suggestive 

of loss of osseous support along the orbital fl oor and/or 
increase in orbital volume. The lateral palpebral fi ssure 
appears grossly displaced inferolaterally (producing an anti-
mongoloid slant). Examination of the extraocular muscles 
demonstrates a decrease in range of motion in the extremes 
of upward and downward gaze (mostly due to edema). Visual 
fi elds are intact by confrontation (cranial nerve II). Examina-
tion of left eye confi rms binocular diplopia (10% to 40% of 
cases). Visual acuity is 20/25 bilaterally (cranial nerve II), 
there is no hyphema (blood in the anterior chamber of the eye), 
and the fundoscopic examination is within normal limits.

Intraoral. There is ecchymosis of the maxillary buccal 
sulcus on the left.

IMAGING

The CT scan (bony windows) is the gold standard for 
evaluation of zygomatic fractures, using axial and coronal 
sections. Reconstructed parasagittal views through the 
orbit can be valuable to assess the orbital fl oor in the antero-
posterior dimension. Direct coronal imaging may not be 
feasible given the status of the cervical spine in the acute 
setting.

In this case, axial sections (Figure 7-6, A) reveal a sig-
nifi cantly displaced left zygoma with fractures at the anterior 
maxillary wall and zygomaticotemporal (ZT) and zygomati-
cosphenoid (ZS) sutures. Coronal CT (Figure 7-6, B) reveals 
fractures at the right ZF suture and zygomaticomaxillary 
(ZM) buttress and disruption of the left orbital fl oor with 
displacement of orbital contents into the maxillary sinus. A 
three-dimensional computer reconstruction, although not 
necessary, can also be helpful in treatment planning 
(Figure 7-6, C).

LABS

No routine laboratory testing is necessary for the manage-
ment of isolated zygomaticomaxillary complex (ZMC) frac-
tures, unless dictated by the medical history. A blood alcohol 
level and urine drug screen should be obtained in cases of 
suspected alcohol or drug intoxication.

This patient had a blood alcohol level of 150  mg/dl (alcohol 
is commonly implicated in the trauma population) and a 
negative urine drug screen.

ASSESSMENT

Isolated fracture of the left ZMC; FISS score of 1
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TREATMENT

The goal of treatment is reduction of the fracture to its 
anatomical position to achieve both optimal functional and 
aesthetic rehabilitation. The ZS is not commonly fi xated, but 
adequate reduction at this suture is a good indicator of overall 
three-dimensional position of the zygoma. The degree of dis-
placement and comminution, the age of the patient, preexist-
ing skin creases or lacerations, in addition to the status of the 
globe should be taken into account for surgical treatment 
planning. As with any surgery, the best treatment is that 
which achieves the best outcome with the least intervention. 
Extensive dissection and plating at multiple sutures may 
provide a very stable zygoma, yet the anatomical demands on 
the zygoma may be equally met with more conservative 
approaches in select cases. In a study by Zachariades and 
colleagues, 1270 patients with ZMC fracture were reviewed, 
and they concluded that the best results are achieved with 
semirigid fi xation with miniplates at one or more sites.

This patient was taken to the operating room for ORIF. 
Fixation was used at the ZF suture via an upper blepharo-
plasty (supratarsal fold) incision and at the maxillary buttress 
via the maxillary buccal vestibular approach. The zygomatic 
arch was also reduced via the same incision using a Goldman 
elevator. Subsequently, the orbital fl oor and rim were explored 
and reconstructed via the transconjunctival approach using 
a titanium mesh and plate. A bilateral forced duction test 
was performed at beginning and the completion of the 
procedure.

COMPLICATIONS

Complications of ORIF of ZMC fractures can be divided into 
functional and aesthetic categories, which can be related to 
the surgical approach. The most feared, but fortunately rare, 
complication is blindness secondary to retrobulbar hemor-
rhage (0.3%). Retrobulbar hematoma may present as tense 
proptosis, eye pain, elevated intraocular pressures, and visual 
disturbances (decreased red-green color perception, followed 
by decreased visual acuity) that may require surgical decom-
pression via a lateral canthotomy and inferior cantholysis. It 
is also possible that the initial trauma irreversibly affects the 
vision. Orbital complications such as ectropion and enoph-
thalmos can be most concerning to the patient and the surgeon. 
The incidence of ectropion following a subcilliary incision 
varies considerably in the literature. However, most series 
have reported a greater incidence of ectropion with this inci-
sion compared with the transconjunctival approaches. A great 
majority of cases of ectropion are transient and resolve with 
nonsurgical interventions.

Enophthalmos can be a diffi cult aesthetic problem to 
correct and predict. Our ability to predict the incidence of 
enophthalmos (based on clinical and radiographic parame-
ters) is a key measure in determining the need for orbital fl oor 
exploration. This is weighed against the aesthetic and func-
tional risks to the eye and periorbital tissue from orbital fl oor 
exploration/reconstruction. It is unclear what amount of 

A

B

C

Figure 7-6 A, Axial bony window CT scan demonstrating a 
depressed left ZMC fracture. B, Reformatted coronal CT scan dem-
onstrating a left ZMC fracture with mild herniation of orbital con-
tents through the displaced orbital fl oor fracture. C, Three-dimensional 
reconstruction CT scan demonstrating the degree of displacement 
of the left ZMC.
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orbital fl oor disruption would predictably cause enophthal-
mos. However, it is generally accepted that disruption of over 
50% of the fl oor along with loss of support at the equator of 
the globe will cause future enophthalmos if untreated. There-
fore, careful consideration must be given to orbital fl oor 
exploration upon treatment planning.

Dysfunction of the infraorbital nerve is common and intu-
itively related to the severity of the initial trauma, the status 
of the nerve, and the complexity of dissection/stretching of the 
soft tissue. Persistent diplopia is uncommon because most 
cases of binocular diplopia resolve after the resolution of 
edema; however, persistent diplopia beyond 7 days will require 
further investigation to rule out inferior rectus entrapment.

It is important to distinguish between monocular diplopia 
(double vision with the unaffected eye closed) and binocular 
diplopia (double vision with both eyes open). Monocular 
diplopia may be caused by trauma to the globe such as lens 
dislocation or retinal detachments. This would require emer-
gent ophthalmologic consultation, whereas binocular diplopia 
(which is far more common) is generally caused by extraocu-
lar muscle dysfunction secondary to edema or entrapment or 
globe malposition.

Aesthetic complications such as hypertrophic scars and 
inadequate bony reduction can be addressed surgically at the 
appropriate time.

DISCUSSION

Understanding the anatomy of the zygoma is essential in the 
treatment of ZMC fractures. By defi nition, the four articulat-
ing sutures (ZF, ZT, ZM, and ZS) are disrupted in this frac-
ture. Therefore the commonly applied term “tripod fracture” 
is a misnomer and does not correctly describe this fracture.

Much controversy exists regarding the optimal treatment 
of ZMC fractures. Not unlike any other condition, treatment 
needs to be individually tailored to both the patient and the 
surgeon’s experience. In the preoperative evaluation of the 
patient with a ZMC fracture, the ophthalmologic examination 
is of paramount importance. Ophthalmology consult should 
be obtained on select cases as dictated by the physical exam-
ination fi ndings.

Another area of controversy is the amount of fi xation 
necessary for adequate reduction (ranging from none to 
four-point fi xation). The ZF and the ZM sutures are the most 
commonly fi xated areas. All ZMC fractures involve the 
orbital fl oor (composed of the orbital segment of the maxilla, 
zygomatic bone, and orbital process of the palatine bone). 
However, as mentioned, not all ZMC fractures warrant orbital 
fl oor exploration/reconstruction. Entrapment of the extraocu-
lar muscles warrants orbital fl oor exploration. On examina-
tion of the eye, though, one should be careful to distinguish 
impaired extraocular movement secondary to generalized 
edema, which is very common and frequently impairs all 
directions of gaze, from inferior rectus entrapment, which is 
rare and usually demonstrates strict impairment of upward 
gaze.

Bibliography

Adekeye DO: Fractures of the zygomatic complex in Nigerian 
patients, J Oral Surg 38:596, 1980.

Ellis E, El-Attar A, Moos KF: An analysis of 2,067 cases of zygo-
matico-orbital fractures, J Oral Maxillofac Surg 43:428, 1985.

Fisher-Brandeis E, Dielert E: Treatment of isolated lateral midface 
fractures, J Maxillofac Surg 12:103, 1984.

Foo GC: Fractures of the zygomatic malar complex: a retrospective 
analysis of 76 cases, Singapore Dent J 9:1, 1984.

Larsen OD, Thompsen M: Zygomatic fractures II. A follow-up study 
of 137 patients, Scand J Plast Reconstruct Surg 12:59, 1978.

Lundin K, Ridell A, Sandberg N: One thousand maxillofacial and 
related fractures at the ENT-Clinic in Gothenburg: a two year 
prospective study, Acta Otolaryngol 75:359, 1973.

Nysingh JG: Zygomatico-maxillary fractures with a report of 200 
consecuetive cases, Arch Chir Neerl 12:157, 1960.

Ord RA: Post-operative retrobulbar hemorrhage and blindness com-
picating trauma surgery, Br J Oral Surg 19:202, 1981.

Rake PA, Rake SA, Swift JQ, Schubert W: A single reformatted 
oblique sagittal view as an adjunct to coronal computed tomog-
raphy for the evaluation of orbital fl oor fractures, J Oral Maxil-
lofac Surg 62(4):456-459, 2004.

Wisenbaugh JM: Diagnostic evaluation of zygomatic complex frac-
tures, J Oral Surg 28:204, 1970.

Zachariades N, Mezitis M, Anagnostopoulos D: Changing trends in 
the treatment of zygomaticomaxillary complex fractures: a 12-
year evaluation of methods used. J Oral Maxillofac Surg 56:1152-
1156; discussion 1156-1157, 1998.

 Zygomaticomaxillary Complex Fracture 157

Ch007-A04574.indd   157 6/27/2007   2:55:03 PM



Zygomatic Arch Fracture

Jaspal Girn, DMD, and Martin Steed, DDS

CC

A 33-year-old man presents to the emergency department 
complaining of left facial swelling, pain, and diffi culty 
opening his mouth.

The epidemiology of isolated midfacial fracture varies 
greatly and is dependent on the geographic region, population 
density, socioeconomic status, and type of facility in which 
the research was conducted. Trends that transcend these 
factors include an increased incidence in men aged 21 to 30 
years and a preponderance of the left over right-sided injuries 
when the etiology involves personal altercation, because most 
assailants are right-handed and use this hand to strike the 
opponent on the left side.

HPI

The patient reports that he was assaulted on the way home 
several hours earlier by an unknown assailant and was hit on 
the left side of his face with a hard object one time (isolated 
zygomatic arch fractures are most frequently due to assault). 
He denies any loss of consciousness, nausea, or vomiting and 
experienced no changes in his vision (it is important to ques-
tion the patients about any signs of transient neurological 
impairment for suspicion of possible intracranial injury). He 
explains that he has diffi culty opening his mouth, and any 
attempt to stretch open his mouth causes severe pain.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient denies any signifi cant past medical history and 
takes no medications. He admits to drinking several glasses 
of beer that night (a history of alcohol abuse is frequently 
elicited in the trauma population. The clinician should also 
keep an index of suspicion for other drugs of abuse).

EXAMINATION

The evaluation of the patient as dictated by the ATLS proto-
col revealed no fi ndings except for the maxillofacial injuries 
outlined below (despite obvious isolated maxillofacial inju-
ries, the evaluation of the patient should be comprehensive).

General. The patient is a well-developed and well-
nourished man in no apparent distress.

Vital signs. Vital signs are stable and he is afebrile (abnor-
mal vital signs in an otherwise healthy patient may be due 
to anxiety or autonomic stimulation secondary to substance 
abuse).

Neurological. The patient is alert and oriented with a GCS 
score of 15.

Maxillofacial. There are no scalp lacerations or contu-
sions. Examination of the eyes reveals no abnormalities 
(visual acuity, visual fi elds, papillary response, and extraocu-
lar movements). There are no palpable step deformities of the 
orbital rims, nasal bones, maxilla, or mandible. There is no 
evidence of posterior or anterior epistaxis (bleeding from the 
nose [epistaxis] and subconjunctival ecchymosis can be seen 
with zygomatic arch fractures). There is mild left facial edema 
and tenderness anterior to the tragal cartilage of the ear (an 
indentation and loss of normal convex curvature would be 
evident in the left malar area after the acute edema subsides). 
The TMJs are not painful to palpation or function. The cranial 
nerve examination including the sensory branches of the tri-
geminal nerve (V1, V2, and V3) are intact bilaterally (gross 
sensory defi cits can be evaluated by asking the patient to 
identify soft and sharp sensation at different regions of 
the face).

Intraoral. Maximal intraincisal opening is measured at 
15  mm (trismus commonly associated with zygomatic arch 
fractures is seen in 45% of cases). The maxilla and mandible 
are stable, and the occlusion is reproducible. There is tender-
ness upon palpation of the posterior aspect of the left 
maxillary vestibule. Mandibular lateral excursive movements 
demonstrate limitation of the right side (less than 5  mm); with 
normal lateral excursion toward the left (11  mm) (limitation 
of movement of the left mandibular condyle secondary to the 
fractured zygomatic arch impairs excursive movement of the 
mandible to the contralateral side).

IMAGING

Many radiological studies are available for evaluation of the 
zygomatic arch; the gold standard is the facial CT scan. Axial 
images of the zygomatic arch are ideal for assessment of 
fractures of the arch. Reformatted or direct coronal views can 
also allow visualization of the segments. Three-dimensional 
reconstructed views are not essential but permit visualization 
of the displaced fractures in all planes. If facial CT is not 
available, standard plain-fi lm facial series should be obtained 
including the submentovertex (Figure 7-7) view, which, when 
correctly obtained, allows for excellent visualization of the 
zygomatic arch. The submentovertex view is directed from 
the submandibular region to the vertex (top) of the skull. The 
fi lm is placed behind the patient’s head in the supine position 
and the cone is directed from underneath the genial region so 
that the beam will bisect the mandibular angles, capturing the 
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entire skull. This fi lm should not be obtained in the trauma 
patient with suspicion of cervical spine injury because it 
would require hyperextension of the neck.

In this patient, a bony window facial CT scan (Figure 7-8, 
A) revealed an isolated medially displaced fracture of the left 
zygomatic arch that is clearly demonstrated on the three-
dimensional reconstructed view (Figure 7-8, B) (this is the 
most common pattern of zygomatic arch injury and includes 
fractures at three points).

LABS

No routine laboratory tests are indicated for the evaluation 
and treatment of isolated zygomatic arch injuries unless dic-
tated by other systemic injuries or medical conditions. Blood 
alcohol level and a urine drug screen should be considered in 
cases of suspected substance abuse.

ASSESSMENT

Isolated medially displaced fracture of the left zygomatic 
arch; FISS score of 1

TREATMENT

Various intraoral and transcutaneous approaches have been 
advocated for reduction of zygomatic arch fractures.

Transcutaneous approaches include the Gillies (temporal) 
approach, described fi rst in 1927, which has been a popular 
technique for reduction of the zygomatic arch (described 
later). Alternatively, incisions in the area of the ZF suture 
(lateral brow or supratarsal fold incisions) can be used to gain 
access for placement of an instrument medial to the arch. 
Several methods for reduction of the arch through a percuta-
neous approach have been described, including:

• The use of a J-shaped bone hook elevator through a 
preauricular stab incision

• Towel clip reduction using two stab incisions superior 
and inferior to the fractured arch

• Passing a wire or heavy suture medial to the arch to 
allow lateral force for reduction

ORIF can be done via a hemicoronal approach, but this should 
be reserved for severely displaced/comminuted fractures that 
are not amendable to more conservative approaches.

Transoral approaches include the Keen or buccal sulcus 
approach, in which a small incision is made in the mucobuc-
cal fold beneath the zygomatic buttress of the maxilla. A 
periosteal elevator is inserted into the incision and, using a 
side-to-side sweeping motion, contact is made with the infra-
temporal surface of maxilla, zygoma, and zygomatic arch in 
a supraperiosteal manner. Subsequently, a heavier instrument 
can be inserted into the incision site and, using lateral and 
anterior controlled force, the fracture is reduced. Another 

Figure 7-7 A plain radiograph submentovertex view revealing a 
left zygomatic arch fracture.

A

B

Figure 7-8 A, An axial CT scan bony window cut of a depressed 
left zygomatic arch fracture. B, A reconstructed facial CT scan bony 
window cut revealing a depressed left zygomatic arch fracture.
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intraoral technique is the lateral coronoid or Quinn approach. 
In this approach, a 3- to 4-cm incision is made intraorally 
along the anterior border of the ramus. The incision is deep-
ened superiorly, following the lateral aspect of temporalis 
muscle with blunt dissection. A fl at-bladed heavy instrument 
is inserted to elevate the arch. Care must be taken to ensure 
the instrument is lateral to the coronoid process. Regardless 
of the method used, following reduction of the zygomatic 
arch, the area requires protection to prevent displacement. 
Commonly used materials include metal eye patches or alu-
minum fi nger splints, which are secured in place with sutures. 
If reduction of the arch is questioned, a submentovertex radio-
graphic view can be obtained while the patient is still in the 
operating room to assess the adequacy of reduction.

This patient was taken to the operating room for surgical 
reduction of the right zygomatic arch fracture using the Gillies 
(temporal) approach. A temporal incision (2  cm in length) 
was made adjacent to the bifurcation of the superfi cial tem-
poral artery, 2.5  cm superior and 2.5  cm anterior to the helix. 
The incision was made through skin and subcutaneous tissue, 
angled from the anterosuperior to posteroinferior direction, 
down to the glistening white deep temporal fascia. The tem-
poral fascia was incised horizontally to expose the temporalis 
muscle. Next, the broad end of a No. 9 periosteal elevator was 
inserted between the temporalis muscle and the temporalis 
fascia and swept back and forth until the medial aspect of the 
zygomatic arch was felt. At this point, the periosteal elevator 
was removed and a Rowe zygomatic elevator was inserted and 
pulled laterally and superiorly for reduction of the zygomatic 
arch (another commonly used instrument in the urethral 
sound). Reduction is confi rmed by palpation with the nonop-
erating hand. The Rowe elevator is then swept back and forth 
to ensure reduction of the arch. The incision is closed in two 
layers.

Attempts to reduce isolated arch fractures more than 10 
days from the initial injury date may be diffi cult secondary 
to progressive healing. Severely comminuted and displaced 
zygomatic arch fractures and displaced fractures that present 
late may require ORIF through either a hemicoronal approach 
or an extended preauricular incision.

COMPLICATIONS

Early complications of zygomatic arch injuries include 
damage to the temporal branch of the facial nerve, as it runs 
in a superior/anterior tangential direction at the level of the 
zygomatic arch. Intraoperative bleeding may be encountered 
if the superfi cial temporal artery is injured.

Long-term complications can be differentiated into func-
tional and cosmetic. Cosmetic deformities due to asymmetry 

of the malar region may result if a depressed zygomatic arch 
fracture is not diagnosed or if it is inadequately elevated. A 
rare functional complication is ankylosis between the coro-
noid process and the zygomatic arch, causing limitation of 
mouth opening.

DISCUSSION

The zygomatic arch is formed by the temporal process of the 
zygoma and the zygomatic process of the temporal bone that 
are joined at the ZT suture. The glenoid fossa and articular 
eminence are located at the posterior aspect of the zygomatic 
process of the temporal bone. The point of least resistance to 
fracture is not at the ZT suture but is approximately 1.5  cm 
more posteriorly in the zygomatic process of the temporal 
bone.

The most common symptoms associated with zygomatic 
arch fractures are indentation or fl attening over the zygomatic 
arch and limitation of mouth opening. This limitation is most 
likely due to spasm of the temporalis muscle from impinging 
displaced fragments and not from the direct impingement of 
the translating coronoid process by zygomatic arch fragments. 
Most often, fractures of the zygomatic arch are incomplete, 
or greenstick fractures, and may require no surgical interven-
tion if minimally displaced. Depending on the severity of the 
fracture, medical comorbidities, associated injuries, and the 
experience of the surgeon, arch fractures can be treated either 
under general anesthesia in the hospital or using intravenous 
sedation techniques in the offi ce setting.
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Nasal Fracture

Eric P. Holmgren, MS, DMD, MD, and Samuel L. Bobek, DMD

CC

A 22-year-old man presents to the emergency department 
complaining that, “I think I broke my nose, and I can’t breathe 
out of it.”

Nasal bone fracture is the most common facial fracture, 
due to the relatively little force required to fracture this bone 
and its prominent position in the face. The most common 
cause of nasal fractures is blunt trauma to the face from 
interpersonal violence and sporting injuries.

HPI

The patient was involved in an altercation at a bar several 
hours before presentation. He received a single blow from a 
right fi st to the left side of his nose. He does not report falling 
to the ground or losing consciousness. Immediately postin-
jury, he experienced approximately 30 minutes of brisk epi-
staxis (highly suggestive of nasal bone or septal fractures and 
lacerations of the nasal mucosa), which progressively slowed 
down. His pain is localized to his nasal complex. He com-
plains of diffi culty breathing through both nostrils but other-
wise denies any diplopia, visual changes, or paresthesias. He 
states that his nose now appears crooked and was perfectly 
straight before this injury (preinjury appearance can be deter-
mined by a detailed history or ideally by evaluation of prein-
jury photographs). He also denies neck or back pain, headache, 
nausea, vomiting, or dizziness (review of system questions 
should inquiry about symptoms suggestive of possible intra-
cranial or ocular injury).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has an unremarkable medical history. A thorough 
nasal history is important when evaluating nasal or nasal-
septal fractures. There is no previous history of facial frac-
tures, nasal surgeries, or preexisting nasal deformities 
(preexisting nasal form and function are paramount for surgi-
cal treatment planning). He denies a prior history of chronic 
nasal obstruction (would be suggestive of prior septal devia-
tion). He denies any history of cocaine use (cocaine compro-
mises nasal mucosal blood fl ow and predisposes to septal 
perforation).

EXAMINATION

His ATLS primary survey is negative, and his GCS score 
is 15.

General. The patient is a well-developed and well-nourished 
man in mild distress from pain and nasal obstruction.

Eyes. The pupils are equal, round, reactive to light and 
accommodation (PERRLA), and the extraocular muscles are 
intact. Visual acuity is 20/20 in both eyes (OS [ocular sinis-
ter, or left eye], OD [ocular dexter, or right eye]). Visual fi elds 
are intact by confrontation, without monocular or binocular 
diplopia. There is no evidence of hyphema (blood in the 
anterior chamber of the eye), no chemosis (subconjunctival 
edema), or subconjunctival hemorrhage. The patient exhibits 
bilateral infraorbital edema that is more severe on the left. 
There is no epiphora (large “crocodile” tears suggestive 
of lacrimal apparatus injury). The intercanthal distance is 
normal, measuring 31  mm (range, 30 to 33  mm) (increased 
intercanthal distance would be suggestive of naso-
orbito-ethmoid [NOE] fracture).

Maxillofacial. There is minimal edema of the nose with an 
obvious deviation of the dorsum to the right (Figure 7-9) (with 
moderate to severe edema, treatment may be best delayed to 
allow for resolution of the edema). The bony nasal dorsum is 
tender to palpation with bony crepitus over the radix and upper 
dorsum. The alar base appears normal and coincident with the 
remainder of the face. Nasal tip projection is adequate with no 
signs of lateral or columellar collapse. The upper, middle, and 
lower thirds of the nose do not collapse with digital pressure 
(Brown-Guss provocation). There is no evidence of cerebro-
spinal fl uid rhinorrhea (cerebrospinal fl uid leakage would be 
indicative of fracture of the cribiform plate).

Intranasal. Using a fi ne suction, several blood clots were 
evacuated from the nares. Nasal speculum examination using 
a headlight and prior application of topical vasoconstrictor 
(oxymetazoline [Afrin] spray or 4% cocaine) reveals a 2-cm 
left nostril mucosal laceration over the cartilaginous septum 
with obvious lateral displacement. There is no septal hema-
toma (blood collection between the perichondrium and quad-
rangular cartilage, which can disrupt the blood supply to the 
cartilage resulting in septal necrosis, septal abscess forma-
tion, and a subsequent saddle nose deformity). The turbinates 
are intact and the inferior meatus is identifi ed. (When avail-
able, an endoscopic intranasal examination provides the most 
information when evaluating the nasal septum.)

IMAGING

Although imaging studies may not be necessary to diagnose 
nasal fractures, studies are recommended to evaluate the 
degree of displacement and comminution (especially of the 
nasal septum) and to rule out other facial fractures. The CT 
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162 Oral and Maxillofacial Trauma

scan is the gold standard imaging modality for the evaluation 
of nasal bones and associated structures. Clinical examina-
tion of acute nasal fractures in the setting of edema is often 
diffi cult, and accurate diagnosis using CT imaging becomes 
important. Routine plain fi lms are rarely used in diagnosis 
and characterization of nasal fractures unless CT imaging is 
unavailable. Plain fi lms have a low specifi city (false-positive 
rates as high as 66%) and are limited in their inherent ability 
to distinguish old versus new fractures (only 15% of nasal 
bone fractures heal by ossifi cation). Additionally, plain fi lms 
cannot detect cartilaginous injuries, which occur more often 
in the pediatric population.

In this patient, a facial CT scan demonstrates bilateral 
nasal bone fracture with deviation to the right and bowing of 
the septum (Figure 7-10). Preinjury photographs can be 
extremely helpful to delineate injury displacement and serve 
as a guide in surgical correction.

LABS

No routine laboratory tests are necessary for the diagnosis 
and management of nasal fractures unless dictated by the 
medical history. In patients with suspicion of drug or alcohol 
abuse, a toxicology screen (including cocaine metabolites) 
and a blood alcohol level should be obtained. In patients with 
unusual bleeding that cannot be controlled with nasal packs, 
coagulation studies (PTT, PT, INR, platelet count) should be 
obtained to evaluate for underlying blood dyscrasias (von 
Willebrand disease is the most common bleeding disorder 
that can be previously undiagnosed).

ASSESSMENT

Bilateral nasal bone and nasal septal fracture; FISS score of 1

TREATMENT

Treatment for nasal bone fractures begins with a detailed 
nasal history and control of hemorrhage. Information regard-
ing previous nasal trauma, surgery, deviation, and obstruction 
should be obtained. The mechanism, injuring agent, direction 
of blows, timing of injury, and postinjury epistaxis should 
be obtained. A preinjury photograph can be very helpful. A 
detailed history will allow the surgeon to better evaluate the 
extent of the nasal deformity, including septal deviation. Pre-
existing nasal deformities can complicate the reduction of the 
bony nasal pyramid, which may potentially drift back toward 
the preinjury state. This is especially true in cases of preinjury 
deviated nasal septum (see Discussion). The anticipated dif-
fi culty of reduction is an important factor in choice of anes-
thesia (local versus general).

Control of epistaxis can be achieved with one of the many 
choices of nasal packings with or without the aid of vasocon-
strictors or electrocautery. The placement of anterior and pos-
terior nasal packing should be precise, and the surgeon must 
be aware of potential complications such as infection, dehy-
dration, and altered ventilation from obstructive and physio-
logical derangements in pulmonary mechanics. Ribbon gauze 
or Merocel sponges can be used to pack anterior bleeds. Pos-
terior bleeds usually require an anteroposterior pack, which 
frequently includes a balloon as a means for tamponade. 
Nasal packs are usually left in place for a maximum of 24 to 
48 hours. The patient is admitted to the hospital for observa-
tion and antibiotics are initiated. If the epistaxis is persistent, 
FloSeal (Baxter) or other local hemostatic agents can be con-
sidered. Adequate control of blood pressure and the patient’s 
pain can assist in the management of epistaxis. Silver nitrate 
or electrocautery is usually not helpful in traumatic bleeds 
where the hemorrhage is not from a punctuate source.

A thorough external and internal nasal examination will 
preclude the need for any adjunctive radiographic studies. 
Undetected and untreated septal injuries have been attributed 
to cause postreduction nasal deformities, and a thorough 

Figure 7-9 A preoperative photo (bird’s eye view) showing dis-
placement of the nasal complex to the right.

Figure 7-10 Axial CT scan demonstrating fracture of the nasal 
bones and septal deviation to the left.
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endonasal examination with a rigid endoscope or a speculum 
examination is recommended. This should be done after 
adequate anesthesia and decongestion of the nasal mucosa 
is achieved with 2% lidocaine with oxymetazoline or 4% 
cocaine.

Treatment options include open versus closed reduction. 
Timing of repair can be immediate or delayed. Immediate 
repair should be done if there is no signifi cant edema that 
would compromise the assessment of surgical intervention. In 
the presence of signifi cant edema, surgery should be post-
poned for the edema to resolve. In cases of delayed repair, it 
is generally recommended that nasal bone fractures be treated 
within 10 days of injury for optimal results (earlier in the 
pediatric population).

The surgeon should have an algorithm to follow in the case 
of a diffi cult or unstable closed reduction. An uncomplicated 
displaced nasal bone fracture with no preexisting nasal or 
septal deformity will be most amenable to closed reduction. 
This can be attempted with any number of instruments (Boies 
elevator, Walsham’s forceps, Asch forceps, etc.). If the nasal 
pyramid snaps into position and is stable, an external nasal 
splint is applied (either an Aquaplast thermal splint or a 
Denver metal splint). If there is continued memory or drift of 
the nasal pyramid, further intervention is indicated until a 
stable reduction is achieved. First, a septoplasty procedure 
should be considered, especially in patients with a prior 
history nasal obstruction. Nasal osteotomies are performed if 
there is continued drift. The upper lateral cartilages can be 
released from the nasal septum if there continues to be drift 
of the nasal structures. (The upper lateral cartilages will 
splint bones toward initial preexisting deformity. Therefore 
release of upper lateral cartilage from septum allows nasal 
bones to remain midline.) This can be followed by fracturing 
the bony septum (the anterior extension of the perpendicular 
plate of the ethmoid and vomer) opposite to the deviation by 
pushing the bony pyramid toward the contralateral lateral 
canthus. The fi nal attempt at correcting any residual defor-
mity can be accomplished with a cartilage camoufl age graft 
in the depressed area. External nasal splint for 1 to 2 weeks 
and endonasal packing (Bacitracin-impregnanted 1/2-inch 
NuGauze [Johnson & Johnson]) for 2 to 3 days will assist in 
further stabilizing the fractures.

In this patient, the nasal bones were treated with closed 
reduction using a Boies elevator. The nasal bony pyramid 
reduced into correct anatomical position with a distinct “snap-
ping” sound and remained in stable position. The nasal septal 
fracture was treated with closed reduction back to a stable 
midline position. There was no immediate memory or drift 
noted after reduction (preinjury nasal and nasal septal defor-
mities predispose the nasal complex to drift). An external 
nasal split was applied for 1 week (Figure 7-11).

COMPLICATIONS

The most common and problematic postinury or postopera-
tive complication is a postreduction nasal deformity. Most 
authors believe that an undiagnosed or untreated nasal septal 

fracture/deviation has a signifi cant role in causing this com-
plication. The incidence of posttraumatic nasal deformity has 
been reported at around 14% to 50%. The algorithm pre-
sented here is aimed at reducing the incidence of postreduc-
tion deformities with special attention to the nasal septum. 
Nasal obstruction due to collapse of the nasal valve and for-
mation of synecchiae can cause signifi cant breathing and 
chronic sinus problems.

The presence of a septal hematoma is an urgent complica-
tion in the setting of nasal trauma. The mucosa overlying the 
nasal septum is highly vascular. Kiesselbach’s plexus (Little’s 
area) is a vascular area in the anterior septum where terminal 
branches of the internal and external carotid arteries meet. 
The anterior ethmoidal, septal branch of the superior labial, 
sphenopalatine, and greater palatine arteries compose this 
plexus. Injury to this area can cause a septal hematoma in the 
subperichondrial plane, disrupting the vascular supply to the 
septum. A septal hematoma requires immediate evacuation 
with dependent drainage and intranasal packing to prevent 
reaccumulation. Undetected or untreated septal hematomas 
can lead to abscess formation, septal necrosis, and resultant 
fi brosis and deformity (saddle-nose deformity).

Other complications include unremitting epistaxis, synec-
chiae formation, scar contracture, nasal airway obstruction, 
cerebrospinal fl uid rhinorrhea, and toxic shock syndrome (the 
latter is very rare).

DISCUSSION

The nasal bone is reported to be the most common facial 
fracture. The nose can be divided into three vaults. The 
upper vault is comprised of the paired nasal bones, frontal 
processes of the maxilla, and the perpendicular plate of 
the ethmoid bone. This structure is also referred to as the 
bony pyramid. The middle vault includes the upper lateral 
cartilages and the midportion of the nasal septum (quadran-
gular cartilage). The lower vault includes the nasal tip, lower 
lateral (alar) cartilages, and the inferior portion of the nasal 
septum. These vaults can be tested individually for stability 

Figure 7-11 A postoperative photograph (bird’s eye view) 6 weeks 
after the procedure.
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by applying digital pressure, which will cause the vault to 
collapse if it is unstable. This is called the Brown-Gruss 
provocation.

It is important to remember that the nasal septum is 
attached to both the bony nasal pyramid and the upper and 
lower lateral cartilages. Any septal deformity has the poten-
tial to transmit forces to the bony and cartilaginous portions 
of the nose and cause a postreduction deformity. The nasal 
septum is composed of the perpendicular plate of the ethmoid 
bone, vomer, nasal crests of the maxilla, palatine bones, and 
the quadrangular cartilage. Treatment of nasal fractures in 
the pediatric patient should follow the same protocol because 
normal growth will resume after septal repair/surgery.

The indications for primary open reduction of nasal frac-
tures include the following:
• Inability for the septum to remain in the reduced 

position
• Considerable displacement of cartilaginous structures
• Bilateral fractures with dislocation of nasal dorsum and 

septal pathology
• Fractures of cartilaginous pyramid with or without 

dislocation of the upper lateral cartilages
• Anticipation of cartilage or bone grafting
Nasal fractures should be diagnosed and treated with close 
consideration to function and esthetics. The simplicity of 
closed reduction techniques should not replace more invasive 
surgical interventions. Untreated septal injuries can signifi -
cantly complicate airway fl ow and the aesthetic outcome.
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Frontal Sinus Fracture

Martin B. Steed, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

You are called by the trauma team to evaluate a 25-year-old 
man status post high-speed motor vehicle collision and to 
manage his facial trauma.

HPI

The patient was the unrestrained driver in a high-speed, head-
on collision with another vehicle. No air bag was deployed, 
with subsequent signifi cant steering wheel and windshield 
damage. The patient was found to be unconscious and was 
not arousable. He was intubated at the scene due to a GCS 
score of 7 (high index of suspicion for a severe intracranial 
injury) and was life-fl ighted to your Level I trauma center for 
evaluation and treatment.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

All histories are unknown (when possible, history should be 
obtained from available family members).

EXAMINATION

Primary Survey

The primary survey is accomplished via ATLS protocol. The 
patient is sedated and intubated and has spontaneous respira-
tions. He wears a transport cervical collar, and his pupils are 
equal and reactive. His GCS score is 10T on arrival. He is 
otherwise hemodynamically stable.

Secondary Survey

Vital signs. His blood pressure is 115/64  mm  Hg, heart rate 
115 bpm (tachycardia), respirations 12 per minute, and tem-
perature 37.6°C.

Maxillofacial. There is a stellate laceration through the 
frontalis muscle measuring over 10  cm in combined length at 
the left forehead and supraorbital regions. Bony crepitance is 
noted upon palpation of the supraorbital rims, nasal bones, 
and frontal bone (indicative of comminuted fractures). There 
is a fl ow of blood tinged fl uid from the left nare (possible 
cerebrospinal fl uid rhinorrhea). The maxilla is stable. The 
dental occlusion is diffi cult to assess secondary to oral endo-
tracheal intubation. A cervical-spine collar is in place (cor-
rectly sized and applied).

Eyes. Pupils are equal and reactive to light consensually 
(5  mm → 2  mm). There is evidence of bilateral subconjunc-
tival hemorrhage, no evidence of hyphema (blood in the ante-

rior chamber of the eye, which may be diffi cult to detect in 
the supine patient), and normal fundi with no evidence of 
papilledema (edema of the optic nerve seen with increased 
intracranial pressure or intracranial pressure). The intraocu-
lar pressures were normal at 16  mm  Hg OU as measured with 
an orbital tonometer.

IMAGING

CT scan is the diagnostic modality of choice for the evalua-
tion of frontal sinus injury, but it is not a reliable predictor of 
nasofrontal duct injury.

A head and facial helical CT scan without contrast was 
obtained after the primary and secondary surveys were com-
pleted. The head CT scan reveals a 4 × 1-cm left subarachnoid 
hemorrhage with no midline shift and two regions of increased 
enhancement of the frontal lobe. The fi ne-cut axial face CT 
scan reveals a comminuted frontal bone fracture involving 
both the anterior and posterior tables of the frontal sinus 
(Figure 7-12, A), nasal bone fracture, bilateral supraorbital 
rim, and left infraorbital rim fractures. Three-dimensional 
reconstruction demonstrates the overall fracture patterns 
(Figure 7-12, B). The cervical-spine CT reveals no obvious 
fractures with good alignment of the cervical vertebrae. (The 
incidence of facial fractures accompanied by spinal injuries, 
while low, is of signifi cant concern to the craniomaxillofacial 
surgeon.)

LABS

Standard laboratory tests for the evaluation of multisystem 
trauma patients include: complete blood cell count (CBC), 
complete metabolic panel, arterial blood gas analysis, urine 
analysis, and coagulation studies (PT, PTT, and INR). A 
urine drug screen and blood alcohol level are indicated in 
patients with decreased mental status.

Laboratory values are within normal limits except for 
mildly low hemoglobin/hematocrit (secondary to blood loss 
from the scalp laceration and fl uid resuscitation). One milli-
liter of the blood-tinged transudate from the patient’s left nare 
was collected and sent for laboratory analysis. The sample 
tested positive for beta-2 transferrin (diagnostic for cerebro-
spinal fl uid).

ASSESSMENT

Subarachnoid hemorrhage with intracerebral contusion; 
comminuted frontal sinus fracture with signifi cant displace-
ment of the anterior and posterior tables (greater than one 
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table thickness), nasal bone and bilateral supraorbital rim 
fractures, with associated left frontal stellate skin laceration, 
evidence of cerebrospinal fl uid rhinorrhea, and possible 
nasofrontal duct injury or obstruction; FISS score of 10 
(displaced frontal sinus fracture [5], bilateral supraorbital 
rim fractures [2], left infra orbital rim fracture [1], nasal 
bone fracture [1], and forehead laceration over 10  cm [1]

TREATMENT

The primary indications for repair of a fractured sinus are:
• Displaced anterior sinus wall fractures with resultant 

aesthetic deformity
• Displaced posterior table fractures (greater than one 

table thickness displacement)
• Nasofrontal duct injury

However, these indications are not absolute and each case 
needs treatment planned on an individual basis.

A variety of treatment modalities have evolved to treat 
frontal sinus fractures; options include observation, trephina-
tion, frontoethmoidectomy (Lynch or Knapp procedure), 
frontal sinus collapse (Reidel) procedure, osteoplastic fl ap, 
sinus obliteration, ORIF with preservation of the sinus and its 
drainage, or cranialization (removal of the posterior table, 
allowing the brain parenchyma to occupy the frontal sinus).

The ability of the surgeon to evaluate or predict the func-
tion of the nasofrontal ducts is critical. If the decision is made 
to observe a fracture and/or the nasofrontal ducts are not 
obliterated, then it is imperative to follow the patient with 
interval CT imaging to assess the adequate drainage of the 
sinus. Some surgeons examine the status of the nasofrontal 
ducts intraoperatively by injecting dye into the duct and 
observing its presence in the nasal cavity. However, the accu-
racy of this test is questionable.

In this case, the presence of a displaced posterior table 
fracture, dural tear, and cerebrospinal fl uid leak lends itself 
well to a cranialization procedure through a bicoronal fl ap in 
coordination with the neurosurgical team. The supraorbital 
rims and nasal bone were reconstructed and rigidly fi xated 
with titanium plates (Figure 7-13, A). The posterior table was 
removed, the dural tears were repaired, and the sinus mucosa 
was obliterated and meticulously removed with the aid of a 
pear-shaped bur (to remove all remnants of the peripheral 
sinus mucosa). The mucosa at the nasofrontal ducts was 
inverted, and the ducts were plugged with a small piece 
of free temporalis fascia. An anteriorly based pericranial 
fl ap (based on the deep branches of the supratrochlear and 
supraorbital vessels) was used to facilitate separation of the 
brain from the nasal environment (Figure 7-13, B). The cra-
niotomy defect was reconstructed with rigid fi xation plates 
(Figure 7-13, C).

The patient did well postoperatively. A postoperative CT 
demonstrated excellent restoration of frontal region contour 
(Figure 7-14). His neurological examination improved, and he 
was discharged home 11 days after surgery.

COMPLICATIONS

Complications of frontal sinus fracture repair can be charac-
terized as early if it occurs within the fi rst few weeks of 
surgical intervention or late if it occurs beyond this period. 
Early complications after frontal sinus fracture repair include 
cerebrospinal fl uid leak, meningitis, transient frontal region 
paresthesia, diplopia, and pain in the frontal region. Inade-
quate reduction of the anterior wall of the sinus will result in 
aesthetic contour defects (a common complication). By far 
the most feared early complication is meningitis. The incidence 
of meningitis can be as high as 6% postoperatively. These 
patients are uniquely susceptible to the consequences of men-
ingitis as they are neurologically compromised, and early 
diagnosis of the condition may elude the clinician. To mini-
mize the morbidity and potential mortality from meningitis, 
this condition needs to be diagnosed without delay. Change 

A

B

Figure 7-12 A, Preoperative axial CT scan demonstrating com-
minuted displaced anterior and posterior sinus wall fractures. 
B, Three-dimensional reconstruction of preoperative CT scan dem-
onstrating a comminuted frontal bone fracture with a step deformity 
at the supra-orbital rims bilaterally. There is also evidence of frac-
tures at the inferior orbital rims bilaterally.
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in mental status, fever, and/or neck rigidity should prompt an 
immediate lumbar puncture after a brain CT. The patient 
should be stabilized medically and administered broad-
spectrum antibiotics that possess good cerebrospinal fl uid 
penetrance (such as nafcillin). The antibiotics should be 
altered based on the cerebrospinal fl uid cultures.

Late frontal sinus fracture complications can occur more 
than 10 years after the initial incident. Mucopyoceles causing 
meningitis are the most feared late sequelae of frontal sinus 
trauma. Retained mucosa left in the fracture line can result 
in the formation of a mucocele, which upon bacterial con-
tamination can develop into a mucopyocele. Mucopyoceles 
can potentially spread infection to the orbit and brain. Reop-
eration with complete removal of the mucocele and recon-
struction to isolate the splachnocranium (that part of the skull 
that is derived from the branchial [or pharyngeal] arches 
and comprises the bones of the face) from the orbit and 
nasal cavity is the method of choice for management of 
mucoceles. Endoscopic marsupialization of mucoceles has 
been attempted after infectious complications of frontal 
sinusitis with limited success rates. Under normal circum-
stances, both the nasofrontal duct and frontal recess are 
widely patent. Following traumatic disruption of the area, 
even partial obstruction of the duct often results in stasis of 
secretions, increasing the risk of delayed frontal sinus infec-
tious complications.

In a study of 727 patients with facial fractures receiving 
formal ophthalmologic consultation, Holt found that 89% 
of those with frontal sinus fractures had associated eye 
injuries.

DISCUSSION

The frontal sinus develops as an outgrowth from the nasal 
chamber in utero and exists only as a small cephalic evagina-
tion of the middle meatus until after birth. Between ages 1 
and 2 years, this evagination begins to invade the frontal 

A

B

C

Figure 7-13 A, Intraoperative photograph demonstrating cranial-
ization (posterior table has been removed and the supraorbital bar 
reconstructed. B, Anterior based pericranial fl ap—an anteriorly 
pedicled pericranial fl ap (based on the supratrochlear and supraor-
bital vessels) before insetting. C, Intraoperative photograph demon-
strating anterior based pericranial fl ap inset and restoration of 
superior frontal region contour.

Figure 7-14 Postoperative axial CT scan demonstrating the 
removal of the posterior sinus wall and cranialization of the frontal 
lobe into the previous sinus space, with good reduction of the ante-
rior sinus wall and restoration of proper contour.
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bone. The adult frontal sinus averages 28  mm in height, 
27  mm in width, and 17  mm in depth, but asymmetry is 
common and the size is variable. The sinus commonly has a 
vertical septum at its center, although several septa may be 
present. The drainage of the frontal sinus is also variable but 
begins in the posteromedial fl oor on either side of the septum. 
A true identifi able duct may be absent in up to 85% of patients, 
and when present, it opens at different sites within the nose. 
Van Alyea found that in 55% of patients, the frontal sinus 
drained directly into the frontal recess, and in 30%, it opened 
above the ethmoidal infundibulum. In 15%, the frontal sinus 
was continuous with the ethmoidal infundibulum, and in 1%, 
it drained above the ethmoid bulla.

The chief blood supply to the frontal sinus is a diploic 
branch from the supraorbital artery and branches of the ante-
rior ethmoidal artery. It drains through the angular and ante-
rior facial veins externally and through the posterior sinus 
wall via the foramen of Breschet posteriorly.

Frontal sinus fractures most often result from blunt trauma, 
although penetrating injuries also occur. Schultz and col-
leagues found that 70% of frontal sinus fractures resulted 
from automobile accidents, while 20% resulted from assault. 
The force necessary to fracture the anterior wall of the frontal 
sinus (800 to 1600  N) is two to three times greater than that 
required to fracture the zygoma, mandible, or maxilla.

Signifi cant intracranial injury occurs more often with 
frontal sinus injuries than with injury to the maxilla or man-
dible secondary to the proximity to the brain and the force 
necessary to fracture the frontal bone.

Nasal secretions with a glucose level greater than 30  mg/dl 
may be indicative of cerebrospinal fl uid. Other indicators 
used to identify nasal secretions as originating from cerebro-
spinal fl uid include low protein and potassium concentrations 
(however, glucose, protein, and potassium levels are not a 
reliable means of identifying cerebrospinal fl uid secondary to 

variability). The “halo” test can also be performed by placing 
a drop of the fl uid onto a clean bedsheet or onto fi lter paper 
and observing whether a clear halo forms around the central 
stain. Beta-2 transferrin is the laboratory test of choice for 
distinguishing cerebrospinal fl uid because detection of a beta-
2 transferrin band by immunofi xation electrophoresis is diag-
nostic for cerebrospinal fl uid. This test should be considered 
when there is suspicion of cerebrospinal fl uid otorrhea or 
rhinorrhea. Beta-2 transferrin is not detected in normal serum, 
tears, saliva, sputum, or nasal secretions.
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Naso-Orbital-Ethmoid Fracture

Martin B. Steed, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 21-year-old man arrives via EMS responders to the 
emergency department status post high-speed motor vehicle 
collision.

HPI

The EMS personnel report that the patient was an unrestrained 
driver traveling at 60  mph through a red light at an intersection 
when he hit an oncoming vehicle. The driver side airbag did not 
deploy, resulting in the direct collision of the upper midface 
with the steering wheel and causing a positive “steering wheel 
deformity.” (The incidence of NOE fractures has decreased 
with the advent of airbags. However, the impact of the midface 
with the steering wheel continues to be a common cause of 
NOE fractures.) The patient had a transient loss of conscious-
ness but has remained coherent, alert, and oriented during 
transport to the emergency department (need to rule out intra-
cranial injury/hemorrhage). He complains of a severe head-
ache, poor vision, and pain in the midface. The trauma team has 
requested a consultation for management of the patient’s mid-
facial soft tissue lacerations and evaluation for facial fractures.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a prior history of substance abuse (cocaine) 
according to telephone contact with family member.

A history of cocaine abuse is important to the reconstruc-
tive maxillofacial surgeon because it may imply previous 
nasal septal perforation or compromised local vasculature of 
the nasal structures due to repeated episodes of vasoconstric-
tion from nasal cocaine abuse. In addition, chronic or recent 
history of cocaine abuse has cardiovascular implications, ren-
dering the patient at increased risk for coronary vasospasm 
and cardiac arrhythmias. Illicit drugs are commonly impli-
cated in motor vehicle accidents.

EXAMINATION

The initial evaluation of a trauma patient should be completed 
by following the ATLS protocol.

Primary Survey

The patient’s primary survey is intact, with a GCS score of 
15. The patient has been able to easily maintain his airway 
(severe posterior nasal hemorrhage can compromise the 
airway and be a signifi cant source of blood loss).

Secondary Survey

General. The patient is a well-developed and well-nourished 
man in moderate distress, requesting pain medications and 
supporting a partially soaked 4 × 4 dressing held over the 
bridge of his nose and right eye.

Vital signs. His blood pressure is 150/84  mm  Hg (hyper-
tensive), heart rate 125 bpm (tachycardia), respirations 16 per 
minute, and temperature 37.6°C.

Maxillofacial. There is signifi cant bilateral midface and 
periorbital edema with a 10-cm horseshoe (U)-shaped lacera-
tion to the frontal region down to bone. A second 8-cm hori-
zontal laceration extends through the right upper eyelid, 
across the nasal bridge (nasion) and through the left upper 
eyelid (Figure 7-15). There are several small arterial bleeders 
within each laceration. Facial abrasions extend over the left 
malar (zygoma) region. The patient exhibits a positive bow-
string test on the left (movement of bone fragment at insertion 
of medial canthal tendon upon lateral pull on the upper 
eyelid). The intercanthal distance is 42  mm (distance between 
the left and right medial canthus—this may be acutely infl u-
enced by edema), with an interpupillary distance of 62  mm 
(normal intercanthal distance is usually half the interpupil-
lary distance).

Nose. There is bright red blood in the bilateral nares (epi-
staxis), with obvious crepitus of the nasal complex upon 
palpation. The nasal bones are comminuted, displaced, and 
unstable, with a widened nasal bridge. Nasal speculum exam-
ination reveals the nasal septum to be deviated to the right 
with no evidence of a septal hematoma (examination may be 
diffi cult in the awake patient). There is clear fl uid obtained 
from the right nare that was sent for laboratory evaluation of 
cerebrospinal fl uid (beta-2 transferrin).

Maxilla. The examination reveals bilateral hypoesthesia 
of the infraorbital nerve distributions (cranial nerve V2). The 
maxilla is nonmobile, and the patient’s occlusion is intact. 
The patient has a full complement of teeth, with no grossly 
carious lesions and no mobile dentoalveolar segments.

Eyes. There is severe bilateral chemosis and subconjunc-
tival hemorrhage. The patient is unable to open either eye, and 
examination requires careful lid elevation. There is blunting 
of the bilateral medial palpebral fi ssures. There is no obvious 
epiphora (excessive tearing from the eye), but no attempts are 
made at primary probing of any of the canaliculi.

OD examination reveals a reactive pupil with hyphema 
(blood in the anterior chamber of the eye). The OD pupil 
appears round and the visual acuity is limited to light percep-
tion. OS visual acuity is 20/200.
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Physical examination of suspected NOE fractures should 
be detailed toward assessing the degree of telecanthus and 
early identifi cation of concurrent ocular and neurological 
injuries. Soft tissue intercanthal distances greater than 35  mm 
are suggestive of a displaced NOE fracture, and distances 
greater than 40  mm are diagnostic. Crepitus or movement 
upon palpation of the medial orbital rim indicates instability 
and the presence of a fracture; clinical “bowstring” examina-
tions can demonstrate whether the canthal bearing bone frag-
ment is displaced and mobile.

IMAGING

The imaging modality of choice in the diagnosis and evalua-
tion of midface fractures is a noncontrast helical CT scan with 
thin cuts (1.5 to 2.0  mm) of the face. Due to overlapping bony 
architecture, plain fi lms fail to demonstrate the degree and 
location of bony disruption. Thin cuts are usually required to 
determine the extent of the NOE injury. Of surgical impor-
tance is the determination of the position and status of the 
frontal process of the maxilla, as this region bears the inser-
tion of the medial canthal tendon.

A facial helical CT scan without contrast was obtained. 
Axial bony windows show bilateral fractures at the NOE 
region with avulsion of several bony segments and bilateral 
medial orbital wall fractures (Figure 7-16, A). The orbital 
fl oors appear intact bilaterally. There is evidence of a 1-cm 
punctuate subarachnoid hemorrhage, with no midline devia-
tion. A three-dimensional reconstruction view permits visu-
alization of the lines of fracture (Figure 7-16, B).

LABS

A complete trauma panel was obtained, and the results were 
remarkable for an elevated WBC count of 15,100 cells per 
microliter (likely secondary to demargination of leukocytes 

in the setting of acute trauma), and a urine toxicology screen 
was positive for cocaine metabolites.

The beta-2 transferrin test performed on the nasal fl uid 
was negative (decreasing the likelihood of cerebrospinal fl uid 
rhinorrhea).

ASSESSMENT

• Type I NOE fracture of the right side (right medial 
canthal tendon attached to one large segment of bone)

• Type III NOE fracture of the left side (signifi cant 
comminution and complete avulsion of left medial 
canthal tendon).

• 11-cm U-shaped frontal region laceration through 
frontalis muscle to frontal bone with no evidence of 
frontal sinus fracture

• 10-cm linear horizontal laceration through both upper 
eyelids and probable left nasolacrimal tract injury

Figure 7-15 Preoperative photograph demonstrating frontal and 
orbital/nasal bridge lacerations, increased intercanthal distance, 
severe depression of nasal bridge unit, bilateral midfacial edema, 
and periorbital ecchymosis.

A

B

Figure 7-16 A, Preoperative axial bony CT window demonstrat-
ing fracture of the nasal bones with severe displacement of the 
bilateral nasal bones and comminution of the frontal process of the 
maxilla. The view also demonstrates fracture of the lamina papy-
racea and bilateral medial orbital walls. B, Preoperative anterior 
three-dimensional CT reconstruction demonstrating severe dis-
placement and comminution of a bilateral NOE fracture.
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• OD grade I traumatic hyphema (less than one-third of 
the anterior chamber of the right eye fi lled with blood)

• Punctate subarachnoid hemorrhage
• FISS of 5 (NOE = 3, facial laceration over 10  cm = 1 + 1)

TREATMENT

The goals of surgical correction of NOE fractures are to 
restore the patient to the preinjury level of function and cos-
mesis. This becomes extremely challenging in the treatment 
of complex and comminuted NOE fractures with concomitant 
injuries.

Adequate exposure is essential for the precise reduction 
and fi xation required for correction of NOE fractures. Most 
commonly, a combination of a coronal fl ap with or without 
lower eyelid incisions is adequate. Placement of incisions in 
areas over the radix or lateral aspect of the nasal bridge 
should be avoided due to unfavorable scarring. Most often, 
the fractured segments can be fi xated to a curved titanium 
plate that extends from the nasofrontal junction along the 
frontal process of the maxilla onto the medial portion of the 
inferior orbital rim. The canthal tendon is rarely avulsed from 
bone and is usually attached to a sizable bony fragment that 
can be reduced to a correctly adapted plate. In cases where 
the medial canthal tendon is in fact avulsed, a canthopexy 
must be accomplished primarily through transnasal wiring or 
by securing a permanent suture to a transnasal wire, as 
described by Herford.

The treatment of this patient demonstrates many of the prin-
ciples of the management of NOE fractures. Upon completion 
of the primary and secondary surveys and diagnostic imaging, 
the patient was evaluated by the neurosurgical team and the 
ophthalmology service. The patient required no surgical inter-
vention for the small subarachnoid hemorrhage and no intra-
cranial pressure monitoring in light of consistently normal 
serial neurological examinations. The ophthalmologic team 
concurred with the presence of a grade I traumatic hyphema and 
the high likelihood of a nasolacrimal apparatus injury, which 
may require subsequent treatment. He was found to have no 
evidence of a ruptured globe or traumatic optic neuropathy.

The patient was taken to the operating room and orally 
intubated. A coronal fl ap was not used secondary to the excel-
lent exposure through the existing lacerations (Figure 7-17, A). 
It must be stressed that this is usually not the case. Access is 
paramount in the proper reduction and fi xation of NOE frac-
tures, and a large number of comminuted NOE fractures 
benefi t from immediate bone grafting. Each of these require-
ments is met through the use of a coronal incision, which 
provides large amounts of access and allows the concurrent 
harvest of cranial bone grafts for immediate grafting of the 
nasal dorsum or medial orbital walls.

Careful intraoperative examination revealed a 1 × 1-cm 
fi berglass foreign body within the right upper eyelid. A Jones 
type I (fl uorescein dye into eye) or Jones type II (dye into 
puncta/canaliculi) test can be performed intraoperatively to 
assess the lacrimal function. The nasolacrimal apparatus 
may be injured in 20% of patients with NOE fractures. It is 

especially susceptible when telecanthus is present secondary 
to a loss of the protective infl uence provided by the anterior 
limb of the medial canthal ligament. Open reduction and 
anatomical fi xation of the fracture segments usually result in 
reestablishment of the lacrimal drainage. Intraoperative repair 
may be completed through the use of a stent such as a Craw-
ford tube, which acts to bridge the two severed ends of the 
canaliculi, and careful closure of the pericanalicular tissues. 
Delayed assessment may be done with fl uorescein dye, instru-
ment probing, or dacrocystography. Refractory or uncorrected 
epiphora often necessitate correction through a dacrocysto-
rhinostomy at a later date. In this procedure, the tear drainage 
pathways are reconnected to the inside of the nose. A small 
incision is usually placed approximately midway between the 
corner of the eye and the bridge of the nose. The lacrimal sac 
is located, incised, and then connected to the nasal mucosa, 
creating a new tear drainage pathway. A stent is then placed 
in the newly created tear drainage pathway for a few months 
to prevent scarring of the tear drainage ducts, which might 
otherwise result in failure of the surgery. The tubes can 
usually be removed in the offi ce with little, if any discomfort, 
or need for anesthesia.

The lacerations were meticulously washed out with pulse 
irrigation. The NOE fractures were confi rmed to be a type I 

A

B

Figure 7-17 A, Intraoperative photograph demonstrating access 
through facial lacerations. B, Intraoperative photograph after ORIF 
of the NOE complex.
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on the right side with the medial canthus attached to a large 
segment of bone and a type III on the left side with complete 
avulsion of the medial canthal ligament attachment. A 2.0 
X-shaped plate was applied to secure the nasal bones to the 
frontal bone (Figure 7-17, B). The medial orbital rims were 
also reconstructed using rigid mini fi xation plates. Twenty-
six–gauge wires were used to directly secure the left and right 
medial canthal tendons to stable bone posterior and slightly 
superior to the insertion of the preinjured tendon. This is done 
to overcome the forces of migration, relapse, and telecanthus. 
Intranasal splints (i.e., Doyle) were placed and sutured in 
place anteriorly through the membranous septum. The lac-
erations were closed in layers with special attention to the 
upper eyelid regions, where the levator muscle and its inser-
tion were evaluated and maintained. The patient underwent 
consistent neurological checks postoperatively and underwent 
a second CT head scan on postoperative day one, which 
showed no change in his punctuate subarachnoid hemorrhage. 
He was discharged on the third postoperative day.

COMPLICATIONS

Intraoperative

Intraoperative complications are often best avoided by a thor-
ough preoperative evaluation and examination. Concomitant 
ocular injuries must be identifi ed and evaluated before general 
anesthetic induction and surgical manipulation of the globe 
and adnexal structures. Neurosurgical consultation must be 
obtained in case of neurological changes and/or radiographic 
evidence of intracranial injury. In the case of severe bleeding 
from midfacial injuries, the use of bilateral posterior nasal 
packs can be lifesaving.

Early

Nasolacrimal obstruction present as epiphora secondary to 
inadequate tear drainage. This may require secondary correc-
tion with a dacrocystorhinostomy procedure.

Late

The majority of complications resulting from NOE fractures 
are cosmetic in nature and are the result of nontreated or 
inadequately treated NOE fractures. Perhaps the most 
common is a residual “saddle defect” or shortened and 
retruded nose. This is secondary to the loss of dorsal nasal 
support in the upper bony and lower cartilaginous dorsum. 
The importance of immediate primary dorsal bone grafting 
has been emphasized in the literature. It is important when 
placing the graft as a strut to position it inferiorly underneath 
the lower lateral cartilage to provide support for the inferior 
portion of the nose and prevent palpation of the graft after 
healing is complete. The graft is secured superiorly with 
screws or plate fi xation. Attention should be given to fi xation 
of the graft superiorly to avoid overprojection at the nasofron-
tal region or at the nasal tip.

Telecanthus is best managed through correct reduction of 
the bone fragments that carry the medial canthal tendon 

insertions or, in the case of type III fractures, meticulous 
reduction of the insertions themselves with overcorrection. 
Septal deviation may require immediate correction or a sep-
toplasty at a later date. Enophthalmos most often results 
from an increase in the orbital volume due to untreated 
medial orbital wall or orbital fl oor fractures. These injures 
should be addressed concurrently or secondarily with NOE 
reconstruction.

DISCUSSION

Fractures of the NOE region are among the most complex 
maxillofacial injuries in both diagnosis and treatment. The 
superior limits of this region are defi ned medially by the 
cribiform plate and laterally by the roof of the ethmoid 
sinuses. The anterior cranial fossa and contents lie above. The 
lateral limits comprise the medial orbital walls and are made 
up primarily of the lacrimal bone and the orbital plate of the 
ethmoid. The anterior limits consist of the frontal bone and, 
more laterally, the frontal process of the maxilla. Posteriorly 
lies the sphenoid bone and its sinus, while inferior is the lower 
border of the ethmoid sinuses. An NOE fracture involves the 
central midface—the nasal bones, frontal process of the 
maxilla, and ethmoid bones. In 1973 Epker coined the term 
“naso-orbito-ethmoid” to describe this midfacial injury. Prior 
to 1960, most textbooks offered little guidance in the treat-
ment of these injuries, and early investigations focused on 
closed treatment using external nasal dressings following 
nasal manipulation. ORIF has proved to be an important 
advancement in the management of these fractures and, com-
bined with proper reduction of the medial canthal tendon and 
primary nasal dorsum bone grafting, has improved the cos-
metic result of even severe injuries.

A detailed classifi cation scheme by Markowitz defi ned the 
injury pattern with respect to the medial canthal tendon and 
the fragment of bone upon which it inserts. Three distinct 
patterns are identifi ed. A type I injury is the simplest form of 
NOE fracture and involves only one portion of the medial 
orbital rim with its attached medial canthal tendon. Type II 
fractures have a comminuted central fragment with the frac-
ture lines remaining external to the medial canthal tendon 
insertion. Type III fractures have comminution involving the 
central fragment of bone where the medial canthal tendon 
inserts. Variants of type I, II, and III fractures may occur in 
bilateral fractures.

In a 1985 study by Holt, 67% of 727 patients with facial 
fractures sustained some degree of ocular injury, while most 
series report the incidence to be in the range of 20% to 25%. 
A high degree of suspicion should be present in patients with 
signifi cant NOE fractures, and full fundoscopic examination 
should be accomplished. Slit-lamp examinations, when pos-
sible, allow evaluation of adnexal structures. The nasolacri-
mal apparatus may also be injured in about 20% of patients 
with NOE fractures.

NOE fractures are an uncommon but aesthetically chal-
lenging maxillofacial injury. The importance of precise 
reduction and primary bone grafting in the setting of 
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inadequate dorsal nasal support and comminution cannot be 
overemphasized.
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Le Fort I Fracture

Martin B. Steed, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 26-year-old man presents to the emergency department 
with the chief complaint of, “they hit my face with a brick 
and got my wallet. My face hurts  .  .  .  I was bleeding from my 
nose, but it has stopped.”

HPI

You are called by the emergency department team to evaluate 
the patient. He reports being struck in the face at the level of 
his upper lip and teeth just below the nose by an unknown 
man who was walking the opposite way on the sidewalk (the 
vast majority of Le Fort I injuries are from blunt, as opposed 
to penetrating, trauma). He explains that he was hit one time 
in the face with a brick and subsequently fell to his knees, 
without any loss of consciousness (lower likelihood for intra-
cranial injury in the absence of loss of consciousness).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient smokes one pack of cigarettes daily and drinks 
alcohol regularly (both contribute to an increased relative 
risk of postoperative infections. A history of alcohol abuse is 
more frequently encountered in the trauma population). The 
remainder of his medical history is noncontributory.

EXAMINATION

The initial evaluation of a trauma patient should be completed 
by following the ATLS protocol.

Primary Survey

His primary survey is intact (control of the airway and hem-
orrhage are both part of the primary survey. Compromised 
airway and life-threatening hemorrhage are unlikely with 
isolated Le Fort I injuries; however, they can be seen with 
more complex facial fractures [higher FISS]).

Secondary Survey

General. The patient is a well-developed and well-nourished 
man in no apparent distress and holding a blood-soaked cloth 
under his nose.

Vitals. His blood pressure is 115/64  mm  Hg, heart rate 115 
bpm, respirations 12 per minute, and temperature 37.6°C (mild 
tachycardia can be due to a compensatory response to volume 
loss from prolonged oropharyngeal bleeding, and/or from the 
sympathetic response associated with pain and anxiety).

Eyes. Pupillary response, visual acuity, visual fi elds, 
and extraocular movements are all within normal limits 
(a complete eye examination is mandatory in all midface 
fractures). There is no evidence of subconjunctival hemor-
rhage or hyphema (blood in the anterior chamber of the 
eye).

Maxillofacial. The examination reveals moderate bilateral 
midface edema with left facial abrasions extending over the 
lip region. There is mild hypoesthesia of the bilateral infra-
orbital nerve distributions (cranial nerve V2). The maxilla is 
mobile with no simultaneous movement of the nasal bones 
upon palpation (would be seen in Le Fort II or III injuries). 
Examination of the teeth reveals premature posterior occlusal 
contacts and a 5-mm anterior open bite (Figure 7-18). There 
is no evidence of mobile dentoalveolar segments. The remain-
ing facial skeleton, including the nasal bones, is intact and 
stable upon palpation. Nasal speculum examination reveals a 
deviated nasal septum to the right, with no evidence of a 
septal hematoma (a hematoma needs to be drained to prevent 
subsequent necrosis of the septal cartilage and possible 
saddle-nose deformity).

IMAGING

The imaging modality of choice for the diagnosis and evalu-
ation of suspected maxillary Le Fort I–level fractures is a 
noncontrast maxillofacial CT scan with thin cuts (axial views 
with coronal reconstructions). Direct coronal imaging or 
coronal reconstructions are helpful (patients with suspected 
cervical-spine injuries should not hyperextend the neck for 
direct coronal imaging).

For this patient, a facial helical CT scan without contrast 
was obtained after the primary and secondary surveys were 
completed. Axial bony window cuts show bilateral pterygoid 
plate, anterior and lateral maxillary wall, and posterior nasal 
septal fractures, with opacifi cation of the maxillary antrum 
(Figure 7-19, A). A moderate amount of soft tissue edema and 
subcutaneous emphysema is noted. Coronal reconstruction 
views demonstrate bilateral fractures through the lateral walls 
of the maxillary sinuses (Figure 7-19, B). A three-dimen-
sional reconstruction view allows clear visualization of the 
lines of fracture at the Le Fort I level (Figure 7-19, C).

LABS

A complete trauma panel was obtained and the results were 
remarkable for an elevated WBC count of 16,900 cells per 
microliter (increased WBCs or leukocytosis in the acute 
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setting is most likely secondary to physiological stress, due 
to catecholamine-induced demargination of WBCs).

ASSESSMENT

Isolated Le Fort I maxillary fracture; FISS of 2

TREATMENT

The goal of treatment of Le Fort I injuries is to reduce the 
displaced maxillary bone with its dentition to allow for 
uneventful healing, reestablishment of the patient’s preexist-
ing occlusal function, and aesthetics. Treatment of a particu-
lar fracture needs to be individualized and includes several 
options, mainly either ORIF or CR-MMF. The use of surgical 
splints should be considered, especially with segmental max-
illary fractures. The degree of comminution at the anterior 
and lateral maxillary walls needs to be assessed for possible 
reconstructive measures.

To this date, most surgeons consider ORIF the gold stan-
dard. As a general principle, early reduction and fi xation is 
preferable. After a 7- to 10-day period, some diffi culty may 
be encountered in mobilizing the maxilla in order to achieve 
appropriate reduction, especially if the fracture is associated 
with signifi cant impaction. Consideration should also be 
given to osteotomizing the maxilla if the fracture is incom-
plete or signifi cant time has elapsed since the original insult. 
Attempting to mobilize the incompletely fractured maxilla 
can result in unfavorable fractures, often distant from the site 
of injury. After MMF is established, it is critical to establish 
passive reduction of the maxilla (maxillomandibular complex) 
with the condyles seated in a correct position; otherwise, an 
anterior open bite will develop after rigid fi xation has been 
applied and the intermaxillary fi xation is released. If adequate 
bone contact is available, plating system applied bilaterally at 
the piriform rims and zygomatic buttress areas is usually 
suffi cient for stabilization. However, if more comminution is 
present and less bone contact is available, immediate bone 
grafting or secondary bone grafting reconstructive proce-
dures should be considered.

Figure 7-18 Posttraumatic anterior open bite and malocclusion.

A

B

C

Figure 7-19 A, Preoperative axial bony CT window demonstrat-
ing fractures of the pterygoid plates, anterior maxillary walls, sub-
cutaneous emphysema, and opacifi cation of the maxillary sinuses. 
B, Preoperative coronal bony CT window through the anterior 
maxilla and nasal vault demonstrating fracture at the Le Fort I level. 
C, Preoperative anterior three-dimensional reconstruction demon-
strating a horizontal fracture of the maxilla at the Le Fort I level.
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In this patient, maxillomandibular arch bars were placed. 
An intraoral circumvestibular maxillary incision was made 
to gain access to the fractured segments. After appropriate 
mobilization of the maxilla, the patient was placed into MMF. 
The maxillomandibular complex was guided passively using 
the arc of rotation of the condyle into proper anatomical 
reduction, while the patient was paralyzed to ensure that the 
condyles are appropriately positioned (failure to seat the con-
dyles may result in postoperative anterior open bite). The 
deviated septum was reduced onto the nasal crest of the 
maxilla and sutured to a hole drilled through the anterior 
nasal spine. Subsequently, the maxilla was stabilized with 
fi xation at the piriform rim and ZM buttress regions bilater-
ally (four plates). MMF was then released, and the occlusion 
was found to be as planned and reproducible.

COMPLICATIONS

Complications of Le Fort I injuries are related to the sev-
erity of the initial injury, as well as host-related factors, 
but can be categorized into intraoperative, early, and late 
complications.

Intraoperative

• Bleeding can occur as a result of damage to any number 
of the vessels that are located in the vicinity, especially 
when signifi cant disimpaction or an osteotomy is 
required for reduction of the segment. Potential sources 
of bleeding include the anterior and posterior superior 
alveolar, nasopalatine, and descending palatine arteries 
and, uncommonly, the internal maxillary artery. Packing, 
cauterization, and ligation are usually suffi cient in 
controlling most situations. In cases where hemorrhage 
cannot be controlled, external carotid artery ligation can 
be performed. Arterial angiography with embolization 
should also be considered.

• Maxillary hypoperfusion is uncommon but can occur 
especially when the maxilla is fractured in multiple 
pieces and/or when surgical splints are used. Early 
reduction and stabilization with rigid internal fi xation 
may help improve outcome. In addition, consideration 
should be given to positioning the maxilla back into 
the preoperative position (in trauma situations). 
Postoperative use of hyperbaric oxygen has been 
suggested, but its benefi ts remain unclear. If 
prefabricated occlusal splints are used, they should be 
checked to avoid impingement on the soft tissues (and 
possibly the blood supply) of the palate.

• Malpositioning of the maxilla can occur when the bony 
interferences are not appropriately evaluated and the 
maxillomandibular complex is not seated passively with 
the condyles in the correct position. This will result in a 
postoperative anterior open bite.

Early

• Control of nasal bleeding can be obtained in the 
immediate postoperative period by using a variety of 

techniques for nasal packing. A speculum and a good 
light source are essential in order to determine an 
anterior versus posterior origin. If adequate control is 
not achieved, exploration in the operating room or 
interventional radiology for angiographic evaluation may 
be necessary.

• Malocclusion can result from improper intraoperative 
maxillary positioning, early hardware failure, or 
undiagnosed mandibular or maxillary segmental 
fractures. Careful examination and appropriate imaging 
modalities help in discerning the etiology of 
malocclusion for surgical repositioning and 
refi xation.

• Infraorbital nerve paresthesia can be the result of nerve 
injury at the initial trauma, especially when fracture 
patterns extend through the infraorbital foramen, or 
from intraoperative traction or manipulation for 
adequate reduction. Nasal septal deviation can result 
from improper repositioning of the nasal septum 
onto the nasal crest of the maxilla, undiagnosed nasal 
septal injuries, or preoperative septal deformities. 
This can result in increased airway resistance, 
nasolacrimal obstruction, and aesthetic complaints by 
the patient.

• Loss of vision can result from an unfavorable fracture 
pattern of the maxilla or from the initial trauma, 
compounded by surgical manipulation of the segment 
during repositioning. The orbital process of the palatine 
bone makes up a portion of the bony orbit and has been 
hypothesized as possible cause (this is very rare for Le 
Fort I fractures but more common with Le Fort III 
injuries).

• Early postoperative infection can result from foreign 
bodies, necrotic teeth, or bony segments but is also 
related to host factors (malnutrition, 
immunocompromised state, chronic alcohol use). 
Management should be directed at appropriate antibiotic 
selection, incision and drainage, and removal of any 
possible source.

Late

• Malocclusion, if not addressed early, will typically 
present with an anterior open bite, posterior 
premature contacts, and an overall Class III skeletal 
appearance. Once union has developed, small 
discrepancies can be treated with orthodontics, while 
larger ones will need to be addressed by orthognathic 
surgery.

• Late postoperative bleeding (especially with an 
intermittent pattern) should be taken seriously. 
Pseudoaneurysm formation should be high on the 
differential diagnosis and can be evaluated by 
angiography.

• Epiphora (excessive tearing) can result from damage or 
obstruction of the nasolacrimal duct (the nasolacrimal 
duct drains beneath the inferior turbinate 11 to 17  mm 
above the nasal fl oor and 11 to 14  mm posterior to the 
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piriform aperture). Epiphora can be managed by a 
dacrocystorhinostomy procedure.

• Nonunion or fi brous union will cause the maxilla to 
demonstrate mobility, which can often be subtle. 
Management should be directed at refi xating the maxilla 
with rigid internal fi xation, skeletal fi xation, extraskeletal 
fi xation, and/or MMF.

DISCUSSION

Maxillary fractures most frequently occur as a result of 
blunt trauma from assault, sporting injuries, and motor vehicle 
accidents. They are frequently seen in conjunction with 
other facial and systemic injuries. The Le Fort classifi cation 
is frequently used to describe midface fracture patterns. 
In 1901, Rene Le Fort published the results of his experi-
ments based on 35 cadavers whose heads were subjected to 
different forms of force. Based on these fi ndings, he con-
cluded that the midface commonly fractures in three predict-
able patterns. A Le Fort level I fracture involves the anterior 
and lateral walls of the maxillary sinus, lateral nasal walls, 
the pterygoid plates, and the nasal septum (see Figure 7-25). 
It should be noted that isolated Le Fort fractures are relatively 
uncommon and that fractures occur in a variety of combina-
tions of Le Fort I, II, or III with unilateral (hemi–Le Fort) 
and bilateral fractures. The “pure” Le Fort I fracture is typi-
cally bilateral and is composed of the maxilla with associated 
alveolar bone and part of the palatine bone posteriorly. Uni-
lateral fractures are seen with an additional fracture between 
the midpalatal suture.

The blood supply to the maxilla is from the descending 
palatine artery, which contributes to the greater and lesser 
palatine arteries, the terminal branch of the nasopalatine 
artery, and from the anterior, middle, and posterior superior 
alveolar arteries. Extensive research has been done with 
regard to the blood supply of the fractured maxilla, mostly 
in association with orthognathic maxillary procedures. In 
experiments done by Bell and later by Bays and Dodson, it 
has been shown that the maxilla (along with its associated 
dentition and periodontium) maintains an adequate blood 
supply even after complete downfracture and ligation of the 
descending palatine artery. The maxilla remains pedicled to 
the palate receiving contributions from the ascending pharyn-
geal artery (a branch of the external carotid artery) and the 
ascending palatine artery (a branch of the facial artery), 
which in turn then anastomose with greater and lesser pala-
tine arteries.

Patients with suspicion of maxillary fractures should be 
approached using the ATLS protocol. Because other bodily 
injuries may be present, the initial evaluation and stabilization 
of the patient are best performed by a trauma team experi-
enced in the management of the multisystem trauma. Proper 
diagnosis should begin with careful history and physical 
examination. The mechanism of injury should be considered. 
Symptoms associated with a Le Fort I fracture may include 
facial pain, infraorbital hypoesthesia, malocclusion, or epi-
staxis. Clinical signs suggestive of a Le Fort I fracture include 

facial edema, ecchymosis, abrasions, lacerations, active epi-
staxis, palpable crepitus, mobile maxilla, and step deformi-
ties. Intraoral examination could identify fractured teeth, 
vestibular ecchymosis, mucosal lacerations, palatal edema 
and/or ecchymosis (especially with fractures associated with 
midpalatal suture), and malocclusion (typically, an anterior 
open bite with posterior occlusal premature contacts second-
ary to the vector of impact and the pull of lateral and medial 
pterygoid muscles).
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Le Fort II Fracture

Martin B. Steed, DDS, and Chris Jo, DMD

CC

A 43-year-old man arrives via EMS responders at the 
emergency department status post high-speed motor 
vehicle collision and has complaints of headache and pain 
in the mid and lower face (blunt trauma [motor vehicle 
collision, assault] is the most common etiology of Le Fort II 
injuries).

HPI

The patient was the unrestrained passenger seat occupant 
in a head-on collision with a telephone pole, without loss 
of consciousness (negative loss of consciousness reduces the 
likelihood of a closed head injury) or prolonged extrication. 
The patient had a GCS score of 15 at the fi eld. He was trans-
ported to the state Level I trauma hospital via ambulance for 
complete assessment and evaluation. You are consulted to 
evaluate the patient for his facial injuries.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

His past medical history is signifi cant for hypertension, 
which is controlled with metoprolol (β1-selective blocker 
[cardioselective]).

EXAMINATION

The initial evaluation of a trauma patient should be completed 
by following the ATLS protocol.

Primary Survey

There were no signifi cant fi ndings (control of the airway and 
hemorrhage are both part of the primary survey. Compro-
mised airway and life-threatening hemorrhage are unlikely 
with isolated Le Fort I or II injuries; however, they can be 
seen with more complex facial fractures [higher FISS]). In a 
series of 22 patients with isolated Le Fort II injuries, Bagheri 
and associates reported that two patients (9%) required a 
tracheostomy, one (4.5%) required neurosurgical interven-
tion, and one (4.5%) patient died as a consequence of the 
facial trauma.

Secondary Survey

General. The patient is a well-developed and well-nourished 
male in no apparent distress, with a transport cervical-collar 
in place (Figure 7-20). He has a GCS score of 15. He is alert 
and oriented to time, place, and person.

Maxillofacial. There is moderate bilateral midface and 
periorbital edema with left facial abrasions extending over 
the left lip. There is signifi cant periorbital ecchymoses 
(left greater than right). Bony crepitus is detected upon 
palpation at the nasofrontal junction and nasal bones (indica-
tive of nasal bone fractures). The maxilla is grossly mobile 
(indicative of a Le Fort fracture). There is mobility and 
increased bony crepitance at the nasofrontal junction upon 
mobilizing the maxilla with bimanual manipulation (indica-
tive of a Le Fort II or III fracture pattern). There are 
step deformities and pain upon palpation at the inferior 
orbital rims bilaterally (consistent with a Le Fort II fracture). 
There are no step deformities, bony crepitus, or pain upon 
palpation at the lateral orbital rims or zygomatic arches bilat-
erally (reduces the likelihood of ZMC or Le Fort III frac-
tures). There is hypoesthesia along the infraorbital nerve 
distribution bilaterally (commonly seen after fractures of the 
anterior maxillary wall, inferior orbital rim, and orbital 
fl oor).

Intraoral and occlusion. The dentition is in good repair. 
There is a 4-mm anterior open bite and bilateral posterior 
prematurities (indicative of maxillary or mandibular frac-
tures). The dentoalveolar segments are stable (rules out den-
toalveolar fracture). The mandible is stable, without any signs 
of fracture (pain, ecchymoses, step deformity, bony crepi-
tance, mobility, or deviation).

Eyes. Extraocular movements are intact, and pupils are 
equal round and reactive to light and accommodation 
(PERRLA). Visual acuity is 20/20 in both eyes (OS and OD). 
There is no subconjunctival hemorrhage or hyphema (blood 
in the anterior chamber of the eye), and there is no proptosis 
or enophthalmos. Fundoscopic examination reveals no 
abnormalities.

Intranasal. There is bright red blood in the bilateral nasal 
cavities. The nasal septum is deviated to the right with no 
evidence of a septal hematoma.

IMAGING

Mandatory trauma plain-fi lm radiographic series in the acute 
setting include cross-table cervical-spine, portable anteropos-
terior chest radiography, and an anteroposterior pelvis 
radiograph. Other studies are added as needed, including 
cervical-spine series (in suspected cervical-spine injury), 
thoracic and lumbar spine series (indicated in motor vehicle 
collisions with ejection, in rollover accidents, or in symptom-
atic patients), and extremity radiographs (when fracture or 
dislocation is suspected).
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Axial-cut bony window CT scans (with or without coronal 
reconstructions) are the gold standard radiographic examina-
tion for midfacial fractures. Direct coronals are useful but 
should be avoided in patients with suspected cervical-spine 
injury (patient’s head needs to be hyperextended for direct 
coronal CT). Three-dimensional reconstructions are helpful 
adjuncts as they provide the most graphic representation of 
the fractures, degree of displacement, and orientation of 
fragments.

A facial helical CT scan without contrast was obtained 
after the primary and secondary surveys were completed. 
Axial bony windows showed bilateral fractures extending 
through the pterygoid plates, the anterior and lateral maxil-
lary walls, and an air-fl uid level in the bilateral maxillary 
sinuses (consistent with blood in the sinuses). A moderate 
amount of soft tissue edema and emphysema is noted (Figure 
7-21, A). Coronal views revealed bilateral infraorbital rim 
fractures continuing posteriorly through the medial orbital 
walls and separation of the nasofrontal suture. Sagittal views 
demonstrated a left orbital fl oor defect. Three-dimensional 
reconstruction views allow clear visualization of the lines of 
fracture (Figure 7-21, B).

LABS

Standard laboratory tests for the evaluation of multisystem 
trauma patients included CBC, complete metabolic panel, 

arterial blood gas, urine analysis, and coagulation studies 
(PT/PTT/INR). A urine drug screen and blood alcohol level 
can be of value. In this patient, all laboratory values were 
within normal limits.

ASSESSMENT

Isolated midface fracture consistent with the Le Fort II 
pattern, with concomitant left orbital fl oor defect and dis-

Figure 7-20 A patient immediately upon arrival to the emergency 
department. Note is made of the bilateral periorbital ecchymoses 
and midfacial edema.

A

B

Figure 7-21 A, Preoperative coronal bony CT window demon-
strating fractures of the pterygoid plates, comminuted fracture of 
the bilateral maxillary anterior walls, subcutaneous emphysema, 
and fl uid levels within the bilateral maxillary sinuses. B, Preopera-
tive anterior three-dimensional reconstruction demonstrating a 
pyramidal fracture (Le Fort II level) with fractures of the maxilla 
extending superiorly to the bilateral orbital rims and through the 
medial lower third of the orbits onto the nasal frontal junction.
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placed nasal septal fracture; FISS score of 5 (Le Fort II 
fracture = 4, orbital fl oor fracture = 1)

TREATMENT

A variety of treatment modalities have been advocated for the 
treatment of Le Fort II–level fractures, but they are generally 
categorized into open versus closed reduction techniques, or 
a combination of the two. The majority of Le Fort–type frac-
tures commonly occur in conjunction with other facial, neu-
rological, or orthopedic injuries. Among many factors, each 
case is treated based on the individual fracture patterns, 
medical comorbidities, associated systemic trauma, status of 
the airway, hemorrhage, and available resources. Several 
factors that are important in the management of Le Fort II 
injuries are outlined here. (Readers are advised to also refer 
to the Le Fort I and III and panfacial fracture cases discussed 
in this chapter.)
• Le Fort fractures that are complicated by a palatal 

fracture may benefi t from the use of surgical splints, to 
achieve an optimal postoperative occlusion.

• The degree of comminution at the anterior and lateral 
maxillary walls may complicate reduction at the ZM 
buttress. This may require immediate or secondary bone 
grafting techniques.

• The absence of mandible fractures and an intact 
dentition signifi cantly facilitates the treatment of this 
(and most midface injuries involving the dentate 
segments). Placement of the patient in intermaxillary 
fi xation will allow accurate alignment of the midface 
structures. In the presence of mandible fracture(s), 
treatment needs to be dictated by anatomical alignment 
at stable segments.

• All fracture sites do not need to be visualized or fi xated 
for proper alignment of the segments. Adequate fi xation 
at the bilateral ZM and/or orbital rim areas may alleviate 
the need for fi xation at the nasofrontal suture (thereby 
avoiding a coronal or other unsightly incisions). If the 
segment is unstable despite fi xation at these areas, 
exposure of the nasofrontal area may be necessary using 
a variety of approaches (coronal, upper blepharoplasty, 
lynch, direct, or existing lacerations).

• A maxillary vestibular incision provides access to the 
ZM buttresses and can frequently provide suffi cient 
access to the inferior orbital rims for alignment and 
fi xation. Various periorbital incisions (transconjunctival 
with or without lateral canthotomy and subciliary 
incisions are the most commonly used) can provide 
access to the inferior orbital rim and orbital fl oor.

• Commonly, midface fractures are comminuted Le Fort 
patterns that require additional fi xation of the fragmented 
segments in a “stable to unstable” fashion. Infrequently, 
immediate bone grafting to reconstruct severely 
comminuted or avulsed bony segments is required.

• The airway should be secured for safe anesthetic 
administration, optimal surgical care, ease of intubation, 
and decreased morbidity. In cases of severe midface 

fractures, early tracheostomy may be necessary. Unstable 
midface structures and posterior nasopharyngeal 
hemorrhage can make intubation challenging. 
Management of the intraoperative airway must be 
anticipated as patients with Le Fort II fractures often 
necessitate both MMF and nasal septal correction, 
making the choice between oral and nasal tubes diffi cult. 
Submental intubation techniques can be considered via a 
transcutaneous incision penetrating the anterior fl oor of 
the mouth.

This patient underwent an awake fi beroptic intubation with a 
nasoendotracheal tube. There was no severe bleeding into the 
oropharynx. The tube was changed to an oral tube during the 
case to allow correction of the nasal septum after the bone 
fractures were reduced and fi xated. Care must be taken in 
placing nasoendotracheal tubes in patients with midface frac-
tures that may have basilar skull components, as there have 
been isolated reports of intracranial placement of the endo-
tracheal tube.

ORIF of the maxilla was accomplished in concert with 
closed treatment of the nasal bone fracture. An intraoral cir-
cumvestibular maxillary incision was made to gain access to 
the fractured maxillary segments. Bilateral transconjunctival 
incisions with lateral canthotomy and cantholysis were also 
used to gain access to the bilateral infraorbital rim region and 
allow for proper reduction and stabilization of the infraorbital 
rims (Figure 7-22, A). The left orbital fl oor was explored and 
a 1.5 × 2-cm fl oor defect was reconstructed using a titanium 
mesh. No direct visualization of the nasofrontal junction was 
necessary in this case, and the nasal bones were reduced in 
a closed manner. Upon appropriate maxillary mobilization, 
proper reduction was achieved after the establishment of 
MMF. The maxillomandibular complex was manipulated 
passively into proper reduction, while ensuring that the con-
dylar heads were appropriately positioned. The nasal tube was 
then changed to an oral endotracheal tube to allow easier 
manipulation of the nasal complex. The deviated septum was 
not reduced easily (may be indicative of preexisting nasal 
septal deformity), necessitating a Killian incision and sub-
perichondrium dissection with judicious septal cartilage 
resection. This allowed for ideal reduction of the septum. 
Subsequently, the maxilla was stabilized with four-point 
fi xation (at the right piriform rim, bilateral infraorbital rims, 
and bilateral ZM buttress regions. Secondary to good bone 
contact, L-shaped and curved plates were used from a 2.0-mm 
plating set (Figure 7-22, B). MMF was then released and 
occlusion was found to be stable and reproducible. The inci-
sions were meticulously closed. The nose was stabilized with 
a Denver splint (thermoplastic splints can also be used). A 
postoperative posteroanterior radiograph demonstrates the 
position of the rigid fi xation plates (Figure 7-23).

COMPLICATIONS

Complications of Le Fort II injuries are related to the severity 
of the initial injury and host-related factors but can be catego-
rized into intraoperative, early, and late complications.
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Intraoperative

• Bleeding can occur as a result of damage to any number 
of the vessels that are located in the vicinity, especially 
when signifi cant disimpaction or an osteotomy is 
required for reduction of the segment. Potential sources 
of bleeding include the anterior and posterior superior 
alveolar, nasopalatine, and descending palatine arteries 
and, uncommonly, the internal maxillary artery. 
Packing, cauterization, and ligation are usually suffi cient 
in controlling most situations. In cases where 
hemorrhage cannot be controlled, external carotid 
artery ligation can be performed. However, arterial 
angiography with embolization should be strongly 
considered.

• Maxillary hypoperfusion is uncommon but can occur, 
especially when the maxilla is fractured in multiple 
pieces, and/or when surgical splints that impinge on the 
palatal mucosa compromise the blood fl ow are utilized. 
Early reduction and stabilization with rigid internal 
fi xation may help improve the outcome. Postoperative 
use of hyperbaric oxygen has been suggested, but its 
benefi ts remain unclear. If prefabricated occlusal splints 
are used, they should be checked to avoid impingement 
on the soft tissues of the palate.

• Malpositioning of the maxilla can occur when the bony 
interferences are not appropriately evaluated and the 
maxillomandibular complex is not seated passively with 
the condyles in correct position. This results in a 
postoperative anterior open bite. Infrequently, 
osteotomies are required to completely disimpact and 
reduce the midface.

Early

• In the immediate postoperative period, control of nasal 
bleeding can be obtained using a variety of nasal packs. 
A nasal speculum and a good light source are essential 
in order to determine the anterior or posterior origin. If 
adequate control is not achieved, exploration in the 
operating room or interventional radiology for 
angiographic evaluation may be necessary.

• Malocclusion can result from improper intraoperative 
maxillary positioning, early hardware failure, or 
undiagnosed mandibular or maxillary segmental 
fractures. Thorough examination and appropriate 
imaging modalities help in discerning the etiology of 
malocclusion for surgical repositioning and 
refi xation.

• Nasal septal deviation can result from improper 
repositioning of the nasal septum onto the septal crest 
of the maxilla, undiagnosed nasal septal injuries, or 
preoperative septal deformities. The septum is by 
defi nition fractured in Le Fort II injuries, and 
special care must be taken to identify and reduce 
deviations.

• Loss of vision can result from an unfavorable fracture 
pattern of the maxilla or from the initial trauma, 

A

B

Figure 7-22 A, Transconjunctival approach to expose the right 
infraorbital rim fracture for alignment and fi xation. B, Plating of 
the left maxillary buttress through a maxillary vestibular incision.

Figure 7-23 Postoperative posterior-anterior radiograph demon-
strating reduction and fi xation of the Le Fort II fracture.
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compounded by surgical manipulation of the segment 
during repositioning. The orbital process of the palatine 
bone makes up a portion of the bony orbit and has been 
hypothesized as a possible cause.

• Early postoperative infection can result from foreign 
bodies, necrotic teeth, or bony segments but is also 
related to host factors. Management should be directed at 
appropriate antibiotic selection, incision and drainage, 
and, when possible, removal of the source.

Late

• Malocclusion, if not addressed early, will typically 
present with an anterior open bite, posterior premature 
contacts, and an overall Class III skeletal appearance. 
Once union has developed, small discrepancies can be 
treated with orthodontics, while larger ones need to be 
addressed by orthognathic surgery.

• Late postoperative bleeding (especially with an 
intermittent pattern) should be taken seriously. 
Pseudoaneurysm formation should be high on the 
differential diagnosis and can be evaluated by 
angiography.

• Epiphora (excessive tearing) can result from damage or 
obstruction of the nasolacrimal duct (the nasolacrimal 
duct drains beneath the inferior turbinate 11 to 17  mm 
above the nasal fl oor and 11 to 14  mm posterior to the 
piriform aperture). Epiphora can be managed by a 
dacrocystorhinostomy procedure.

• Nonunion or fi brous union will cause the maxilla to 
demonstrate mobility, which can be subtle. Management 
should be directed at rigidly refi xating the maxilla with 
rigid internal fi xation, skeletal fi xation, and/or MMF.

DISCUSSION

Patients with a suspected maxillary fracture should be 
approached in a manner consistent with ATLS protocol. The 
initial evaluation and stabilization of the patient are best per-
formed by a trauma team experienced in the management of 
the multisystem trauma patient. Airway management in 
patients sustaining a Le Fort II injury is paramount as patients 
with higher-level Le Fort injuries have less readily accessible 
sources or bleeding, often mandating a surgical airway. 
Clinicians treating midface trauma should be prepared to 
establish a surgical airway both acutely and in more con-
trolled settings.

The proper diagnosis should begin with careful history and 
physical examination. The mechanism of injury should be 
carefully assessed and obtained from the patient in detail. In 
a review of isolated midface fractures by Bagheri and col-
leagues, a statistically signifi cant difference in the Injury 
Severity Score was detected between patients with Le Fort I 
versus II or III injuries. In their series of 67 patients, 3 patients 
(4.5%) died—1 patient with a Le Fort II (Injury Severity 
Score of 24) and two with Le Fort III fractures (both with an 
Injury Severity Score of 35). In addition, patients with Le Fort 

II or III fractures had a signifi cantly higher probability of 
intensive care unit admission or immediate operative inter-
vention (86.4% and 82.1%, respectively) than did patients 
with Le Fort I injuries (50%). This may be refl ective of more 
severe airway compromise, uncontrollable hemorrhage, or 
neurosurgical complications.

Symptoms associated with a Le Fort II fracture include 
facial pain, infraorbital hypoesthesia (which usually results 
secondary to direct trauma to the infraorbital nerve or from 
the surrounding edema), malocclusion, and epistaxis. Clinical 
signs suggestive of a Le Fort II fracture include facial edema, 
ecchymosis, abrasions, lacerations, active epistaxis, palpable 
crepitus, and step deformities at the bilateral infraorbital rims. 
Intraoral examination should identify fractured teeth, ves-
tibular ecchymosis, mucosal lacerations, palatal edema and/
or ecchymosis (especially with fractures associated with mid-
palatal suture), and malocclusion (typically, an anterior open 
bite with posterior occlusal premature contacts secondary to 
the vector of impact and the pull of lateral and medial ptery-
goid muscles).

Maxillary fractures at the Le Fort II level are pyramidal 
in shape. They involve the nasal bones, maxilla (including 
pterygoid plates), orbital rim, palatine bones, and the lower 
two-thirds of the nasal septum zygoma. The base of the 
pyramid is the pterygoid plates, and the fracture lines extend 
superiorly through the ZM suture and the medial inferior 
third of the nasal bones and cross the midline at the nasofron-
tal suture.

Treatment is analogous to that of other Le Fort injuries, 
but special attention must be given to early control of the 
airway and hemorrhage and correct surgical management of 
the orbital component, nasal complex, and nasal septum.
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Le Fort III Fracture

Chris Jo, DMD, Shahrokh C. Bagheri, DMD, MD, and Martin B. Steed, DDS

CC

A 37-year-old man is transported to the emergency depart-
ment by EMS personnel status post motor vehicle accident 
(most common etiology of Le Fort III injures). You are called 
down to the trauma bay for evaluation of facial injuries.

HPI

The patient was an unrestrained driver (higher risk for more 
severe facial injuries) involved in a high-speed, head-on col-
lision with another vehicle. There was no roll-over or ejection 
(lower risk of cervical, thoracic and lumbar spine injury), but 
signifi cant damage was done to the front side of the car with 
6-inch intrusion and steering wheel deformity (evidence of 
signifi cant energy transfer to the head and neck). Upon arrival 
of the EMS personnel, the patient was hunched over the steer-
ing wheel and had a GCS score of 13. Fifteen minutes later 
(rapid transport time has reduced prehospital morbidity) at 
the emergency department, his primary survey was intact, 
vital signs were consistent with mild volume loss (tachycardia 
and hypotension), and a repeat GCS score was 11 (moderate 
head injury). He recalls striking the steering wheel with his 
upper face and admits to loss of consciousness for an unknown 
period of time (indicative of a closed head injury). Otherwise, 
he does not recall the events surrounding the accident. Sec-
ondary to decreasing mental status and uncontrolled nasopha-
ryngeal hemorrhage, the patient was orally intubated with 
in-line cervical spine stabilization in the emergency depart-
ment (approximately 40% of patients with Le Fort III injuries 
require advanced airway interventions).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient’s histories are unknown (when possible, informa-
tion may be obtained from family members).

EXAMINATION

ATLS Primary Survey

Airway and cervical spine control. The patient was orally 
intubated with a transport cervical-collar in place. (In a 
review of 563 patients with maxillofacial injuries, Haug and 
colleagues found that concomitant cervical-spine fractures 
occurred in 2% of patients. Of those with cervical-spine frac-
tures, 91% had mandibular fractures. Bagheri and associates 
found a 1.5% incidence of cervical-spine fractures in a series 
of 67 patients with isolated midface fractures.)

Breathing and oxygenation. He was intubated and on 
mechanical ventilation with clear and equal breath sounds 
bilaterally and with oxygen saturation of 99% on an Fio2 
of 100%.

Circulation and hemorrhage control. His blood pressure 
is 105/71  mm  Hg and heart rate of 115 bpm (mild hypotension 
and tachycardia are indicative of mild volume depletion; 
Class II hypovolemic shock is indicative of 15% to 30% blood 
volume loss, which is characterized by a normal mean arterial 
blood pressure, decreased pulse pressure, decreased urine 
output [20 to 30  ml/hr], and anxiety). Moderate hemorrhage 
was observed in the nasopharynx and oral cavity (blood 
pooling in the nasopharynx can arise from the posterior, 
commonly from Woodruff’s plexus, or anteriorly from 
Kiesselbach’s plexus. Nasal bleeds can be a source of sig-
nifi cant blood loss if not controlled). The oral and nasal 
cavities were rapidly packed to control the acute hemorrhage 
(hemorrhage control and fl uid resuscitation are initiated). 
Control of hemorrhage and adequacy of resuscitation must 
be frequently reassessed. This patient responded well to a 
2-L bolus of lactated Ringer’s, and the anteroposterior nasal 
packs controlled the bleeding.

Disability and dysfunction. On the AVPU scale (A, 
awake; V, responds to voice; P, responds to pain; U, unrespon-
sive) assessment, the patient is responsive to pain. His GCS 
score was E3, M5, V1T = 9T. The right pupil is 4  mm and 
reactive, and the left pupil is fl accid with irregular and non-
reactive (indicative of globe rupture). Sedation should be 
discontinued for an accurate assessment of mental status as 
needed.

Exposure and environmental control. The patient’s 
clothing is removed, and a warm blanket or other warming 
devices are used to prevent hypothermia.

ATLS Secondary Survey

Allergy—medications—past medical history—last meal—
events leading to presentation (A-M-P-L-E) history is taken 
from available sources.

General. The patient is a well-developed man who is intu-
bated and sedated, with a cervical-collar in place.

Neurological. There is no evidence of cerebrospinal fl uid 
rhinorrhea or otorrhea; the GCS score is 9T. Sequential neu-
rological examination of the intubated patient is more chal-
lenging than that in the conscious patient. All sedation should 
be withheld before the neurological evaluation. For this 
reason, propofol is the sedative drug of choice, allowing for 
rapid emergence and hourly AVPU assessment and GCS 
scoring. Pupils are checked for size and responsiveness (large, 
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unresponsive pupils are indicative of increased intracranial 
pressure). Motor strength and responsiveness are assessed on 
all four extremities (motor weakness can be indicative of 
intracranial or spinal derangement). In the intubated patient, 
a high index of suspicion for intracranial hemorrhage and 
edema should be maintained. Any acute deterioration in neu-
rological status warrants a STAT head CT or an intracranial 
monitoring device. An initially low-yield neurological exam-
ination (unconscious and unresponsive), the need for deep 
sedation, paralysis, or severe head injury with evidence of 
elevated intracranial pressure warrants an intracranial pres-
sure–monitoring device.

Eyes. There is signifi cant periorbital edema, with OS 
greater than OD. OD examination shows a pupil that is 
round, reactive, and sluggish (4  mm → 2  mm). OS examina-
tion shows a pupil that is large, irregular, and nonreactive, 
and the globe is fl accid (ruptured globe). Visual acuity 
cannot be assessed. There is severe bilateral periorbital ecchy-
mosis (raccoon eyes, indicative of anterior basilar skull 
fracture).

Maxillofacial. The examination shows signifi cant facial 
edema and ecchymosis, with step deformity at the lateral 
orbital rims bilaterally and at the nasofrontal junction with 
notable crepitus. Infraorbital rims are intact without step 
deformities. The maxilla is grossly mobile with associated 
mobility and crepitus palpated at the nasofrontal junction 
and lateral orbital rims bilaterally (indicative of maxillary/
midface disjunction at the Le Fort III level). Intercanthal 
distance is 32  mm with a negative bowstring test (normal 
intercanthal distance is 30 to 34  mm and varies between 
races [increased for African and Asian descent] and gender 
[females less than males] depending on the study). There is 
no dystopia (disturbance in globe position relative to the 
normal globe position in the vertical and horizontal planes) 
or enophthalmos (loss of anteroposterior projection in globe 
position) (however, enophthalmos and dystopia are hard to 
assess in the presence of signifi cant edema). Tympanic mem-
branes are clear and intact, and there is no Battle’s sign 
(ecchymosis in the mastoid region indicative of posterior 
basilar skull fracture). There is a laceration of the lower face 
that involves the full thickness of the lip (8  cm) and multiple 
other abrasions.

Intraoral. Occlusion is diffi cult to assess secondary to 
orotracheal intubation. Ecchymosis at the posterior soft palate 
bilaterally (Guerin’s sign, indicative of pterygoid plate dis-
junction/fracture). The mandible is stable, without step defor-
mities. The dentition is in good repair.

IMAGING

Mandatory trauma plain-fi lm radiographic series in the acute 
setting include cross-table cervical-spine, portable antero-
posterior chest radiography, and an anteroposterior pelvis 
radiograph. Other studies are added as needed, including 
cervical-spine series (in suspected cervical-spine injury), tho-
racic and lumbar spine series (indicated in motor vehicle 
accident with ejection or roll-over or in symptomatic patients), 

and extremity radiographs (when fracture or dislocation is 
suspected).

Axial-cut bony window CT scanning (with coronal recon-
structions) is the gold standard radiographic examination for 
midfacial fractures. Direct coronal views are useful but should 
be avoided in patients with suspected cervical-spine injury 
(patients head needs to be hyperextended for direct coronal 
CT). Three-dimensional reconstructions are helpful adjuncts 
as they provide the most graphic representation of the frac-
tures, degree of displacement, and orientation of fragments.

In this patient, CT studies reveal fracture lines extending 
from the nasofrontal suture through the medial wall of the 
orbit and the superior orbital fi ssure, along the lateral orbital 
wall in the area of the ZF suture, extending along the ZS 
suture, and ending at a separation of the pterygomaxillary 
junction (pterygoid plates). There is also a fracture of the 
zygomatic arches bilaterally (near the ZT sutures). This is a 
classic description of a pure Le Fort III fracture pattern.

An initial head CT for baseline evaluation and follow-up 
repeat scan are warranted for patients at risk for intracranial 
hemorrhage. In this patient, this is indicated due to the loss 
of consciousness and decreased mental status (as measured 
by GCS). His scan demonstrated bifrontal lobe contusions 
with no epidural or subdural hematomas. There was no evi-
dence of increased intracranial pressure by CT scan. An inter-
val head CT showed no evolution of the intracranial injury 
(Intracranial injury is the most common concomitant injury, 
seen in up to 50% of cases with midfacial fractures). An 
initial head CT that is negative may require a repeat head CT 
at 12 to 24 hours (closed head injuries may not have early CT 
fi ndings and may likely present after 24 hours).

LABS

Standard laboratory tests for the evaluation of multisystem 
trauma patients included CBC, complete metabolic panel, 
arterial blood gas, urine analysis, and coagulation studies 
(PT/PTT/INR). A urine drug screen and blood alcohol level 
are indicated in patients with decreased mental status.

This patient demonstrated decreased hemoglobin (11.2  g/
dl) and hematocrit (32.6%) (indicative of blood loss and fl uid 
resuscitation). Arterial blood gas analysis showed a mild base 
defi cit −3.5 (base defi cit is one of the parameters monitored 
for adequacy of resuscitation in hypovolemic shock and is a 
better indicator of acute blood loss than hemoglobin/hemato-
crit). There was also a mild elevation in his blood urea nitro-
gen and creatinine (indicative of prerenal azotemia secondary 
to blood loss) and a positive blood alcohol level (common in 
the trauma patients). The remainder of his laboratory tests 
were within normal limits.

ASSESSMENT

Isolated midface fracture consistent with the Le Fort III 
pattern complicated by signifi cant nasopharyngeal hemor-
rhage, closed head injury, a ruptured left globe, and lacera-
tion of the lower face and lip; FISS score of 6
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TREATMENT

Treatment of the patient begins with the ATLS protocol. 
Establishment of a secure airway, cervical-spine stabilization, 
and control of hemorrhage from the maxillofacial region is 
paramount. An emergency surgical airway may be necessary 
(discussed later) if oral endotracheal intubation fails. Intuba-
tion can be diffi cult due to the altered anatomy, edema, and 
hemorrhage from the nasopharynx. For posterior nasal hem-
orrhage, posterior nasal packing can be used to tamponade 
the bleeding; a variety of methods and equipment can be 
used. A Foley catheter or cuffed endotracheal tube can be 
carefully inserted into the nares and passed beyond the naso-
pharynx; the balloons are then infl ated, and the catheter/tube 
is advanced out until the balloons are snug against the poste-
rior nasal aperture. Anterior nasal packing can also be 
achieved by various methods, including ribbons, sponges, or 
plain gauze. Special anteroposterior nasal packs are available 
(e.g., Rhino Rocket; Shippert Medical) but are more expen-
sive and not readily available in all emergency departments 
or operating rooms. Figure 7-24 shows a patient with bilateral 
Le Fort III fracture with cervical-collar and a tracheostomy 
in place, a ruptured left globe, and multiple nasal and oral 
packings.

A single-piece Le Fort III fracture is a relatively simple 
(but less common) fracture to reduce and rigidly fi xate than 
a comminuted fracture. Reduction should be achieved at the 
lateral orbital rim (ZF suture area), nasofrontal region, and 
zygomatic arch (ZT suture area). Not all reduced areas need 
to be rigidly fi xated. The locations, amount, and size of fi xa-
tion vary among surgeons and also depend on the severity of 
the displacement. With the advent of miniplate rigid fi xation, 

the need for wire fi xation has become obsolete. A key and 
often challenging step in the surgical correction of Le Fort 
fractures is disimpaction of the maxillofacial unit to allow 
passive positioning of the segment. This can be achieved by 
different techniques. The Rowe disimpaction forceps is a 
popular instrument used for mobilizing and reducing the 
maxillary unit.

After the maxillary segment is mobilized, the patient is 
placed into MMF, and the intact mandibular arch of rotation 
is used to determine the anatomical reduction of the facial 
and cranial units. Intraoperative MMF may not be possible in 
the setting of orally placed endotracheal tube. Oral intubation 
can be done if there is an edentulous space, where the endo-
tracheal tube can pass with the patient in MMF, or via a 
submental intubation technique, where the endotracheal tube 
is passed through the fl oor of the mouth and exits the skin in 
the submental space. Nasotracheal intubation or tracheotomy 
are alternative options. If prolonged postoperative intubation 
is expected, a tracheotomy would be favored. If the patient is 
expected to be extubated at the completion of the procedure, 
consideration should be given to nasotracheal intubation. 
There are isolated reports of gastric or nasoendotracheal 
tubes being passed intracranially in patients with severe facial 
fractures that include the base of skull. However, there is 
insuffi cient evidence to exclude this technique in the hands 
of skilled personnel. It is believed that a trained anesthesiolo-
gist in the operating room can safely nasally intubate a patient 
without the risk of intracranial injury. Emergency cricothy-
roidotomy may be required in cases of acute airway obstruc-
tion. In a review of 64 patients with Le Fort fractures, Ng and 
associates found that hemorrhage into the upper airway was 
the most common reason for airway embarrassment. A third 
of these patients required an emergency surgical airway. 
Bagheri and colleagues found an overall incidence of trache-
ostomy in 22.4% of patients with midfacial fractures. Sixty-
six percent of their patients with Le Fort III fractures required 
a tracheostomy.

Incision designs should allow adequate access for evalua-
tion and possible fi xation of the nasofrontal region, lateral 
orbital rim, and zygomatic arches. Existing lacerations can be 
used for access and may substitute for the need for the coronal 
incision. This incision is ideal and provides suffi cient access 
to the frontal area (nasofrontal junction and lateral orbital 
rims) and zygomatic arches; it will also allow for complete 
visualization, reduction, and fi xation. However, not all Le 
Fort III fractures need to be treated with a coronal incision. 
An adequately reduced Le Fort III fracture may not require 
fi xation at every involved suture (such as the nasofrontal), and 
therefore the coronal incision is not always mandatory. The 
lateral orbital rims can also be approached via a lateral brow 
or upper blepharoplasty (supratarsal fold) incision. This will 
not give direct access to the zygomatic arches, and reduction 
in this area cannot be visually confi rmed. In absence of direct 
visualization of the fracture segments, the occlusion and the 
mandibular arch of rotation need to be reliable sources for 
adequate reduction, and consideration of a larger plate (2.0) 
at the lateral orbital rim would be prudent. Comminution at 

Figure 7-24 A patient with Le Fort III fracture with multiple nasal 
and oral packing used to control posterior nasal and pharyngeal 
hemorrhage. The airway has been secured with a tracheostomy.
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any areas of this fracture will make optimal visualization 
essential, thus favoring a coronal incision. Not uncommonly, 
an intracranial pressure–monitoring device will be in place, 
either a Camino bolt or an external ventriculostomy drain. 
These devices may be avoided by a releasing incision in the 
coronal fl ap.

Most commonly, Le Fort III fractures are comminuted and 
not bilaterally symmetrical and must be described by the 
individual components. Le Fort III facial fractures can present 
in all possible combinations (comminuted, unilateral, dis-
placed, or nondisplaced including Le Fort I, II, or III, ZMC, 
orbital fl oor/rim, nasal, and NOE fractures. All these frac-
tures are discussed in isolation or in conjunction with other 
fractures elsewhere in this book).

COMPLICATIONS

Major complications secondary to surgical correction of Le 
Fort III fractures are rare. Ill effects secondary to the initial 
trauma are usually the most devastating component (i.e., loss 
of airway, loss of vision, intracranial, cranial nerve, or vas-
cular injuries). Bagheri and associates found that of their 67 
patients with midfacial fractures, 4.5% required ophthalmo-
logic surgical intervention. Two required repair/exoneration 
of a ruptured globe, and a third required intervention for a 
lens dislocation with scleral laceration repair. All three of 
these patients had Le Fort III fractures. Ten patients (14.9%) 
required neurosurgical intervention, of whom 70% had Le 
Fort III injuries.

Cerebrospinal fl uid leak secondary to a tear in the dura 
mater can be an initial or a late presenting sign. This can 
present as cerebrospinal fl uid rhinorrhea or otorrhea. Le Fort 
III fractures can involve a fracture of the cribiform plate and 
dural tear, resulting in a cerebrospinal fl uid leak. In a study, 
Bell and associates reported an overall cerebrospinal fl uid 
leak incidence of 4.6% in patients with severe facial trauma 
and/or basilar skull fractures. In their study, cerebrospinal 
fl uid otorrhea was almost three times more common than 
cerebrospinal fl uid rhinorrhea; however, in Le Fort III frac-
tures, cerebrospinal fl uid rhinorrhea was more likely. The vast 
majority (84.6%) of cerebrospinal fl uid leaks resolved without 
surgical intervention in 2 to 10 days. Cerebrospinal fl uid rhi-
norrhea is often described as a “tram line” running from the 
nose. Leaks are usually self-limiting, and reducing the frac-
ture may assist in slowing down the fl ow, to allow closure of 
the dura. A bedside cursory evaluation of nasal secretions can 
be performed to suggest whether the mixture of fl uid contains 
cerebrospinal fl uid. If cerebrospinal fl uid is placed on a linen 
sheet, it forms concentric circles (halos); this test is neither 
sensitive nor specifi c. Beta-transferrin is the most sensitive 
laboratory test to identify cerebrospinal fl uid. Neurosurgery 
should be consulted for all cerebrospinal fl uid leaks, which 
can be initially observed for resolution. Persistent cerebrospi-
nal fl uid leaks, defi ned as leaks lasting longer than 7 days, 
can be managed by cerebrospinal fl uid diversion techniques, 
in which a ventriculostomy drain or a lumbar drain is placed 
to reroute the leak allowing the dural tear to heal. Signifi cant 

leaks that are refractory to initial treatment may require a 
bifrontal craniotomy and direct dural repair. Bell and associ-
ates reported an overall incidence of persistent cerebrospinal 
fl uid leaks of 0.8% (six patients, of whom four required 
surgical intervention). The use of prophylactic antibiotics is 
controversial in the case of cerebrospinal fl uid leaks or pneu-
mocephalus. Current data suggest that prophylactic antibiot-
ics may not be indicated in either situation.

Other complications of a Le Fort III fractures include 
nonunion, malunion, cosmetic deformity, unsightly scars and 
hair loss (secondary to coronal incision), malocclusion, infec-
tion (local wound abscess, meningitis, cerebral abscess, and 
epidural empyema have been reported), facial nerve palsy 
(weakness to temporal branch of facial nerve [cranial nerve 
VII] secondary to a coronal incision), and trigeminal nerve 
injury (V1 hypoesthesia, dysesthesia, or anesthesia secondary 
to coronal incisions).

DISCUSSION

Le Fort is credited for identifying and classifying the classic 
facial fracture patterns (Le Fort I, II, and III) (Figure 7-25) 
through the study of human cadaver heads. Despite this clas-
sifi cation system, even Le Fort made the observation that 
fracture patterns are commonly unilateral, in combination 
with other level fractures, and/or comminuted. This is also 
true in clinical practice. Knowledge of the fracture lines and 
patterns has signifi cantly helped surgeons develop recon-
structive strategies in trauma, craniofacial, and orthognathic 
surgery. A pure Le Fort III fracture results from blunt trauma 
at the level of the nasofrontal junction and upper lateral orbital 
rims. It is less common for a Le Fort III fracture to present 
without comminution or combination with other Le Fort 
level or maxillofacial fractures. The literature on Le Fort III 
fractures is sparse, primarily due to the low incidence of 
a “pure” Le Fort III fracture as originally described by 
Le Fort. However, the right amount of force in the right 
location can propagate a craniofacial disjunction.

Le Fort II
level

Le Fort III
level

Le Fort I
level

Figure 7-25 The fracture levels for Le Fort I, II, and III.

Ch007-A04574.indd   188 6/27/2007   2:55:07 PM



Le Fort III fractures are also referred to as complete 
craniofacial disjunctions or separation, in which the facial 
skeleton is disarticulated from the cranial base. This type of 
fracture involves the nasal bones, zygomas, maxilla, palatine 
bone, and pterygoid plates of the sphenoid bone. The fracture 
lines travel along the areas of least resistance, but not neces-
sarily coincident with, the suture lines (as described in the 
radiographic fi ndings).

Paul Tessier, the “father of craniofacial surgery,” and other 
craniofacial surgeons have popularized the principles of wide 
exposure and direct viewing of the fracture segments. Verti-
cal and horizontal buttresses of the face and their articula-
tions were used for alignment and fi xation. The introduction 
of rigid miniplate fi xation devices has obviated the need for 
elaborate external fi xation devices used in combination with 
interfragment wiring. Immediate bone grafting is another 
principle introduced by Tessier to reconstruct comminuted or 
missing bony structures.
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Orbital Trauma: Fracture of the Orbital Floor

Martin B. Steed, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 36-year-old man is seen at the emergency department status 
post assault. He explains that he was “jumped, robbed, beaten 
and punched in the left eye.” You are asked to evaluate the 
patient for maxillofacial injuries.

HPI

The patient was returning from work when he was assaulted. 
He received a right hand blow with a fi st to the left upper face 
(common pattern of injury). He reports no loss of conscious-
ness but has diffi culty seeing out of his left eye, and his cheek 
is numb (hypoesthesia of the V2 cutaneous distribution is 
suggestive of an orbital fl oor, ZMC, or and anterior maxillary 
wall fracture).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. The patient has no previous history of 
maxillofacial trauma.

Patients with a previous history of orbital fl oor reconstruc-
tion are at a higher risk of globe rupture with subsequent 
trauma to the globe because the reconstructed orbital fl oor is 
less likely to fracture. The energy delivered to the eye is 
absorbed by the globe (as opposed to being dispersed by 
fracture of the fl oor), causing more devastating injuries 
(blindness).

EXAMINATION

The initial evaluation of a trauma patient should be completed 
using the ATLS protocol.

Primary Survey

The patient’s airway is intact, with a GCS score of 15.

Secondary Survey

General. The patient is a well-developed and well-nourished 
man in no acute distress.

Vital signs. His blood pressure is 135/84  mm  Hg, heart 
rate 108 bpm (tachycardia), respirations 16 per minute, and 
temperature 37.6°C.

Maxillofacial. There is moderate left midface edema with 
left V2 hypoesthesia. There is no loss of malar projection (seen 
with displaced ZMC fractures). The intercanthal distance 
is 32  mm with a negative bowstring test (seen with NOE 
fractures).

Eyes. Examination of the left eye (OS) reveals subconjunc-
tival hemorrhage and chemosis (infl ammation and edema of 
the conjunctiva) and mild periorbital edema (Figure 7-26). 
His visual acuity is OD 20/20 and OS 20/40 (commonly 
attributed to conjunctival edema) determined using a 14-inch 
near card. Pupils are equal round and reactive to light (5  mm 
→ 3  mm) with accommodation (PERRLA). Assessment of 
direct and consensual visual refl exes reveals no abnormali-
ties. Evaluation of the extraocular muscles of the left eye 
reveals restriction of upward gaze (suggestive of inferior 
rectus entrapment). There is no evidence of monocular diplo-
pia within 30 degrees of primary gaze (monocular diplopia 
should be investigated for retinal detachment or lens disloca-
tion). He does report binocular diplopia within 20 degrees of 
primary gaze. This is commonly seen secondary to edema 
or extraocular muscle entrapment. Slit-lamp examination was 
accomplished after administration of a topical mydriatic 
agent and fl uorescein dye to the eye with a cobalt blue light 
in an anterior-to-posterior sequence. This revealed no abnor-
malities of the bilateral adnexa (eyelids and lacrimal system) 
and no corneal abrasions, opacities, or foreign bodies. There 
was no evidence of blood within the anterior chamber 
(hyphema) and no evidence of injury to the iris (traumatic 
iridialysis) or lens (dislocation or subluxation). (Use of myd-
riatic agents [to dilate the pupil of the eye] is relatively con-
traindicated in patients who have sustained head injuries due 
to the need for multiple-interval neurological examinations.)

A tonometer pen revealed a globe tension pressure of 
12  mm  Hg. (Tonometry measures the intraocular pressure, 
which, when high, is indicative of a retrobulbar hemorrhage. 
A low value is suggestive of scleral [globe] rupture. Normal 
intraocular pressure ranges from 11 to 20  mm  Hg.)

Fundoscopic examination of the posterior segment (vitre-
ous, retina, and optic nerve) revealed no vitreous or retinal 
hemorrhage. There were no apparent tears or foreign bodies. 
A forced duction test was accomplished after administration 
of a topical anesthetic and revealed true incarceration of 
infraorbital contents. This test involves the use of one or two 
fi ne forceps to carefully move the eye in the directions of gaze 
and feel for mechanical restriction. Further measurements of 
globe position include those based upon reference to the sur-
rounding bone (Hertel exophthalmeter using the ZF region or 
the Naugel exophthalmeter using the frontal bone). If these 
bony landmarks are displaced or signifi cant soft tissue edema 
is present, then reliable readings are diffi cult to obtain.

The remainder of the maxillofacial examination reveals 
hypoesthesia of the left V2 distribution. No palpable bony step 
deformities of the left orbital rim were noted.
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IMAGING

The imaging modality of choice for the evaluation of orbital 
fractures is a noncontrast helical CT scan.

For this patient, a facial helical CT (1-mm cuts) without 
contrast was obtained after the primary and secondary surveys 
were completed. Coronal views demonstrate fracture of the 
left orbital fl oor with complete opacifi cation of the maxillary 
sinus (Figure 7-27, A). Sagittal views demonstrate the location 
of the fracture in an anterior posterior dimension (Figure 
7-27, B). Three-dimensional reconstruction views add little 
information for the preoperative planning of orbital fl oor frac-
tures, except for teaching purposes.

LABS

For the management of isolated orbital fl oor injuries, no 
routine laboratory testing is indicated unless dictated by the 
medical history. When evaluated as part of the multisystem 
trauma patient, routine laboratory tests include CBC, com-
plete metabolic panel, liver function tests, and coagulation 
studies.

ASSESSMENT

Isolated fracture of the left orbital fl oor, with entrapment of 
the inferior rectus muscle; FISS score of 1

TREATMENT

The indications for surgical repair of orbital fl oor and/or wall 
fractures are dependent on several factors:
• Correction or prevention of a cosmetic deformity 

(enophthalmos or inferior dystopia); disruption of greater 
than 50% of the orbital fl oor is likely to cause 
cosmetically apparent enophthalmos

• Correction of unresolved diplopia (7 to 11 days) in the 
setting of soft tissue prolapse with a positive forced 
duction test

• Immediate correction of diplopia in the setting of muscle 
(inferior rectus) incarceration and a positive forced 
duction test

• Immediate correction in the symptomatic pediatric 
patient with an orbital fl oor “trapdoor” fracture that has 
elicited the oculocardiac refl ex (the oculocardiac refl ex 
can be seen with true entrapment)

For this patient, he demonstrates binocular diplopia within 20 
degrees of primary gaze, a positive forced duction test with 
concurrent evidence of greater than 50% orbital fl oor disrup-
tion, and a high likelihood of cosmetically signifi cant post-
injury enophthalmos. He was taken to the operating room 4 
days after the assault, to allow for partial resolution of soft 
tissue edema. A preseptal (between the septum and the over-
lying orbicularis oculi muscle) transconjunctival incision 
was used without the need for a lateral canthotomy (Figure 
7-28, A). Once the bony defect was isolated (Figure 7-28, B), 
a titanium mesh was fi tted and properly contoured and fi xated 
(Figure 7-28, C and D). A forced duction test, which was 
confi rmed with the contralateral side, showed full mobility of 
the eye in all directions. The incision was closed with 5-0 
fast-absorbing gut suture. A frost suture was placed. A post-
operative CT scan was obtained (Figure 7-29), which revealed 

Figure 7-26 Preoperative photo demonstrating left subconjuncti-
val hemorrhage and incidental fi nding of arcus senilis (a cloudy 
opaque arc or circle around the edge of the eye, often seen in the 
eye of the elderly).

A

B

Figure 7-27 A, Preoperative CT scan coronal cut/bone window 
revealing a left orbital fl oor fracture. B, Preoperative CT scan 
sagittal cut demonstrating a left orbital fl oor fracture with evidence 
of an intact orbital rim.
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proper positioning and contour of the reconstruction plate. 
The patient did well postoperatively with no apparent enoph-
thalmos or diplopia upon follow-up at 6 weeks.

COMPLICATIONS

Orbital fl oor fractures are seen in isolation or in association 
with other facial injuries. Complications can be related to the 
impact or the initial injury, concomitant injuries, the surgical 
repair, or a combination and can be categorized into early and 
late complications:

Early

• Corneal abrasion. Clinical suspicion should be raised 
upon complaint of ocular pain, photophobia, and a 
foreign body sensation. Corneal abrasions are diagnosed 
upon clinical examination with fl uorescent dye viewed 
under cobalt blue light. Treatment includes patching the 

eye (24 hours) and administration of a topical cycloplegic 
(e.g., homoatropine 5%) for ciliary body spasm.

• Hyphema. This is defi ned as blood within the anterior 
chamber from damage to blood vessels within the ciliary 
body or rupture of blood vessels within the iris. 
Hyphema is graded upon the extent to which it vertically 
fi lls the anterior chamber. Grade I is designated as less 
than one-third, grade II is between one-third and one-
half, grade III is one-half to near total, and grade IV is 
total (eightball) fi ll of the anterior chamber. Treatment is 
directed toward the control of bleeding, and prevention 
of rebleeds. This is especially important in patients with 
sickle cell anemia, or sickle cell trait, where sickling 
(distorted red blood cells causing obstruction of blood 
fl ow in the microvasculature) leads to increased 
intraocular pressures and optic nerve damage.

• Superior orbital fi ssure syndrome. Compression of the 
contents of the superior orbital fi ssure accounts for the 

A B

DC

Figure 7-28 A, Intraoperative photograph of a transconjunctival incision. Note the retraction suture placement through tarsal plate to 
minimize lower lid injury and scleral shield to prevent inadvertent corneal abrasion. B, Orbital fl oor defect seen through the transconjunc-
tival incision. C, Titanium mesh plate for reconstruction. D, Mesh implant in place restoring the orbital fl oor contour.
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manifestations of this syndrome. Clinical fi ndings 
include loss of forehead sensation, loss of corneal refl ex, 
ophthalmoplegia, upper lid ptosis, edema (secondary to 
venous obstruction), and proptosis. This syndrome must 
be differentiated from orbital apex syndrome (which also 
involves the optic nerve causing loss of vision).

• Lens dislocation. Subluxation of the lens may occur due 
to disruption of the lens zonule fi bers. The lens margin is 
often visible, but visual acuity may be compromised, and 
monocular diplopia can be present. Zonular disruption 
can cause dislocation of the lens either posteriorly or 
anteriorly. Patients who are symptomatic with posterior 
dislocation can be treated with an aphetic contact lens or 
with an intraocular lens implantation. An anteriorly 
dislocated lens is an ophthalmic emergency, due to 
possible blockage of the aqueous fl ow, resulting in acute 
glaucoma. Attempts at repositioning the lens can be done 
by a skilled ophthalmologist by maximally dilating the 
pupils, placing the patient in a supine position, and 
indenting the cornea with a gonioprism.

• Retrobulbar hemorrhage. Retrobulbar hemorrhage is 
an ocular emergency, and prompt diagnosis and 
treatment are essential to prevent loss of vision. This 
emergent clinical entity can occur after a traumatic 
injury to the orbit or postoperatively after orbital or 
eyelid surgery. The orbit is a relatively closed 
compartment and orbital pressure can rise rapidly with 
hemorrhage. Untreated, orbital compartment syndrome 
may develop causing ischemia of the optic nerve. 
Patients with increased orbital pressure present with 
pain, decreased vision, diplopia, ophthalmoplegia 
(restricted extra ocular movements), proptosis, 
ecchymosis around the eye, chemosis, resistance to 
retropulsion, and an afferent pupillary defect. An 
emergent lateral canthotomy with inferior cantholysis is 
indicated, allowing the orbital contents to expand 
anteriorly.

• Traumatic optic neuropathy. Traumatic optic 
neuropathy presents as a sudden loss of vision secondary 
to either blunt or penetrating trauma to the orbit that 

C

A B

Figure 7-29 A, Postoperative CT scan (coronal view) demonstrating proper alignment and contour. B, Postoperative CT scan revealing 
length of plate from infraorbital rim. C, Postoperative CT scan (three-dimensional reconstruction) demonstrating contour of titanium 
mesh.
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cannot be explained by other ocular pathological 
changes. The damage to the nerve is either direct 
(hemorrhage or compression), shearing (acceleration of 
the nerve at the optic canal where it is tethered to the 
dural sheath), or through transmission of a shock wave 
through the orbit along the course of the optic nerve. 
Many treatment modalities have been advocated, 
including high-dose intravenous steroids, optic canal 
decompression, and optic nerve sheath fenestration. The 
largest study looking at traumatic optic neuropathy, The 
International Optic Nerve Trauma Study, was conducted 
by Levin and colleagues in 1999. They concluded that 
the use of corticosteroids in patients with traumatic optic 
neuropathy did not change the outcome (loss of visual 
acuity), compared with the control group that did not 
receive any steroid therapy.

• Ruptured globe. Globe rupture occurs when the 
integrity of its outer membranes is disrupted by blunt or 
penetrating trauma. A peaked, teardrop-shaped, or 
otherwise irregular pupil may indicate a ruptured globe. 
A full-thickness laceration to the cornea or sclera 
constitutes a globe perforation, requiring repair in the 
operating room setting. Prolapse of the iris through a 
full-thickness corneal laceration may be seen as a dark 
discoloration at the site of injury. Scleral buckling is 
indicative of rupture with extrusion of ocular contents. 
Intraocular pressure will likely be low, but direct 
measurement is contraindicated to avoid pressure on the 
globe. Globe rupture represents a major ophthalmologic 
emergency that requires surgical intervention.

• Blindness. This is a known but uncommon complication 
of facial trauma, with a reported incidence of only 2% to 
5%. In a review of the University of Maryland shock 
trauma experience of facial trauma over 11 years, the 
researchers discovered that 2,987 of the 29,474 admitted 
patients (10.1%) sustained facial fractures and that 1,338 
of these fractures (44.8%) involved one or both of the 
orbits. One thousand two hundred forty of these patients 
underwent operative repair of their facial fractures. 
Three patients (0.24%) experienced postoperative 
complications that resulted in blindness. In their data, 
blindness was attributable to intraorbital hemorrhage in 
13 of 27 cases (48%). Five other patients experienced 
visual loss with unspecifi ed mechanisms related to 
increased intraorbital pressure. Within the restricted 
confi nes of the optic canal, even small changes in 
pressure may potentially cause ischemic optic 
neuropathy.

Late

Late complications of orbital fl oor fractures and repair can be 
the result of injuries sustained at the time of the traumatic 
event, or complications associated with the repair itself.
• Lacrimal system injury. Epiphora (excessive tearing 

due to impaired drainage) can occur. Eyelid lacerations, 
particularly those extending medially, should be 
thoroughly evaluated for lacrimal drainage system injury, 

canthal tendon disruption, or injury to the tarsal plate 
and levator aponeurosis. Fractures through the lacrimal 
apparatus (NOE) can also cause epiphora.

• Unresolved diplopia. Diplopia that has a neuromuscular 
origin (such as cranial nerve III palsy) should be 
observed for spontaneous recovery over 6 months. 
Elective strabismus surgery can be considered if the 
diplopia is unresolved. Acute entrapment of the 
extraocular muscles causing diplopia needs to be 
addressed soon after the injury.

• Enophthalmos. Enophthalmos results from an increase 
in orbital volume and will persist if the orbital volume is 
not restored adequately. This occurs in large unrepaired 
fractures, particularly when multiple walls are involved. 
It is most commonly seen with signifi cant involvement 
(disruption) of the medial orbital wall.

• Ectropion. Ectropion is the outward eversion of the lid 
margin away from the globe. This can results in corneal 
irritation, exposure, and abnormalities of lacrimal 
outfl ow. The prevention of ectropion begins with 
minimizing vertical tension when closing lid lacerations 
and/or periorbital skin incisions. The use of the 
transconjunctival incision with resuspension of the 
suborbicularis oculi fat and meticulous repair of lid 
lacerations reduces the incidence of this complication. 
Cicatricial ectropion occurs from scarring of the anterior 
lamella while involutional ectropion results from 
horizontal lid laxity, usually due to age-related weakness 
of the canthal ligaments and pretarsal orbicularis.

• Entropion. Entropion is the malposition of the lid 
resulting in inversion of the lid margin. Cicatricial 
entropion occurs as a result of scarring of the palpebral 
conjunctiva, with consequent inward rotation of the 
eyelid margin.

• Unaesthetic Scar. Cutaneous placement of periorbital 
incisions such as the infraorbital incision carries the risk 
of an unaesthetic scar.

DISCUSSION

The management of orbital fl oor fractures remains controver-
sial. The indications and timing for surgical intervention have 
proved diffi cult to study and evaluate. Isolated orbital wall 
fractures account for 4% to 16% of all facial fractures. If 
fractures that extend outside the orbit (ZMC, NOE) are 
included, this would compromise 30% to 50% of all facial 
fractures.

The optimal management of orbital fractures necessitates 
an intimate knowledge of the complex anatomy of the region. 
The orbit is a quadrilateral pyramid, with an average volume 
of 30  cm3 and height and width at the rim averaging 40  mm 
and 35  mm, respectively. The average length of the medial 
wall is 40 to 45  mm (rim to optic canal). Seven bones make 
up the orbits: the sphenoid, maxillary, lacrimal, ethmoid, 
frontal, zygomatic, and palatine bones. The orbital process of 
the frontal bone and the lesser wing of sphenoid make up its 
roof. The fl oor is made up of the orbital plates of the maxilla, 
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zygoma, and the palatine bone. The zygoma and the greater 
and lesser wings of sphenoid form the lateral wall. The medial 
wall is formed by the frontal process of maxilla, lacrimal, 
sphenoid, and ethmoid (lamina papyracea) bones.

The distances to known orbital landmarks are crucial to 
avoiding postoperative complications and aid in intraopera-
tive dissection. These measurements are averages and may 
be altered by posttraumatic changes of the orbital rim. The 
average distance from the orbital rim to the orbital apex is 40 
to 45  mm. The subperiosteal dissection along the orbital walls 
can safely be extended up to 25  mm posteriorly along the 
inferior and lateral rims.

Two theories have been advocated with regard to the phys-
iological mechanism of orbital fl oor fractures. The hydraulic 

theory, advocated by Smith and Regan in 1957, proposed that 
a generalized increased orbital content pressure resulted in 
direct compression of the orbital fl oor, thereby fracturing the 
thin orbital bone. Fujino later disputed this theory and pro-
posed that a direct compression force or buckling force trans-
mitted via the orbital rim was the causative factor for orbital 
fl oor fractures. This theory of bone conduction mechanism of 
injury was fi rst proposed by Le Fort and Lagrange at the turn 
of the twentieth century. In a series of dried human cadaver 
experiments during the mid-1970s, Fujino convincingly dem-
onstrated the occurrence of orbital fl oor fractures with direct 
blows to the orbital rim without fracturing the orbital rim 
itself. Recent studies, such as that by Waterhouse and associ-
ates, have revealed that orbital fractures may occur by way of 

the “buckling” or “hydraulic” mechanism, with a combina-
tion of the two mechanisms being the most likely etiology 
dependent upon the direction of the striking force.

A recent study by Fan and colleagues demonstrated a high 
correlation between the increment of orbital volume and the 
degree of enophthalmos. An increase of 1  cm3 of the orbital 
volume elicited 0.89  mm of enophthalmos. The authors con-
cluded that the measurement of orbital volume in patients 
with orbital blowout fractures could be used to predict the 
degree of late enophthalmos and that this may be accom-
plished through the use of computer assisted volumetric 
measurements.

The approaches to the orbit include the transconjunctival 
(with or without a lateral canthotomy and cantholysis), the 
subcilliary, lower lid crease, and the transcaruncular. The 
transconjunctival approach has been shown to result in fewer 
cases of postoperative ectropion and may be used in conjunc-
tion with the transcaruncular approach to gain further access 
to the medial orbit. Attention to the medial orbital wall is 
paramount in completely treating orbital fractures and pre-
venting enophthalmos. Endoscopic approaches are also being 
studied to gain access to the orbital fl oor for assessment and 
reconstruction.

The literature provides support for notable clinical differ-
ences in orbital fl oor fracture patterns between pediatric 
patients and adults. Jordan and associates coined the term 
“white-eyed blowout fracture” in patients 16 years or younger 
with minimal soft tissue injury, severe diplopia, extraocular 
muscle limitation, and extremely small extrusion of tissue 

around the orbit seen on CT imaging. Diplopia, extraocular 
muscle limitation, and trapdoor fractures were more frequent 
in children than in adult patients and can be accompanied by 
nausea and vomiting.

The choices of reconstruction materials for repair of orbital 
bony contour are numerous and remain controversial. Many 
autogenous (split calvarial bone, iliac crest, septal cartilage 
or rib), alloplastic (titanium mesh, porous polyethylene 
[MEDPOR], PGA/PLLA, Gelfi lm), and allogeneic (lyophi-
lized cartilage or dura, banked bone) materials have been 
used and advocated. The use of autogenous materials is 
thought to decrease the risk of infection and/or extrusion, 
while alloplastic materials offer superior ease in intraopera-
tive handling and contouring.

It is highly recommended to institute a multidisciplinary 
approach to complex orbital trauma, and consultation with 
ophthalmology and/or oculoplastic services should be consid-
ered. Many posterior segment injuries may be subtle and need 
to be identifi ed before exploration and reconstruction of the 
bony orbital architecture.
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Panfacial Fracture

Chris Jo, DMD, Martin B. Steed, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 49-year-old man is transported to the emergency depart-
ment by EMS personnel status post pedestrian-versus-
automobile accident. You are called by the trauma team for 
the evaluation and management of his facial injuries.

HPI

The patient arrives to the emergency department intubated. 
The driver of the automobile and another eyewitness report 
that the patient was walking alongside a busy intersection and 
suddenly jumped into the path of the vehicle traveling at 
approximately 35  mph. The front end of the car struck his 
thighs and then his face hit the hood and windshield, causing 
signifi cant damage to the automobile. He was launched several 
feet into the air and landed in a prone position on the pave-
ment. He had a GCS score of 3 on the scene and was orally 
intubated by the EMS personnel for airway protection (airway 
intubation is warranted for a GCS score of 8 or less, which is 
indicative of a severe head injury). Upon your arrival to the 
emergency department, the patient was being actively resus-
citated by the trauma team according to the ATLS protocol, 
and the orthopedic team was evaluating multiple extremity 
fractures.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient’s histories are unknown (when present, informa-
tion may be obtained from family members).

EXAMINATION

The initial evaluation of a trauma patient should be dictated 
by the ATLS protocol.

Primary Survey

Airway and cervical spine control. He was orally intubated 
with a transport cervical-collar in place. (In a review of 563 
patients with maxillofacial injuries, Haug and associates 
found that concomitant cervical-spine fractures occurred in 
2% of patients. Of those with cervical-spine fractures, 91% 
had mandibular fractures. Bagheri and colleagues found a 
1.5% incidence of cervical-spine fractures in a series of 67 
patients with isolated midface fractures.)

Breathing and oxygenation. Oral endotracheal tube in 
good position (confi rmed by portable chest radiograph) on 
mechanical ventilation. The right hemithorax showed no 

chest rise or breath sounds and was hypertympanic to 
percussion (indicative of a pneumothorax, also confi rmed 
by portable chest radiograph). A chest tube was placed 
to reexpand the right lung. Oxygen saturation was 90% on 
100% inspired oxygen (suggestive of a ventilation-perfusion 
mismatch).

Circulation and hemorrhage control. His blood pressure 
is 90/70  mm  Hg, and his heart rate is 125  bpm (moderate 
hypotension and tachycardia consistent with Class III shock) 
(Class III hypovolemic shock is indicative of a 30% to 40% 
loss of blood volume, which is characterized by a heart rate 
over 120  bpm; decreased systolic blood pressure, mean arte-
rial blood pressure, pulse pressure, and urine output [5 to 
15  ml/hr]; and altered mental status). A small amount of 
bleeding was observed from the nasopharynx, which was 
easily controlled with bilateral nasal packs. The magnitude 
of bleeding did not clinically correlate with the estimated 
blood loss and volume depletion (need to be suspicious of 
other sources of bleeding). The abdomen was soft and non-
distended and the focused abdominal sonography for trauma 
(FAST) was negative (FAST examination is used in the hypo-
tensive blunt trauma patient and evaluates the perihepatic, 
pericardiac, perisplenic, and pelvic windows for presence of 
free intraperitoneal fl uid or cardiac tamponade), ruling out 
intraabdominal hemorrhage (hypovolemic) and cardiac 
tamponade (obstructive) as the source of shock. Bilateral 
femur deformities (each femur fracture can be a source of 1.5 
to 2  L of blood loss) and other open extremity fractures can 
be a source of signifi cant blood loss and hypovolemic shock. 
Fractures should be reduced and stabilized to reduce the 
amount of hemorrhage in the initial resuscitation phases. 
Fluid resuscitation should begin with crystalloid intravenous 
fl uid boluses to maintain organ perfusion. Transfusion of 
packed red blood cells should be considered in Class III 
hemorrhagic shock.

Disability and dysfunction. On the AVPU scale, the 
patient is unresponsive, off sedation, with a GCS score of E1, 
M1, V1T = 3T. Pupils were equal, 7  mm with a sluggish reac-
tion to light (large pupils with a sluggish reaction to light 
refl ex may indicate a closed head injury and elevated intra-
cranial pressures). Sedation should be discontinued for an 
accurate assessment of mental status as needed. Initial head 
CT revealed moderate contusions in the frontal and occipital 
lobes (coup, countercoup injury indicative of rapid accelera-
tion-deceleration injury). A Camino bolt was placed to 
monitor the intracranial pressure, which revealed a mildly 
elevated opening pressure at 22  mm  Hg (normal intracranial 
pressure is 15  mm  Hg or below).
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198 Oral and Maxillofacial Trauma

Exposure and environmental control. The patient’s 
clothing was removed, and a warm blanket and other warming 
devices were used to prevent hypothermia.

Secondary Survey

(A-M-P-L-E history is taken from available sources.)
General. He is a well-developed male who is intubated 

and sedated, with a cervical-collar in place.
Neurological. His GCS score is 3T (off sedation). Pupils 

are 7  mm, equal, and sluggish (this was covered during the 
primary survey, but should be repetitively monitored for 
changes). The intracranial pressure–monitoring device (such 
as an intra-intraparenchymal Camino bolt or an external 
ventriculostomy drain) gives a precise moment-by-moment 
assessment of intracranial pressures. A sustained intracranial 
pressure of over 25  mm  Hg warrants intervention to reduce 
the pressure (intravenous mannitol, hyperosmolar therapy 
with 3% NaCl, elevation of head of bed, hyperventilation 
to reduce the Paco2 to the low range of normal). Therapy 
is aimed at not only reducing intracranial pressure (below 
20  mm  Hg) but also maintaining cerebral perfusion pressures 
(cerebral perfusion pressure = mean arterial pressure − intra-
cranial pressure), which should be maintained greater than 
70  mm  Hg (35% reduction in mortality) to prevent secondary 
brain injury. Invasive hemodynamic monitoring is indicated 
when hyperosmolar therapy is initiated to maintain an accept-
able blood pressure and cerebral perfusion pressure (mortal-
ity increase 20% for each 10–mm  Hg loss of cerebral 
perfusion pressure).

Maxillofacial. There is signifi cant upper and lower facial 
edema. Two-centimeter full-thickness laceration extends over 
the bridge of the nose (indicating blunt trauma to the upper 
midface), and there is 5-cm full-thickness stellate laceration 
over the lower lip and chin.

Eyes. There is signifi cant periorbital edema. Visual acuity 
cannot be assessed. The patient has bilateral periorbital 
ecchymosis (raccoon eyes, indicative of anterior basilar skull 
fracture) and bilateral subconjunctival hemorrhage and che-
mosis. Intercanthal distance is 36  mm without blunting of the 
medial canthus (increased intercanthal distance is indicative 
of an NOE fracture or avulsion of the medial canthal tendon. 
Normal intercanthal distance is 30 to 34  mm and varies 
among races and genders). The bowstring test is negative 
(clinical test for evaluation of the medial canthal attachment). 
Bilateral step deformities are present at the lateral and inferior 
orbital rims (step deformity and bony crepitus indicate the 
presence of fractures).

Nose. Nasal bridge demonstrates crepitus with gross 
mobility. Endonasal examination reveals edematous nasal 
mucosa with mild bleeding. The anterior nasal septum is 
midline with no septal hematoma (septal hematoma requires 
immediate incision and drainage to prevent necrosis of 
the septal cartilage and potential perforation and saddle 
nose deformity). No cerebrospinal fl uid rhinorrhea or 
otorrhea is noted. The maxilla is grossly mobile with bony 
crepitus at the anterior maxillary walls and the ZM but-
tresses. No step deformity or crepitus was appreciable at 

the zygomatic arches bilaterally (does not exclude possibility 
of fractures).

Intraoral. There is bilateral maxillary vestibular ecchy-
mosis (indicative of fractures of ZM buttresses). There are 
multiple missing maxillary teeth and a step deformity with 
an associated gingival laceration between the left mandibular 
lateral and central incisors (teeth Nos. 23 and 24), with gross 
mobility of the mandibular segments. The patient has an 
anterior open bite with no distinct mandibular posterior stop 
and bilateral posterior prematurities (indicative of bilateral 
condylar fractures and/or Le Fort level fracture), with the oral 
endotracheal tube exiting between the edentulous spaces. 
Ecchymosis at the posterior soft palate bilaterally (Guerin’s 
sign, indicative of pterygoid plate disjunction/fracture).

IMAGING

Mandatory trauma plain-fi lm radiograph series in the acute 
setting include cross-table cervical-spine, portable anteropos-
terior chest radiography, and an anteroposterior pelvis 
radiograph. Other studies are added as needed, including 
cervical-spine series (in suspected cervical-spine injury), 
thoracic and lumbar spine series, and extremity radiographs 
(depending on the mechanism of injury).

Axial-cut, bony window CT scans (with coronal recon-
structions) are the gold standard radiographic examination for 
midfacial fractures. Direct coronal views are useful but should 
be avoided in patients with suspected cervical-spine injury 
(patient’s head needs to be hyperextended for direct coronal 
CT). Three-dimensional reconstructions are helpful adjuncts 
as they provide the most graphic representation of the frac-
tures, degree of displacement, and orientation of fragments. 
A panoramic radiograph is always helpful, but in the unstable 
patient with C-T-L spine precautions, it may not be possible.

In this patient, head and facial helical CT scans without 
contrast were obtained after the primary and secondary 
surveys were completed. The head CT scan reveals moderate 
frontal lobe and occipital lobe contusions without evidence of 
intracerebral hemorrhage or midline shift (should be repeated 
in 12 to 24 hours to monitor for any changes). The fi ne-cut 
axial face CT scan reveals bilateral nasal bone, lateral orbital 
rims and walls, and bilateral zygomatic arch fractures (Figure 
7-30, A and B). There are fractures at the pterygoid plates and 
along the anterior and posterior maxillary sinus and lateral 
nasal walls (Figure 7-30, C). Coronal reconstruction views 
anteriorly demonstrate fractures at the nasofrontal junction, a 
Le Fort I level fracture, and a midpalatal split (Figure 7-30, D). 
Coronal views of the midface demonstrate severe comminu-
tion of the midface including at the NOE, orbital fl oors, and 
ZF junction (Figure 7-30, E). Scans of the mandible demon-
strate bilateral condylar neck fractures (Figure 7-30, F and 
see Figure 7-30, C) and a midline mandibular symphysis 
fracture. Figure 7-30, G shows the three-dimensional recon-
structed view, which also demonstrates fracture of the ante-
rior table of the frontal sinus, confi rmed on the axial views.

The CT scan of the cervical spine was negative. The 
anteroposterior chest radiograph shows evolving bilateral 
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Figure 7-30 A, Axial-cut bony window CT scan showing displaced bilateral lateral orbital 
wall fractures. B, Axial-cut bony window CT scan showing the inferior component of the 
bilateral NOE type I fracture (inferior orbital rim fractures) and bilateral ZMC fractures. 
C, Axial-cut bony window CT scan showing a right subcondylar fracture, a palatal split of 
the maxilla, pterygoid plate fractures/disjunction, and maxillary sinus wall comminution. 
D, Coronal reconstruction CT scan showing Le Fort I fracture with a palatal split and bilateral 
NOE type I fracture. E, Coronal reconstruction CT scan showing bilateral lateral orbital rim 
fractures, a comminuted Le Fort I fracture, nasal septal comminution and nondisplaced orbital 
fl oor fractures. F, Axial-cut bony window CT scan showing a left subcondylar fracture. 
G, Three-dimensional CT reconstruction demonstrating the spatial relationship of the fractures. 
The symphysis and anterior frontal sinus fractures are seen clearly in this view.
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200 Oral and Maxillofacial Trauma

pulmonary contusions and a chest tube in good position 
without any residual pneumothorax.

LABS

Standard laboratory tests for the evaluation of multisystem 
trauma patients included: CBC, complete metabolic panel, 
arterial blood gas, urine analysis, and coagulation studies 
(PT/PTT/INR). A urine drug screen and blood alcohol 
level are indicated in patients with decreased mental 
status.

This patient demonstrated decreased hemoglobin (9.2  g/
dl) and hematocrit (26.6%) (suggestive of blood loss; however, 
acutely, hemoglobin/hematocrit may not be an accurate 
measure due to a delay in volume redistribution). Arterial 
blood gas analysis showed a moderate base defi cit of −5.5  mEq 
(base defi cit is one of the parameters monitored for ade-
quacy of resuscitation in hypovolemic shock and is a better 
indicator of acute blood loss than hemoglobin/hematocrit). 
The complete metabolic panel demonstrated a mild eleva-
tion in his blood urea nitrogen (30  mg/dl) and creatinine 
(1.9  mg/dl) levels (indicative of prerenal azotemia secondary 
to blood loss) and a negative blood alcohol level and urine 
drug screen (alcohol and drug intoxication must be consid-
ered and ruled out as the source for altered mental status). 
The remainder of his laboratory tests were within normal 
limits.

ASSESSMENT

Panfacial fracture involving the frontal bone, midface, and 
mandible, FISS of 17, complicated by a Class III hemor-
rhagic shock, closed head injury, multiple extremity frac-
tures, and right pneumothorax with bilateral pulmonary 
contusions

The maxillofacial injures are classifi ed as follows (FISS 
designation given in parentheses):

Upper face  Fracture of the anterior wall of the frontal 
 sinus and frontal bar (5)

Midface  Bilateral ZMC fractures (2 × 1)
  Bilateral NOE fractures (type I) (3)
  Le Fort I fracture (2), with a midpalatal 

 split (1).
Mandible  Bilateral subcondylar (2 × 1) and symphysis 

 (2) fractures.

TREATMENT

Treatment begins with initiation of the ATLS protocol and 
stabilization of the patient. Maxillofacial injuries compromis-
ing the airway should be promptly evaluated. Tracheotomy 
should be readily considered for panfacial fractures. Submen-
tal intubation is also a viable alternative. A cricothyrotomy is 
usually reserved for an acute airway emergency. The control 
of hemorrhage from the maxillofacial region is part of the 
ATLS protocol. Nasal packing and pressure dressings should 
be applied as needed.

Treatment of panfacial fractures can be challenging and 
should begin after completion of the ATLS protocol with a 
thorough maxillofacial and radiographic examination. Once 
the diagnosis is made, a treatment plan must be developed to 
expose the necessary fractures for alignment and fi xation. 
Selective exposure of necessary fractures is employed for 
stabilization using rigid fi xation (before the advent of rigid 
fi xation, it was common for all fracture sites to be exposed). 
The surgeon must develop a preoperative plan to expose, 
examine, align, fi xate, and reconstruct the facial skeleton in 
an orderly fashion. This may include immediate bony recon-
struction with bone grafting techniques. If necessary, the 
entire facial skeleton can be visualized by combining multiple 
approaches.

Once the fracture sites have been exposed, the principle of 
using the buttresses of the facial skeleton to help align the 
fractures from “stable-to-unstable” segments is used. Differ-
ent concepts and strategies regarding the order of stabilization 
have been advocated in the past; these include top-to-bottom, 
bottom-to-top, inside-to-out, and outside-to-in. With the 
advent of miniplates and rigid internal fi xation, a broader 
range of reconstructive possibilities permit new defi nitions of 
optimal sequencing in facial reconstruction. Goals for linking 
together fragmented bones together came into existence. 
Starting with stable bone, fractured and displaced segments 
are fi xated to adjacent stable, nondisplaced bone in a piece-
meal fashion.

The following treatment sequence was used for this 
patient:
• Management of the airway. Due to the severity of this 

patient’s head injury and anticipation of prolonged 
mechanical ventilation, an open tracheotomy was 
initially performed.

• Exposure of fractures. Maxillary and mandibular arch 
bars were applied but not tightened (leaving the arch 
bars slightly loose on the least dentate segment of the 
fracture will allow for adjustment at a later time when 
the proper occlusion and horizontal facial width have 
been established). Subsequently, all fractures necessary 
for alignment and fi xation are exposed in a systematic 
fashion.
• A transoral exposure of the maxillary and mandibular 

fractures was accomplished with a maxillary 
circumvestibular incision (from fi rst molar to fi rst 
molar) and a genioplasty type incision (the midpalatal 
fracture can also be accessed via a parasagittal palatal 
incision if it needs to be rigidly fi xated). The midface 
was degloved to expose the body of the zygomas, 
bilateral ZM buttress, the pyriform rim (nasomaxillary 
buttress), the inferior portion of the NOE fracture, 
and the inferior orbital rims (inferior orbital rims can 
be plated from this access), while skeletonizing and 
protecting the infraorbital neurovascular bundles. The 
mandibular symphysis fracture was exposed by 
degloving the anterior mandible to the inferior border 
anterior to the mental foramina. Both mental nerves 
(and associated three branches) were identifi ed and 
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protected (some surgeons prefer an extraoral approach 
via a submental incision, which decreases mental 
nerve injury and gives better visualization of the 
lingual cortex reduction to prevent splaying). If a 
fracture exists in the posterior mandible (body, angle, 
or ramus), submandibular (Risdon), retromandibular 
(or Hinds), or intraoral incisions can be used.

• Second, a coronal incision (also referred to as the 
bicoronal incision in the literature) was made to 
access the frontal bone and sinuses, superior and 
lateral orbital rims (supraorbital bar), the NOE 
complex, and the zygomatic arches. It will also 
provide access for a cranial bone graft (the parietal 
area offers the thickest bicortical width reducing the 
risk of entry into the cranium) harvest if needed. This 
incision was extended into bilateral preauricular 
(some surgeons prefer an endoaural approach) 
incisions for access to the mandibular condyle and 
better access to the zygomatic arch and body.

• Next, the inferior orbital rims and inferior component 
of the NOE fractures were exposed via 
transconjunctival approach. Various periorbital 
incisions can be used for access to the inferior orbital 
rims, orbital fl oor and medial orbital walls, inferior 
components of the NOE, and lateral orbital rims. The 
lower eyelid incisions can be transcutaneous or 
transconjunctival. The trancutaneous approaches 
include the subciliary, subtarsal, and inferior orbital 
rim (unfavorable scarring) incisions. The subciliary 
incision can be a skin-only fl ap, skin-muscle fl ap, or 
stepped fl ap. The stepped fl ap is recommended when 
using this approach because it has a lower incidence 
of postoperative lower eyelid malposition (ectropion, 
entropion, and scleral show). The transconjunctival 
incision can be done with or without a lateral 
canthotomy and inferior cantholysis depending on the 
amount of access needed. This incision can be 
extended medially via a transcaruncular incision for 
greater exposure of the medial orbital wall. The 
transconjunctival incision is preferred by most 
surgeons because it has the lowest incidence of 
transient and permanent postoperative lower eyelid 
malposition. If a coronal incision is not used, the 
lateral orbital rim can be exposed via an upper 
blepharoplasty incision or a lateral brow incision. 
Paranasal lynch incisions can be used to access NOE 
fractures; however, it is associated with poor cosmesis.

• Alignment and fi xation of fractures. After exposure of 
all necessary fractures, attention is turned to the 
dentoalveolar segments and occlusion. Due to the 
fracture of the dentate segment (parasymphysis/
symphysis) of the mandible along with the maxillary 
palatal split, it can be diffi cult to restore the proper lower 
facial width and occlusion. In this case, the surgeons 
chose to rely on proper reduction of the symphysis 
fracture (guided by direct visualization of the lingual 
cortex reduction and correct position of the condylar 

heads in the glenoid fossa) to defi ne the lower facial 
third width and occlusion. Proper horizontal width of the 
maxilla is obtained by placing the dentoalveolar 
segments into intermaxillary fi xation with a properly 
reduced mandible. Typically, fractures through dentate 
segments are addressed fi rst. However, when dealing 
with a symphysis (parasymphysis) and bilateral (or 
unilateral) subcondylar fractures, it may be wise to 
reduce and rigidly fi xate the subcondylar fractures prior 
to addressing the symphysis fracture. This will allow the 
surgeon to visualize and keep the condylar heads in the 
glenoid fossa as the symphysis fracture is reduced and 
fi xated (assisted by gentle digital pressure at the 
mandibular angles). When subcondylar fractures are 
addressed after fi xation of the symphysis, there may be 
undetected splaying of the lingual cortex at the 
symphysis causing the subsequent condylar displacement 
and fi xation lateral to the fossa. With the occlusion set 
and the mandibular symphysis and condylar neck 
fractures reduced and fi xated, the mandible’s arc of 
rotation is used to guide the proper reduction of the 
midface fractures (the vertical dimension of the maxilla 
cannot be established by the mandible).
• Using the “stable-to-unstable” principle, the most 

cephalad fractures are addressed next, using the 
anterior cranial vault as the stable point of fi xation. 
The frontal bar and anterior table of the frontal sinus 
should be reconstructed fi rst, starting at the lateral 
orbital rims (frontozygomatic suture area) and 
working medially toward the radix (the frontal sinus 
should also be addressed according to the type of 
injury and should be done after reconstructing the 
frontal bar, see the section on frontal sinus fracture in 
this chapter). Then, the zygomatic arches are fi xated 
bilaterally (accurate reduction of the zygomatic arches 
is important for restoring proper anteroposterior 
projection of the midface). The superior portion of the 
NOE fracture (near the nasofrontal junction) is then 
reduced and fi xated to the stable frontal bar, and the 
inferior portion is addressed later via the periorbital 
and/or maxillary vestibular access (some surgeons 
prefer to use a long C-shaped plate to vertically span 
the entire NOE fracture and simultaneously fi xate it 
to the inferior orbital rims and frontal bar). Otherwise, 
comminuted NOE fractures are typically addressed 
last after reduction and stabilization of the 
surrounding bony structures.

• The orbital rim fractures are reduced and fi xated via 
the transconjunctival incisions. The orbital fl oor can 
be explored and reconstructed (cranial bone graft or 
alloplastic orbital fl oor plate/mesh) if indicated. In 
this case, the inferior component of the NOE fracture 
is coincident with the inferior orbital rim fracture, 
which is part of the ZMC fractures.

• Once the upper and midface has been reduced and 
stabilized, the fractured maxilla at the Le Fort I level 
is then reduced and fi xated to the now reduced and 
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stable midface, using the buttresses (ZM and 
nasomaxillary) as a guide for reduction and with the 
patient in MMF. Miniplates are placed at the ZM 
buttresses and pyriform rims bilaterally. Further 
stabilization may be required for palatal split 
situations, such as this case. Palatal vault fi xation, 
intermaxillary fi xation, or a palatal strap splint can be 
used to prevent horizontal collapse of the maxilla.

• Primary bone grafting. Finally, primary bony 
reconstruction with immediate cranial bone grafts can 
be done at this time. Areas that are highly comminuted 
or missing bony segments require one-piece bone grafts 
to replace the defects in bone volume and to support the 
overlying soft tissue. This need may arise to reconstruct 
the nasal dorsum, orbital rims, orbital fl oors, maxillary 
sinus walls, ZM buttress area (usually comminuted in 
high impact injuries), and any other area of avulsed or 
severely comminuted bone.

• Soft tissue repair and resuspension. Soft tissue injuries 
should be addressed last. Layered closure of incisions/
lacerations and resuspension of stripped periosteum and 
suspensory ligaments of the face are important to 
provide a natural soft tissue drape.

COMPLICATIONS

Major complications secondary to the surgical correction of 
panfacial fractures can be diffi cult to assess and are depen-
dent on the severity of the initial traumatic insult. Damage 
secondary to the initial trauma itself is usually the most dev-
astating (i.e., death, loss of vision, intracranial injury, cranial 
nerve defi cits, cervical-spine injury, etc.). The most troubling 
complication to the maxillofacial trauma surgeon is a poor 
cosmetic and/or functional outcome. Wide exposure for 
proper alignment of facial substructures, rigid fi xation, and 
immediate bone grafting reconstructive techniques have sig-
nifi cantly reduced the incidence of postoperative facial defor-
mities. However, despite accurate reduction of facial fractures, 
the soft tissue envelope can exert undesirable forces in the 
form of scar formation and wound contracture. This can lead 
to a progressive migration of the bony infrastructure of the 
face and to late postoperative deformities. It is important for 
patients to realize that full functional and cosmetic outcome 
may require multiple operations and revisions.

Complications of panfacial repair also include: cerebro-
spinal fl uid leaks, nonunion, malunion, cosmetic deformity 
(telecanthus, orbital dystopia, loss of malar projection, 
increased mid or lower facial width, nasal deformity), maloc-
clusion, infection (local wound abscess, meningitis, cerebral 
abscess, epidural empyema), facial nerve palsy, anosmia, 
and trigeminal nerve injury (hypoesthesia, dysesthesia, 
anesthesia).

DISCUSSION

The term “panfacial fracture” is frequently used incorrectly. 
By defi nition, panfacial fractures involve the upper, middle, 

and lower thirds of the face. Traditionally, the facial skeleton 
is divided into thirds or upper and lower halves. More recently, 
Manson and others have described four anatomical areas of 
the face: the frontal area (including the frontal bar), the upper 
midfacial area (including the ZMC and NOE), the lower mid-
facial area and occlusion (including the maxilla at the Le Fort 
I level and the maxillary and mandibular dentoalveolar seg-
ments), and the basal mandibular area (including the condyle, 
ramus, body, and symphysis). Nonetheless, when there is a 
fracture in each of these four anatomical areas, it is consid-
ered a true panfacial fracture. Comminution is a common 
feature for all midfacial fractures especially at the anterior 
maxillary sinus wall and in the ZM buttress area.

It is of paramount importance to maintain the three dimen-
sions of the facial skeleton: the height (from vertex to menton), 
the width (bizygomatic width), and the anteroposterior pro-
jection. Reconstruction of the anatomy using alignment and 
fi xation of the facial vertical and horizontal buttresses is key. 
The horizontal buttresses as described by Manson and associ-
ates include the frontal bar, infraorbital rim, zygomatic arch, 
maxillary alveolar bone, and mandibular buttresses. The 
vertical buttresses include the orbital, frontonasomaxillary, 
frontozygomaticomaxillary, pterygomaxillary, and mandibu-
lar buttresses.

In the past, it has been advocated to wait until the edema 
resolves before fi xation of facial fractures. Surgeons have 
found that waiting can make the surgical efforts more diffi cult 
and now advocate immediate repair once the patient is stabi-
lized. Panfacial fractures frequently occur concomitantly 
with closed head injuries, mandating neurosurgical evaluation 
and possible treatment prior to any maxillofacial intervention. 
A team approach in conjunction with the neurosurgeons 
is important in the cases requiring cranialization of the 
frontal sinus. It is important to reconstruct the frontal bar and 
superior aspect of the NOE fracture before placement of an 
anteriorly based pericranial fl ap, to allow access to this 
region.

The goal of modern panfacial fracture repair and recon-
struction is achievement of the preinjury level of both func-
tion and cosmesis. The treatment of these complex fractures 
mandates knowledge of facial bony anatomy and facial cos-
metic surgery.
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8 Orthognathic Surgery
Shahrokh C. Bagheri, DMD, MD, and Chris Jo, DMD

This chapter addresses:
• Mandibular Orthognathic Surgery
• Maxillary Orthognathic Surgery
• Maxillomandibular Surgery for Apertognathia
• Distraction Osteogenesis: Mandibular Advancement in Conjunction 

With Traditional Orthognathic Surgery

Correction of dentofacial deformities using combined orth-
odontic and surgical treatment can provide dramatic changes 
in both the cosmetic and functional aspects of the face. Patient 
commitment to an extended period of treatment, along with 
a close working relationship with the orthodontist, is essential 
to a successful outcome.

An important component of the management of patients 
planning for orthognathic surgery is the correct diagnosis 
of both dental and skeletal abnormalities. Dental compensa-
tion can frequently mask an underlying skeletal deformity. 
Assessment of the maxilla and mandible should consider the 
three dimensions: anteroposterior, vertical, and transverse. 
Evaluation at each dimension should account for cosmetic 

factors (e.g., amount of tooth/gingival show, or size of 
chin), growth abnormalities (hypoplasia or hyperplasia), and 
asymmetries.

Treatment is tailored at each patient based on the proce-
dure that would achieve the best result while minimizing 
morbidity. Patient education about the procedure, postopera-
tive healing, and potential complications of orthognathic 
surgery is by far the most important factor toward ensuring 
patient satisfaction.

In this chapter, we provide four teaching cases that address 
maxillary, mandibular, and bimaxillary surgery. In addition, 
we present a case of severe mandibular horizontal hypoplasia 
that is treated using distraction osteogenesis surgery.
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Mandibular Orthognathic Surgery

Shahrokh C. Bagheri, DMD, MD, Timothy M. Osborn, DDS, and Brett A. Ueeck, DMD, MD

CC

A 21-year-old man presents for consultation regarding his 
abnormal bite.

HPI

The patient is referred by his orthodontist for combined surgi-
cal orthodontic correction of his skeletal Class II deformity. 
He explains that he has diffi culty eating foods with the front 
teeth and has become very self-aware of his small lower 
jaw and chin (both functional and cosmetic complaint). He 
does not have any symptoms of temporomandibular joint 
(TMJ) dysfunction (TMD) (although a relationship between 
malocclusion and TMD has been suggested, the scientifi c 
evidence is not clear).

PMHX/PSHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

The examination of a patient for orthognathic surgery can be 
divided into four components: TMJ, skeletal, dental, and soft 
tissue components. Skeletal discrepancies (hypoplasia or 
hyperplasia) should be assessed in three dimensions: trans-
verse (horizontal), anteroposterior, and vertical.
•  Maxillofacial.
 �  TMJ. There are no abnormalities (no muscle 

tenderness, click, or pops).
The maximal interincisal opening is 42  mm with 

good lateral excursions.
 �  Skeletal. There is no facial asymmetry.
  �  Transverse.
   •  Maxillary dental midline is coincident with the 

facial midline.
   •  Mandibular dental midline is coincident with 

the maxillary dental midline.
   •  Chin point is coincident with the maxillary and 

mandibular midlines.
   •  Maxillary occlusal plane is canted down 1  mm 

on the right.
   •  Mandibular angles are level.
   •  Maxillary and mandibular arch widths are 

adequate (evaluated by handheld models or by 
having the patient posture the mandible forward 
into a Class I relationship).

  �  Vertical. Within normal limits
   •  Anteroposterior.
    �  Nasolabial angle is 110° (normal is 100° ± 

10°).
    �  There is a convex facial profi le.
    �  Chin is microgenic.
    �  Labiomental angle is deep (consistent with 

mandibular hypoplasia).
 �  Dental. Occlusion and dentition
  �  Class II relationship is present at fi rst molars and 

canines.
  �  Overjet is 10  mm (Figure 8-1).
  �  There is no crossbite.
  �  The arch form is level with no crowding.
 �  Soft tissue.
  �  Upper lip has adequate thickness and length.

IMAGING

The panoramic and lateral cephalogram are the minimum 
preoperative radiographs necessary for mandibular orthogna-
thic surgery. The panoramic radiograph allows evaluation of 
the dentition, the mandibular bony anatomy, and the position 
of any impacted third molars. Most surgeons recommend 
surgical removal of the mandibular third molars at least 9 
months prior to a sagittal split osteotomy (alternatively, third 
molars can be removed during the procedure).

The lateral cephalogram is the best fi lm for evaluation of 
the anteroposterior position of the soft and hard tissue. Mea-
surements of cephalometric norms are used for evaluation of 
the mandible (and maxilla) in the vertical and anteroposterior 
dimensions. Most current cephalometric analysis involves 
comparing the position of the mandible in reference the 
cranial base (SNB) and the maxilla (ANB). A variety of other 
measurements are used to assess the vertical or horizontal 
abnormalities of the maxillomandibular complex (including 
teeth). Lateral cephalometric analysis does not assess medio-
lateral facial parameters.

For this patient, the following cephalometric measure-
ments were obtained (Figure 8-2). Normal parameters for 
Caucasians are given in parentheses.
• Assessment of the relationship of the maxilla and 

mandible to the cranial base and to each other.
• SNB: 71° (80° ± 3°) (suggestive of mandibular 

hypoplasia)
• ANB: 10° (2° ± 2°) (maxillomandibular discrepancy 

due to mandibular hypoplasia)
• SNA: 81° (82° ± 3°)
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• Vertical facial measurements.
• Nasion to anterior nasal spine (N-ANS): 57  mm 

(female: 53  mm, male: 58  mm)
• ANS-Me: 70  mm (female: 74  mm, male: 67  mm)

• Relationship of the teeth to the skeletal base.
• Upper 1 to SN: 104°(102° to 104°)
• Lower 1 to mandibular plane (MP): 105° (90° to 95°) 

(suggestive of dental compensation for mandibular 
hypoplasia)

The lateral cephalometric analysis (taken during early 
orthodontic treatment) is consistent with mandibular 
hypoplasia with dental compensation of the mandibular 
teeth.

LABS

A baseline hemoglobin and hematocrit are the minimum pre-
operative laboratory values necessary for orthognathic surgery 
in the otherwise healthy patient.

Before and after orthodontic treatment, maxillary and 
mandibular dental casts are obtained for treatment planning 
and construction of an occlusal splint.

ASSESSMENT

Mandibular hypoplasia most pronounced in the antero-
posterior dimension, resulting in a Class II skeletal 
malocclusion

TREATMENT

Treatment of mandibular hypoplasia or hyperplasia is depen-
dent on any coexisting maxillary dentofacial abnormalities. 
If the position of the maxilla is deemed to be appropriate 
(clinical and radiographic analysis), mandibular surgery alone 
can be considered, since the fi nal position of the mandible 
will be dictated by the occlusion and the position of the 
maxilla. If the maxilla is abnormally positioned, then maxil-
lomandibular surgery is indicated. Setting the mandible ante-
riorly or posteriorly in the ideal occlusion may produce an 
unaesthetic chin position. Therefore the need for adjunctive 
surgical procedures (advancement/reduction genioplasty/sub-
mental liposuction) should be considered, especially in man-
dibular setbacks.

The basic method of the sagittal split osteotomy remains 
unchanged since its original description; however, individual 
surgeons have developed different instrumentations and drill-
ing sequences to complete the surgery. Similarly, practitioners 
differ on the preference for fi xation ranging form using bicor-
tical position screws, lag screws, or rigid fi xation plate(s).

Patients with mandibular asymmetry require special con-
sideration related to correction of the deformity. Surgical 
implications include the uneven overlap of the osteotomized 
distal and proximal segments. Similarly, the end position of 
the chin and the mandibular angles have to be anticipated for 
optimal results. Bony recontouring, genioplasty, or augmenta-
tion at the angles or chin may be required.

The overlying soft tissue response to mandibular osteoto-
mies can be predicted. In general, the soft tissue (chin/lip) 
response for mandibular advancement or setback is about 
90% of the skeletal move (i.e., advancing the mandible 10  mm 
will advance the chin and lip about 9  mm). The status of 
facial growth also needs to be determined in younger patients. 
The gold standard for evaluation of facial growth is super-
imposition of interval (6 months apart) standard lateral 
cephalograms.

This patient underwent a bilateral sagittal split osteotomy 
(Figure 8-3, A) resulting in an 8-mm advancement. The prox-
imal and distal segments were fi xated using three bicortical 
position screws at the superior border (Figure 8-3, B) on each 
side. Figure 8-4 demonstrates the occlusion 9 months after 

Figure 8-1. Preoperative occlusion demonstrating an overjet of 
10  mm.

Figure 8-2. Preoperative lateral cephalogram demonstrating a 
severe Class II molar relationship.
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completion of surgery and 1 month after removal of the orth-
odontic appliances.

COMPLICATIONS

Complications of mandibular orthognathic surgery can be 
categorized into intraoperative, early, and late. The complica-
tions related to the sagittal split osteotomy are emphasized 
next:

Intraoperative. The most common intraoperative compli-
cation is an undesirable split or fracture of the segments, 

reported in 3% to 20% of cases. A common cause of proximal 
segment fractures is failure to complete the osteotomy at the 
inferior border, resulting in free segment. Some proximal 
segment fractures can lead to fracture propagation up to the 
condylar head. Confi rmation of the continuity of the condyle 
with the proximal segment will detect this fracture. Undesir-
able fractures can be treated with rigid fi xation or a period of 
6 to 8 weeks of intermaxillary fi xation.

Damage to the interior alveolar nerve is a known compli-
cation of the sagittal split osteotomy. When possible, intraop-
erative transection of the nerve is best treated by immediate 
epineural repair. Retention of the neurovascular bundle in the 
proximal segment as the mandible is split is a common cause 
of injury to the nerve. If the nerve is observed to be in the 
proximal segment as the mandible is split, it should be 
gently dissected and positioned along the canal in the distal 
segment.

Uncontrollable intraoperative hemorrhage is uncommon 
for mandibular orthognathic surgery in an otherwise healthy 
patient. However, it can be seen in patients with vascular 
anomalies or undiagnosed coagulopathies. Damage to the 
facial artery or retromandibular vein is uncommon but 
can be caused by inadvertent laceration of the periosteal 
envelope.

Early. Early complications include malocclusion, wound 
infection, hardware failure, periodontal defects (more 
common with interdental osteotomies), and injury to teeth. 
Early postoperative neurosensory defi cit (inferior alveolar 

A

B

Figure 8-3. A, Intraoperative view immediately after completion 
of the left sagittal split osteotomy. B, Intraoperative view demon-
strating placement of three bicortical position screws placed above 
the inferior alveolar canal.

A

B

Figure 8-4. A and B, Postoperative occlusion after completion of 
the postoperative orthodontics.
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nerve) is not considered a complication because the majority 
of cases (over 85%) demonstrate some degree of paresthesia. 
Progressive improvement can be observed up to 9 to 12 
months postoperatively.

The presence of immediate postoperative malocclusion 
can be indicative of hardware failure or intersegmental shift-
ing. If this is not detected clinically or radiographically, it is 
most likely due to proximal (condylar) segment malposition-
ing during fi xation (e.g., if the condyle is not seated in the 
fossa as it is fi xated to the distal segment, upon release of 
intermaxillary fi xation, the condyles will reposition resulting 
in a anterior open bite).

Infection is a rare complication (less than 3%) in otherwise 
healthy patients. Hardware removal commonly allows rapid 
resolution of a draining fi stula or ongoing acute infection. 
Antibiotics may be used to hasten the recovery. Bone frag-
ments that form a sequestrum (frequently a segment of the 
inferior border) should also be considered in the differential 
diagnosis of a nonhealing wound.

Late. Permanent neurosensory abnormalities (beyond 12 
months) are seen in less than 10% of bilateral sagittal split 
osteotomies. Intraoperative nerve transection, placement of a 
screw through the nerve, and neurovascular encroachment by 
bony segments are possible etiologies of permanent nerve 
injury. Given the high incidence of prolonged postoperative 
hypoesthesia, the diagnosis of a permanent nerve injury is 
often very diffi cult. Due to the spontaneous recovery of the 
majority of cases, surgeons are generally inclined to observe 
postoperative hypoesthesia/anesthesia for extended periods of 
time. This may lead to permanent neurosensory defi cits in a 
small number of patients that may benefi t from early postop-
erative nerve exploration.

Relapse refers to late postoperative occlusal changes 
toward the preoperative occlusion. The etiology of relapse is 
not entirely clear; however, it is hypothesized to be related to 
postoperative changes in the mandibular bony architecture 
(e.g., condylar resorption) or to failure of the neuromuscular 
system to adjust to the new mandibular position resulting in 
an unfavorable muscle pull. Relapse is seen in approximately 
20% of mandibular advancements and is usually limited to 
about 15% of the total surgical advancement. It has been 
shown that larger surgical moves (greater than 7  mm) have a 
greater possibility of relapse, supporting the neuromuscular 
adaptation/pull etiology for relapse.

DISCUSSION

The fi rst description of mandibular osteotomy dates to Hul-
lihen in 1849 (mandibular subapical osteotomy). Subse-
quently, several techniques and modifi cations were described, 
including the Blair ramus osteotomy, Limberg oblique ramus 
osteotomy C-osteotomy, inverted L-osteotomy, and the verti-
cal ramus osteotomy. The vertical ramus osteotomy proce-
dure is still used by many surgeons via an intraoral approach 
(intraoral vertical ramus osteotomy). Mandibular orthogna-
thic surgery was revolutionized by the development of the 
bilateral sagittal split osteotomy by Obegwesser in 1955 in 

Germany. The procedure has since undergone several modi-
fi cations by Obegwesser, Dalpont, Hunsuck, and others. 
Today, the bilateral sagittal split osteotomy remains the most 
commonly used osteotomy for advancement or setback of the 
mandible. The Dalpont modifi cation was one of the earlier 
changes that introduced the vertical cut through the cortex. 
Hunsuck suggested a shorter medial osteotomy posteriorly, 
resulting in a shorter split and allowing reduced soft tissue 
trauma and improved posterior mandibular contour, espe-
cially with larger setbacks.

Successful orthognathic surgery requires good communi-
cation between the surgeon and orthodontist, as well as patient 
commitment toward a long treatment period. The main goals 
of preoperative orthodontic treatment include leveling and 
aligning of the arches, positioning of the teeth over the basal 
bone, and proper inclination of the teeth (dental decompensa-
tion), especially the incisors. Placement of molar bands and 
adequate orthodontic hardware is important for intraoperative 
maxillomandibular fi xation.

Augmentation or reduction genioplasty is frequently used 
in conjunction with mandibular orthognathic surgery. Simi-
larly, some patients may elect to defer orthognathic surgery 
and only undergo chin surgery. A patient with mandibular 
hypolasia may elect to “camoufl age” the abnormality by an 
advancement genioplasty alone. Although this does not 
alter the dental relationship, it can improve the aesthetic 
outcome.

The preoperative work-up is a combination of clinical and 
radiographic planning. The decision for the surgical move-
ments should be predominantly determined from the patient 
and not the radiographs, leading to the adage, “Treat the 
patient, not the radiograph.” Once the clinical and cephalo-
metric plans are in place, preoperative dental casts should be 
made and mounted on an articulator with facebow transfer 
and occlusal registration. The casts should be trimmed ana-
tomically so that measurements and moves on the casts can 
be accurately transferred to the operating room. Once the 
model surgery has been performed based on the cephalomet-
ric predictions and clinical examination, the acrylic splint can 
be made. Measurements should be recorded and verifi ed on 
the fi lms and surgical casts.

There are several adjuncts used clinically during the oper-
ative period to enhance both the surgical fi eld and the patient’s 
recovery. The use of hypotensive anesthesia at the time of the 
osteotomy helps to minimize the amount of blood loss and 
increase the surgeon’s visibility, allowing for more precise 
and timely surgery. In general, an increase of up to 500  ml of 
blood loss can be expected in patients not undergoing hypo-
tensive anesthesia. While the exact amount of blood loss and 
increase in visibility are still debated, several studies have 
shown this method to be effective. A reverse Trendelenburg 
(head-up) position will also aid in reduction of venous con-
gestion in the head and neck.

The use of antibiotics and steroids has been debated. A 
single preoperative prophylactic dose of antibiotic is probably 
useful in reducing the infection risk without undo adverse 
sequelae. Studies have shown an infection rate of less than 
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5% with a single preoperative antibiotic dose. Some surgeons 
suggest continuing antibiotics for 5 to 7 days postoperatively, 
but this practice is not supported by clinical studies. To con-
tinue antibiotics beyond the preoperative dose is probably 
unwarranted in an otherwise healthy patient. Corticosteroids 
have been shown to decrease the total amount and length of 
time of postsurgical edema. They are also benefi cial antinau-
sea medications.

Despite the decreasing reimbursement and insurance 
coverage, orthognathic surgery continues to be a viable 
tool for treatment of a variety of clinical diagnoses, 
with signifi cant impact on both function and cosmetisis. 
The skills required to successfully perform these operations 
is challenging and requires continuing refi nement and 
education.
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Chris Jo DMD, Brett A. Ueeck, DMD, MD, and Timothy M. Osborn, DDS

CC

A 19-year-old woman is referred by her orthodontist for com-
bined surgical-orthodontic management of her Class III skel-
etal malocclusion and maxillary hypoplasia. She complains 
that, “My face looks sunken in and looks too short.”

For the treatment planning of patients presenting for 
orthognathic surgery, it is essential to differentiate the degree 
of cosmetic versus functional complaints. For elective surgi-
cal procedures, a successful outcome requires this distinction 
to be well integrated in the surgical plan. Although this 
patient’s functional impairments are obvious, she focuses 
mostly on her appearance.

HPI

The patient admits to some diffi culty and discomfort when 
chewing certain foods, but her main concern is her appear-
ance. She presents to your offi ce after fi nishing 3 years of 
orthodontic therapy. She was being monitored for cessation 
of mandibular growth and possible development of mandibu-
lar hyperplasia in conjunction with maxillary hypoplasia. 
Serial 1-year-interval lateral cephalograms showed that her 
mandibular growth was complete (interval superimposition 
of standard lateral cephalogram is a reliable way to monitor 
facial growth). Her occlusion has been aligned and leveled 
for a single-piece Le Fort I osteotomy (if the curve of Spee 
cannot be leveled in the mandibular arch preoperatively, then 
postoperative tripod occlusion and postoperative leveling are 
planned). There is no history or symptoms of TMDs (preex-
isting TMD should be recognized and addressed before 
orthognathic surgery. It is possible that orthognathic surgery 
may exacerbate preexisting TMD. Although some surgeons 
recommend simultaneous orthognathic and TMJ surgery in 
select cases of preexisting anterior disc displacement, this 
issue is highly controversial).

PMHX/PSHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.
Elective orthognathic surgery should be avoided on patients 

who are of classifi ed as ASA III or greater.

EXAMINATION

The examination of a patient for orthognathic surgery can be 
divided into four components: TMJ, skeletal, dental, and soft 
tissue. Skeletal discrepancies (hypoplasia or hyperplasia) 

should be assessed in three dimensions: transverse (horizon-
tal), anteroposterior, and vertical. As for all surgical patients, 
the airway, cardiopulmonary, neurological, and other organ 
systems should be assessed in anticipation of general 
anesthesia.
• Maxillofacial.
 �   TMJ. The muscles of mastication and the TMJ 

capsule are nontender, with no evidence of clicking, 
or crepitus (seen with disc perforation). The maximal 
interincisal opening is 45  mm with good excursive 
movements and no deviation upon opening or closing 
(normal TMJ examination).

 �  Skeletal. There is no vertical orbital dystopia. The 
intercanthal distance is 31  mm (normal). The nose is 
straight and coincident with the midline. Malar 
eminences are within norm.

  � Transverse.
   •  Maxillary dental midline is 1  mm right of the 

facial midline.
   •  Mandibular dental midline is 1  mm left of the 

maxillary dental midline and coincident with 
the facial midline.

   •  Chin point is coincident with the facial midline.
   •  Maxillary occlusal plane is canted down 1  mm 

on the left at the canine.
   •  Mandibular occlusal plane and angles are level.
   •  Maxillary arch width is adequate (evaluated by 

handheld models).
  � Vertical.
   •  The lower facial third is defi cient (normal 

nasion-ANS–to–ANS-menton ratio is 7:8).
   •  Maxillary incisor length is 10  mm.
   •  Upper incisor show is 0  mm at rest (ideally, 2- 

to 4-mm tooth show at rest) and 6  mm in full 
smile (in an aesthetically pleasing smile line, 
the gingival papilla or 1  mm of gingival margin 
is visible at full smile).

  • Anteroposterior.
   •  Overjet is −6  mm.
   •  Nasolabial angle is 45° (normal is 100° ± 10°).
   •  Labiomental fold is within normal limits.
   •  Chin is relatively prognathic.
   •  Profi le is brachycephalic (Figure 8-5, A).
 � Dental. Occlusion and dentition
  �  There is deep bite (Figure 8-5, B).
  �  Overjet is −6  mm (normal is +3.5  mm ± 2.5  mm).
  �  Class III relationship is present at the fi rst molars 

and canines bilaterally.
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  �  Arch width is adequate on hand-held models 
(transverse maxillary defi ciencies may require a 
segmental Le Fort I osteotomy or surgically 
assisted rapid palatal expansion).

  �  Curve of Spee has been appropriately leveled, and 
additional postoperative leveling will be required 
(1 to 1.5  mm of arch space is required for each 
1  mm of curve of Spee leveled).

  �  The maxillary and mandibular arch forms are ideal.
  �  Dental compensations have been adequately 

decompensated without the need for bicuspid 
extractions (retracting proclined incisors require 
0.8  mm of arch space for each 1° retracted; 
proclining incisors 1.25° gains 1  mm of arch 
space).

  �  The dentition is in good repair with no missing 
teeth (except for third molars).

 � Soft tissue.
  � Upper lip has adequate thickness and length.
  � Nasolabial angle is 40° (normal is 100° ± 10°).
  �  Downward rotation of the nasal tip.

IMAGING

The panoramic radiograph and a lateral cephalometric radio-
graph are the minimum imaging modalities necessary for 
orthognathic surgery. Preoperative profi le, frontal (upon 
smiling and rest), and occlusal photographs should be 
obtained.

For this patient, the panoramic radiograph shows normal 
bony architecture of the condylar head and no other pathol-
ogy. The right and left maxillary and mandibular third molars 
(teeth Nos. 1, 16, 17, and 32) are full bony impacted with 
minimal root formation.

An initial lateral cephalogram was obtained with the 
patient in centric relation and lips in a relaxed/reposed posi-
tion (Figure 8-6). Cephalometric analysis reveals anteropos-

terior maxillary hypoplasia. This preorthodontic lateral 
cephalogram illustrates the degree of skeletal discrepancies, 
as well as the degree of dental compensations (proclined 
maxillary incisors), that are important considerations when 
calculating the adequacy of the existing arch space and deter-
mining the need for extractions (decompensating or retroclin-
ing fl ared incisors require 0.8  mm of arch space for each 1° 
of retraction). It is important to note that measurements differ 
between Caucasians, Asians and African Americans (Cauca-
sian normal values are listed in Box 8-1).

LABS

Baseline hemoglobin and hematocrit values are the minimum 
preoperative laboratory values necessary for orthognathic 
surgery in the otherwise healthy patient. This patient had 

B
A

Figure 8-5. A, Preoperative profi le view showing shortened lower facial third height and midface hypoplasia. B, Preoperative intraoral 
view showing Class III skeletal malocclusion.

Figure 8-6. Preoperative lateral cephalogram showing maxillary 
hypoplasia and severe compensation of the maxillary incisors.
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normal values (hemoglobin of 13.1  mg/dL and hematocrit of 
40.2%).

A pregnancy test (urine pregnancy test or serum beta-
hCG) is also warranted for females of childbearing age. The 
need for transfusion of blood products is rare, so a type and 
screen is generally not warranted.

ASSESSMENT

Maxillary hypoplasia resulting in a Class III skeletal facial 
deformity

TREATMENT

Treatment of maxillary hypoplasia involves a combined 
orthodontic and surgical approach for stable results. A coor-
dinated approach between orthodontist and oral and maxil-
lofacial surgeon requires a close working relationship to meet 
the needs of the patient. The goals of presurgical orthodontic 
therapy are to:
• Align and level the occlusion
• Coordinate the maxillary and mandibular arches 

(progress is monitored with hand-held models)
• Eliminate dental compensations in preparation for 

surgical correction of the skeletal deformities
• Diverge the roots of adjacent teeth for planned segmental 

osteotomies (only the roots should be diverged while the 
crowns retain interproximal contact).

During the treatment-planning phase, the need for dental 
extractions is determined. The surgeon should be aware of 
the rationale for arch space management during the presurgi-
cal orthodontic phase. It is important to avoid any unstable 
orthodontic movement (closing anterior open bites by extrud-
ing maxillary or mandibular anterior teeth or widening the 
posterior maxillary horizontal dimension by tipping the 
molars) that would later result in relapse. Postsurgical orth-
odontic is aimed at creating a fi nal stable occlusion and 
closure of any posterior open bites that resulted from the 
surgical correction. Frequently, the orthodontist is not able to 
level the mandibular curve of Spee presurgically and sets up 
a tripod occlusion. The curve is leveled and spaces are closed 
postoperatively. Most orthodontists use a retainer for mainte-
nance of the fi nal occlusal relationship and alignment.

The orthognathic surgical treatment options/plan for max-
illary hypoplasia is case specifi c but may include a Le Fort I 
osteotomy and advancement (single piece versus multiple 
piece) or bimaxillary surgery. During maxillary advance-
ment, the surgeon can also control the vertical position of the 
maxilla and incisors, as the mandibular arc of rotation and 
model setup will determine the fi nal position of both the 
maxilla and mandible (mounted model surgery is paramount 
to determine anteroposterior position of the maxillomandibu-
lar unit when it is set at the desired vertical position). A Le 
Fort I osteotomy alone can be considered when:
• The mandible is in good position (dental midline and 

chin midline coincident with the facial midline)
• There is no mandibular occlusal cant
• The mandible is aligned with the face (symmetrical)
• The mandibular arc of rotation positions the maxilla into 

a good anteroposterior position, while maintaining an 
appropriate chin projection

A segmental Le Fort I osteotomy is indicated when a trans-
verse defi ciency or when a dual occlusal plane exists. Bimax-
illary (maxillomandibular) surgery (Le Fort I and sagittal 
split or vertical ramus osteotomies) may be warranted when 
deformities exist in both the maxilla and mandible, and the 
mandibular position and arc of rotation cannot be used to 
position the maxilla (see the section on maxillomandibular 
surgery for Apertognathia later in this chapter). Surgically 
assisted rapid palatal expansion should be considered 
when there is a maxillary transverse discrepancy or arch 
length discrepancy with no other vertical or anteroposterior 
discrepancies.

Once the surgical treatment plan has been developed, the 
surgeon can proceed with model surgery to fabricate surgical 
splint(s) on mounted models. If the open bite is to be closed 
with maxillary surgery alone, then the maxillary cast is set 
to the ideal occlusion with the opposing mounted mandibular 
cast (occlusion set with a small posterior open bite will max-
imize the amount of incisor overlap and reduce relapse). 
Small posterior open bites can be easily closed orthodonti-
cally, especially in young patients (surgically created poste-
rior open bites allow maximal overlap of the anterior teeth, 
reducing the risk of relapse). A thin interocclusal acrylic 
wafer (splint) is made to stabilize the occlusion intraopera-

Box 8-1.   Cephalometric Analysis (Normal 
Caucasian Measurements)

• Cranial base angle is normal (nasion-sella [SN]-basion 
angle norm is 129° ± 4° and sella-nasion [SN] to Frankfurt 
horizontal [FH] normal value is 7° ± 4°).

• SNA 79° (suggestive of a maxillary anteroposterior 
defi ciency relative to the cranial base. Normal value is 82° 
± 3°).

• SNB 88° (suggestive of an excessive anteroposterior 
position of the mandible relative to cranial base. Normal 
value is 80° ± 3°).

• Harvold difference (distance from condylion to pogonion 
minus distance from condylion to A point) is excessive 
(suggestive of maxillary hypoplasia or mandibular 
hyperplasia. Normal value in females is 27  mm and 29  mm 
in males).

• Mandibular plane (MP) is fl at (SN-MP normal value is 32° 
± 10° and FH-MP normal value is 22° ± 6°).

• Long axis of upper incisor to SN angle is 134° (severely 
compensated maxillary incisors. Normal value is 104° ± 
4°).

• Long axis of lower incisor to MP angle is 100° (normal 
value is 90° ± 5°).

• Upper lip to E-plane is −5  mm (normal value is −3  mm ± 
2  mm).

• Lower lip to E-plane is +3  mm (shows retrusive soft tissue 
chin and concave profi le. Normal value is −2  mm).
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tively during rigid fi xation of the maxilla. If a segmental 
osteotomy is performed, then the splint is made with a palatal 
strap and wired to the maxillary dentition during the healing 
phase to prevent horizontal collapse and relapse of the open 
bite. The maxilla is generally fi xated with four-point fi xation 
(at piriform rim and zygomaticomaxillary buttress bilater-
ally) using 1.5- or 2.0-mm plates.

When performing maxillary osteotomy, surgeons should 
communicate with the anesthesiologist the need for hypoten-
sive anesthesia to reduce intraoperative bleeding. When fea-
sible, hypotension induced with beta-blockers rather than 
“deep anesthesia” with anesthetic gases is preferred, as the 
former is more effective and easily titrated. After nasotra-
cheal intubation, Marcaine (bupivacaine) with epinephrine 
is infi ltrated in the maxillary buccal vestibule (injection of 
vasoconstrictor in the palate should be avoided). Incision 
design is a critical portion of the surgery, and the vascular 
perfusion of the hard and soft tissues is the most important 
factor in healing. The most common incision used during 
Le Fort I osteotomy is a horizontal incision through the 
mucosa well above the level of the keratinized gingiva (1  cm 
past the buccal sulcus) from fi rst molar to fi rst molar 
with scalpel or electrocautery (the parotid papilla should be 
identifi ed and protected before the incision). Incision is then 
carried down through the periosteum to bone. Keeping the 
periosteal incision perpendicular to the bone prevents extru-
sion of the buccal fat pad. Subperiosteal dissection is per-
formed on the superior aspect of the incision, preserving the 
cuff of mucogingival tissue. Dissection is to the piriform rim, 
up to the infraorbital foramen with exposure of the zygo-
maticomaxillary buttress. Dissection is then carried posteri-
orly with subperiosteal tunneling to the pterygomaxillary 
fi ssure. Attention is then turned to elevation of the nasal 
mucosa from the medial portion of the lateral wall and fl oor. 
After the maxilla is exposed, vertical reference points can 
be established (both internal and external references have 
been used).

A curved retractor is then placed at the pterygomaxillary 
junction, and a Freer or other retractor is placed under the 
nasal mucosa for protection during the osteotomy. The oste-
otomy is then made by using a reciprocating saw, with care 
taken to remain 5 to 6  mm above the root apices. A nasal 
septal osteotome is then used to free the septal cartilage and 
vomer from the nasal fl oor. A spatula osteotome can be used 
to complete the lateral nasal osteotomies. A pterygoid osteo-
tome is then placed and angled slightly inferiorly so as to avoid 
inadvertently lacerating the internal maxillary artery, which 
is approximately 25  mm superior to the pterygomaxillary 
junction. The pterygomaxillary junction is then separated 
with the osteotome. Gentle pressure can be applied to the 
anterior maxilla as the nasal mucosa is elevated. With continu-
ing downfracture, the descending palatine neurovascular 
bundle will come into view, and care should be taken to 
prevent injury to the vessels (some surgeons elect to ligate and 
section the descending palatine neurovascular bundle). Any 
areas of incomplete osteotomy can be identifi ed and mobilized 
to completely free the mobilized segment. The maxilla should 

be completely mobilized so that it can be repositioned and 
stabilized as planned. If a multiple-piece Le Fort is planned, 
the interdental osteotomy is made before downfracture of the 
maxilla and parasagittal (thinner bone and thicker soft tissue 
compared with the midline) osteotomies are made after the 
downfracture. Also, inferior turbinate reduction should be 
considered when performing maxillary impactions.

Next, the surgical splint is inserted and secured to the 
dental arch. The maxillomandibular complex is then pas-
sively seated, and any bony interferences are selectively 
removed until the desired vertical height is achieved (com-
plete paralysis should be verifi ed with train of four twitches 
by the anesthesiologist). If there are any large defects in the 
walls of the maxilla, bone grafts can be used. Rigid fi xation 
techniques with plates at the buttress and piriform region is 
the most commonly used method of stabilizing the maxilla. 
Once rigidly fi xed, the maxillomandibular fi xation can be 
removed so that the occlusion can be checked. The mandible 
should seat passively into the splint, verifying proper stabili-
zation as planned. Some surgeons place deep sutures into the 
muscular layer to reapproximate the facial and labial muscu-
lature, prior to mucosal closure. The mucosal layer is closed 
with a running suture in a V-Y pattern to help maintain lip 
length. A completion of the procedure, the occlusion is veri-
fi ed, and light elastics are used as needed to guide the 
occlusion.

The fi nal results of the patient described above can be seen 
in Figure 8-7.

COMPLICATIONS

An important aspect of orthognathic surgery is management 
of complications. A well-informed patient and attention to 
detail cannot be overemphasized. The most important com-
plications of maxillary orthognathic surgery are as follows 
(see Box 8-2 for more details):
• Hemorrhage
• Vascular compromise and maxillary necrosis
• Relapse and malpositioning
• Neurosensory defi cits (greater and lesser palatine, 

nasopalatine, infraorbital nerves)
• Damage to the dentition (maxillary roots) and 

periodontal defects
• Postoperative nasal deformity
Other complications of maxillary orthognathic surgery 
include infection, hardware failure, malunion, fi brous union, 
and pulpal necrosis (devitalization of the teeth, is generally 
prevented if osteotomy is at least 5 to 6  mm superior to the 
root apices).

DISCUSSION

The success of maxillary orthognathic surgery owns its origin 
to recognition of the blood supply to the maxilla fi rst inves-
tigated by Bell. The main blood supply is based on branches 
of the external carotid system including the ascending pala-
tine, ascending pharyngeal, palatine, nasopalatine, posterior 
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superior, and infraorbital arteries. With the maxillary oste-
otomy, it has been shown that the buccal gingival and muco-
periosteal pedicle and the palatal soft tissue pedicle allow for 
the preserved blood supply and proper wound healing for the 
maxillary osteotomy. Proper incision design and minimal 
dissection of the palatal soft tissues will ensure an adequate 
blood supply.

Traditional methods of stabilizing the maxillary with 
wires and prolonged periods of maxillomandibular fi xation 
have been replaced with rigid internal fi xation using titanium 
plates and screws. Resorbable fi xation materials have been 
studied successfully for orthognathic surgery, but they are not 
routinely applied by most surgeons. Direct bony contact, 
especially at the zygomaticomaxillary buttresses, is needed 
to improve immediate and long-term stability. When there are 
bony gaps, bone grafts may be warranted (especially with 
large advancements or widening or downgrafting procedures). 
In those undergoing maxillary advancement, Egbert looked 
at horizontal and vertical relapse and demonstrated improved 
stability with rigid fi xation compared with wire fi xation and 
maxillomandibular fi xation.

The soft tissue changes associated with maxillary surgery 
are predominantly observed in the nasal and labial struc-
tures. The nasal changes depend on the type of movement; 
anterior repositioning results in widening of the nasal base 
and increase in the supratip break, superior repositioning 
leads to elevation of the nasal tip and widening of the 
nasal base, inferior repositioning results in loss of tip support, 
while posterior movement results in loss of tip support because 
of posterior movement of the ANS with minimal change 
at the alar base. The labial changes include upper lip 
widening and lengthening of the philtral columns. With V-Y 
closure, shortening of the upper lip and loss of vermillion are 
minimized.

Hierarchy of stability in orthognathic surgery has been 
classically described by Profi tt and associates (modifi cations 
to original description are given in parentheses) as follows, 
from most to least stable:
• Maxilla up (non–open bite cases are more stable than 

open bite cases)
• Mandible forward (low mandibular plane angle is better)
• Maxilla forward

BA

C

Figure 8-7. A, Postoperative profi le showing correction of the midface hypoplasia and elongation of the short lower facial third. B, Post-
operative lateral cephalogram showing correction of the maxillary hypoplasia and aesthetically pleasing facial profi le. C, Postoperative 
intraoral view revealing the fi nal occlusion.
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Box 8-2.  Most Important Complications of Maxillary Orthognathic Surgery

• Hemorrhage. Intraoperative or postoperative hemorrhage can 
be life threatening (although rare). Hypotensive anesthesia 
(mean arterial pressure maintained at around 60  mm  Hg) is 
used by most surgeons to reduce the amount of intraoperative 
bleeding and to improve visualization of the surgical fi eld. 
Vascular injury to the pterygoid plexus of veins (most 
common) can result in a signifi cant amount of blood loss 
(usually easy to control by packing the wound). An arterial 
injury (descending palatine artery most common) is more 
diffi cult to control and can result in a signifi cant amount of 
blood loss in a short period of time (internal maxillary artery 
and its terminal branches are most susceptible during the 
osteotomy and downfracture of the maxilla). Typically, 
arterial bleeding can be controlled by controlling the blood 
pressure, proper visualization, pressure/packing, and 
electrocautery or hemoclips. Uncontrollable arterial 
hemorrhage warrants emergent angiography and embolization 
(a carotid cutdown and ligation of the external carotid artery 
can be performed but is less effi cacious due to collateral 
arterial supply). Turvey and associates have shown the 
internal maxillary artery is located 25  mm superior to the to 
the most inferior junction of the maxilla and pterygoid plate, 
leaving a 1-mm margin of safety if a 15-mm-wide curved 
osteotome is used. A late bleed (usually preceded by a sentinel 
bleed) can arise from undetected injury to the descending 
palatine artery (most common source of postoperative 
bleeding), pseudoaneurysm formation, or ischemic necrosis of 
the descending palatine artery due to excessive stretching 
(especially if the descending palatine artery was not ligated 
and sectioned during the procedure) and warrants immediate 
angiography. When required, selective arterial embolization 
should be cautiously performed to avoid compromising the 
blood supply to the maxilla. Self-donated blood banking was 
previously advocated by some groups, but this practice is no 
longer used (severe bleeding that requires transfusion of 
packed red blood cells is very rare when following appropriate 
transfusion thresholds). The patient should be informed that 
intermittent small amounts of dark blood may drain from the 
nose, which may mimic epistaxis, as the blood collection is 
emptied from the maxillary sinuses.

• Vascular compromise and maxillary necrosis. Avascular 
necrosis of the maxilla is the most feared complication after 
maxillary orthognathic surgery (higher risk for segmental 
osteotomies and large advancements). The vascular supply to 
the maxilla arises from branches of the external carotid artery 
(ascending palatine artery from the facial artery, and the 
ascending pharyngeal, greater and lesser palatines, descending 
palatine, and nasopalatine artery all from the internal maxillary 
artery). Some surgeons elect to ligate and section the 
descending palatine neurovascular bundle, which has been 
shown to not signifi cantly affect labial gingival perfusion. 
Vascular insult results from not only the incisions and 
osteotomies/downfracture but also from repositioning of the 
maxilla. If signs of serious hypoperfusion (pale gingival or 
palatal mucosa with no capillary refi ll are early signs and 
mucosal sloughing is a late sign) is noted intraoperatively, then 
the procedure should be aborted and the maxilla positioned 
and rigidly fi xed into its original position. If poor perfusion is 
observed postoperatively, then removal of splints (if wired to 
the maxilla for postoperative stability) and removal of rigid 
fi xation to allow the maxilla back into its presurgical position 
may be required. Maxillary splints with a palatal strap should 

be constructed with caution; because if they are impinging on 
the palatal mucosa, they can result in vascular compromise. 
Hyperbaric oxygen should be considered postoperatively for 
maxillary hypoperfusion. Smoking has also been implicated 
in increasing the risk of avascular necrosis.

• Relapse and malpositioning. Long-term stability is one of 
the main goals of orthognathic surgery. Closing anterior open 
bites with posterior impaction of the maxilla is more stable 
than a mandibular osteotomy with surgical counterclockwise 
rotation of the mandible. However, more recent studies suggest 
that counterclockwise surgical rotation of the mandible is very 
stable, especially with the advent of rigid fi xation. If anterior 
open bite occurs in the immediate postoperative period, it is 
likely due to incomplete seating of the condyles intraoperatively. 
This can be minimized by inducing complete paralysis during 
fi xation and upward manual pressure at the angles of the 
mandible when positioning the maxillomandibular unit (the 
maxilla can pivot around a posterior bony prematurity, which 
will pull the condyle out of the glenoid fossa during positioning 
of the maxillomandibular complex). Bays introduced the 
Rigid Adjustable Pin (RAP) system, which allows for 
postoperative three-dimensional adjustability. If relapse of the 
open bite occurs several weeks to months after surgery or 
release of maxillomandibular fi xation, the most common 
cause is collapse of the horizontal dimension of the posterior 
maxilla (bony horizontal relapse for segmental Le Fort 
osteotomies or dental relapse of molars inappropriately tipped 
laterally). The RAP system can also be used when there is 
inadequate bone for miniplate fi xation. Aggressive mobilization 
of the maxilla and passive repositioning with rigid internal 
fi xation is also important for improved long-term stability. 
Widening and downward moves are the most unstable moves 
in maxillary surgery.

• Neurosensory defi cits (greater and lesser palatine, 
nasopalatine, infraorbital nerves). Although not severed, 
traction and compression injury to the infraorbital nerve result 
in a reported 6% incidence of infraorbital nerve neurosensory 
defi cits at 1 year postoperatively. Nasopalatine and superior 
alveolar nerves (posterior, middle, and anterior) are severed 
during surgery (some surgeons also ligate and section the 
descending palatine neurovascular bundle). Sensory recovery 
of the palate is much slower and less complete and is likely 
due to collateral reinnervation. Neurosensory disturbances of 
the palate are generally well tolerated.

• Damage to the dentition (maxillary roots) and periodontal 
defects. This is especially a concern for segmental Le Fort I 
osteotomies (although there are no studies to suggest a higher 
incidence of periodontal defects in segmental osteotomies). 
The majority of these complications can be avoided by careful 
presurgical orthodontic preparation (diverging the roots at 
the interdental osteotomy sites) and careful surgical technique.

• Postoperative nasal deformity. Buckling of the 
cartilaginous nasal septum (quadrangular cartilage) can 
cause a nasal deformity (deviation of the nasal tip and 
buckling of the upper lateral cartilages). The nasal septum 
and the nasal spine of the maxilla and palatine bones should 
be appropriately trimmed (especially during maxillary 
impaction), and the caudal portion of the quadrangular 
cartilage should be trimmed during maxillary advancement. 
The nasal septum should be secured to the anterior nasal 
spine with a heavy resorbable suture to prevent displacement 
during the recovery phase.
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• Maxilla up-mandible forward
• Maxilla forward-mandible back
• Mandible back
• Maxilla down
• Maxilla wider
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Maxillomandibular Surgery for Apertognathia

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 17-year-old girl is referred by her orthodontist for combined 
surgical-orthodontic management of her anterior open bite 
(apertognathia) and mandibular hypoplasia. She complains 
that, “I have diffi culty eating and would like to have my open 
bite fi xed.”

For the treatment planning of patients presenting for 
orthognathic surgery, it is essential to differentiate the degree 
of cosmetic versus functional complaints. For elective surgi-
cal procedures, a successful outcome requires this distinction 
to be well integrated in the surgical plan.

HPI

The patient reports diffi culty chewing certain foods due to the 
anterior open bite and is also concerned about her facial profi le 
and her retrusive chin. She completed extensive orthodontic 
therapy as a teenager to close her anterior open bite, which has 
progressively relapsed (orthodontic closure of an anterior open 
bite has a high relapse rate). One week before this consulta-
tion, she had orthodontic appliances placed by her orthodon-
tist. She admits to a history of a thumb-sucking habit from 
childhood into her early teen years (thumb- or fi nger-sucking 
habits can cause apertognathia). There is no history of tongue 
thrusting (although this is a diffi cult parameter to rule out, an 
unrecognized tongue-thrusting habit can cause future relapse 
of surgical and orthodontic treatment. Macroglossia should be 
recognized and treated as needed by tongue reduction proce-
dures). She is congenitally missing the right maxillary third 
molar, but the remaining third molars are full bony impactions 
(most surgeons prefer that impacted mandibular third molars 
be extracted at least 6 to 9 months before mandibular sagittal 
split osteotomy procedures, to avoid complications related to 
fi xation. Maxillary molars do not need to be removed in 
advance). There is no history or symptoms of TMDs (preexist-
ing TMD should be recognized and addressed before orthog-
nathic surgery. It is possible that orthognathic surgery may 
exacerbate preexisting TMD. Although some prominent 
surgeons recommend simultaneous orthognathic and TMJ 
surgery in select cases of preexisting anterior disc displace-
ment, this issue is highly controversial).

PMHX/PSHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.
Elective orthognathic surgery should be avoided on patients 

who are ASA Class III or greater.

EXAMINATION

The examination of a patient for orthognathic surgery can be 
divided to four components: TMJ, skeletal, dental, and soft 
tissue. Skeletal discrepancies (hypoplasia or hyperplasia) 
should be assessed in three dimensions: transverse (horizon-
tal), anteroposterior, and vertical. As for all surgical patients, 
the airway, cardiopulmonary, neurological, and other organ 
systems should be fully assessed in anticipation for general 
anesthesia.
• Maxillofacial.
 �  TMJ. The muscles of mastication and the TMJ 

capsule are nontender, with no evidence of 
clicking, or crepitus (seen with disc perforation). 
The maximal interincisal opening is 45  mm 
with good excursive movements and no deviation 
upon opening or closing (normal TMJ 
examination).

 �  Skeletal. There is no vertical orbital dystopia. The 
intercanthal distance is 31  mm (normal). The nose is 
straight and coincident with the midline. Malar 
eminences are within normal limits.

  � Transverse.
   •  Maxillary dental midline is coincident with the 

facial midline.
   •  Mandibular dental midline is 1  mm right of the 

maxillary dental midline.
   •  Chin point is 2  mm right of the maxillary 

midline.
   •  Maxillary occlusal plane is canted down 1  mm 

on the right at the canine.
   •  Mandibular angles are level.
   •  Maxillary arch width is adequate.
  � Vertical.
   •  Maxillary incisor length is 10  mm.
   •  Upper incisor show is 3  mm at rest (ideally, 2 to 

4  mm tooth show at rest) and 8  mm in full 
smile (in an aesthetically pleasing smile line, 
the gingival papilla or up to 1  mm of gingival 
margin is visible at full smile).

   •  Anterior open bite is 7  mm.
  � Anteroposterior.
   •  Overjet is 6  mm.
   •  Nasolabial angle is 110° (normal is 

100° ± 10°).
   •  Labiomental fold is deep.
   •  Chin is retrognathic.
   •  Profi le is brachycephalic.
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 � Dental. Occlusion and dentition
  �  Open bite is 7  mm at incisors and 3  mm at 

canines, with single divergent occlusal planes 
(Figure 8-8).

  �  Overjet is 6  mm (normal is +3.5 ± 2.5  mm).
  �  Class II relationship is present at fi rst molars and 

canines bilaterally.

  �  Arch width is adequate on hand-held models.
  �  Curve of Spee has been leveled.
  �  The dentition is in good repair with no missing 

teeth (except for third molars).
  �  Mandibular arch form is good. There is no 

mandibular occlusal cant.
 � Soft tissue.
  �  Upper lip has adequate thickness and length.
  �  Nasolabial angle is 85° (normal is 100° ± 10°).
  �  Nasal contour is within normal limits (dorsum, 

alar base, tip).

IMAGING

The panoramic radiograph and a lateral cephalometric 
radiograph are the minimum imaging modalities necessary 
for orthognathic surgery. Preoperative profi le, frontal (upon 
smiling and rest), and occlusal photographs should be 
obtained.

For this patient, the panoramic radiograph shows normal 
bony architecture of the condylar head and no other pathol-
ogy. The right left maxillary third molar is missing, and the 
left maxillary and left and right mandibular third molars are 
full bony impacted with minimal root formation (Figure 8-9, A).

A lateral cephalogram was obtained with the patient 
in centric relation and lips in a relaxed/reposed position 
(Figure 8-9, B). Cephalometric analysis reveals anteroposterior 

Figure 8-8. Preoperative intraoral view revealing anterior open 
bite. (Courtesy Dr. Vincent J. Perciaccante.)

B

A

Figure 8-9. A, Preopera-
tive pan oramic radiograph, 
demonstrating impacted left 
maxillary and mandibular 
third molars and an ante-
rior open bite. B, Preoper-
ative lateral cephalogram 
showing the apertognathia 
and degree of mandibular 
hypoplasia. (Courtesy Dr. 
Vincent J. Perciaccante.)
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maxillary hypoplasia. It is important to note that measure-
ments differ between Caucasians, Asians and African Amer-
icans (Caucasian normal values are listed in Box 8-3).

LABS

Baseline hemoglobin and hematocrit are the minimum pre-
operative laboratory values necessary for orthognathic surgery 
in the otherwise healthy patient. Although blood loss requir-
ing transfusion therapy is uncommon for orthognathic surgery, 
baseline hemoglobin and hematocrit values are helpful in 
cases of excessive blood loss to determine the need for trans-
fusion or guide fl uid resuscitation. This patient had normal 
values (hemoglobin of 13.1  mg/dl and hematocrit of 40.2%).

A pregnancy test (urine pregnancy test or serum beta-
hCG) is also warranted for females of childbearing age. The 
need for transfusion of blood products is rare, so a type and 
screen is generally not warranted.

ASSESSMENT

Maxillary and mandibular hypopalsia resulting in aperto-
gnathia and a Class II skeletal facial deformity

TREATMENT

Treatment of a signifi cant anterior open bite typically involves 
a combined orthodontic and surgical approach for stable 
results. A coordinated approach between orthodontist and 

oral and maxillofacial surgeon requires a close working rela-
tionship to meet the needs of the patient. The goals of presur-
gical orthodontic therapy are to:
• Align and level the occlusion
• Coordinate the maxillary and mandibular arches 

(progress is monitored with hand-held models)
• Eliminate dental compensations in preparation for 

surgical correction of the skeletal deformities
It is important to avoid any unstable orthodontic movement 
(closing anterior open bites by extruding maxillary or man-
dibular anterior teeth or widening the posterior maxillary 
horizontal dimension by tipping the molars) that would later 
result in relapse. Postsurgical orthodontic is aimed at creating 
a fi nal stable occlusion and closure of any posterior open bites 
that resulted from the surgical correction. Most orthodontists 
use a retainer for maintenance of the fi nal occlusal relation-
ship and alignment.

Orthognathic surgical treatment options/plan for closure 
of an anterior open bite include Le Fort I osteotomy with 
posterior impaction and anterior advancement (clockwise 
rotation), allowing the mandibular arc of rotation to close the 
anterior open bite (determined by mounted model surgery). 
The surgeon can control the vertical position of the maxilla 
and incisors, as the mandibular arc of rotation and model 
setup will determine the fi nal position of both the maxilla and 
mandible (mounted model surgery is important to determine 
anteroposterior position of the maxillomandibular unit when 
it is set at the desired vertical position). A Le Fort I osteotomy 
alone can be considered when:
• The mandible is in good position (dental midline and 

chin midline coincident with the facial midline)
• There is no mandibular occlusal cant
• The mandible is aligned with the face (symmetrical)
• The mandibular arc of rotation positions the maxilla into 

a good anteroposterior position, while maintaining an 
appropriate chin projection

A segmental Le Fort I osteotomy is indicated when a trans-
verse defi ciency or when a dual occlusal plane exists.
• Bimaxillary (maxillomandibular) surgery (Le Fort I and 

sagittal split or vertical ramus osteotomies) may be 
warranted when deformities exist in both the maxilla 
and mandible, and the mandibular position and arc of 
rotation cannot be used to position the maxilla (see 
Discussion).

• Although controversial and historically considered as an 
unstable move (especially before the advent of rigid 
fi xation), mandibular osteotomies with surgical 
counterclockwise rotation of the dentate mandibular 
segment can be used in select clinical situations to close 
anterior open bites. Frequently, occlusal equilibration is 
required to remove any prematurities that can cause an 
unstable occlusion.

Once the surgical treatment plan has been developed, the 
surgeon can proceed with model surgery to fabricate surgical 
splint(s) on mounted models. If the open bite is to be closed 
with maxillary surgery alone, then the maxillary cast is set 
to the ideal occlusion with the opposing mounted mandibular 

Box 8-3.   Cephalometric Analysis (Normal 
Caucasian Measurements)

• Cranial base angle is normal (nasion-sella [SN]-basion 
angle norm is 129° ± 4° and sella-nasion [SN] to Frankfurt 
horizontal [FH] normal value is 7° ± 4°).

• SNA 74° (suggestive of a maxillary anteroposterior 
defi ciency relative to the cranial base. Normal value is 82° 
± 3°).

• SNB 72° (suggestive of a defi ciency in the anteroposterior 
position of the mandible relative to cranial base. Normal 
value is 80° ± 3°).

• Harvold difference (distance from condylion to pogonion 
minus distance from condylion to A point) is 18  mm 
(suggestive of mandibular hypoplasia. Normal value in 
females is 27  mm and 29  mm in males).

• Mandibular plane (MP) is steep, with SN-MP of 47° and 
FH-MP of 33.5° (SN-MP normal value is 32° ± 10° and 
FH-MP norm is 22° ± 6°).

• Long axis of upper incisor to SN angle is 102° (normal 
value is 104° ± 4°).

• Long axis of lower incisor to MP angle is 95° (normal 
value is 90° ± 5°).

• Upper lip to E-plane is −2  mm (normal value is −3  mm ± 
2  mm).

• Lower lip to E-plane is +2.5  mm (shows retrusive soft 
tissue chin and concave profi le. Normal value is −2  mm).
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cast (occlusion set with a small posterior open bite will max-
imize the amount of incisor overlap and reduce relapse). 
Small posterior open bites can be easily closed orthodonti-
cally, especially in young patients (surgically created poste-
rior open bites allow maximal overlap of the anterior teeth, 
reducing the risk of relapse). A thin interocclusal acrylic 
wafer (splint) is made to stabilize the occlusion intraopera-
tively during rigid fi xation of the maxilla. If a segmental 
osteotomy is performed, then the splint is made with a palatal 
strap and wired to the maxillary dentition during the healing 
phase to prevent horizontal collapse and relapse of the open 
bite. Various fi xation techniques can be used, depending on 
the clinical situation and surgeon’s preference. The maxilla is 
generally fi xated with four-point fi xation (at piriform rim 
and zygomaticomaxillary buttress bilaterally) using 1.5- or 
2.0-mm plates. The mandible can be fi xated using position 
screws (lag screws are contraindicated because of its tendency 
to torque the condylar head) and/or rigid fi xation plates.

In this patient, a Le Fort I osteotomy and bilateral sagittal 
split osteotomies were used to correct the anterior open bite 
and to advance the hypoplastic mandible forward (Figure 
8-10). The maxilla was advanced 2  mm at the incisors and 
2.5  mm at the anterior nasal spine. The posterior maxilla was 
impacted 3  mm and the anterior maxilla was impacted 
0.5  mm. The mandible was allowed to autorotate and was 
surgically advanced (it is important to realize the difference 
between net move [total change in position] and surgical 

move [surgical change in position after autorotation is 
accounted for]). The patient underwent postoperative orth-
odontic treatment, and the orthodontic appliances were 
removed 6 months following surgery. Figure 8-11 shows the 
fi nal occlusion.

COMPLICATIONS

Complications of maxillary and mandibular surgery are dis-
cussed in teaching cases elsewhere in this book. However, an 
important complication related to orthognathic surgery for 
closure of an anterior open bite is long-term stability of the 
fi nal occlusion (relapse). Several measures can be taken to 
minimize this outcome:
• Sound orthodontic therapy
• Patient compliance with postoperative retainers
• Avoidance of unstable maxillary or mandibular surgical 

movements
Immediate postoperative malocclusion or anterior open bite 
usually results from either failure of fi xation, inadequate 
mandibular positioning (condyles not seated during fi xation), 
or inadequate maxillary impaction causing condyles to be 
malpositioned. It is generally recommended to correct any 
postsurgical malocclusion promptly once the diagnosis is 
confi rmed, because maintaining the patient in intermaxillary 
fi xation to treat the problem is simply delaying and complicat-
ing the future treatment.

B

A

Figure 8-10. A, Postoperative 
panoramic radiograph showing the 
rigid fi xation hardware. B, Post-
operative lateral cephalogram 
showing correction of the apertog-
nathia and esthetically pleasing 
facial profi le. (Courtesy Dr. Vincent 
J. Perciaccante.)
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DISCUSSION

An anterior open bite can be categorized based on etiology 
as either predominantly of dental origin without a skeletal 
component (seen with thumb or fi nger sucking, or abnormal 
tongue habits) or skeletal abnormality (most commonly, pos-
terior maxillary hyperplasia) with or without a dental com-
ponent. The skeletal deformity in skeletal open bite can be 
in the maxilla only (elongated poster maxilla), mandible 
only (steep mandibular plane angle), or both maxilla and 
mandible.

Closing a large anterior open with orthodontic therapy 
alone is frequently complicated by relapse. A combined orth-
odontic and surgical modality will offer the most stable 
results. Preoperative and postoperative orthodontic therapy is 
mandatory for most orthognathic surgical procedures (except 
for some cases of sleep apnea surgery). During the preopera-
tive orthodontic phase, the maxillary and mandibular arch 
form is idealized. The occlusion is leveled by eliminating the 
curve of Spee. Dental compensations are reduced or elimi-
nated by correcting proclined or retroclined incisors. Arch 
space is evaluated to predict if it will allow for these changes, 
as leveling the curve of Spee, aligning the teeth to proper arch 
form, and retracting proclined incisors require more arch 
space. This can be accomplished by interproximal stripping 
or bicuspid extractions, when crowding is an issue.

The Le Fort I osteotomy alone (without mandibular 
surgery) for correction of an anterior open bite is indicated 
when the mandible is in an ideal position (the mandibular 
midline is coincident with the facial midline, there is no 
mandibular occlusal cant, and its anteroposterior position is 
within normal limits) or it demonstrates only a mild antero-
posterior hypoplasia (because posterior maxillary impaction 
will allow autorotation of the mandible forward, increasing 

the anteroposterior projection). Closure of the open bite 
cannot be esthetically successful with maxillary surgery 
alone if the mandible is in an asymmetrical position. Setting 
the maxilla to an asymmetrical mandible will have poor 
esthetic results, especially if there is a maxillary anteropos-
terior discrepancy. In cases where the mandible has a sig-
nifi cant midline discrepancy or occlusal cant, a double jaw 
procedure will be necessary to correct the mandibular dis-
crepancies. Also, the anteroposterior position of the mandible 
must allow autorotation of the maxilla to a possible and 
acceptable anteroposterior position, which can be verifi ed 
only by mounted model surgery.

In case of anterior open bite where the maxilla is defi cient 
in the anteroposterior dimension, advancing the maxilla 
forward and impacting it posteriorly will close the open bite 
with improved long-term stability. The posterior teeth may 
need to be positioned in slight infraocclusion to allow for 
overcorrection of the overlap. When performing maxillary 
surgery alone, the fi nal maxillary position and occlusion are 
dictated by the position of the mandible and its arc of rotation. 
The desired tooth show at rest and during full smile will 
dictate the anterior vertical position of the maxilla and the 
amount of impaction or disimpaction, using the mandible’s 
arc of rotation. Closing an open bite with mandibular surgery 
alone is generally considered a less stable move and not rec-
ommended by most surgeons, although it has been recently 
described for cases with a smaller open bite.
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Distraction Osteogenesis: Mandibular Advancement in Conjunction 

With Traditional Orthognathic Surgery

Lee M. Whitesides, DMD, MMSc, and Shahrokh C. Bagheri, DMD, MD

CC

A 26-year-old woman is referred by her orthodontist for 
consultation regarding the correction of her maxillofacial 
skeletal deformity. She complains about the excessive 
amount of maxillary anterior gingiva visible upon smiling 
(“gummy smile”), and she is not pleased with the amount of 
overbite.

HPI

The patient has had her “gummy smile” (secondary to verti-
cal maxillary excess) and excessive over bite (secondary to 
mandibular hypoplasia) since puberty. She explains that this 
has signifi cantly infl uenced her appearance during adoles-
cence and adulthood. In addition, she has diffi culty biting into 
food with her front teeth. More recently, she has decided to 
pursue possible treatment options for her cosmetic and func-
tional deformity. Her orthodontist has recommended a 
combined surgical/orthodontic correction of the dentofacial 
deformity.

It is not uncommon for patients with maxillofacial skeletal 
deformities to have both a cosmetic and functional component 
related to the maxillofacial abnormality.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

The patient is a well-developed and well-nourished woman in 
no apparent distress. She appears to have realistic expecta-
tions regarding possible surgical interventions.
•  Maxillofacial. Evaluation of patients for dentofacial 

deformities should be done in three dimensions 
(transverse, vertical, and anteroposterior) for the maxilla 
and the mandible. The dentition is evaluated for 
occlusion, alignment, and the status of the periodontal 
tissue.

 �  Transverse dimension.
  �  Maxillary midline to facial midline: coincident
  �  Mandible midline to maxillary midline: mandible 

is to the left 1  mm.
  �  Chin to maxillary midline: chin is to the left 

2  mm.

  �  Occlusal plane is level with no cant and no curve 
of Spee or Wilson.

  �  Mandibular angles are level with no visible cant.
  �  Arch width is adequate (as determined by 

examination of models).
 � Vertical dimension.
  �  Upper central teeth show at rest is 8  mm (normal 

for females is 3 to 4  mm).
  �  Upper central teeth show with speech is 7 to 9  mm 

(excessive).
  �  Upper central teeth show with smiling is 5  mm of 

gingival show (gummy smile).
  �  Open bite is Class II occlusion.
 � Anteroposterior dimension
  �  Overjet is −12  mm.
  �  Nasolabial angle is 125° (normal is about 100° to 

110°).
  �  Labiomental fold is deep (abnormal).
  �  Chin is microgenic.
Examination of the TMJ reveals no abnormalities.

IMAGING

A lateral cephalogram, panoramic radiograph, and standard 
facial and dental photographs are the minimal imaging studies 
necessary in preparation for distraction osteogenesis in 
combination with orthognathic surgery. A three-dimensional 
actual-size stereolithographic model can be reconstructed 
using high-resolution computed tomography (CT) scans. 
These models can be used in preparation for distraction osteo-
genesis to demonstrate the quantity and topography of the 
bone in the distraction site. They also assist the surgeon by 
delineating pertinent anatomical structures in the bone such 
as the inferior alveolar nerve. This information is extremely 
helpful.

The lateral cephalogram is used for analysis of cephalo-
metric norms. By comparing a patient’s values with normal 
values, an appropriate diagnosis and prediction of anticipated 
surgical movements in the anteroposterior and vertical dimen-
sions can be made. It also allows for evaluation of the facial 
soft tissue profi le.

The preoperative lateral cephalogram for this patient is 
shown in Figure 8-12. Cephalometric analysis was performed 
using the COGS analysis (as described by Burnstone in 1978) 
prior to orthodontic therapy. Pertinent values are as follows 
(normal ranges are given in parentheses):
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• Horizontal skeletal profi le.
• Nasion perpendicular to B point: −15  mm (−5.3 ± 6.7)
• Nasion perpendicular to pogonion: −17  mm (−4.3 ± 

8.5)
• Vertical Skeletal Profi le

• N-ANS: 60  mm (54.7 ± 3.2)
• Posterior nasal spine (PNS) to nasion: 77  mm (53.9 ± 

1.7)
• Maxillary central incisor edge to nasal fl oor: 41  mm 

(30.5 ± 2.1)
• Maxillary molar cusp tip to nasal fl oor: 40  mm (26.2 

± 2.0)
• ANS to gnathion: 81  mm (68.6 ± 3.8)
• Mandibular central incisor edge to MP: 50  mm (45 ± 

2.1)
• MP  :  horizontal plane: 34° (23 ± 5.9)

The two abnormal measurements from the horizontal skeletal 
profi le are indicative of mandibular hypoplasia in the antero-
posterior dimension. The fi rst four values of the vertical skel-
etal profi le indicate that the patient has an increased facial 
height (vertical maxillary excess). The ANS to gnathion, and 
the distance of the mandibular plane indicate that the patient 
has a “long face.” The high mandibular plane angle (34°) is 
typical of patients with vertical maxillary excess and long 
facial height.

The panoramic radiograph reveals no osseous or dental 
pathological processes.

LABS

Baseline hemoglobin and hematocrit is the minimum labora-
tory test necessary in anticipation for orthognathic surgery. 
Although signifi cant blood loss requiring transfusion therapy 
is highly unlikely with the modern practice of maxillary and 

mandibular orthognathic surgery, the hemoglobin and hema-
tocrit is important as a baseline marker for all major surgical 
procedures. Other laboratory tests are indicated based on the 
medical history. A pregnancy test is highly recommended in 
all women of childbearing age.

This patient had a hemoglobin of 13.0  mg/dl and a hema-
tocrit of 39.5 percent. Her urine pregnancy test was negative.

ASSESSMENT

A healthy 26-year-old woman with maxillary hyperplasia, 
mandibular hypoplasia (anteroposterior), mild mandibular 
asymmetry, and microgenia

TREATMENT

The goals of combined surgical/orthodontic treatment are 
to establish a functional and cosmetic improvement in the 
dentofacial structures. Several surgical modalities are avail-
able for advancement of the mandible to correct the antero-
posterior defi ciency. Techniques of distraction osteogenesis 
are usually considered in cases where a large mandibular 
advancement would be necessary to treat the mandibular 
hypoplasia.

The two most common methods for mandible advance-
ment are the bilateral sagittal split osteotomy as fi rst described 
by Obwgeser, and mandibular osteotomy with application of 
bilateral distraction devices as described by Guerreo. The 
sagittal split osteotomy has been used by surgeons for more 
than 30 years and is described elsewhere in this text. Distrac-
tion osteogenesis surgery has been used for at least 10 years 
to treat deformities of the maxillofacial and craniofacial 
skeleton.

Distraction osteogenesis surgery can be divided into fi ve 
phases:
1. Surgery: the sectioning of hard and soft tissue and applica-

tion of a distraction device
2. Latency: the healing time between surgery and device 

activation
3. Activation: the process of gradually separating the tissue 

to increase length and mass
4. Consolidation: the primary healing of the distracted tissue 

and formation of the bony callus
5. Remodeling: the secondary healing of soft tissue and the 

change of immature bone into mature bone in the distrac-
tion gap

For this patient, the left mandibular cuspid and the right 
mandibular fi rst bicuspid (teeth Nos. 22 and 28) were extracted 
per the orthodontist to permit her to level and align the man-
dibular teeth before orthognathic/distraction osteogenesis 
surgery. The initial amount of overjet increased to 15  mm 
after the presurgical orthodontics, correcting the dental com-
pensation. Additionally, surgical impaction of the maxilla 
will increase the mandibular arc of rotation, therefore farther 
increasing the distance for mandibular advancement.

It was decided to address the skeletal deformity in two 
stages. First, correction of the maxillary hyperplasia, fol-

Figure 8-12. Preoperative lateral cephalogram demonstrating 
signifi cant anteroposterior mandibular hypoplasia
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lowed by distraction osteogenesis for mandibular advance-
ment. In correcting the maxillary hyperplasia, a Le Fort I 
osteotomy is used to separate the maxilla from the cranial 
base for correction of the vertical dimension. Bilateral dis-
traction osteogenesis devices are placed in the posterior man-
dible after mandibular sagittal split osteotomy, for forward 
distraction of the mandible.

While the patient was under general anesthesia, she under-
went a standard Le Fort I osteotomy with reduction of the 
vertical height of the maxilla of approximately 5  mm. The 
maxilla was appropriately positioned on the cranial base and 
then rigidly fi xed with plates and screws. Subsequently, man-
dibular sagittal split osteotomy was performed bilaterally and 
a distraction device was applied across each osteotomy site. 
An advancement sliding genioplasty was also preformed to 
correct for microgenia. The patient recovered uneventfully 
from the surgery and was discharged from the hospital 2 days 
later with oral analgesics and antibiotics. Figure 8-13 shows 
the postoperative lateral cephalogram.

After 6 days of latency, the distraction devices were acti-
vated at the rate of 1  mm per day until the patient’s mandible 
had advanced into a Class I occlusion. During the activation 
process, the patient was permitted to activate the device 
herself unless she was seen in the clinic. She was monitored 
at least every 4 days at the offi ce visit, where the surgeon 
activated the device to obtain a “feel” for how well the devices 
were working. The patient was maintained in Class II elastics 
bilaterally during the activation period and allowed to eat a 
soft diet. Figure 8-14 shows the distraction devices in position 
close to completion of the activation phase.

After 5 days of consecutive activation, the patient was 
permitted a day when the devices were not activated. Total 

time of the active phase of distraction was approximately 1 
month.

At the end of distraction, the patient’s mandible had 
advanced into a Class I occlusion. The total advancement 
measured at 18  mm. Figure 8-15 demonstrates the postopera-
tive lateral cephalogram after completion of the activation 
phase.

Six months after cessation of distraction, the patient under-
went removal of bilateral distraction devices under intrave-
nous sedation. Removal of the distraction devices was 
predicated on radiographic demonstration of adequate bone 
mass in the distraction gap and clinical confi rmation of ade-
quate healing.

Figure 8-13. Immediate (2 days) postoperative lateral cephalo-
gram after a mandibular osteotomy and placement of bilateral 
mandibular distraction device, Le Fort I osteotomy, and sliding 
genioplasty. The distraction device has not been activated.

Figure 8-14. Intraoral view demonstrating the position of the 
bilateral distraction near completion of the active phase.

Figure 8-15. Postoperative lateral cephalogram at 5 weeks after 
completion of anterior mandibular distraction osteogenesis and 
before completion of postsurgical orthodontics.
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COMPLICATIONS

Complications of mandibular advancement with traditional 
sagittal split osteotomies are discussed elsewhere in this text 
(see section on mandibular orthognathic surgery earlier in 
this chapter).

Potential complications of mandibular advancement with 
distraction osteogenesis should include those discussed for 
traditional mandibular osteotomies, as well as failure of the 
device, infected hardware, and patient noncompliance. A 
complication unique to distraction osteogenesis surgery is 
placement of the device along the improper vector. When this 
occurs, the surgeon must either replace the device at a second 
surgery or use elastic traction to gradually infl uence the direc-
tion of the advancing segment. Such use of elastics is com-
monly called “molding the regenerate.”

DISCUSSION

The history of distraction osteogenesis surgery dates to the 
late 1800s; however, Dr. Gavril Ilizarov is considered the 
“father” of modern distraction osteogenesis surgery. More 
recently in the 1990s, McCarthy, Guerrero, Chin, Molina, and 
many others pioneered the use of distraction osteogenesis 
surgery to treat selected deformities of the maxillofacial and 
craniofacial skeletal. Since then, distraction osteogenesis 
surgery has gained popularity as a predictable method to 
treat selected deformities of the facial skeleton as the tech-
nology has improved and more surgeons have learned the 
technique.

The process of distracting a healing wound to grow tissue 
takes advantage of the body’s natural healing mechanisms. 
During the active distraction process, as the segments of bone 
are gradually separated, and the body sends massive amounts 
of growth factors, bone morphogenic proteins, and precursor 
cells to the wound. These cells, which are the building blocks 
for new tissue, work to regenerate the missing hard and soft 
tissue in the gap created by the distraction.

Like any other surgical technique, distraction osteogenesis 
surgery has certain principles that must be respected if the 
surgeon is to be successful. The basic surgical principles of 
maintaining excellent blood supply and conserving soft tissue 
in the area to be distracted are paramount for success. If either 
of these axioms is ignored, the body will not be capable of 
regenerating new tissue in the distraction gap and/or the 
wound will undergo a dehiscence.

Close attention to the wound as it heals is very important. 
Because the distraction device protrudes out of the soft tissue 
mucosa, these wounds are at an increased risk for infection.

Last, the surgeon must be diligent in critically evaluating 
how the distraction process is proceeding. Frequent evalua-
tions, both clinical and radiological, must be done to examine 
the device, the vector of distraction, and the response of the 
soft tissue. This diligence permits anticipation of potential 
complications.

The advantages and disadvantages of each method should 
be considered in the presurgical planning phase. A bilateral 

sagittal split osteotomy with rigid fi xation offers the patient 
an acute lengthening of the mandible into the desired position 
at the time of surgery. Drawbacks of this method in this par-
ticular case include the likely need of a bone graft and/or 
maxillomandibular fi xation in association with rigid fi xation 
for large mandibular advancements. Additionally, the acute, 
severe stretching of the inferior alveolar nerve has been 
reported to cause damage to the inferior alveolar nerve. Fur-
thermore, large mandibular advancements are associated with 
a greater propensity for relapse.

Mandibular osteotomy, sagittal or vertical, with applica-
tion of distraction devices can potentially produces less acute 
trauma, eliminates the need of a bone graft, and produces less 
damage to the inferior alveolar nerve. Additionally, mandibu-
lar advancement with distraction osteogenesis surgery allows 
the surgeon to fi ne-tune the advancement by gradually 
molding the regenerate with elastic forces as the patient’s 
mandible is advanced. Long-term stability of the distracted 
mandible is considered to be stable and predictable.
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9 Temporomandibular 
Joint Disorders

Chris Jo, DMD

This chapter addresses:
• Myofascial Pain Dysfunction
• Internal Derangement of the Temporomandibular Joint
• Degenerative Joint Disease of the Temporomandibular Joint
• Ankylosis of the Temporomandibular Joint

“FIRST DO NO HARM.”

Disorders of the temporomandibular joint (TMJ) can result 
in debilitating pain and limited function. Although TMJ dys-
function (TMD) includes a broad spectrum of disease states, 
it can be categorized into two general categories: intracapsu-
lar (internal derangement, ankylosis, and degenerative joint 
disease) and extracapsular (myofascial pain dysfunction 
[MPD]) disease. Most cases of TMD can be managed non-
surgically with conservative therapy. Accurate diagnosis of 
the etiology of TMD is paramount for avoiding unwarranted 
invasive treatment.

The teaching cases in this chapter cover the identifi cation and 
management strategies of internal derangement, MPD, degen-
erative joint disease (DJD), and ankylosis of the TMJ. The 

distinction between intracapsular and extracapsular TMD is 
emphasized. As in many complex disorders, the majority of 
information is obtained from the patient’s presenting com-
plaint and history of symptoms. In these cases, the key fea-
tures of the chief complaint and history of present illness are 
emphasized. The signifi cant fi ndings in the physical examina-
tion are highlighted along with the explanation of the fi ndings.

Although nonsurgical management strategies are more 
consistent between individual practitioners, various surgical 
strategies have been used based on surgeons’ preference and 
clinical presentation. Some of the advantages and disadvan-
tages of different treatment modalities are outlined. The sur-
gical options are discussed, along with the rationale for 
treatment and relative success rates. Reconstructive strategies 
for advanced disease states are also presented.
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Myofascial Pain Dysfunction

Gary F. Bouloux, MD, DDS, MDSc, FRACDS, FRACDS(OMS), and Chris Jo, DMD

CC

A 43-year-old white woman presents with a 6-month history 
of daily bitemporal headaches that exacerbate as the day 
progresses.

TMDs, including MPD, have a very high predilection for 
Caucasian women in the second to fi fth decades of life.

HPI

The patient reports that the pain is dull and, while often 
present upon awakening, it continues to worsen throughout 
the day (characteristic of MPD). When asked to point to the 
regions of pain, she readily identifi es the areas over her tem-
poralis and masseter muscles. She has diffi culty falling asleep 
and wakes up frequently throughout the night. The pain is 
worse when eating food, especially when chewing tough 
foods like steak (increasing pain and muscle fatigue during 
mastication are typical fi ndings in MPD). She has modifi ed 
her diet by excluding hard and chewy foods to reduce the pain 
and discomfort associated with eating. She reports no history 
of migraines but admits to a high level of stress at work (work- 
or home-related stress can exacerbate MPD). She denies any 
history of TMJ dysfunction and is not aware of any parafunc-
tional habits such as bruxism (grinding of teeth; many patients 
may be unaware of nocturnal bruxism, unless reported by 
their bed partner. Also, patients with nocturnal bruxism are 
characteristically worse on waking and improve over the 
course of the day).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Her medical and dental histories are unremarkable. She is 
happily married with one child. She denies any history of 
depression (depression is a risk factor for MPD). She works 
at a regional bank and was recently promoted to vice presi-
dent, which she fi nds quite stressful (stress is a risk factor for 
MPD).

EXAMINATION

General. The patient is a well-developed and well-nourished 
anxious woman.

Maxillofacial. There is no facial swelling or asymmetry. 
On palpation, there is tenderness of the temporalis, masseter, 
and sternocleidomastoid muscles bilaterally (temporalis and 
masseter muscles are most commonly involved in MPD). 
Intraoral palpation of the medial pterygoid muscles also elicits 

dull pain. There is no TMJ capsular tenderness and no clicks 
or crepitus (making an intracapsular source of pain less 
likely). She has a maximal incisal opening of 28  mm (less 
than normal) with a soft end feel, which can be stretched to 
39  mm with pain (limited opening due to muscle guarding 
that can be slowly stretched to a normal opening is consistent 
with MPD). Her left and right lateral excursions are 9 and 
8  mm, respectively (normal condylar translation makes TMJ 
internal derangement less likely). The remainder of her phys-
ical examination is noncontributory.

IMAGING

A panoramic radiograph is the initial screening examination 
of choice. Although it cannot diagnose MPD, it provides a 
general overview of the teeth and related bony structures to 
rule out other sources of pain. Magnetic resonance imaging 
(MRI) and computed tomography (CT) scans are ordered 
based on the clinical suspicions of pathology in conjunction 
with MPD (see the section on internal derangement). However, 
MRI and CT are not indicated when MPD is the sole clinical 
diagnosis.

The panoramic radiograph in this patient reveals no odon-
togenic or osseous pathology.

LABS

Laboratory tests are not indicated in the work up of MPD, 
unless associated with other suspected or diagnosed comor-
bidities (such as rheumatoid arthritis or neuromuscular disor-
ders). The suspicion of temporal arteritis would warrant 
further laboratory testing (erythrocyte sedimentation rate and 
C-reactive protein as markers of infl ammation) and biopsy of 
the superfi cial temporal artery.

ASSESSMENT

MPD syndrome
The diagnosis of MPD is largely based on the patient 

history, which is confi rmed with a thorough clinical examina-
tion. MPD can occur alone (as in this patient) or in association 
with internal derangement of the TMJ (see the section on 
internal derangement later in this chapter).

TREATMENT

The treatment of MPD begins with the correct diagnosis. The 
etiology of MPD is multifactorial, and therefore the manage-
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ment of MPD requires a multimodal approach. Initially, the 
patient should be reassured that the pain is purely myofascial 
and likely to be the result of increased muscle activity second-
ary to any of a number of entities. Many cases of MPD are 
acute exacerbations associated with other conditions that may 
resolve without treatment or may require only supportive 
measures. These may include stress, anxiety, bruxism, clench-
ing, malocclusion, parafunctional oral habits, TMDs, rheu-
matological diseases, and vasculitis (e.g., temporal arteritis). 
Treatment must address the contributing etiology but, given 
the diffi culty associated with correct diagnosis, the approach 
is often generic.

Conservative therapy is generally the fi rst-line treatment, 
unless other identifi able associated diagnosis (tumors, infec-
tions, severe internal derangements, DJD) are present that are 
thought to exacerbate the symptoms of MPD. Treatment 
options include reassurance, stress management (relaxation 
exercises, biofeedback), occlusal splint therapy, physical 
therapy, application of heat to affected muscles, nonsteroidal 
antiinfl ammatory drugs (NSAIDs), muscle relaxants, and 
anxiolytics (anxiolytics should be prescribed with caution due 
to abuse potential). Conservative treatment will often result 
in signifi cant improvement or resolution of the MPD.

Patients who do respond to conservative therapy with an 
occlusal splint and have a signifi cant malocclusion may be 
considered for occlusal equilibration, orthodontic treatment, 
or orthognathic surgery (there is some evidence for malocclu-
sion to be the cause of MPD, but the evidence is not strong). 
These modalities may offer a long-term solution to MPD, but 
they are invasive and not without complications.

Triggerpoint injections may be benefi cial is a select group 
of patients with MPD who are refractory to all conservative 
approaches. Typically, a local anesthetic (with or without a 
steroid) is injected directly into tender areas within the 
muscles. This can be repeated as often as necessary. It may 
also be possible to improve MPD with injection of botulinum 
toxin into the muscle to reduce contractions. This may need 
to be repeated every 3 to 6 months, due to the temporary effect 
of the botulinum toxin. Regeneration of the nerve endings at 
the motor end plate of the neuromuscular junction is respon-
sible for cessation of the clinical effects. Intraarticular proce-
dures including arthrocentesis, arthroscopy, and arthroplasty 
have no place in the management of isolated MPD.

In this case, the patient was encouraged to manage her life 
stressors more effectively by taking stress management classes 
and using biofeedback to reduce muscle tension. She was 
instructed to avoid hard-to-chew foods and to apply moist 
heat (using a warm moist towel) to the affected muscles as 
often as necessary for symptomatic relief. A short course of 
ibuprofen 800  mg three times a day was prescribed (a muscle 
relaxant can also be added to this regimen). A hard, fl at plane 
maxillary occlusal splint was constructed. This was worn at 
all times except while eating and brushing her teeth. The 
splint was adjusted weekly to ensure good contacts in centric 
relation and no interferences during lateral excursions. Splint 
adjustments became less frequent as the occlusion stabilized, 
and by 2 months, she was wearing the splint only at night and 

was able to open to 44  mm with complete resolution of her 
pain.

COMPLICATIONS

With conservative (nonsurgical) approaches to the treatment 
of MPD, complications are relatively uncommon and are 
mostly related to the failure of available treatments to allevi-
ate pain, the side effects of medications, or diffi culties with 
occlusal splint therapy.

NSAIDs are often helpful and carry no risk of physiolog-
ical dependence, although gastrointestinal irritation/bleeding, 
platelet dysfunction, and decreased renal function are poten-
tial complications. The use of muscle relaxants and anxiolyt-
ics can be associated with dependence and abuse. The 
frequently chronic and recurrent nature of MPD can lead to 
the long-term use of these medications and therefore carry 
the inherent risk of dependence and abuse.

Occlusal splint therapy is not without complications (espe-
cially when inappropriately designed). Several different types 
of splints are used by prescribing clinicians, and unfortu-
nately, there are no clear evidence-based guidelines for splint 
therapy. Different splints include maxillary, mandibular, fl at 
plane, anterior repositioning, and pivotal splints. Flat plane 
occlusal splints, whether maxillary or mandibular, are the 
most popular and technically the least demanding. Although 
complications related to conservative splint therapy are 
uncommon, an incorrectly adjusted splint can result in the 
exacerbation of the preexisting TMJ dysfunction, tooth move-
ment, and/or the development of new symptoms. Anterior 
repositioning splints are occasionally useful in patients with 
Class II malocclusions and function by holding the mandible 
in a forward position, thus unloading the richly innervated 
retrodiscal tissue and helping to reestablish a more normal 
disc–condyle relationship. These splints are likely to be asso-
ciated with permanent occlusal changes and require consider-
able experience in their use. Pivotal splints are rarely used 
and are thought to function by decreasing masticatory muscle 
forces (via periodontally mediated biofeedback). Following 
splint therapy, changes in the occlusion are not uncommon. 
Before splint therapy, most patients have a centric occlu-
sion–centric relation discrepancy. A fl at plane occlusal splint 
may eliminate this discrepancy over time, resulting in a less-
than-ideal occlusion when the splint is removed or discontin-
ued. This may necessitate continued splint therapy, occlusal 
adjustment, orthodontics, or orthognathic surgery.

DISCUSSION

The main muscles of mastication are the temporalis, masse-
ter, lateral pterygoid, and medial pterygoid muscles. They 
all function harmoniously during speech and deglutination. 
As with any group of muscles, they are susceptible to infl am-
mation, which may in turn cause pain. This is commonly 
due to excessive activity of these muscles, but the exact 
pathophysiology has not been clearly defi ned. Increased 
muscle activity has a multifactorial etiology that includes 
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malocclusion, parafunctional habits, TMJ internal derange-
ments, and psychological stressors. The management of the 
acute symptoms of MPD is generally similar regardless of the 
etiology, but long-term treatment and success need to address 
any known precipitating or etiologic factors. As is often the 
case, no defi nitive factors can be identifi ed, and subsequ-
ently a generic approach using several modalities must be 
adopted.
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Internal Derangement of the Temporomandibular Joint

Gary F. Bouloux, MD, DDS, MDSc, FRACDS, FRACDS(OMS), and Chris Jo, DMD

CC

A 22-year-old female college student presents with several 
months of a painless “pop” in front of her right ear while 
eating (TMDs are more commonly diagnosed in females).

HPI

The patient fi rst noted a “popping” sound in her right ear soon 
after she had her annual visit to her dentist 4 months earlier. 
The sound is noticeable with chewing, yawning, and brushing 
of her teeth. The click is not associated with pain. She denies 
any history of trauma (which may precipitate internal derange-
ment) and has never had any symptoms of TMD (popping, 
clicking, pain, open lock, closed lock, or limited range of 
motion) before her annual dental visit.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Her past medical and dental history is noncontributory. She 
is in her fi nal year of college.

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman in no apparent distress.

Maxillofacial. The right external auditory meatus is patent 
without evidence of erythema or exudate. The tympanic 
membrane is normal. There is no TMJ capsular tenderness. 
An opening click (caused by the condyle translating and 
recapturing a normal position beneath the disc) and recipro-
cal click (a second click that occurs during closure of 
the mandible with anterior displacement of the disc) are 
evident within the right TMJ to both lateral capsular and 
endaural palpation. Auscultation over the TMJ reveals a 
harsh opening click and a softer closing click. No crepitation 
is present (crepitus would be suggestive of disc perforation 
with degeneration of the condyle and glenoid fossa). The 
left TMJ clinical examination is within normal limits. 
There is no evidence of masticatory muscle tenderness (mas-
seter, tem poralis, and medial pterygoid muscles). She has a 
maximal interincisal opening of 43  mm (normal), although 
there is an initial right-sided deviation on opening (due 
to restricted right condylar translation), followed by a right 
TMJ click at about 30  mm (as the anteriorly displaced 
disc is recaptured) and subsequent realignment toward the 
end of opening. She is noted to have a Class II division 
II malocclusion (may be associated with increased incidence 

of TMDs). The remainder of her clinical examination is 
unremarkable.

IMAGING

The panoramic radiograph is the initial screening study of 
choice for assessment of TMDs, especially when pain is 
present (to rule out pain of odontogenic origin). It provides a 
general overview of the bony morphology of the mandible 
and condyle. MRI, in open and closed mouth positions, is 
considered the standard when evaluating for TMJ internal 
derangement. It provides the most information regarding the 
soft tissue structures and disc position in the open and closed 
mouth positions (some patients may not be able to open suf-
fi ciently due to pain). A TMJ arthrogram (fl uoroscopy with 
dye injected into the superior joint space) is an invasive pro-
cedure that shows the disc in dynamic function and is the 
study of choice for evaluation of disc perforations. Arthro-
grams can also be used to evaluate disc position, but the study 
is technique sensitive and is not readily available in most 
institutions. Bony window CT scans are indicated when bony 
or fi brous ankylosis of the TMJ or other bony pathology is 
suspected.

In this patient, no osseous or dental abnormalities were 
seen on the panoramic radiograph. Sagittal and coronal MRI 
scans illustrate an anteromedially displaced (most frequent 
location of a dislocated disc) right TMJ disc in the closed 
mouth position (Figure 9-1, A), which reduces to a normal 
anatomical relationship in the open mouth position (Figure 
9-1, B). The disc demonstrates a normal morphology (anatomy 
best seen with T1-weighted images). No joint effusion is seen 
(infl ammation and effusions are best evaluated with T2-
weighted images).

LABS

No routine laboratory tests are indicated for the work-up of 
anterior disc displacement (ADD) of the TMJ. Clinical sus-
picion of systemic arthropathy (e.g., rheumatoid arthritis, 
systemic lupus erythematosus, psoriatic arthritis, and gout) 
would dictate further laboratory testing.

ASSESSMENT

Internal derangement of the right TMJ; in this case, a non-
painful ADD with reduction of the right TMJ

Patients with ADD with or without reduction may present 
with or without pain originating from the joint itself or from 
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the muscles of mastication (MPD). ADD without reduction 
would present with different clinical fi ndings, showing no 
evidence of an opening or closing click and with restricted 
condylar translation on the affected side (reduced lateral 
excursion to the contralateral side). The MRI would demon-
strate anterior displacement of the disc with no evidence of 
reduction in the open mouth position. It is not uncommon 
for MPD to accompany internal derangement of the TMJ. 
It is important to distinguish between internal derangement 
and MPD, because treatments are very different. MPD 
may also present as the sole source of pain, which warrants 
proper diagnosis to avoid unnecessary and inappropriate 
surgical management (see the section Myofascial Pain 
Dysfunction earlier in this chapter).

The Wilkes staging classifi cation for internal derangement 
of the TMJ characterizes the progressive nature of the disease 
process into fi ve stages (early, early/intermediate, intermedi-
ate, intermediate/late, and late, stages I through V, respec-
tively), based on the clinical, radiographic, anatomical, and 
pathological features.

TREATMENT

Treatment of TMD is generally guided by the presence of 
pain and/or limited function. In the absence of symptoms, 
active treatment may be avoided or minimized, given that 
adequate patient education and reassurance and follow-up are 
provided.

Conservative (reversible or nonsurgical) treatment is gen-
erally the fi rst line of therapy in symptomatic patients, includ-
ing splint therapy, soft nonchew diet, elimination of 
parafunctional habits (bruxism), limited oral function, warm 
moist compresses and ice packs, physical therapy, NSAIDs, 
and muscle relaxants. These measures should also be used 
during the postoperative rehabilitation phase of the surgical 
patient. However, protocol-driven treatment should be 
avoided, and individualized patient assessment is necessary. 
Undo delay with conservative therapy when an effective 
surgical solution is indicated can be counterproductive, result-
ing in delay and further frustration of the patient and 
clinician.

Patients who are unresponsive to conservative therapy 
or present with advanced disease are candidates for 
various invasive (surgical) interventions. Surgical options 
include arthrocentesis, arthroscopy, arthroplasty with disc 
plication, meniscectomy (with or without autogenous, allo-
geneic, or alloplastic graft/replacement), and modifi ed 
condylotomy.

Arthrocentesis is accomplished by irrigating and dis-
tending the superior joint space with lactated Ringer’s 
solution, removing infl ammatory mediators, and improving 
joint mobility by lysis of adhesions. A steroid or hyaluronic 
acid injection may follow, particularly if pain is a signifi -
cant component of the patient’s complaint. Arthroscopy is 
a more invasive procedure, requiring general anesthesia, 
but enables the surgeon to visualize, irrigate, and lyse 
adhesions within the superior joint space. Arthroscopy is 
reported to have a success rate approaching 80% to 90%. 
Holmium:YAG laser can be used during arthroscopy for 
lysis of adhesions and partial synovectomy of the infl amed 
synovium.

Open joint arthroplasty with disc plication is the most 
conservative open technique, which involves mobilizing the 
anteriorly displaced disc and plicating it posteriorly (with 
sutures or staples) to ensure that it rests in the correct 
anatomical position on the mandibular condyle. Success 
rates approaching 90% have been reported. Meniscectomy 
involves removal of the disc, and although it readily elimi-
nates the disc displacement, it may be associated with sig-
nifi cant DJD unless it is replaced with some type of graft 
(cartilage, fat, and dermis grafts have been used) or fl ap 

A

B

Figure 9-1 A, T1-weighted MRI in the closed mouth position 
showing anterior disc displacement. B, T1-weighted MRI in the 
open mouth position showing recapture or reduction of the disc.
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(temporalis muscle–fascia fl ap). The modifi ed condylotomy 
is an extraarticular procedure that spares the TMJ itself but 
involves allowing the mandibular condyle to reposition infe-
riorly and anteriorly in order to facilitate a more normal 
relationship between the condyle and disc. This procedure is 
associated with signifi cant postoperative occlusal changes 
that can be diffi cult to manage in the long term, especially 
when done bilaterally.

In this patient, although ADD with reduction was present 
within the right TMJ, no symptoms were present. The 
patient did not require any treatment, she was reassured 
that her clinical fi ndings are not uncommon, and in the 
absence of pain or limited function, observation is all that 
is necessary.

COMPLICATIONS

Although not a complication, the sequelae of observational 
treatment include progression to symptomatic disease and the 
development of ADD without reduction or DJD. Progression 
of disease may warrant further noninvasive and/or invasive 
surgical treatment (see Discussion), each with its associated 
potential complications.

Complications associated with arthrocentesis are rare and 
mostly related to traumatic needle placement. Arthroscopy 
is more invasive and therefore is associated with several 
complications, including facial nerve injury, penetration into 
the middle cranial fossa, damage to the joint structures, lac-
eration or edema of the external auditory canal, otological 
injury resulting in hearing loss, infection, and instrument 
failure. Increased joint noise is common after athrocentesis 
or arthroscopy, especially in patients with ADD without 
reduction.

Open joint procedures are the most invasive and are 
associated with the most potential complications, which 
include those mentioned for arthroscopy. Preauricular or 
endaural incisions are most commonly used to access the 
joint, which may result in sensory and motor nerve injuries. 
Injury to the auricular temporal nerve (most common sensory 
nerve injury) usually results in altered sensation to the skin 
overlying the preauricular region (although this is usually 
temporary). Frey syndrome (auriculotemporal nerve syn-
drome or gustatory sweating) may result from injury to 
the auriculotemporal nerve, which carries parasympathetic 
fi bers to parotid gland and sympathetic fi bers to the sweat 
glands of the skin. Misdirected nerve regeneration may cross 
the sympathetic and parasympathetic pathways, causing the 
ipsilateral facial sweating when tasting or smelling food. Gus-
tatory neuralgia (much less common) is similar to Frey syn-
drome but results in electric shock and/or pain in the 
preauricular region when tasting or smelling food. Injury to 
the temporal (frontal) branch (most common motor nerve 
injury) of the facial nerve (crosses the zygomatic arch 8 to 
35  mm, 20  mm on average, anterior to the external auditory 
meatus), results in weakness or paralysis of the frontalis 
(resulting in eyebrow ptosis) or orbicularis oculi muscles 
(resulting in lagophthalmos). Other branches or the main 

trunk of the facial nerve may be injured when more complex 
reconstructive joint procedures are performed, due to the 
need for wider access and multiple incisions. There is a higher 
incidence of motor nerve injury in the multiply operated TMJ 
patient.

Temporary postoperative malocclusion (ipsilateral poste-
rior open bite) is common after any invasive joint procedure. 
This may result from surgical anatomic changes and edema 
in the joint. Modifi ed condylotomy (extracapsular procedure) 
is associated with temporary or permanent postoperative 
malocclusion (anterior open bite and increased overjet), 
especially when performed bilaterally. This may result 
from condylar sag and loss of posterior vertical height or 
from condylar dislocation. Most cases of malocclusion may 
be treated with elastics, but surgical correction may be 
required.

Progression to DJD may occur in the operated or unoper-
ated patient. The literature is inconsistent concerning the 
need for disc replacement after discectomy. There is concern 
that discectomy without replacement has a higher incidence 
of progression to DJD or ankylosis. Heterotopic bone forma-
tion may occur after any open joint procedure and may result 
in bony ankylosis.

DISCUSSION

Asymptomatic ADD with reduction is present in a signifi cant 
proportion of the general population. The criteria for treat-
ment are based on the degree of pain and functional impair-
ment. Surgical intervention should be reserved for those with 
signifi cant impairment and/or those for whom conservative 
therapy has failed. Disc displacement with reduction, whether 
symptomatic or not, may progress to disc displacement 
without reduction, which bears a worse prognosis. This is 
suggested to be the natural progression of the disease toward 
a more complex pathologic process that is more diffi cult to 
treat. The natural progression of disc displacement has been 
classically described by Wilkes, although a simpler functional 
description with ADD with or without reduction is more fre-
quently used.

For those patients with disc displacement with reduction 
who are asymptomatic, reassurance is often all that is needed. 
The potential for progressing to disc displacement without 
reduction should be discussed. For patients desiring treat-
ment, conservative splint therapy should be offered. While 
fl at plane occlusal splints are most popular, an anterior 
repositioning splint that holds the mandible in a protruded 
position may help recapture the anteriorly displaced disc. An 
anterior repositioning splint is much more likely to result in 
occlusal changes that will necessitate further treatment 
including occlusal equilibration, orthodontics, or orthogna-
thic surgery.
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Degenerative Joint Disease of the Temporomandibular Joint

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 56-year-old woman (DJD has a higher prevalence with 
advancing age and in females) presents to your offi ce with a 
long history of TMD, complaining that, “I’ve been through 
several TMJ surgeries and now my right joint is very painful 
and makes grinding noises.”

HPI

The patient reports several months of anxiety and stress that 
she relates to the pain centered around her right TMJ that 
is most pronounced upon opening her mouth or talking. 
She has a long, progressive history of TMJ problems. In her 
late teens, she developed bilateral TMJ click/pop (suggestive 
of ADD with reduction), which was confi rmed by an arthro-
gram (before the development of MRI, this was a more 
commonly used modality to diagnose TMDs) with intermit-
tent right-sided precapsular pain and bilateral myofascial 
pain. She was treated conservatively with occlusal splint 
therapy and NSAIDs. She reported mild improvement and 
did not pursue further treatment as she tolerated her dis-
comfort by minimizing masticatory function. In her mid-20s, 
the right side stopped clicking, and she developed an acute 
closed lock with severe right-sided pain and restricted left 
lateral excursive movements of her mandible (consistent with 
the progression of ADD with reduction to ADD without 
reduction on the right). She underwent right-sided arthro-
centesis, which provided 8 months of relief, followed by a 
second arthrocentesis procedure that provided only short-
term relief. Subsequent MRI studies showed evidence of DJD 
(displaced, deformed, nonreducing disc with evidence of per-
foration of the posterior band and degenerative bony changes) 
of the right TMJ and ADD without reduction on the left side 
with degenerative bony changes. Her surgeon elected to treat 
her with a discectomy (removal of the disc) without disc 
replacement, with an excellent outcome for several years. She 
now presents with a 2-year history of loud grinding noises or 
crepitus (pathognomonic sign of advanced arthrosis) in the 
right with increasing levels of debilitating pain localized to 
the TMJ.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory, except for arthritic changes diagnosed in 
her cervical spine and proximal interphalangeal joints. She 
has taken NSAIDs as needed for pain over the past several 
years.

Patients with arthritic degeneration of the TMJ frequently 
have involvement of other joints that precede the TMJ. It is, 
however, possible to have DJD of the TMJ with no evidence 
of arthritis in any other joints.

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman in moderate distress due to right-sided TMJ pain.

Maxillofacial. The patient has no facial swelling or asym-
metry. The right TMJ is exquisitely tender to palpation (both 
precapsular and endaural palpation). The left TMJ is non-
tender. She has limited opening (20  mm) due to pain and a 
loud bony crepitance of the right TMJ that is easily heard 
without a stethoscope. Lateral excursive movements are 
limited (3  mm to the left and 6  mm to the right). She has a 
Class I occlusion without an open bite (advanced condylar 
degeneration and loss of posterior mandibular height can lead 
to an anterior open bite). Her external auditory canals are 
clear and the tympanic membranes appear normal. Her pre-
auricular surgical scar is well healed and cranial nerve VII is 
intact (multiple open joint procedures increase the risk of 
cranial nerve VII injury, especially the frontal or temporal 
branch).

IMAGING

The panoramic radiograph is the initial imaging study of 
choice for evaluation of TMDs. It provides a general overview 
of the bony morphology of the mandible and condyle. MRI, 
in open and closed mouth positions, is considered the stan-
dard when evaluating for TMJ internal derangement. It pro-
vides the most information regarding the soft tissue structures 
(disc morphology) and disc position in the open and closed 
mouth positions (some patients may not be able to open suf-
fi ciently due to pain). A TMJ arthrogram (fl uoroscopy with 
dye injected into the superior joint space) is an invasive pro-
cedure that shows the disc in dynamic function and is the best 
study to detect disc perforations. Bony window CT is indi-
cated when bony or fi brous ankylosis of the TMJ or other 
bony pathology is suspected. A CT scan can be used to better 
delineate the bony anatomy of the TMJ and demonstrate any 
degenerative changes.

In this patient, the panoramic radiograph demonstrates 
radiographic evidence of bilateral osteoarthrosis (break-
down and remodeling of bony structures, likely due to joint 
overloading), which includes fl attening of the condylar 
head, subchondral eburnation (sclerosis), and osteophyte 
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formation. The right condylar head (Figure 9-2, A) has a 
greater loss of normal anatomy, is signifi cantly smaller 
with sharp edges, and has lost its cortical defi nition (signs of 
advanced degeneration). Sagittal and coronal MRI scans 
illustrate an anteromedially displaced (most frequent loca-
tion of a dislocated disc) left TMJ disc in the closed 
mouth position that does not reduce in the open mouth 
position, with moderate degenerative changes (anatomy 
is best seen with T1-weighted images). T1-weighted MRI 
images of the right TMJ (Figure 9-2, B) reveals remnants of 
the anterior portion of the displaced disc (consistent with 
previous discectomy) and evidence of severe degenerative 
changes of the condylar head and infl ammatory changes 
(infl ammation and effusions are best seen with T2-weighted 

images). CT scan was also obtained revealing bilateral bony 
degenerative bony changes that are more severe on the right 
(Figure 9-2, C).

LABS

No routine laboratory testing is indicated for the work-up of 
DJD. Clinical suspicion of systemic arthropathies (e.g., rheu-
matoid arthritis, systemic lupus erythematosus, psoriatic 
arthritis, and gout) would dictate further laboratory testing. 
Other laboratory values are obtained based on the medical 
history. Baseline preoperative hemoglobin and hematocrit 
levels are recommended for patients undergoing an open joint 
or total joint reconstruction.

A

B C

Figure 9-2 A, Panoramic radiograph revealing severe degenerative bony changes of the bilateral (right greater than left) condylar heads 
including loss of normal architecture and loss of smooth cortical outline. B, T1-weighted MRI revealing remnants of the anterior portion 
of a displaced disc from a previous discectomy and signifi cant degenerative changes of the condylar head. C, Direct coronal CT showing 
degenerative bony changes of the bilateral mandibular condylar heads (right greater than left).
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ASSESSMENT

DJD of bilateral TMJs, with localized pain on the multiply 
operated right side

TREATMENT

Treatment of TMJ DJD can be diffi cult, especially in the 
multiply operated patient. Patients may present with a history 
of previous attempts at arthrocentesis, arthroscopic surgery, 
and/or open joint procedures. Some patients may present with 
no previous history of TMD or prior treatments. Individual-
ized treatment plans, based on the presenting history, signs, 
and symptoms, are warranted. Attempts at minimally inva-
sive procedures such as arthrocentesis and arthroscopic 
surgery may be adequate to relieve the pain and potentially 
halt or slow the disease process. However, with progression 
of the degenerative process, more invasive procedures may be 
indicated.

Advanced DJD is frequently treated with open joint 
surgery. The surgical procedure of will be based on the sur-
geon’s preference, training, and clinical diagnosis. TMJ 
arthroplasty can be performed with either disc repair, or disc 
plication, and osseous recontouring of the condylar head. 
Alternatively, TMJ arthroplasty with discectomy can be per-
formed. After the disc or disc remnant is removed, the disc 
can be replaced with an autogenous fat graft, dermal graft, 
alloplastic graft, cadaveric graft, temporalis muscle-fascia 
fl ap, ear cartilage, or nothing. Osseous recontouring of the 
condylar head is performed as needed. In end-stage DJD, total 
joint replacement or reconstruction may be warranted. Various 
alloplastic total joint implants are available for TMJ recon-
struction, either one-stage or two-staged (see the section on 
TMJ ankylosis). Alternatively, the condylar remnants can be 
resected and replaced with an autogenous bone graft (costo-
chondral or full-thickness calvarial bone graft) and a tempo-
ralis muscle-fascia fl ap to separate the glenoid fossa from the 
graft. Vascularized free-fl aps have also been described but 
are not widely used. Adjunctive orthognathic surgery may be 
warranted in select cases, performed either during TMJ 
reconstruction or in a secondary phase. In the postoperative 
rehabilitative phase, physical therapy and adequate pain 
control are paramount.

In this patient, total joint replacement using a custom pre-
fabricated condylar head and fossa alloplastic implants were 
used. This required a two-stage approach. In the fi rst stage, 
a gap arthroplasty was performed with a discectomy and 
condylectomy, to provide adequate space for the TMJ implant 
(a Silastic block can be left in situ to preserve the surgically 
created space). The TMJ fossa and condylar prosthesis were 
implanted in stage II surgery via a preauricular approach 
and two stab incisions (in addition, a retromandibular 
approach can be used to facilitate fi xation of the condylar 
component).

Long-term outcome regarding the success of TMJ implants 
has yet to be determined. However, the initial results have 
been encouraging.

COMPLICATIONS

TMJ surgery for treatment of DJD shares similar complica-
tions as surgery for internal derangement or TMJ ankylosis. 
Refer to the respective sections on ankylosis and internal 
derangement for discussion of surgical complications.

DISCUSSION

Osteoarthrosis of the TMJ is defi ned as breakdown or degen-
eration of articular bone and soft tissues due to “excessive 
joint loading” or normal “wear and tear.” The breakdown 
products, including infl ammatory mediators and lysozymes, 
lead to a secondary synovitis and capsulitis resulting in joint 
pain and tenderness. DJD encompasses the entire degenera-
tive process or spectrum, but the term is mostly applied in 
clinically advanced degenerative joint changes accompanied 
by limited function and/or the presence of pain.

The Wilkes staging classifi cation for internal derangement 
of the TMJ characterizes the progressive nature of the disease 
process into fi ve stages (early, early/intermediate, intermedi-
ate, intermediate/late, and late) based on the clinical, radio-
graphic, anatomical, and pathological features.

The treatment of DJD had challenged clinicians for many 
years. Optimal treatment and reconstructive modalities are 
yet to be determined. Understanding of the pathology and 
molecular biology of arthritis and advances in material 
science will be the key to prevention and treatment of this 
debilitating condition.
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Ankylosis of the Temporomandibular Joint

Vincent J. Perciaccante, DDS, and Deepak G. Krishnan, BDS

CC

A 64-year-old woman presents to your offi ce complaining of 
progressively worsening inability to open her mouth.

While there is no predilection for gender in ankylosis, 
there is a correlation with age and geographic distribution. 
Ankylosis in children is more common in developing coun-
tries.

HPI

The patient has a protracted history of bilateral TMD and 
multiple attempts at nonsurgical and surgical management 
(see the sections on internal derangement and myofascial pain 
dysfunction) to alleviate the pain associated with her TMJs. 
The multimodality treatment included splint therapy, physical 
therapy, NSAIDs, multiple arthrocentesis procedures (resulted 
in transient relief of pain), and TMJ arthroplasties with bilat-
eral disc plication, followed by bilateral discectomies and 
abdominal fat grafting (see the previous section, Degenera-
tive Joint Disease). With unresolved symptoms, which 
included painful crepitus, and fi ndings of atrophic failure of 
these grafts, she underwent bilateral temporalis muscle fascia 
interpositioning surgery 2 years earlier. She admits to being 
noncompliant with postoperative jaw opening exercises due 
to pain. However, following her last surgery, the patient’s 
mouth opening has progressively decreased, and the associ-
ated TMJ pain has reduced considerably.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

This patient has chronic pain associated with her cervical 
spine and TMJ (osteoarthritis, chronic neck pain status post 
cervical-spine fusion of C4-5).

Osteoarthritis can be an initiating factor in the cascade of 
events that lead to the ankylosis of an adult TMJ. Patients 
with chronic TMJ pain and associated MPD may also present 
with signifi cant chronic neck pain.

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman in mild distress due to chronic neck pain and inabil-
ity to open her mouth.

Maxillofacial. She has limited range of motion of her 
cervical spine, especially with fl exion and extension (increases 
the diffi culty of intubation). Her maximal incisal opening is 
2  mm with a hard stop and no lateral excursive movements 

(consistent with mechanical obstruction). Upon palpation of 
the TMJs, a bony mass is present, and no condylar movement 
is palpable. The temporal (frontal) branch of the right facial 
nerve (cranial VII) is weak (there is an increase in the inci-
dence of facial nerve injury with each open joint procedure 
in the multiply operated TMJ). Bilateral preauricular surgical 
scars are well healed. She is in Class I occlusion. There is 
tenderness of the masseter, temporalis, and sternocleidomas-
toid muscles upon palpation. There is mild masseteric hyper-
trophy (the muscles of mastication will attempt to open an 
ankylosed joint constantly; this effect is more profound in 
ankylosis seen in children, where masseteric hyperactivity 
also causes formation of a prominent antegonial notch).

IMAGING

A panoramic fi lm is the initial screening study of choice when 
dealing with TMDs, especially when pain is present (to eval-
uate for odontogenic causes of pain). It provides a general 
overview of the bony morphology of the mandible and 
condyle, as well as the glenoid fossa. When suspecting bony 
or fi brous ankylosis of the TMJ, bony window CT scans 
without contrast in the axial and coronal views is the study 
of choice. It provides the most diagnostic information on the 
bony architecture (anatomical and pathological) of the TMJ, 
including the presence of heterotopic bone formation. MRI is 
indicated when internal derangement is suspected (see the 
section on internal derangement earlier in this chapter), but it 
has little diagnostic value in the case of ankylosis.

In this patient, the panoramic radiograph shows normal 
adult dentition with multiple previous dental restorations. In 
addition, it shows some evidence of heterotopic bone forma-
tion in the bilateral TMJ areas with obliteration of normal 
joint space and distortion of condylar articular anatomy. 
Coronal bony CT scans (Figure 9-3) clearly demonstrate 
obliteration of the bilateral TMJ space. The heterotopic bone 
appears “mushroom shaped” and appears to distort the entire 
TMJ anatomy. No evidence of any remnants of normal discs 
or previously attempted grafts or fl aps is visible.

LABS

In the case of TMJ ankylosis, no laboratory values are 
needed in the initial work-up unless dictated by the patient’s 
medical history. A preoperative hemoglobin and hematocrit 
is needed during the surgical phase of treatment because of 
potential intraoperative blood loss. Clinical suspicion of sys-
temic arthropathy (e.g., rheumatoid arthritis, systemic lupus 
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erythematosus, psoriatic arthritis, and gout) would dictate 
further laboratory work-up.

This patient had a hemoglobin of 12  mg/dl and a hemato-
crit of 35.6%.

ASSESSMENT

Bony ankylosis of the bilateral TMJs and associated MPD
Ankylosis of TMJ is a condition that results from a variety 

of etiologies but eventually results in a fusion of the man-
dibular condylar head to the glenoid fossa. These etiologies 
are all insults and invasions of the joint space in one form or 
another, from a traumatic event, surgery, or infection (infec-
tious etiology mostly occurs via direct spread from mastoid-
itis or otitis but rarely via the hematogenous route). 
Ankylosis can be bony or fi brous, complete or partial. Refer-
ence to fi brous ankylosis is made clinically and radiographi-
cally when the limitation in motion of the joint is caused by 
fi brous adhesions or scar tissues rather than actual bone for-
mation. Fibrous ankylosis often precedes bony ankylosis.

TREATMENT

The goals of treatment for TMJ ankylosis are to release the 
ankylotic joint(s) and to reconstruct a functional joint. This 
can be done as simultaneous procedures or as staged proce-
dures, depending on the elected reconstructive modality 
(stock or custom fabricated alloplastic TMJ prosthesis or 
autogenous costochondral, cranial, or vascularized bone 
grafts). Postoperative pain management, aggressive physical 
therapy, and prevention of reankylosis are also paramount 
during the rehabilitation phase.

Release of ankylotic joint(s). In the adult with TMJ anky-
losis, the procedure of choice to release the ankylosis will 
depend on the type and severity of the condition. In fi brous 
ankylosis, often detachment of the fi brous scars and a coro-

noidectomy (or coronoidotomy) provide good mouth opening. 
If there is bony ankylosis, a gap arthroplasty is warranted. 
Gap arthroplasty involves osseous recontouring of the 
deformed glenoid fossa and condylar head (condylectomy 
may be performed depending on the reconstruction modal-
ity), removal of heterotopic bone, and creation of adequate 
space to accommodate the reconstructive plans. Ipsilateral 
coronoidectomy or coronoidotomy is indicated if mouth 
opening is restricted after releasing the ankylotic joint, fol-
lowed by contralateral coronoidectomy or coronoidotomy if 
opening is still restricted.

Reconstruction of TMJ. There is mounting evidence on 
the safety, utility, and longevity of alloplastic prosthetic 
reconstruction of the TMJ. While in the growing child, this 
is not a valid option, in adults this may have a valuable role. 
Alloplastic TMJ prostheses may be custom-made or stock. If 
one intends to reconstruct the joint with a custom CAD-
CAM–generated joint, the surgery is usually done in two 
stages—gap arthroplasty and maxillomandibular fi xation to 
stabilize the occlusion and retain the gap—followed by CT 
for custom fabrication of the TMJ prosthesis (Figure 9-4) and 
surgical implantation of the prosthesis. The stock prostheses 
eliminate this two-stage treatment plan.

Before the advent of the total TMJ reconstruction systems, 
the costochondral graft was the workhorse of TMJ recon-
struction. It is still the graft of choice for growing children. 
The most-cited disadvantage of the costochondral graft is its 
nonreliable growth pattern, especially in children. Other 
autogenous bone grafts, including calvarial strips, metatarsal 
joints and sternoclavicular junction, and vascularized grafts 
from the fi bula, the second toe, and iliac crest, have been 
reported. In using autogenous grafting for reconstruction of 
the TMJ complex, the fossa is most often aligned and inter-
positioned by a pedicled temporalis muscle–fascia fl ap.

Rehabilitation and prevention of reankylosis. The 
importance of postoperative pain management and physical 
therapy is paramount in the success of TMJ ankylosis surgery. 
Reluctance and noncompliance from the patient in following 

Figure 9-3 Bony window, direct coronal CT scans showing bilat-
eral TMJ bony ankylosis.

Figure 9-4 Total TMJ prosthesis (TMJ Concepts is shown).
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a thorough physical therapy regimen are often cited as the 
most contributing factors for reankylosis or failure to achieve 
good mouth opening. There is also some evidence that low-
dose radiation can prevent heterotropic bone formation after 
joint surgery (see Discussion).

COMPLICATIONS

TMJ ankylosis surgery shares all the potential complications 
associated with any open TMJ surgery, which may include 
scar formation, facial nerve damage, Frey syndrome or gusta-
tory sweating, external auditory meatus perforations, 
infections, and reankylosis (see the section on internal 
derangement earlier in this chapter).

There are also the potential complications associated with 
anesthesia related to the hypomobility of the mandible causing 
a diffi cult airway that potentially requires advanced intuba-
tion techniques. In addition, there are complications associ-
ated with concomitant procedures, including the morbidities 
from a graft procurement (donor and recipient site), orthog-
nathic surgery, or distraction osteogenesis procedures.

The greatest challenge for the surgeon is the probability 
of reankylosis. Sometimes despite aggressive resection, 
interpositioning, and aggressive physiotherapy, the intrinsic 
ability of a young adult to form heterotopic bone overcomes 
all obstacles and lead to reankylosis. The same low-dose 
radiation protocol—10  Gy fractionated in fi ve doses used 
in prevention of heterotopic bone formation after hip 
arthro plasties—can be replicated to potentially prevent TMJ 
heterotopic bone formation. This has been suggested to be 
effective in preventing TMJ reankylosis after release and 
reconstruction.

Complications associated with surgical techniques can 
include perforation into the middle cranial fossa from the gap 
arthroplasty. Dural exposure through the glenoid area should 
be carefully examined to ensure that the dura is intact. If a 
dural tear is seen or suspected, neurosurgical consultation is 
warranted.

Severe bleeding may be encountered from the medial 
infratemporal fossa. Peoples and associates reported manage-
ment of an iatrogenic tear of the internal maxillary artery 
during TMJ arthroplasty via selective embolization. Their 
review of literature shows that arguments against a carotid 
cutdown and ligation arise from the suspicion that continued 
bleeding could arise from the collateral vessels distal to the 
bleeding site. Transantral ligation has also been documented 
as somewhat unreliable due to documented cases of continued 
postligation bleeding. Their choice of management is selec-
tive embolization to obtain proximal control. The location of 
the middle meningeal artery, the internal jugular vein, and 
the main trunk of the third division of the trigeminal nerve 
can vary greatly, and this can make surgery more dangerous 
than may be anticipated. When resecting the medial aspect 
of the ankylosed TMJ, excessive bleeding can be attributed 
to the internal maxillary artery. This arterial bleeding can 
have the potential to cause serious morbidity. Navigation-
aided resection of an ankylosis of the mandible has been 

reported as a safe technique that may become a routine part 
of craniomaxillofacial surgery

DISCUSSION

Ankylosis alters the normal anatomy of the TMJ to varying 
degrees and can be classifi ed according to the tissues involved 
and the extent of involvement. It can also be based on the loca-
tion of the ankylosis. Consolidation and fi bro-osseous restruc-
turing of hemarthrosis form the basic pattern of the 
pathogenesis of ankylosis of the TMJ. The destruction of a 
growing joint may directly affect the mandible and has sec-
ondary effects on the growing facial skeleton and soft tissues.

The objectives of TMJ ankylosis surgery can be summa-
rized as follows:
• Restoring mouth opening and joint function
• Allowing for adequate condylar growth
• Correction of the facial profi le
• Relief of any upper airway obstruction.
The basic principles of ankylosis release should be followed, 
regardless of the patient’s age and type of ankylosis. These 
include:
• Gap arthroplasty for resection of the ankylotic mass
• The interpositioning of a material or structure of choice 

to prevent recurrence of ankylosis correction of 
secondary deformities

The joint can be reconstructed in several ways. Advantages 
of autogenous grafting include:
• Ease of adaptation to the host site and remodeling over time
• Associated low morbidity from graft harvest
• Infrequent rate of infections
• Reduced relative cost and time for preparation compared 

to allografts
A disadvantage of costochondral grafts is the unpredictable 
growth pattern, which may lead to progressive dental midline 
shifts, occlusal changes, chin deviation, and modifi cation of 
the graft itself.

Advantages of alloplastic grafting include:
• Ability to begin physical therapy immediately after surgery
• Avoidance of a secondary surgical site
• Ability to mimic normal anatomy
Contraindications for alloplastic grafting include:
• Growth requirements of the graft and a fi nite life span
• Uncontrolled systemic diseases
• Active infection at the implantation site
• Allergies to the materials used in the implant
Today’s technology allows adult patients with severe TMJ 
ankylosis the option of complete TMJ prostho-rehabilitation. 
However, the consensus for treatment options for children 
with ankylosis is variable and unclear.
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10 Oral Cancer
Deepak Kademani, DMD, MD, FACS, and Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Squamous Cell Carcinoma
• Verrucous Carcinoma
• Mucoepidermoid Carcinoma
• Adenoid Cystic Carcinoma
• Acinic Cell Carcinoma

Malignant diseases of the oral cavity include a spectrum of 
neoplastic disorders that can emerge from the cellular struc-
tures present in the oral cavity to, less frequently, metastatic 
disease to the area. Primary oral squamous cell carcinoma 
(SSCa) comprises more than 90% of all head and neck malig-
nancies. Malignant diseases of the salivary glands and ductal 
epithelium account for the majority of the remaining cases. 
A greater proportion of oral cancer is diagnosed and referred 
for treatment by dental professionals than by general medical 
practitioners. Therefore, recognition and knowledge of the 
diagnostic tools necessary to identify these disorders are the 
minimum required by general dental practitioners and oral 

and maxillofacial surgeons. There are an increasing number 
of oral and maxillofacial surgeons who are also trained in the 
treatment of head and neck malignancies. The primary moda-
lity of treatment for head and neck cancer remains surgical.

In this chapter, we present fi ve cases representing the most 
commonly encountered oral cavity malignancies — two cancers 
originating from the epithelium (oral squamous cell and ver-
rucous carcinoma) and three salivary gland malignancies 
(acinic cell, adenoid cystic, and mucoepidermoid carcinoma).

Box 10-1 outlines the TNM staging used for staging of oral 
cancer, and Box 10-2 provides the staging classifi cation that 
is correlated with survival, using the TNM system.

Box 10-1.   TNM Staging for Lip and Oral Cavity Cancers According to the American Joint Committee 
on Cancer

Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor 2  cm or less in greatest dimension
T2 Tumor more than 2  cm but not more than 4  cm in 

greatest dimension
T3 Tumor more than 4  cm in greatest dimension
T4 (lip) Tumor invades through cortical bone, inferior 

alveolar nerve, fl oor of mouth, or skin of face, i.e., 
chin or nose

T4a (oral Tumor invades adjacent structures (e.g., through 
cavity)  cortical bone, into deep [extrinsic] muscle of tongue 

[genioglossus, hyoglossus, palatoglossus, and 
styloglossus], maxillary sinus, skin of face)

T4b Tumor invades masticator space, pterygoid plates, or 
skull base and/or encases internal carotid canal

Note: Superfi cial erosion of bone/tooth socket by gingival primary is not 
suffi cient to classify a tumor as T4.

Regional Lymph Nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single ipsilateral lymph node, 3  cm or 

less in greatest dimension
N2a Metastasis in single ipsilateral lymph node more than 

3  cm but not more than 6  cm in greatest dimension
N2b Metastasis in multiple ipsilateral lymph nodes, none 

more than 6  cm in greatest dimension
N2c Metastasis in bilateral or contralateral lymph nodes, 

none more than 6  cm in greatest dimension
N3 Metastasis in a lymph node more than 6  cm in 

greatest dimension

Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

From Sobin LH, Wittekind CH, editors: International Union Against Cancer (UICC) TNM classifi cation of malignant tumors, ed 6, Hoboken, NJ, 2002, John 
Wiley and Sons.
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Box 10-2.   Staging of Oral Squamous Cell Carcinoma

Stage 0
Tis, N0, M0

Stage I
T1, N0, M0

Stage II
T2, N0, M0

Stage III
T3, N0, M0
T1, N1, M0
T2, N1, M0
T3, N1, M0

Stage IVA
T4a, N0, M0
T4a, N1, M0
T1, N2, M0
T2, N2, M0
T3, N2, M0
T4a, N2, M0

Stage IVB
Any T, N3, M0
T4b, any N, M0

Stage IVC
Any T, any N, M1

From Sobin LH, Wittekind CH, editors: International Union Against Cancer (UICC) TNM classifi cation of malignant tumors, ed 6, Hoboken, NJ, 2002, John 
Wiley and Sons.
is, Carcinoma in situ.
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Squamous Cell Carcinoma

David C. Swiderski, DDS, MD, and Deepak Kademani, DMD, MD, FACS

CC

A 55-year-old African-American man presents to your offi ce 
stating that, “there is something wrong with my tongue, and 
my dentist said I need to have it checked” (African Americans 
have a higher incidence and double the mortality rates from 
SCCa).

HPI

The patient recently visited his general dentist for evaluation 
of his loose upper dentures. Upon examination, a red and 
white, fungating mass of the right lateral border of his tongue 
was noted (SCCa until proved otherwise). The patient was 
otherwise asymptomatic (early mucosal lesions of oral cancer 
are usually asymptomatic). Painful ulcers would be more 
suggestive of an infl ammatory/infectious etiology). Within 2 
weeks he had an incisional biopsy of the lesion by a local oral 
surgeon, with a subsequent diagnosis of an invasive SCCa.

The biopsy report from the previous surgeon was requested 
and reviewed (it is important to confi rm the diagnosis before 
defi nitive treatment). The histopathology report described a 
loss of normal maturation of the epithelial cells, with invasion 
of abnormal cells beyond the basement membrane into the 
underlying subcutaneous tissues and muscle layers (indicative 
of invasive tumor). Stranding and islands of keratin-like 
material are also noted (keratin is indicative of greater 
cellular differentiation). The abnormal cells appeared pleo-
morphic (many different shapes) with increased nuclear-to-
cytoplasmic ratio and occasional mitotic fi gures (signs of 
cellular malignant transformation). Generalized infl amma-
tory infi ltration was noted at the deepest portion of the spec-
imen. The diagnosis of a grade III (see later), invasive SCCa 
was made.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a 45 pack-year history of tobacco use. In addi-
tion, he regularly consumes alcoholic beverages on weekends 
and occasionally on weekdays (tobacco and alcohol are 
both risk factors for the development of oral SCCa; see 
Discussion). He does not receive routine medical or dental 
treatment.

The strong association between SCCa and tobacco use is 
well established. The risk for developing SCCa in a smoker 
is approximately 5 to 9 times greater than that for a non-
smoker. It is also postulated that smoking is responsible for 
approximately 90% of oral cavity tumors in men and 61% 

of those in women. Chewing tobacco is associated with 
an increased risk of oral SCCa. Alcohol alone and in con-
junction with tobacco has been shown to have an increased 
risk of oral SCCa. In studies controlled for smoking, those 
who consumed moderate to heavy amounts of alcohol were 
found to have a 3 to 9 times greater risk of the development 
of SCCa. When alcohol and smoking are combined, alcohol 
is considered to be a promoter and a possible co-carcinogen 
to tobacco, with some studies showing a 100-fold increased 
risk.

EXAMINATION

The examination of a patient with the diagnosis of SCCa 
should entail a complete head and neck examination to search 
for neck metastasis (the most common areas of distant metas-
tasis are the lungs), synchronous primary tumors, or, in cases 
of presenting neck disease, occult primary tumors. Particular 
attention is given to the status of the lymph nodes and the size 
of the presenting lesion. Previous studies have shown that on 
initial examination of a known primary tumor, there is a 3% 
to 7% incidence of a synchronous tumor in the upper aerodi-
gestive tract. A nasopharyngoscopic examination is indicated 
to evaluate the subepiglottic and supraepiglottic regions, pos-
terior oropharynx, and nasopharynx.

General. The patient is a well-developed and well-nour-
ished white man who appears his stated age, with no signs of 
cachexia (seen with advanced disease).

Maxillofacial. There is a 3.5-cm red and white, fungating 
mass on the right lateral border of tongue with central ulcer-
ation (a nonhealing ulcer within the oral cavity is considered 
to be SCCa until proved otherwise) (Figure 10-1). There is 
no pain or bleeding noted on palpation of the lesion (although 
ulcers from SCCa may occasionally bleed, they are usually 
painless). Examination of the remaining oral cavity, including 
the buccal mucosa, hard and soft palate, parotid and subman-
dibular glands, oropharynx, and nasopharynx, revealed no 
other abnormalities. Nasopharyngoscopy was performed, 
revealing no abnormal tissues in the posterior oropharynx, 
subglottic or supraglottic regions, or nasopharynx (nasopha-
ryngoscopy should be performed as part of the head and neck 
evaluation of tongue SCCa).

Neck. No cervical or submandibular lymphadenopathy 
was noted (cancers of the tongue usually metastasize to the 
level I and II nodes). There was no pain upon palpation of the 
neck (lymphadenopathy form cancer is usually painless).

The presence of occult neck disease in the N0 neck is 
related to the tumor stage, size and depth invasion, perineural 
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invasion, and histological grade. Lesions greater than 4  mm 
in depth along with a high-grade histology, have a greater 
than 20% risk of neck disease in the N0 neck.

IMAGING

The initial imaging modalities for the evaluation of patients 
with SCCa begin with a panoramic radiograph. This is a 
useful screening tool to evaluate the presence of bony infi ltra-
tion associated with the tumor. It also provides valuable infor-
mation regarding the long-term prognosis of the remaining 
dentition as some patients may require extraction of carious 
or periodontally involved teeth before radiotherapy.

A computed tomography (CT) scan of the head and neck 
is the commonly used imaging study of choice to delineate 
the lesion and assess the neck for cervical lymphadenopathy 
(nodes greater than 1.5  cm, with central necrosis, ovoid shape, 
and fat stranding are indicative of nodal metastasis). Addi-
tional tests such as magnetic resonance imaging (MRI) and 
ultrasonography can be used to assess the status of the cervi-
cal nodes.

Anteroposterior and lateral chest radiographs are used to 
screen for underlying pulmonary disease and evaluate for 
pulmonary metastasis because the lungs are the most common 
areas of metastasis for this tumor. Positron emission tomog-
raphy (PET) scans are becoming a common modality for 
the evaluation of distant metastasis. This technology uses a 
18F-fl uorodeoxyglucose (FDG) marker to examine sites of 
increased glucose uptake that are seen with metabolically 
active cancer cells.

In this patient, axial and coronal CT images of the head 
and neck with and without contrast revealed a 3.5-cm well-
circumscribed lesion of the right lateral border of the tongue 
musculature. No evidence of cervical lymphadenopathy was 
noted. The PET scan performed with 18F-FDG showed a 
hypermetabolic area in the right tongue coinciding with the 
clinical lesion. The panoramic and chest radiographs revealed 
no abnormalities.

LABS

A complete metabolic panel (CMP), complete blood count 
(CBC), and coagulation profi le (PT, PTT, and INR) are man-
datory laboratory studies in the cancer patient because of 
metabolic, electrolyte, and nutritional derangements that 
may accompany malignant disease. Liver function tests are 
obtained as part of the complete metabolic panel and are 
important screening tests for liver metastasis. Other labora-
tory studies can be ordered based on the patient’s medical 
history.

In this patient, the CBC, CMP, liver function tests, and 
coagulation studies were within normal limits.

ASSESSMENT

A T2, N0, M0 (tumor greater than 2  cm but less than 4  cm, 
with no positive nodes and no distant metastasis) stage II, 
oral SCCa of the right lateral border of the tongue with a 
Broders histological grade of III

TREATMENT

Treatment of SCCa of the tongue begins fi rst with a complete 
history and physical examination including nasopharyngos-
copy. This is followed by appropriate tests including CBC 
with differentials, electrolytes, liver function tests, chest 
radiographs, and CT with contrast. The role of PET scanning 
for occult metastasis continues to evolve.

The treatment of SCCa is site specifi c; surgical ablation 
with minimum 1- to 1.5-cm margins is the main modality of 
treatment. Most oral cavity tumors are approached intraorally, 
however some tumors may need to be accessed extraorally via 
a transfacial approach. When the tumor is located in the man-
dible, the inferior border can be preserved (marginal man-
dibulectomy), depending on the degree of infi ltration. However, 
when the cancellous portion of the mandible is invaded, seg-
mental resection is required to maintain oncological safety.

A common procedure that accompanies the removal of the 
tumor is the removal of the fi brofatty contents of the neck, 
for treatment of cervical lymphatic metastases as well as 
complete staging of the cancerous process. This procedure is 
called a neck dissection and was fi rst described by Crile in 
1906, with several subsequent modifi cations. The neck is 
divided into anatomical divisions for purposes of neck dis-
section. The system most widely used today was adopted at 
the Memorial Sloan-Kettering Cancer Center. Researchers at 
that institution divide the neck into seven regions denoted as 
levels I through VII (Figure 10-2 and Box 10-3).

Radical neck dissection. This is the standard procedure 
for the removal of the entire cervical lymphatic chain from 
the unilateral neck, encompassing levels I through V, the 
spinal accessory nerve, the internal jugular vein and the ster-
nocleidomastoid muscle. Indications include advanced neck 
disease with multiple-level positive lymph nodes with gross 
extracapsular spread, infi ltration of the spinal accessory nerve, 
sternocleidomastoid muscle, or the internal jugular vein.

Figure 10-1 Ulcerating fungating mass of the right lateral border 
of the tongue, diagnosed as SCCa.
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Figure 10-2 The levels of the neck 
for oncologic surgery.

Box 10-3.   Seven Levels of the Neck

Level I: Submental and submandibular. This level contains the 
submental and submandibular triangles, which are bounded by the 
posterior belly of the digastric muscle, the midline, the body of 
the mandible superiorly, and the hyoid bone inferiorly. Level I can 
be further subdivided into Ia (submental triangle) and Ib (subman-
dibular triangle).

Level II: Upper jugular. Contains the upper jugular lymph 
nodes and extends from the skull base superiorly to the hyoid bone 
inferiorly. Anterior landmarks are the midline strap muscles, and 
posteriorly, it is bound by the anterior border of the trapezius 
muscle. The spinal accessory nerve (XI) travels obliquely across 
this area and can be used to subdivide this area into IIa (anteriorly) 
and IIb (posteriorly).

Level III: Midjugular. Contains the middle jugular lymph 
nodes from the hyoid bone superiorly to the level of the lower 
border of the cricoid cartilage inferiorly.

Level IV: Lower jugular. Contains the lower jugular lymph 
nodes from the level of the cricoid cartilage superiorly to the 

clavicle inferiorly. Nodes that are deep to the sternal head of the 
sternocleidomastoid are subdivided into IVa, and those deep to the 
clavicular are denoted as IVb.

Level V: Posterior triangle. Contains the lymph nodes in the 
posterior triangle bounded by the anterior border of the trapezius 
muscle posteriorly, the posterior border of the sternocleidomastoid 
muscle anteriorly, and the clavicle inferiorly. It may be further 
classifi ed into the upper, middle, and lower levels corresponding 
to the superior and inferior planes that defi ne levels II, III, and 
IV.

Level VI: Prelaryngeal (delphian), pretracheal, and para-
tracheal. Contains the lymph nodes of the anterior central com-
partment from the hyoid bone superiorly to the suprasternal notch 
inferiorly. On each side, the lateral boundary is formed by the 
medial border of the carotid sheath.

Level VII: Upper mediastinal. Contains the lymph nodes 
inferior to the suprasternal notch in the superior mediastinum.

Modifi ed radical neck dissection. This procedure 
involves the removal of lymph nodes from levels I through V 
but requires the preservation of one or more of the nonlym-
phatic structures that are included in a radical neck dissection 
(the spinal accessory nerve, internal jugular vein, or the ster-
nocleidomastoid muscle).

Selective neck dissection. This is an umbrella term 
encompassing several procedures where neck nodes of certain 
(“selected”) levels are removed while other areas are pre-
served.
• Supraomohyoid neck dissection. The selective removal 

of levels I through III, its main indication is for the N0 
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neck in cases of oral cavity SCCa where there exists a 
20% or greater chance of occult neck disease. The 
guiding parameters include an aggressive high-grade 
tumor (characterized histopathologically), invasion of 
greater than 4  mm (if discussing oral SCCa), and 
perineural invasion. This is performed on the ipsilateral 
side as the primary tumor, except in the cases of primary 
tumors arising from midline structures such as the fl oor 
of the mouth, which are known to metastasize bilaterally.

• Anterior compartment neck dissection. The selective 
removal of level VI nodes, the primary indications for 
this procedure are primary tumors of the thyroid gland, 
hypopharynx, cervical trachea, cervical esophagus, and 
subglottic larynx.

• Posterolateral neck dissection. Removal of lymph nodes 
II through V, it is indicated for scalp and auricular tumors.

• Lateral neck dissection. Selective removal of levels II 
through IV, its main indication is for primary cancers of 
the oropharynx, hypopharynx, and larynx.
Extended neck dissection. This involves removal of 

structures not routinely involved with radical neck dissec-
tions. These structures can include retropharyngeal lymph 
nodes, hypoglossal nerve, prevertebral musculature, or the 
carotid artery. Indications include advanced neck disease with 
diffi culty in obtaining negative margins.

Reconstruction and rehabilitation. Depending on the 
defect, the reconstructive surgery can be divided into soft 
tissue and/or bony reconstruction. Closing the defect primar-
ily is ideal if it can be accomplished. Soft tissue surgical 
procedures include closure by secondary intention, skin 
grafts, local fl aps, or microvascular free fl aps. Simultaneous 
bony reconstruction can be accomplished using vascularized 
free fl aps from the iliac crest, scapula, or fi bula when needed. 
When performing large ablative and reconstructive proce-
dures, these procedures can be performed simultaneously 
(see also sections in Chapter 11). Depending on the amount 
of healing and dysfunction anticipated, a percutaneous endo-
scopic gastrostomy tube and elective tracheostomy can be 
performed to secure the airway and aid in the nutritional 
support of the patient during the postoperative period.

Radiation therapy. Radiation therapy can be used as a 
primary or an adjuvant therapy. Primary radiotherapy is 
usually reserved for those patients with signifi cant comor-
bidities or in situations where the primary tumor or patient is 
not amenable to surgery. This is not a primary indication for 
early-stage SCCa because of the associated morbidity includ-
ing dysphagia and xerostomia. Another signifi cant risk is the 
occurrence of metachronous lesions arising after radiation 
therapy.

Postoperative radiation therapy is commonly used as a part 
of the comprehensive treatment. The indications for its use 
include positive or near margins, signifi cant perineural or 
perivascular invasion, bone involvement, multiple nodal 
involvement, extracapsular spread, or stage III or IV disease. 
Typically, about 6,000  cGy in divided doses is administered 
and is initiated soon after the healing from the initial surgery 
is complete. Surgery combined with radiation and chemo-

therapy has increased the 5-year survival rates of stage III 
and IV cancers by 10%.

For this patient, a right partial glossectomy via a transoral 
approach was performed with 1.5-cm margins. The status of 
the margins was evaluated using frozen section microscopy, 
demonstrating negative margins. An ipsilateral supraomohy-
oid neck dissection (levels I through III) was completed for 
staging, which revealed no positive lymph nodes. The tongue 
defect was reconstructed with a radial forearm free fl ap, anas-
tomosing with the facial artery and vein. An elective trache-
ostomy was performed.

Following complete healing, the patient was then followed 
closely for signs of recurrence (85% of recurrences occur in 
the fi rst 3 years after initial treatment).

COMPLICATIONS

Complications are best categorized into intraoperative, post-
operative (within 1 month), and long term (after 1 month).

Intraoperative complications. The main intraoperative 
concerns associated with oncological ablative and reconstruc-
tive surgery include the control of hemorrhage, and anesthetic 
complications. When simultaneous neck dissection is per-
formed, additional complications such as nerve palsies (facial 
and spinal accessory nerves); vascular injury to the carotid 
artery or internal jugular vein; and, more rarely, pneumotho-
rax, air embolism, and formation of a chylous fi stula (espe-
cially on the left side) can be seen.

Postoperative complications. Postoperative complica-
tions include wound infection, hematoma, skin necrosis, fl ap 
failure, orocutaneous fi stula, poor speech, and swallowing 
dysfunction. Complications after bony reconstruction include 
malunion, nonunion, contour irregularities, resorption of 
bone, osteomyelitis, and hardware failure.

Long-term complications. The gravest long-term compli-
cations are recurrence of the primary tumor and death (85% 
of the recurrences occur in the fi rst 3 years). The lifetime risk 
of development of a second primary tumor is 2% to 3% per 
year, and the 5-year survival rate is 56% for all tumor stages. 
Routine diagnostic tests are performed based on the clinical 
suspicion of recurrence. Imaging studies can be diffi cult to 
assess in the postoperative setting due to the diffi culty of 
separating recurrent tumors from postoperative anatomical 
changes. Recurrent disease usually occurs at the surgical 
wound margin. Other complications include facial nerve 
weakness, shoulder drop from spinal accessory nerve weak-
ness, and fl ap failure. Dysphagia, xerostomia, mucositis, and 
the risk of osteoradionecrosis are associated with radiation 
therapy. The most common causes of death in patients with 
oral cancer are related to locoregional disease, distant metas-
tasis, or cardiopulmonary failure. Metastases of SCCa tend 
to involve the lung, bones, liver, and brain.

DISCUSSION

SCCa accounts for roughly 90% of neoplastic cases in the 
head and neck. It has a 3:1 male predilection with the median 
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age of onset (diagnosis) in the sixth decade of life (recently 
there has been an increasing prevalence in the third decade). 
The overall 5-year survival rate for SCCa is over 50%. African 
Americans are reported to have signifi cantly lower survival 
rates, approaching 35%. In 2005, an estimated 29,370 new 
cases were diagnosed, with 7320 patients dying from their 
disease. Roughly two thirds of these cases can be prevented 
with cessation of known risk factors (tobacco and alcohol). 
From an epidemiological and clinicopathological standpoint, 
carcinomas in the head and neck region can be divided into 
three anatomical areas:
1. Carcinomas arising in the oral cavity, which includes the 

tongue, gingiva, fl oor of mouth, hard palate, buccal mucosa, 
and retromolar area

2. Carcinomas of the lip vermilion
3. Carcinomas of the oropharynx, including the base of the 

tongue, lingual tonsil, soft palate, and uvula
Figure 10-3 demonstrates a different patient with a large fun-
gating SCCa of the right retromolar area.

In addition to alcohol and tobacco, the use of betel quid or 
Paan, popular in India and southeast Asia, has been associ-
ated with an increased risk for developing SCCa. The quid 
consists of a betel leaf wrapped around a mixture of areca nut 
and slaked lime, commonly in combination with tobacco. The 
slaked lime releases an alkaloid from the areca nut, causing 
a feeling of euphoria. Chronic use of the quid can lead to a 
debilitating condition known as submucous fi brosis, which is 
a premalignant condition.

Human papillomavirus (HPV) types 16 and 18 have been 
shown to increase the risk of SCCa. Data from recent studies 
show that HPV 16 and 18 increase the ratio of SCCa by 
approximately 3- to 5-fold. When examined, tonsillar SCCa 
has the highest rate of HPV infection, with approximately 
50% testing positive.

Other known risks factors include chronic sun exposure 
leading to cutaneous SCCa of the lip. Several studies have 
suggested that oral lichen planus, particularly the erosive 
form, is associated with a increased risk for SCCa. Severe 
iron defi ciency presenting as Plummer-Vinson syndrome is 
associated with an increased risk for pharyngeal and esopha-
geal SCCa. Previous radiation exposure is linked to an 
increased risk for developing SCCa.

Premalignant conditions. There are several well-
known entities pathologically that have a distinct associa-
tion with SCCa: leukoplakia, erythroplakia, and lichen 
planus.

Leukoplakia is a white patch or plaque that cannot be 
characterized clinically or pathologically as any other disease. 
Erythroplakia is defi ned as a red lesion of the oral cavity that 
cannot be classifi ed clinically or pathologically as any other 
lesion (see the section on Oral Leukoplakia in Chapter 6).

Oral lichen planus has been a subject of controversy in the 
literature concerning its possible role as a premalignant con-
dition. Several recent studies have shown that the transforma-
tion rate of oral lichen planus to SCCa is approximately 0.04% 
to 1.74%.

Early oral SCCa usually presents as one of the premalig-
nant conditions discussed — a white, red, or a mixed red and 
white lesion. As the lesion matures, it can become centrally 
ulcerated, and the borders become less distinct. The surface 
can become exophytic with papillary projections or endo-
phytic with raised rolled borders.

The tongue is the most common site for SCCa (30%), fol-
lowed closely by the fl oor of the mouth (28%). These sites are 
at the higher risk, probably due to carcinogens that pool with 
saliva in these areas, contributing to a greater exposure. The 
thin nonkeratinized layer of epithelium in these areas may 
contribute to the greater susceptibility. The other areas of 
prevalence, in descending order, are the upper and lower 
alveolar ridges (including the hard palate), the retromolar 
trigone, buccal mucosa, and the lips.

Broders classifi cation is an index of malignancy based on 
the fact that less differentiation is proportionally related to 
greater malignancy of the tumor.

Grade 1 contains greater than 75% differentiated cells; 
grade 2, 25% to 75% differentiated cells; grade 3, less than 
25% differentiated cells; and, grade 4, anaplastic with no 
cells differentiated. Differentiation is defi ned as the degree of 
keratinization. Histopathological factors correlating with a 
poorer outcome include depth of invasion, perineural inva-
sion, and extracapsular spread.

The 5-year survival rates remain around 50% and are 
related to the stage at diagnosis (Table 10-1). Unfortunately, 
there has been only a modest improvement in survival during 
the past several decades.

Figure 10-3 Squamous cell carcinoma of the right retromolar 
area (different patient than the patient shown in Figures 10-1 and 
10-2).
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Table 10-1.   Survival Rates by Stage

Relative
survival
by stage Year 1 Year 2 Year 3 Year 4 Year 5

Stage I 93.9 84.4 77.5 73.0 68.1
Stage II 88.1 72.7 64.2 58.6 52.9
Stage III 77.5 60.9 52.5 46.0 41.3
Stage IV 60.3 40.6 33.5 29.3 26.5

Modifi ed from National Cancer Institute, U.S. National Institutes of Health: 
Surveillance Epidemiology and End Results (SEER), http://seer.cancer.gov/pub-
licdata/access.html.
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Verrucous Carcinoma

Scott D. Van Dam, DDS, MD, and Deepak Kademani, DMD, MD, FACS

CC

A 68-year-old white male farmer is referred to you complain-
ing that; “I’m worried about this growth on my gums. It just 
won’t seem to go away” (verrucous carcinoma is more com-
monly seen in the elderly male population, generally over 
60 years of age).

HPI

The patient reports a 6-month history of a rough, corrugated 
area on his anterior maxillary gingiva. He was seen by his 
dentist and was referred to you for evaluation of possible “oral 
cancer” (verrucous carcinoma cannot be distinguished clini-
cally from SCCa). The area has not been painful but has 
recently become more irritated (pain is not characteristically 
seen with neoplastic processes). He has been inadvertently 
chewing on the area with occasional bleeding. He denies any 
weight loss or constitutional symptoms (may be seen with 
metastatic disease).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a positive history of chronic obstructive pul-
monary disease (secondary to chronic tobacco use). He sees 
his local dentist only when he develops a problem (does not 
have routine oral cancer screening). He has used smokeless 
tobacco for 30 years and consumes three or four alcoholic 
beverages per week.

Many patients with verrucous carcinoma are reported to 
chew tobacco, but this association is not consistent. Both 
tobacco use and chronic alcohol consumption are risk factors 
for the development of SCCa. The association with verrucous 
carcinoma is uncertain.

EXAMINATION

General. The patient is a thin white elderly man who appears 
older than his stated age, most apparent by his sun-damaged 
skin and extensive facial rhytids (chronic tobacco and sun 
exposure both contribute to early signs of aging secondary to 
changes in collagen synthesis).

Maxillofacial. He has deeply tanned skin with many 
rhytids (secondary to prolonged sun exposure). There are no 
skin lesions in the sun-exposed areas (important to look for 
early signs of basal cell carcinoma and actinic keratosis), and 
there is no facial or cervical lymphadenopathy (enlarged lymph 
nodes would be suggestive of a malignant disease process).

Intraoral. The patient has multiple restored teeth, signifi -
cant enamel staining (secondary to smokeless tobacco use), 
and moderate generalized periodontal disease. There is an 
exophytic grayish and white caulifl ower-like growth involv-
ing the edentulous anterior maxillary ridge (most common 
site for verrucous carcinoma is the buccal mucosa), measur-
ing 2  ×  3.5  cm (Figure 10-4). The lesion has areas of sur-
rounding erythema with dispersed white patches that appear 
traumatized. It is fi rm to palpation with rolled margins. The 
keratotic surface is covered with pink-red pebbly papules that 
do not rub off. The surrounding mucosa appears normal and 
does not feel indurated. (Ulceration is typically not seen with 
verrucous carcinoma.)

IMAGING

A panoramic radiograph should be obtained to screen for any 
bony erosion or infi ltration and to evaluate the dentition. 
Although verrucous carcinoma has a low tendency to metas-
tasize, it does represent a malignancy and therefore formal 
oncological staging should be considered. Routine oncologi-
cal work-up includes an assessment of the extent of locore-
gional disease using clinical and radiographic modalities 
(panoramic radiograph, CT scan of the head and neck, naso-
pharyngeal laryngoscopy, and chest radiograph or CT). The 
likelihood of distant disease is remote and can be addressed 
based on system-driven fi ndings.

In this case, a panoramic radiograph demonstrated normal 
bony anatomy of the jaws. The maxillary sinuses appear clear 
and have no evidence of widening of the periodontal liga-
ments or localized resorption of teeth (signs of infi ltrative 
disease processes).

A contrast-enhanced CT scan (contrast enhances visualization 
of soft tissue) of the head and neck was obtained. This showed 
focal thickening of the oral soft tissues in the area of the ante-
rior maxilla. There was no evidence of infi ltration or extension 
of the lesion and no enlarged lymph nodes (signs of metastatic 
disease). Due to the risk of occult malignancy, a nasopharyn-
goscopy was performed. No abnormalities where detected.

An anteroposterior chest radiograph revealed mild cardio-
megaly and lung hyperinfl ation (secondary to chronic obstruc-
tive pulmonary disease) but no focal lung lesions indicative 
of metastatic disease.

LABS

Routine laboratory tests are indicated in the routine work-up 
of verrucous carcinoma as dictated by the medical history. A 
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hemoglobin level may be obtained before the removal of 
larger lesions. Liver function tests are typically not required, 
as the risk of liver metastasis is extremely low.

DIFFERENTIAL DIAGNOSIS

Based on history and clinical examination, verrucous carci-
noma can be confused with a number of white lesions. These 
different lesions may represent a spectrum of similar dis-
eases. Proliferative verrucous leukoplakia is a diagnosis for 
lesions that begin as simple hyperkeratosis and spread to other 
sites, become multifocal, and progress slowly through a spec-
trum of dysplasia to frank invasive carcinoma. Histologically, 
the associated dense infl ammatory infi ltrate may contribute 
to the occasional misdiagnosis as pseudoepitheliomatous 
hyperplasia or chronic hyperplastic candidiasis.

BIOPSY

When a diagnosis of verrucous carcinoma is considered, a 
full-thickness biopsy sample down to the periosteum or sub-
mucosa must be taken to minimize the possibility of misdi-
agnosis. Appropriate treatment relies on a good biopsy 
technique with attention to include the base of the lesion as 
part of the specimen. The key in differentiating between 
benign and malignant lesions is to take a biopsy sample that 
is both deep (full thickness) and large enough to allow exam-
ination of the relationship between the tumor and the underly-
ing connective tissue. On occasion, multiple biopsies may be 
necessary to diagnose verrucous carcinoma.

ASSESSMENT

Verrucous carcinoma and a low-grade SCCa
For this patient, under local anesthesia, a full-thickness 

wedge biopsy sample was taken from the periphery of the 
lesion that included normal tissue. The tissue was sent for 
permanent hematoxylin and eosin staining, which showed a 
thick surface layer of orthokeratinized squamous epithelium 
with occasional parakeratosis. There were exaggerated blunt 

rete pegs extending into the lamina propria, with an intact, 
well-polarized basal layer and a “pushing border” appear-
ance. The suprabasilar cells were well differentiated. Lym-
phocytic infl ammation was seen throughout the lamina 
propria with a high degree of keratinization and minimal 
pleomorphism. 

TREATMENT

Surgical resection is the mainstay of management of verru-
cous carcinoma of the oral cavity. For treatment planning 
purposes, preexisting comorbidities, site, grade and stage of 
the tumor, and the effectiveness of the particular therapy and 
its associated complications should be taken into account.

Due to its superfi cial, cohesive growth pattern and sharply 
demarcated margins, a number of authors recommend surgi-
cal excision as the treatment of choice. Surgery involves wide 
excision of the primary lesion and surrounding tissues, includ-
ing bone and muscle when invasion is suspected. Wide surgi-
cal excision with 0.5- to 1-cm margins is the recommended 
treatment for verrucous carcinoma. With adequately treated 
tumors, the recurrence rate is low. It should be noted that any 
oral cancer that invades beyond 4  mm carries an increased 
risk of cervical lymph node metastasis.

Radiation therapy can be used as an adjunctive procedure 
and offers the advantage of treating a wide fi eld, especially 
in cases where extensive surgery would cause signifi cant mor-
bidity. Patients should be aware of the risks of mucositis, 
xerostomia, radiation caries, and osteoradionecrosis of the 
jaws.

For this patient, under general anesthesia with nasal endo-
tracheal intubation and local anesthesia injections, the lesion 
was excised with wide margins (0.5 to 1  cm) of uninvolved 
surrounding tissue. The specimen measured 2.5  ×  4  cm. The 
depth of specimen measured less than 2  mm relative to the 
surrounding normal mucosa, which included excision to 
the level of the buccinator fascia. After complete hemostasis 
was obtained, the wound bed was covered with a 0.015-inch 
split-thickness skin graft harvested from the thigh.

COMPLICATIONS

The prognosis is excellent following adequate excision. Com-
plications relate mainly to local destructive effects from the 
tumor itself and its surgical removal. Large lesions can be 
locally destructive with invasion or erosion of adjacent tissue 
and bone. Metastasis is rare. Focal areas of invasive SCCa 
are sometimes found within an excised specimen. Those with 
hybrid features (verrucoid SCCa) should be treated similar to 
conventional SCCa.

DISCUSSION

The terms verrucous carcinoma of Ackerman and oral fl orid 
papillomatosis have been used to describe verrucous carci-
nomas occurring within the aerodigestive tract. This is an 
uncommon tumor, diagnosed in 1 to 3 of 1 million persons 

Figure 10-4 Verrucous carcinoma of the anterior maxilla.
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each year, accounting for 2% to 9% of oral cancers. Most 
patients with verrucous carcinoma are older than 50, with an 
average age of 65 years at the time of diagnosis. Males are 
affected more often than females. Verrucous carcinoma is 
typically associated with a favorable prognosis, with 5-year 
survival rates up to 85% (compared to slightly over 50% for 
SCCa).

The most common site for verrucous carcinoma is the oral 
cavity. Verrucous carcinoma most commonly involves the 
buccal mucosa and the mandibular gingiva alveolar ridge, or 
palate. It typically presents as a nonulcerated, slow-growing, 
exophytic, “papulonodular” or “warty,” fungating gray or 
white mass. Less frequently, the roughened, pebbly surface 
can be inconspicuous and the tumor can present as a fl attened 
white lesion. It can vary in size from a small patch to a con-
fl uent, extensive mass. Verrucous carcinoma can superfi cially 
invade the soft tissues and underlying bone structures, becom-
ing fi xed to the periosteum. Distant metastasis is exceedingly 
rare.

The etiology of verrucous carcinoma remains unclear, but 
tobacco is thought to play a signifi cant role for lesions of the 
aerodigestive tract. Tobacco smoking and excess alcohol are 
known risk factors for development of SCCa of the mouth, 
and they may play a role in the pathogenesis of verrucous 
carcinoma. Similarities between morphological features of 
verrucous carcinoma and virally infected epithelial lesions 
suggest a possible etiologic link with HPV infection. HPV 
types 6, 11, 16, and 18 have been detected to varying degrees 
in verrucous carcinoma of the oral cavity.

The hallmark of this tumor is the discrepancy between 
histological pattern and clinical behavior. Microscopically, 
verrucous carcinoma appears as a papillary or verrucous low-
grade (i.e., well-differentiated) SCCa. Squamous cells display 
minimal or no dysplasia with infrequent mitoses localized to 

the invading (pushing) front. There is an overlying hyperor-
thokeratosis or parakeratosis, resulting in keratin-fi lled clefts 
of the surface epithelium with prominent, bulbous rete pro-
cesses extending to a uniform distance into the underlying 
connective tissue—this creates a “pushing border” rather 
than an infi ltrating quality at the base of this tumor. The 
basement membrane is intact, with little evidence of connec-
tive tissue invasion. An intense mixed infl ammatory infi ltrate 
may surround and blend with the tumor, sometimes obscuring 
the epithelium–connective tissue interface.

Verrucous carcinoma is an uncommon tumor that can be 
seen in the oral cavity. Excision of the tumor should be fol-
lowed by frequent follow-up evaluations for recurrence as 
well as for new-onset SCCas of the upper aerodigestive tract.
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Mucoepidermoid Carcinoma

Deepak Kademani, DMD, MD, FACS, David Rallis, DDS, and Chris Jo, DMD

CC

The patient is a 64-year-old woman who is referred for eval-
uation of a mass on the right posterior hard palate.

Mucoepidermoid carcinoma occurs in a wide age range 
with a slight female predilection.

HPI

The patient fi rst noticed a lump on her hard palate approxi-
mately 6 months earlier (while the parotid gland is the most 
common site for mucoepidermoid carcinoma, minor salivary 
glands, especially from the palate, are the second most com -
mon). The patient is asymptomatic, although the mass has 
been slowly increasing in size (mucoepidermoid carcinoma 
usually presents as progressively enlarging asymptomatic 
swelling). She denies pain, fever, chills, night sweats, nausea, 
vomiting, weight loss, or other constitutional symptoms. She 
also denies any history of dental pain or sinus congestion.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient denies tobacco or alcohol use (tobacco and alcohol 
use has not been shown to increase the risk of mucoepider-
moid carcinoma).

EXAMINATION

General. The patient is a well-developed and well-nourished 
white woman who appears her stated age and is in no appar-
ent distress. She is noncachexic (possible sign of advanced 
disease).

Maxillofacial. The face is symmetrical without any extra-
oral swelling. She has no proptosis (maxillary sinus malig-
nancies can invade both the palate and orbit). The infraorbital 
nerves are intact (low-grade mucoepidermoid carcinoma typ-
ically does not display perineural invasion).

Intraoral. A 2  ×  2  cm submucosal swelling is present on 
the right posterior hard palate (Figure 10-5). The mass is fi rm, 
nonmobile, nonpulsatile, and nontender to palpation (highly 
suggestive of a neoplastic process). The overlying mucosa is 
pink (may present with a bluish or reddish color) and nonul-
cerated. The greater and lesser palatine nerves are intact. The 
dentition is in good repair, and all teeth are vital without pain 
upon percussion. There are no other intraoral lesions or masses.

Neck. There is no lymphadenopathy (regional lymph node 
metastasis is uncommon, especially for low-grade lesions, but 
may occur in high-grade or advanced disease).

IMAGING

The work-up for a biopsy-proved mucoepidermoid carcinoma 
involves a complete head and neck physical examination, CT 
scan of the head and neck (with intravenous contrast) for 
delineation of the primary tumors and regional metastasis, a 
panoramic radiograph (initial screening examination), and a 
chest radiograph for evaluation of pulmonary metastasis. 
Newer imaging modalities such as PET scanning have become 
a powerful tool for evaluation of cancer patients for delinea-
tion of local and distant disease. Most PET studies are per-
formed using the glucose analog 18F-FDG, which has been 
shown to accumulate into areas of higher metabolic activity.

For this case, no abnormalities of the dentition and sur-
rounding bony structures where identifi ed on the panoramic 
radiograph. The CT scan of the head and neck performed with 
intravenous contrast (for improved delineation of soft tissue) 
using axial and coronal views demonstrated a 2  ×  1  cm 
enhancing soft tissue mass of the right posterior hard palate, 
which does not appear to involve the underlying bone. No 
cervical lymphadenopathy was noted. The chest radiograph 
was normal.

LABS

For the biopsy procedure, routine laboratory studies are not 
indicated in an otherwise healthy patient. CBC, electrolyte 
studies, and coagulation studies may be performed to estab-
lish a baseline before the defi nitive surgery. Liver function 
tests are not routinely obtained, because liver metastasis is 
rare.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis in the case of a submucosal mass 
of the posterior hard palate should include benign (pleomor-
phic adenoma, monomorphic adenoma, canicular adenoma) 
versus malignant minor salivary gland tumors (mucoepider-
moid carcinoma, adenoid cystic carcinoma, polymorphous 
low-grade adenocarcinoma, acinic cell carcinoma, and ade-
nocarcinoma). Lesions of infectious etiology should be con-
sidered but are unlikely given the presentation. An incisional 
biopsy is indicated.

BIOPSY

Mucoepidermoid carcinoma is graded on a scale of I to III 
(low, intermediate, and high grade, respectively) with features 
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such as nuclear atypia, necrosis, perineural spread, mitoses, 
bony invasion, lymphatic and vascular invasion, intracystic 
component, and tumor front invading in small nests and 
islands being features of high grade. The grading system for 
mucoepidermoid carcinoma is subjectively assessed based on 
the degree of epidermoid versus mucinous cellular compo-
nents. High-grade tumors have a relatively higher proportion 
of epidermoid cells (squamous and intermediate cells) and 
few mucus-producing cells, while low-grade tumors have a 
high proportion of mucus cells.

In this patient, an incisional biopsy of the central portion 
of the palatal mass was performed under local anesthesia. 
Histopathology of the specimen confi rmed a low-grade muco-
epidermoid carcinoma (high proportion of mucus cells with 
minimal cellular atypia). It is important to obtain a tissue 
sample from the center of the lesion in cases of suspected 
salivary gland neoplasms. A biopsy from the periphery may 
result in a nondiagnostic specimen due to inadequate depth.

ASSESSMENT

A T1, N0, M0 (a tumor 2  cm or less in diameter, with no 
lymphadenopathy and no evidence of distant metastases) 
low-grade mucoepidermoid carcinoma of the right posterior 
hard palate

TREATMENT

Once a biopsy-proved diagnosis of low-grade mucoepider-
moid carcinoma is made, the lesion is defi nitively treated by 
wide local excision with 1-cm margins. High-grade lesions 
may require more extensive resection with surgical manage-
ment of the neck to limit the potential for locoregional recur-
rence. A right partial maxillectomy with a split-thickness skin 
graft and immediate placement of a prosthetic obturator form 
the treatment of choice for this patient. Adjuvant radiation 
therapy is not indicated for low-grade lesions that are com-
pletely excised.

This patient was placed under general anesthesia and 
underwent a formal right partial maxillectomy with 1-cm 
tumor-free margins via a transoral approach (a Weber-Fergu-
son incision may be indicated for larger tumors that require 
a more extensive ablative surgery). A split-thickness skin 
graft (0.015 inch) was harvested from the right thigh and used 
to line the ablative defect. This was bolstered using xeroform 
gauze packing (Coe-Soft [GC America] denture liner can 
also be used) and a preformed surgical stent, which was 
secured to the maxilla with a midpalatal screw. The stent was 
removed after 2 weeks, and an impression was taken for 
fabrication of a temporary maxillary obturator.

COMPLICATIONS

Complications associated with a partial maxillectomy include 
bleeding due to vascular injury of the terminal branches of 
the internal maxillary artery (greater and lesser palatine 
vessels) or the internal maxillary artery itself.

Hemorrhage can be controlled with direct pressure, hemo-
static agents, electrocautery, or vessel ligation. Uncontrollable 
arterial bleeding may require angiography and embolization 
of the feeding vessels to obtain proximal control. The use of 
a maxillary stent will help promote hemostasis and improve 
patient comfort and speech in the healing period.

Local recurrence or regional metastases, although uncom-
mon, is a major concern (see Discussion). Complications 
associated with the rehabilitation and reconstruction of the 
defect can also have signifi cant impacts on the patient’s 
quality of life.

DISCUSSION

Salivary gland neoplasms exhibit an approximate distribution 
of 85% in the major and 15% in the minor salivary glands. 
Of the major glands, the parotid accounts for 90%, followed 
by the submandibular at 5% to 10% (rare in the sublingual 
gland). For minor salivary glands, the palate is involved in 
60% of cases, followed by the lips in 15%. Other less com-
mon sites include the tongue, retromolar trigone, fl oor of 
the mouth, and buccal mucosa. In general, the size of the 
salivary gland is inversely related to the likelihood of tumor 
malignancy. Approximately 10% of parotid, 30% of sub-
mandi-bular, and 50% of intraoral salivary gland lesions are 
malignant.

Mucoepidermoid carcinoma is the most common malig-
nancy originating from both the major and minor salivary 
glands and is comprised of epidermoid, mucus-producing, 
and intermediate cells. It has been shown to involve approxi-
mately 3% to 15.5% of salivary gland tumors with 12% to 
34% being malignant. The parotid gland, followed by the 
palate and submandibular glands, are the most common sites 
of primary tumors, representing 42%, 15%, and 10% of cases, 
respectively. The disease is seen most often within the third 
to fi fth decades of life and has a slight female predilection. 
Tumor grade, stage, and negative margin status have corre-
lated with disease-free survival. In studies involving muco-

Figure 10-5 A submucosal swelling on the right posterior hard 
palate. (From Ibsen OAC, Phelan JA: Oral pathology for the 
dental hygienist, ed 4, Philadelphia, 2004, WB Saunders.)
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epidermoid carcinoma of both major and minor salivary 
glands, 5- and 10-year survival rates have ranged from 61% 
to 92% and 51% to 90%, respectively.

Low-grade mucoepidermoid carcinoma is a low-grade 
malignant process with a low risk of locoregional recurrence. 
Surgical extirpation is typically all that is required along with 
long-term follow-up. High-grade mucoepidermoid carcinoma 
is an aggressive malignancy with affi nity for regional lym-
phatic spread and has the potential for distant metastasis (the 
lungs are the most common site).

The primary goal in surgical treatment of mucoepider-
moid carcinoma is to obtain widely negative margins at 
the primary location, but additional factors must be evaluated 
to determine the need for adjunctive therapy. Low-grade 
lesions, such as in this case, are typically resected with a 
1-cm margin without adjunctive treatment. High-grade 
lesions typically require more extensive resection with addi-
tional management of the neck. When surgical margins are 
positive, radiotherapy has been effective in improving local 
control.

Mucoepidermoid carcinoma of the parotid gland (most 
common site) typically presents with a unilateral preauricular 
mass and facial swelling. These fi ndings are nonspecifi c to 
parotid tumors. Although the majority of parotid tumors are 
benign and occur in the superfi cial pole of the gland, approx-
imately 20% of parotid tumors may be malignant, with muco-
epidermoid carcinoma being the most common. When a 
lesion of the parotid is suspected and properly imaged with 
CT or MRI, fi ne needle aspiration is performed to establish 
a preoperative diagnosis. Treatment consists of a parotidec-
tomy with facial nerve dissection and preservation (the facial 
nerve is typically spared, except in high-grade lesions with 
direct involvement of the facial nerve). A margin of normal 
salivary gland tissue should be resected around the lesion. 

High-grade lesions may require multimodality treatments 
with a more extensive resection.
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Adenoid Cystic Carcinoma

David C. Swiderski, DDS, MD, and Deepak Kademani, DMD, MD, FACS

CC

A 53-year-old white woman presents to the offi ce with the 
complaint of “swelling and numbness in my lip” (adenoid 
cystic carcinoma has a relatively equal male-to-female 
distribution and is most commonly seen in the elderly 
population).

HPI

Over the past several months, the patient had noticed a slowly 
enlarging mass in her lower left lip (the most common loca-
tion for minor salivary gland tumors is in the palate and the 
lip). In addition, she has noticed that her left lower lip has 
become progressively anesthetic (indicative of perineural 
invasion of the mental nerve). There are no other oral or 
constitutional complaints.

Most patients report a slow-growing (months) mass at the 
primary site. Some patients present with pain (30% of cases), 
most likely due to perineural invasion.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.
Although exposure to ionizing radiation has been impli-

cated as a cause of salivary gland cancer, the etiology of most 
salivary gland cancers cannot be determined. Occupations 
that may be associated with an increased risk for salivary 
gland cancers include rubber product manufacturing, asbestos 
mining, plumbing, and some types of woodworking. Tobacco 
and alcohol consumption do not seem to have a causal rela-
tionship with adenoid cystic carcinoma.

EXAMINATION

General. The patient is a well-developed and well-nourished 
white woman who appears her stated age and in no acute 
distress.

Maxillofacial. There is a 2  ×  1-cm indurated lesion of 
the left lower lip with central ulceration. No pain or ten-
derness is elicited upon palpation of the lip. The lip is 
anesthetic to light touch and painful stimuli in the distribu-
tion of the left mental nerve (suggestive of perineural 
invasion).

Neck. There is no lymphadenopathy (adenoid cystic car-
cinoma can metastasize via the hematogenous route leading 
to pulmonary lesions, which are the most common sites for 
distant metastasis). Salivary gland malignancies tend to 

spread via the hematogeneous route, so distant metastasis can 
occur early.

Intraoral. Dentition appears in good repair. There are no 
other intraoral lesions or masses.

Pulmonary. Chest is clear to auscultation bilaterally.

IMAGING

The work-up for adenoid cystic carcinoma involves a com-
plete head and neck physical examination, CT scan of the 
head and neck (with intravenous contrast) for delineation of 
the primary tumors and regional metastasis, a panoramic 
radiograph, and a chest radiograph to evaluate for pulmonary 
metastasis. Newer imaging modalities such as PET scanning 
have become a powerful tool in the evaluation of patients with 
cancer for delineation of local and distant disease. Most PET 
studies are performed using the glucose analog 18F-FDG, 
which has been shown to accumulate in many tumors (uptake 
into areas of higher metabolic activity).

Panoramic radiograph. There are no abnormalities of the 
dentition and surrounding structures, and no periapical radio-
lucent lesions are noted around the teeth or the body of the 
mandible (important to rule out any acute or chronic sources 
of infection, especially if radiation therapy is to be adminis-
tered).

CT scan (head and neck). CT is performed with intrave-
nous contrast (for improved delineation of soft tissue). Axial 
and coronal views demonstrate a 2  ×  1  cm mass in the area 
of the lip with poorly differentiated margins. No cervical 
lymphadenopathy is seen.

Chest radiograph. Lung fi elds are clear bilaterally, and 
the mediastinum in not enlarged. The heart shadow appears 
to be of normal size (important to evaluate for pulmonary 
lesions, which may indicate metastasis).

PET scan (whole body scan). The PET scan performed 
with 18F-FDG shows a hypermetabolic area in the left lip; no 
other abnormalities are noted. (This test is good for evalua-
tion of distant disease, given the tendency for early metasta-
sis. It is also useful for surveillance imaging during treatment 
to determine tumor response to nonsurgical interventions.)

LABS

Routine laboratory studies such as CBC, electrolyte studies, 
and coagulation studies may be performed to establish base-
line levels preoperatively.

CBC and electrolyte panel results were within normal 
limits for this patient.
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BIOPSY

Three major forms of adenoid cystic carcinoma are recog-
nized histopathologically—the cribiform, tubular, and solid 
variants. Microscopically, adenoid cystic carcinoma is com-
posed of small cells arranged in groups that form glandular 
spaces fi lled with mucoid material or a hyaline plug. Of the 
three types, the most common is the cribiform type.

In this patient, an incisional biopsy, with local anesthesia, 
of the lip mass was performed, confi rming the diagnosis of 
adenoid cystic carcinoma with perineural invasion.

ASSESSMENT

A T1, N0, M0 (a tumor less than 2  cm, with no lymphade-
nopathy and no metastatic disease), stage I, adenoid cystic 
carcinoma (cribiform type) of the left lip with associated 
perineural invasion involving the branches of the mental 
nerve (perineural invasion is a common fi nding with adenoid 
cystic carcinoma)

TREATMENT

Radical surgery with wide surgical margins (minimum of 1 
to 1.5  cm) is the treatment of choice. Despite good local 
control, in the long term, many patients die from their disease. 
The 5-year survival rate is 75%, falling to 20% at 10 years 
with pulmonary metastasis. By 20 years, the mortality rate is 
almost 100%. Adjunctive treatments such as postoperative 
radiotherapy are indicated in the majority of patients for 
improvement of locoregional control.

This patient was placed under general anesthesia and 
underwent a wide local excision with 1.0- to 1.5-cm margins. 
Frozen sections revealed positive margins and perineural 
invasion; further resection followed by frozen section con-
fi rmed negative margins. The surgical defect was primarily 
reconstructed using an Abbe-Estlander fl ap from the upper 
lip. Following adequate time for surgical healing (6 weeks), 
the patient underwent external beam radiation therapy.

COMPLICATIONS

Major complications associated with adenoid cystic carci-
noma are its propensity toward high locoregional recurrence 
regardless of surgical margin as well as a poor 20-year sur-
vival rate. Functional and aesthetic complications from tumor 
surgery depend on the size and involvement of anatomical 
structures in the resection and subsequent reconstruction.

DISCUSSION

Adenoid cystic carcinoma is a salivary gland malignancy of 
myoepithelial and ductal cells. It is well known for its indolent 
course and propensity for perineural invasion (Figure 10-6), 
wide local metastasis, and locoregional recurrence. Locore-
gional recurrence is thought to occur via skip lesions along 
nerve fi bers. This implies that although the nerve may be without 

disease at the surgical margins, tumor cells may be present 
farther along the nerve sheath (“skip lesions”). For this reason, 
it is not uncommon that during resection the nerve is sacri-
fi ced as far proximally as possible, often to the skull base.

The tumor was fi rst described by Bilroth in 1856 and was 
given the name cylindroma, secondary to its unique histo-
logical appearance. This term has fallen out of favor because 
of the confusion with the benign adnexal tumor that bears the 
same name.

Overall, tumors of the salivary glands are relatively rare, 
usually accounting for less than 5% of all head and neck 
neoplasms, with approximately 10% to 15% occurring in the 
submandibular glands and 85% to 90% occurring in the 
parotid glands and with the sublingual gland constituting only 
1%. Of all submandibular malignancies, adenoid cystic car-
cinoma accounts for 35% of occurrences.

Adenoid cystic carcinoma usually occurs in the fourth 
through sixth decades of life with its peak incidence in the 
fi fth decade, although there are cases reported in the early 
third and eighth decades of life. There is no gender predilec-
tion, although the reviewed literature is not entirely clear on 
this subject. Seventy percent of lesions appear in the minor 
salivary glands, with the most common locations being the 
hard and soft palates and the lip. The other 30% occur in the 
parotid and submandibular glands in equal distribution. Dif-
ferentiation between a minor gland tumor and that of the 
sublingual gland may be diffi cult.

There appears to be no predisposing factors for the devel-
opment of adenoid cystic carcinoma. The tumor is very slow 
growing and takes many months to be noticed clinically. If 
treated at an early stage, there is a high 5-year survival rate. 
Unfortunately, there is a high rate of locoregional recurrence 
regardless of negative margin status. Adenoid cystic carci-
noma also has a high rate of distant metastasis, with some 
studies reporting a rate as high as 50%. The lungs are the 
main organ of metastasis, followed by bone and liver. These 
lesions are classically described as “coin” lesions on chest 
radiographs. The survival rate continues to fall until the 

Figure 10-6 Adenoid cystic carcinoma showing perineural 
invasion. (From Regezi JA, Sciubba JJ, Jordan RCK: Oral pathol-
ogy: clinical pathologic correlations, ed 4, St Louis, 2003, Elsevier.)
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20-year mark, when the survival rate is less than 5%. The 
mean survival rate is well equated to the stage at diagnosis 
based on the American Joint Commission on Cancer guide-
lines for major salivary gland pathology.
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Acinic Cell Carcinoma

David Rallis, DDS, and Deepak Kademani, DMD, MD, FACS

CC

A 58-year-old woman (acinic cell carcinoma is commonly 
seen in the fi fth and sixth decades of life, with a female 
predominance) is referred by her general dentist for 
evaluation of a painful mass in the area of the right paro-
tid gland (painful parotid mass is the most common 
presentation).

HPI

The patient has noticed a persistent progressively enlarging 
painful mass in the area of her right parotid gland for approx-
imately 8 months. She does not report any facial nerve defi cits 
(indicative of perineurial spread and more advanced disease). 
She denies constitutional symptoms such as fever, malaise, 
weight loss, or dysphagia (these symptoms may indicate the 
presence of metastatic disease).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a 10 pack-year history of smoking and denies 
alcohol use (although associated with the development of 
epidermoid tumors in the head and neck, tobacco and alcohol 
consumption do not seem to have a causal relationship with 
acinic cell carcinoma).

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman who appears her stated age and is in no apparent 
distress.

Maxillofacial. A 2-cm well-circumscribed indurated and 
freely mobile mass is present anterior to the right tragus. The 
mass is painful to palpation (acinic cell carcinoma is usually 
not fi xed, particularly in the early stages).

Ears. The ears are grossly normal externally with intact 
tympanic membranes (it is important to document an ear 
examination with parotid lesions to evaluate for gross inva-
sion of the external auditory canal).

Neck. The neck is bilaterally supple with no palpable 
lymphadenopathy (important prognostic factor, because 
presence of lymphadenopathy would be suggestive of 
regional metastatic disease). The trachea is midline and 
stable.

Neurological. Cranial nerves II through XII are intact, 
and there is no evidence of facial nerve defi cit (perineurial 
invasion may cause facial nerve defi cit).

Pulmonary. Lungs are clear to auscultation bilaterally. 
(The most common site of metastases of acinic cell carcinoma 
is the lungs. Patients with pulmonary metastases may do well 
in the near term, but almost all die from their disease within 
20 years.)

IMAGING

Adequate imaging studies need to be obtained to determine 
the extent of the disease process at the primary site, to detect 
regional lymphadenopathy, and to identify any distant metas-
tasis. Evaluation of the lungs and the skeleton is important 
because they are the most common sites of distant metastasis.

MRI (with intravenous contrast) is the imaging study of 
choice to localize the lesion within the parotid gland. MRI 
provides better resolution for soft tissue lesions than CT. PET 
scan uses radiolabeled glucose (18F-FDG) to detect areas of 
increased hypermetabolism that may be indicative of local, 
regional, or distant disease.

In this patient, MRI with intravenous contrast shows an 
enhancing mass within the superfi cial lobe of the parotid 
gland measuring 18  ×  17  ×  15  mm, with no evidence of 
lymphadenopathy.

A PET scan outlines a hypermetabolic region in the area 
of the right parotid gland.

The chest radiograph is negative. (The lung is the most 
common site of distant metastasis, which may present as a 
coin lesion on the chest fi lm.)

LABS

The patient’s CBC and basic metabolic panel were within 
normal limits.

Liver metastasis is very rare, therefore liver function tests 
are not routinely obtained for the work-up of acinic cell 
carcinoma.

Cytology. Fine needle aspiration involves the cytological 
examination of cells obtained from the specimen; this is 
performed by an experienced cytopathologist. For additional 
accuracy, the fi ne needle aspiration may be performed under 
CT or ultrasonographic guidance. This is an effective tool to 
distinguish between benign and malignant salivary gland 
tumors with a reported sensitivity and specifi city of 80% and 
92%, respectively.

In this patient, the fi ne needle aspiration showed the 
presence of glandular cells with increased nuclear pleomor-
phism and cytotypic features consistent with acinic cell 
carcinoma.
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ASSESSMENT

A T1, N0, M0 (a tumor less than 2  cm, with no lymphade-
nopathy and no metastatic disease) stage I, acinic cell car-
cinoma located within the superfi cial lobe of the right parotid 
gland

TREATMENT

Acinic cell carcinoma is a primary salivary gland malignancy 
originating within the serous acinar cells. The treatment for 
acinic cell carcinoma consists of surgical excision. For tumors 
involving the parotid gland, a parotidectomy with facial nerve 
preservation is recommended. In the absence of facial paral-
ysis (uncommon with acinic cell carcinoma), the facial nerve 
should be preserved.

This patient was treated in the operating room and under 
general anesthesia. The surgical fi eld was draped to allow 
exposure of the right ear, lateral canthus, and corner of the 
mouth. A modifi ed Blair incision (preauricular crease curving 
around the mandibular angle with anterior extension approx-
imately 3  cm beneath the inferior border) was marked. The 
incision extends through the skin into subcutaneous tissue. 
An anterior and posterior skin fl ap was raised at the level of 
the parotid fascia that was extended to the periphery of the 
gland. The greater auricular nerve was identifi ed and pre-
served as it crosses superfi cial to the sternocleidomastoid 
muscle. The parotid gland was then elevated from the muscle 
and dissected from the external auditory canal until the 
tragal pointer was identifi ed. This is approximately 1  cm infe-
rior to the tympanomastoid suture. The gland was then dis-
sected from the posterior belly of the digastric. Three 
landmarks should be identifi ed: the tragal pointer, the supe-
rior aspect of the posterior digastric, and the tympanomastoid 
suture.

These landmarks along with their predictable anatomy are 
used to identify the main trunk of the facial nerve as 
follows:
• The main trunk of the facial nerve courses 1  cm medial 

and inferior to the tragal pointer
• The stylomastoid foramen is 6 to 8  mm deep to the 

tympanomastoid suture
• The facial nerve is superior and posterior to the cephalic 

margin of the posterior digastric or midway to the 
tympanomastoid suture

Subsequently, gentle dissection was carried out through 
fascia and gland until the facial nerve was visualized. Dissec-
tion continues along the main trunk until the division of 
cervical facial and temporal facial branches (pes anserinus) 
is identifi ed. The gland was palpated, and the tumor found to 
be well circumscribed within the superfi cial lobe. Dissection 
was carried out following the branches of the facial nerve to 
the periphery of the gland. Figure 10-7 shows the specimen 
being removed from the superfi cial lobe of the parotid 
gland.

Frozen histopathological specimens identifi ed a low-grade 
acinic cell carcinoma within the specimen and widely nega-

tive margins (frozen section analysis is on occasion not precise 
for salivary gland disease, but it can provide information 
regarding benign versus malignant disease processes and can 
still be helpful in guiding intraoperative decision making). 
No perineural or angiolymphatic invasion was identifi ed. 
A drain was inserted, and a layered closure was obtained 
with deep 4-0 monofi lament resorbable and skin 5-0 nylon 
suture.

COMPLICATIONS

Surgical treatment of acinic cell carcinoma varies greatly 
depending on location as well as a number of additional 
factors. In the case described, superfi cial parotidectomy was 
the sole surgical procedure necessary. Despite careful dissec-
tion and correct technique, several signifi cant complications 
may occur.

Facial nerve defi cit may be encountered as a result of 
skeletonization of the nerve. Studies have shown that early 
transient facial nerve paresis follows parotidectomy in 9.3% 
to 64.6% of cases, with permanent total paralysis occurring 
in 0% to 0.9%. With paralysis of the orbicularis occuli muscle, 
impairing closure of the upper eye lid, desiccation of the eye 
and keratoconjunctivitis are the major concerns. Ophthalmic 
eye drops and ointment should be used as needed. Placement 
of a gold weight posterior to the tarsal plate of the upper lid 
is one popular method to regain upper lid closure in patients 
with persistent defi cit of the temporozygomatic branches of 
the facial nerve.

The other nerve at risk during this surgery is the greater 
auricular nerve (sensory branch of the third division of the 
trigeminal nerve). Paresthesia (altered sensation) of the ipsi-
lateral ear may occur as result of division or skeletonization 
of this nerve.

Postoperative sialocele formation presents in a minority of 
patients and will usually occur within the fi rst 2 weeks after 
surgery. This presents as a soft mobile nonerythematous 
swelling within the gland. Untreated signifi cant swelling, 
skin necrosis, and cutaneous fi stula formation may result. 

Figure 10-7 Intraoperative view of the specimen being removed 
after identifi cation of the facial nerve.
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Management of a sialocele involves needle aspiration/drain-
age with placement of a pressure dressing. The use of anti-
sialogues can also be considered.

Frey syndrome or recurring gustatory sweating may arise 
as a result of aberrant regeneration of the postganglionic 
parasympathetic nerve fi bers reinnervating the sweat glands. 
An incidence ranging from 5% to 100% of patients undergo-
ing parotidectomy has been reported. A number of surgical 
procedures have been used to treat this condition, including 
ligation of the auriculotemporal and chorda tympani nerves, 
temporal fascia grafting, placement of synthetic materials 
into the surgical site, anticholinergic agents (pilocarpine), 
and, more recently, injection of Clostridium botulinum toxin 
(Botox) into the involved area. Treatment is not always neces-
sary unless the condition is particularly bothersome to the 
patient.

Aesthetic concerns may arise from the facial depression 
created by removal of the superfi cial lobe. Autogenous fat 
grafting may be performed for reconstruction of the area.

DISCUSSION

Acinic cell carcinoma is rare malignancy that accounts for 
about 6% of all salivary gland tumors. This tumor most com-
monly presents in females and is usually seen in the fi fth and 
sixth decades of life. The parotid gland is the most common 
location, with painful swelling being seen in 18% to 71% of 
patients and facial paresis being reported in 11%. Survival 
rate has been reported at 76%, 63%, and 55% at 5, 10, and 
15 years, respectively, although there is signifi cant variation 
in the literature.

Acinic cell carcinoma is considered a low-risk tumor for 
regional and distant metastasis, with a 12% and 16% meta-
static rate being reported, respectively. The lungs represent 
the most common site of distant metastasis, followed by bone. 
Staging is the primary determinate of treatment, but histo-
logical grade, facial paralysis, age, pain, and extraglandular 
spread are prognostic factors that must be considered. Higher 
histological grade or lack of cellular differentiation has been 
associated with a poorer prognosis.

The use of postoperative radiotherapy may be used to 
improve local control.

As with any oncological surgical procedure, the goal in 
treating acinic cell carcinoma is to obtain wide negative 
margins at the primary location. Equally important, the clini-

cian must use diagnostic tools to accurately stage the malig-
nancy and determine the need for adjunctive therapy.
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11 Reconstructive Oral and 
Maxillofacial Surgery

Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Mandibular Implants
• Maxillary Posterior Fixed Partial Denture
• Sinus Lift for Implants
• Mandibular Vestibuloplasty
• Radial Forearm Free Flap
• Pectoralis Major Myocutaneous Flap
• Free Fibula Flap for Mandibular Reconstruction
• Mandibular Reconstruction With Iliac Crest Bone Graft

Reconstructive maxillofacial surgery refers to the wide range 
of procedures designed to rebuild or enhance soft or hard 
tissue structures of the maxillofacial region. Ablative tumor 
surgery (benign or malignant) and traumatic injuries (espe-
cially avulsive) commonly demand reconstructive procedures 
to restore the functional and cosmetic defi cit. Loss of soft or 
hard tissue secondary to infectious processes (e.g., osteomy-
elitis), or tissue injury due to radiation (e.g., osteoradionecro-
sis) may also require reconstructive measures. In addition, the 
decrease in quantity and quality of maxillomandibular struc-
tures with age (that may be accelerated by other processes 
such as early teeth loss), can be addressed with reconstructive 
measures to augment the tissue for restoration using dental 
implants.

In the past two decades, three developments have revolu-
tionized the reconstruction of the maxillofacial structures. 
First, the understanding of bone biology has allowed advanced 
bone grafting procedures in a variety of circumstances 
(e.g., sinus lift procedures, mandibular augmentation/
reconstruction). Second, the advent of microvascular free 

fl ap techniques allows the transfer of tissue to reconstruct 
large soft and/or hard tissue defects (e.g., radial forearm 
fasciocutaneous or fi bula osteocutaneous free fl aps). Third, 
the development of and advances in dental implant tech-
niques allow for successful dental rehabilitation. More 
recently, purifi cation and identifi cation of bone morpho-
genic proteins (BMPs) and other chemicals that induce new 
tissue (bone) formation are becoming available but remain 
to be fully elucidated. Future research may reveal methods 
of regenerating neural and muscle tissue. Molecular biology 
techniques using gene therapy may reveal further knowledge 
that can be applied to maxillofacial reconstruction.

In this chapter, we present eight important teaching cases 
that describe some of the main issues in maxillofacial recon-
struction. Mandibular reconstruction remains to be one of the 
greatest challenges in maxillofacial surgery. We present cases 
of mandibular reconstruction using corticocancellous bone 
grafts with implants and using the free fi bula osteocutaneous 
fl ap.
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Mandibular Implants

Sam E. Farish, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 30-year-old woman who is missing the lower right fi rst and 
second molars (teeth Nos. 30 and 31) and second premolar 
(tooth No. 29) presents to the offi ce via a referral from her 
general dentist who suggested restoration using mandibular 
implants.

HPI

The patient lost the mandibular right posterior teeth after 
failed endodontic and restorative therapy. The patient was 
offered a removable partial denture or mandibular posterior 
implants, and she chose the latter.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has maintained excellent general and oral health. 
She is allergic to penicillin. She is not currently taking any 
medications and specifi cally denies a history of type 1 diabe-
tes mellitus.

There is literature support for placing implants in type 
2 diabetics but none for placing implants in type 1 diabetics. 
In working up patients for dental implants, several risk 
factors should be considered. Early studies showed a marked 
increase in failure of osseointegration of implants in smokers. 
More recent work has not shown a signifi cant difference 
between smokers and nonsmokers regarding osseointegra-
tion. Most believe that closure of the gap between failure 
rates is due to surface modifi cations in more recently manu-
factured implants. Bruxers place greater stresses on implants, 
so such patients should have overengineered prostheses. 
Radiation therapy in jaw structures where implants will 
be placed is considered a relative contraindication. Hyper-
baric oxygen therapy and skillful conservative surgical tech-
niques minimize these risks. Patients with severe mental 
illness are not usually considered good implant candidates. 
Immunosuppression, hemophilia, organ transplantation, 
osteomalacia, Paget disease, and osteogenesis imperfecta 
are other possible contraindications to implants to be con-
sidered. In such patients, informed consent with shared 
liability can prevent misunderstanding should failures 
occur.

EXAMINATION

Examination of both the quality and quantity of bone is essen-
tial in successful implant placement.

Intraoral. Clinical examination reveals that the mandibu-
lar ridge form is rounded and wide (6 to 7  mm) in the buccal 
lingual aspect at the edentulous posterior right mandible. The 
anteroposterior ridge space is adequate for placement of three 
implants posterior to the fi rst bicuspid (the minimum amount 
of bone between an implant and adjacent natural tooth is 
1.25  mm).

The interarch space between the edentulous mandibular 
ridge and the opposing dentition is adequate for the restora-
tion and its attachment to the implant. No soft tissue or bony 
abnormalities are noted in the oral examination. The patient 
has a maximum incisal opening of 50  mm (restricted mouth 
opening can pose a problem for implant placement).

IMAGING

The panoramic radiographic is an essential imaging modality 
for placement of mandibular implants. In this patient, the 
panoramic radiograph reveals an edentulous space in the pos-
terior right lower jaw 6 weeks after multiple extractions 
(Figure 11-1). The bone appears to be Type II (Box 11-1), and 
there is more than 15  mm of available bone above the inferior 
alveolar nerve and mental foramen. The surgical planning 
template reveals that implants of 4.5-mm diameter and 
11.5  mm long would be an appropriate selection for the case. 
In certain cases, detailed computed tomography (CT) scan-
ning is helpful in planning implant surgery (such as to deter-
mine the position of the inferior alveolar nerve or the 
maxillary sinus), but CT is not indicated for all cases. Bone 
density and quality are determined by radiography and by 
tactile sense on drilling.

LABS

There is no routine laboratory testing is indicated for implant 
placement unless dictated by the medical history.

ASSESSMENT

A healthy 30-year-old woman who desires three mandibular 
posterior implants

Her work-up reveals that 11.5-mm implants would be 
appropriate with no contraindications to the planned proce-
dure under intravenous sedation with local anesthesia in the 
offi ce.

A minimum distance of 2  mm from the mandibular canal 
is recommended to avoid injury to the inferior alveolar neu-
rovascular bundle.
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TREATMENT

The planned treatment was discussed in detail with the patient 
and the restorative dentist. A surgical guide was prepared by 
the restorative dentist, indicating the ideal position for the 
implants in his planned restorative schema (although a surgi-
cal guide is not essential in the planning of dental implants, 
they are useful in guiding the ideal position of the implant. 
However, the underlying bony anatomy dictates the implant 
position). Chlorhexidine mouth rinse was used before surgery, 
and 600  mg of clindamycin (patient is allergic to penicillin) 
was given intravenously immediately before surgery. A bite 
block was used to maintain an adequate oral opening (and to 
protect the temporomandibular joint). Under intravenous 
sedation and local anesthesia, implant placement surgery was 
performed according to the system protocol. The wound was 
sutured and a gauze sponge was placed to achieve hemostasis. 
The patient recovered and was discharged with instructions 
for home care, analgesics, and a return appointment in 1 week 
for suture removal. Postoperative panoramic radiograph 

revealed satisfactory placement of three implants well above 
the mandibular canal (Figure 11-2). A fi nal restoration was 
placed 4 months later and a very satisfactory cosmetic and 
functional result was obtained. The crown placed is similar 
in contour and emergence to a natural tooth. Such design 
minimizes maintenance.

Although there is research indicating good results with 
immediate placement of healing caps and even immediate 
loading, fewer problems can be expected from implants sub-
merged and unloaded (two-stage) for 4 months in the man-
dible and 6 months in the maxilla and in grafts.

COMPLICATIONS

Implant procedures are associated with a high rate of success 
and minimal complications, but patients should be well 
informed of the possible associated risks.

The primary limiting factor for lower molar single-implant 
placement is the bone height above the inferior alveolar canal. 
If it is determined that a lower molar implant has been placed 
in contact with the inferior alveolar nerve, causing postop-
erative hypoesthesia or anesthesia (Figure 11-3), the implant 
should be backed out, if possible, or removed. Radiographic 
superimposition of the implant versus direct contact of the 
nerve with the implant cannot be determined on a panoramic 
radiograph alone. In the presence of symptoms (paresthesia), 
a CT scan may be helpful before removing the implant. If the 
CT shows that the implant is not in contact with the nerve, 
removal of the implant is unlikely to resolve the paresthesia, 
and only interval neurosensory testing will determine whether 
expectant or microneurosurgical exploration is indicated.

Perforation of the lingual cortex with implant drills and 
implants or direct injury to the nerve is possible (Figure 11-4). 
Bleeding, salivary gland involvement, painful impingement 
of implants on the lingual surface of the mandible, and asso-
ciated buccal/lingual misalignment have been reported. Such 
problems can be minimized by paying attention to the anatomy 
of the lower jaw. Implants in the posterior mandible must be 

Figure 11-1 Preoperative panoramic radiograph demonstrating 
the position of the mandibular canal demonstrating adequate height 
of bone for implant placement.

Box 11-1.   Bone Classifi cation Based on 
Radiographic and Clinical 
Parameters

Type I: Entire jaw composed of homogenous compact bone. 
Has the tactile sense of drilling into oak or maple wood.

Type II: A thick layer of compact bone surrounding a core of 
dense trabecular bone. Has the tactile sense of drilling into 
white pine or spruce.

Type III: A thin layer of cortical bone surrounding a core of 
dense trabecular bone of favorable strength. Has the tactile 
sense of drilling into balsa wood.

Type IV: A thin layer of cortical bone surrounding a core of 
low-density trabecular bone Has the tactile sense of drilling 
into styrofoam.

Figure 11-2 Postoperative panoramic radiograph demonstrating 
the fi nal position of three endosseous implants.
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placed with a slight buccal-to-lingual inclination to avoid 
perforation through the mandible.

Infection in implant surgery is a rare event. In a study by 
Dent and associates of the 2641 implants placed, preoperative 
prophylactic antibiotic at any level resulted in a failure rate 
between 1.2% and 1.5%, whereas failure to use antibiotics at 
an appropriate dose or the use of none at all resulted in a 
failure rate between 3.3% and 4.0%. There is strong support 
in the literature regarding the use of preoperative antibiotics 
(however, the routine use of postoperative antibiotics is not 
supported). Should infection occur, conservative manage-
ment, including antibiotics, debridement, and incision and 
drainage, is indicated with implant removal as a last resort. 
Occasionally, infl ammation and the development of a fi stula 
can result from a loose cover screw. In this case, the implant 
site should be exposed, the screw is removed, the site is 
debrided, and the screw is replaced. A satisfactory replace-
ment is a new screw or the screw that was removed after it is 

sterilized in an autoclave. The benefi t of the routine use of 
preoperative rinsing with chlorhexidine is not clear.

Other complications with implant surgery include aspira-
tion of instruments or implant components. This may be pre-
vented by paying attention to positioning, using a well-placed 
gauze curtain, and attaching a 12- to 16-inch fl oss cord to 
screw drivers so retrieval is possible should the instrument be 
dropped.

DISCUSSION

There is a wide range of implant designs, materials, and sur-
faces for the implant surgeon to choose, although a detailed 
analysis of such implant variables is beyond the scope of this 
discussion. At the present, a textured-surface titanium alloy 
implant is indicated because it is known that such surfaces 
are better receptors for fi brin strands forming the initial 
attachments of implants to bone in the microgap. Immediate 
loading, one-stage placement, or traditional two-stage implant 
surgery all have their proponents. In posterior mandibular 
molars, two-stage placement seems ideal as no cosmetic con-
siderations come into play. The placement of two standard 
platform implants to replace a missing lower molar where the 
mesiodistal space is wide (greater than 12  mm) increases the 
biomechanical resistance of the restoration but may compro-
mise oral hygiene practices.

There are several techniques that increase inadequate bone 
volume above the inferior alveolar canal: onlay or particulate 
grafting, guided tissue regeneration, distraction, and nerve 
repositioning are documented. When any technique is used 
other than standard implant surgery, there are tradeoffs, with 
additional potential complications associated with the tech-
nique used.
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Figure 11-3 Direct injury to or contact of the inferior alveolar 
nerve by the implant drill.

Figure 11-4 Direct injury to the inferior alveolar nerve by the 
implant drill.
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Maxillary Posterior Fixed Partial Denture

Sam E. Farish, DMD

CC

A 58-year-old man presents complaining of missing teeth in 
the left maxilla between the cuspid (tooth No. 11) and second 
molar. He was referred by his general dentist for evaluation 
for an implant-based fi xed partial denture.

HPI

The patient states he lost the three teeth due to failed end-
odontics of the fi rst bicuspid, which was the anterior pontic 
of a three-unit bridge. Shortly after the bridge was cut from 
the posterior pontic and the anterior abutment was removed, 
the fi rst molar split and required removal. He has been wearing 
a removable partial denture for 2 years and is very unhappy 
with it. The patient has otherwise well-restored functional 
arches with porcelain baked onto gold posteriors and natural 
restoration-free anterior teeth.

PMHX/PDHX/MEDICATIONS/
ALLERGIES/SH/FH

The patient reports that he had three-vessel bypass surgery 2 
years earlier. He denies chest pain or exercise intolerance and 
works as a structural engineer on outdoor jobs where he is 
engaged in regular physical exertion. He is taking simvastatin 
(HMG-CoA reductase inhibitor) for hyperlipidemia and clop-
idogrel, along with 81  mg of aspirin for reduction of throm-
boembolic events. He has no known drug allergies and no 
other medical problems. He is a nonsmoker and has excellent 
oral hygiene.

Clopidogrel reduces atherosclerotic events by blocking 
adenosine diphosphate receptors, which prevent fi brinogen 
binding at that site and reduce the possibility of platelet 
adhesion and aggregation. Aspirin irreversibly inhibits 
platelet-dependent cyclooxygenase (COX), which decreases 
platelet-aggregation for the life of the platelet, thereby 
reducing the risk of thrombotic vascular events. Aspirin 
is a much more potent inhibitor of COX-1 than COX-2. 
Higher doses inhibit endothelial cell synthesis of prostacy-
clin, which is a vasodilator and inhibitor of platelet aggrega-
tion (therefore, higher aspirin doses may be deleterious, 
although the ideal dosing regimen remains to be determined). 
It is suggested that clopidogrel be discontinued 5 days 
before elective surgery. Low-dose aspirin (81  mg) should 
have no clinically signifi cant effect on bleeding and can be 
continued.

EXAMINATION

Quality and quantity of bone must be adequate for successful 
implant restorations.

General. The patient is a cooperative, well-developed and 
well-nourished man in no apparent distress.

Vital signs. His vital signs are normal.
Intraoral. Clinical examination of the posterior right 

maxilla reveals that the ridge form is rounded and greater than 
10  mm in width but that there is a slight undercut on the facial 
aspect of this area. Caution will need to be exercised to avoid 
buccal perforation in placement, but augmentation is not indi-
cated due to the minimal amount of undercut. The mesiodistal 
space is 24  mm, and thus three 3.75- or 4.0-mm implants can 
be placed. The center of a 3.75- or 4.0-mm implant should be 
4  mm from an adjacent tooth, and 3.75- or 4.0-mm implants 
are ideally placed on 7-mm centers from implant to implant 
(i.e., the distance between implants will ideally be 3 to 
3.5  mm). The interarch space between the mandibular denti-
tion and the maxilla is adequate for the restoration and its 
attachment to the implant. No bone or soft tissue abnormali-
ties are noted, and the patient can open his mouth 52  mm.

IMAGING

The panoramic radiograph reveals a 24-mm edentulous space 
in the posterior left maxilla. The bone quality is judged to be 
type II. Bone quality is determined by radiographic appear-
ance and by the tactile feeling upon drilling (see Box 11-1). 
A tracing is made of the area of interest, and using the implant 
manufacturer’s template at 25% larger than normal size (due 
to magnifi cation factor of 1.25 on the panoramic radiograph), 
it is determined that 3.75  ×  13-mm implants can be placed in 
the most anterior and middle sites and a 3.75  ×  11.5  mm 
implant can be placed in the most posterior site. The implants 
can be placed below the fl oor of the left maxillary sinus. 
There are cases where detailed CT scanning is helpful in 
maxillary posterior implant planning because it can accu-
rately determine the position of the fl oor of the maxillary 
sinus and clarify the need for sinus augmentation and the 
ability to place the implants in a single stage or as a two-stage 
procedure with preemptive sinus grafting followed by implants 
4 to 6 months after the graft. Most surgeons agree that if 4 
to 5  mm of bone is present between the edentulous ridge and 
the fl oor of the sinus, a one-stage surgery is possible because 
initial implant stability is ensured. In a straightforward case, 
the use of CT is not indicated.

267
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LABS

No routine laboratory studies are indicated for implant place-
ment, unless dictated by the medical history.

For this patient, the most recent total body cholesterol level 
was 165  mg/dl (a total cholesterol level of less than 200  mg/dl 
is associated with a relatively low risk of myocardial infarc-
tion, unless other risk factors are present).

ASSESSMENT

A 58-year-old man with controlled hyperlipidemia and 
asymptomatic atherosclerotic heart disease who desires an 
implant-based fi xed partial denture in the left posterior 
maxilla

Work-up reveals that two 3.75  ×  13-mm and one 3.75  ×  11.5-
mm implants are indicated. There are no contraindications to 
the planned procedure in the offi ce setting with intravenous 
sedation and local anesthesia.

TREATMENT

The planned implant surgery is discussed in detail with the 
restorative dentist, who has shown the patient on a diagnostic 
wax-up what the fi nal restoration will look like and has pro-
vided a surgical guide indicating the ideal position and angu-
lation for the implants. The patient has been off of clopidogrel 
for 6 days on presentation. He is given amoxicillin 2  g by 
mouth 1 hour before surgery, and chlorhexadine oral rinse is 
used immediately before surgery. Under intravenous sedation 
and local anesthesia, the implant placement surgery was per-
formed according to the manufacturer’s protocol. After all the 
osteotomies were completed, the sites were probed with a 
blunt probe and the sinus fl oor was found to be intact at all 
sites. Implants were placed and wound closure was obtained 
with 4-0 polyglactin (Vicryl) sutures. The patient recovered 
and was discharged with instructions in home care, analge-
sics, and a return appointment in 1 week. Postoperative pan-
oramic radiograph revealed satisfactory implant placement 
(Figure 11-5). A fi nal restoration was placed 6 months later, 
and a very satisfactory cosmetic and functional result was 
obtained. The crown placed is similar in contour and emer-

gence to a natural tooth, and such design minimizes mainte-
nance (Figure 11-6).

Although there is research indicating good results with 
immediate placement of healing caps and even immediate 
loading, fewer problems can be expected from implants sub-
merged and unloaded (two-stage) for 4 months in the man-
dible and 6 months in the maxilla and in grafts.

COMPLICATIONS

Success rates for fi xed partial dentures in the posterior maxilla 
are reported at 99.0%, while implant fi xture survival is 
reported at 95.2% in a long-term retrospective study (1 to 8 
years) by Nevins and Langer. In that same study, when the 
6- to 8-year group is studied in isolation from the larger 
group, 90.9% of the implants in the maxilla were still func-
tional. In a prospective study with 5-year data, Lekholm and 
colleagues report a 92% success rate for maxillary fi xtures in 
posterior partially edentulous applications. Patients should be 
informed of the possible associated risks, such as sinus pen-
etration, buccal perforation, infection, and failure to integrate, 
even though survival data suggest an adequate success rate 
for this application of dental implants. The most common lost 
implants are shorter fi xtures, while wide fi xtures show the 

Figure 11-5 Postoperative pan-
oramic radiograph showing ideal 
implant placement.

Figure 11-6 Postoperative view showing the fi nal prosthesis in 
place.
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lowest failure rates. Other complications associated with 
implants used to treat partial edentulism are fractures of 
the occlusal surface of restorations and loose anchorage 
components.

DISCUSSION

There is a wide range of implant designs, materials, and sur-
faces for the implant surgeon to choose, although detailed 
analysis of such implant variables is beyond the scope of this 
discussion. At the present, a textured-surface titanium alloy 
implant is indicated because it is known that such surfaces 
are better receptors for fi brin strands forming the initial 
attachments of implants to bone in the microgap. Immediate 
loading, one-stage placement, or traditional two-stage implant 
surgery all have their proponents. In posterior maxilla, two-
stage placement seems ideal as no cosmetic considerations 
come into play. There are several techniques that will increase 
inadequate bone volume below the maxillary sinus or decrease 

buccal undercuts: onlay or particulate grafting, guided tissue 
regeneration, distraction, and sinus grafting are documented. 
When any technique is used other than standard implant 
surgery, there are tradeoffs, with additional potential compli-
cations associated with the technique used.
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Sinus Lift for Implants

John M. Allen, DMD, and Sam E. Farish, DMD

CC

A 49-year-old woman is referred by a restorative dentist for 
evaluation of her edentulous posterior maxilla. The patient 
requests restoration of her maxillary posterior quadrants 
using implant-based fi xed partial dentures.

HPI

The patient had lost most of her posterior teeth at a younger 
age due to decay and failed endodontic therapy (early loss of 
teeth will cause bone resorption and pneumatization of the 
maxillary sinus). She has now decided to follow her general 
dentist’s recommendation for full mouth rehabilitation and 
presents to your offi ce for evaluation and placement of 
endosseous implants. Her general dentist informed her that 
she may require a “sinus lift” procedure due to the amount 
of bone resorption and pneumatization of the maxillary 
sinuses.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The medical history is signifi cant for untreated chronic sinus-
itis. She currently smokes one half pack of cigarettes per day, 
with a 10 pack-year history.

Cigarette smoking decreases tissue perfusion and oxygen 
delivery to tissues. Previous studies have linked smoking to 
failure of osseointegration with dental implants. However, 
more recent work has not shown a signifi cant difference in 
osseointegration rates between smokers and nonsmokers. 
Some surgeons advise patients to stop smoking at least 1 week 
before surgery and up to 2 months postoperatively to permit 
reversal of the high levels of platelet adhesions and blood 
viscosity associated with nicotine intake.

A history of acute or chronic sinusitis may be problematic 
for a sinus lift procedure. Prolonged infl ammation and/or 
infection of the sinus membrane will create an inappropriate 
environment for the procedure. Bacterial sinusitis results 
from secondary bacterial infection of an obstructed sinus. 
This results in mucosal edema, increased mucus production 
with accumulation of bacteria and infl ammatory debris, and 
creation of an unfavorable environment for surgery and 
subsequent healing. The two most common bacteria invo-
lved in acute bacterial sinusitis are Haemophilus infl uenzae 
and Streptococcus pneumoniae. Staphylococcus aureus, α-
hemolytic Streptococcus, Bacteroides species, and Pseudo-
monas species are most frequently found in chronic bacterial 
sinusitis. Any form of sinus infection should be treated with 

decongestants and antibiotics (some may require functional 
endoscopic sinus surgery) before performance of a sinus lift 
procedure. A broad-spectrum antibiotic such as amoxicillin 
with clavulanic acid (Augmentin) is often the initial antibiotic 
used in the management of infections caused by nasal or sinus 
fl ora.

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman in no apparent distress.

Intraoral. The patient is missing multiple teeth, including 
the right maxillary molars. In the maxilla, the ridge form is 
rounded, without undercuts, and is greater than 10  mm in 
width (adequate ridge width and shape are important to 
accommodate an implant without dehiscence or fenestration). 
The patient’s maximal interincisal opening is 48  mm (limited 
opening may prevent ideal placement and angulation of pos-
terior implants). There is adequate interarch spacing to allow 
placement of the implant-borne restorations. There are no 
bony exostosis or irregularities with either ridge and no evi-
dence of soft tissue pathology.

IMAGING

A panoramic radiograph provides the most accurate diagnos-
tic information when treatment planning for placement of 
endosseous implants. It provides an excellent overview of the 
bony architecture of the maxilla and mandible (including 
alveolar bone height, location of the inferior alveolar canal, 
and maxillary sinus fl oor position), as well as the status of 
the existing teeth (caries and horizontal and vertical bone 
loss). It is important to remember that a conventional pan-
oramic radiograph has an approximate magnifi cation factor 
of 1.25 when calculating the implant length. Reformatted CT 
can be used to further evaluate the bony architecture when 
adequate alveolar bone height, width, or shape is in question. 
It can provide the exact locations of vital structures (antral 
fl oor and inferior alveolar canal) to prevent unplanned injury 
or disruption, as well as volume rendering (a nonpneumatized 
maxillary sinus is normally 25 to 30  ml in volume). A Den-
taScan is routinely used by many surgeons when treatment 
planning dental implants. More recently, CT has been used 
to place implants (incisionless technique) and deliver a fi xed 
appliance simultaneously, in select patients. Despite the avail-
able technology, the use of advanced imaging modalities (CT) 
is not absolutely necessary in the placement of dental implants 
in uncomplicated cases.
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The panoramic radiograph for this patient reveals pneuma-
tization of the right maxillary sinus and no evidence of bony 
pathology (Figure 11-7, A). A 26-mm edentulous space is pre-
sent in the right posterior maxilla (spacing is important when 
planning the number of implants to be placed). Within this 
region, there is approximately 5  mm of subantral bone at the 
fi rst molar region and approximately 3  mm of subantral/residual 
alveolar bone at the second molar region (Figure 11-7, B).

LABS

No routine laboratory testing is necessary for sinus lift pro-
cedures unless dictated by the medical history.

ASSESSMENT

Resorbed edentulous right posterior maxilla with pneumati-
zation of the maxillary sinus and insuffi cient bone height for 
implant placement

TREATMENT

Treatment for dental implants begins with a thorough physical 
and radiographic examination and a coordinated treatment 

plan with the restorative dentist. Numerous reconstructive 
modalities for the management of the atrophic maxilla are 
available to the oral and maxillofacial surgeon (maxillary 
sinus augmentation, zygomaticus implants, Le Fort I down-
graft osteotomy, distraction osteogenesis, onlay cortical block, 
or cancellous marrow grafting) for different clinical situa-
tions. Maxillary sinus fl oor augmentation has become the 
most popular strategy among surgeons due to its predictabil-
ity, low morbidity, and technical simplicity. Various methods 
can be used to augment the pneumatized maxillary sinus to 
accommodate a 10-mm or longer endosseous implant(s) in 
the posterior maxilla. A lateral sinus wall antrostomy, or 
window, is the most common technique to access the maxil-
lary sinus fl oor. Alternatively, the Sumner osteotome tech-
nique can be used for select cases (when less than 4  mm of 
sinus fl oor elevation or augmentation is needed). Next, the 
grafting material(s) is selected based on surgeon preference, 
clinical situation, and available resources (tibial plateau bone 
harvesting technique is discussed later). Finally, the decision 
for simultaneous or staged augmentation and implant place-
ment is made based on the quality and quantity of host bone 
and implant stability.

There are four primary types of bone graft material avail-
able for sinus augmentation:

A

B

Figure 11-7 A, Preoperative 
panoramic radiograph showing 
multiple missing teeth and severe 
pneumatization of the right maxil-
lary sinus. B, Close-up panoramic 
view showing the degree of pneu-
matization of the right maxillary 
sinus. There is 3 to 5  mm of resid-
ual alveolar bone, which is insuf-
fi cient for implant placement.
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1. Autogenous bone (gold standard)
2. Allogenic
3. Alloplastic
4. Xenogenic
These can be used alone or in combination (composite graft) 
for sinus augmentation. Autogenous bone (cancellous marrow 
or cortical shavings) represents the most popular and predict-
able material. Donor sites for bone harvest include intraoral 
sites (maxillary tuberosity, zygomaticomaxillary buttress, 
mandibular ramus, posterior body and symphysis), and extra-
oral sites (tibial plateau or anterior iliac crest are the most 
common). Donor site selection is based on the clinical situa-
tion and the amount and type of bone needed. Intraoral sites 
provide a limited source of cancellous marrow but are a good 
source of surface-derived autogenous bone (cortical shav-
ings). Extraoral sites can provide suffi cient autogenous can-
cellous marrow to perform large bilateral augmentations. 
Some surgeons prefer to make a composite graft by mixing 
autogenous bone with either allogenic, alloplastic, or xeno-
genic graft material, especially when an insuffi cient quantity 
of autogenous bone is available. The graft can be enhanced 
with platelet-rich plasma, which has been shown to improve 
bone formation and hasten bone graft consolidation.

Another alternative modality for maxillary sinus fl oor aug-
mentation is recombinant human BMP 2 (rhBMP-2), which 
has been shown to induce de novo bone formation. The 
rhBMP-2 is absorbed onto a collagen sponge and is placed 
onto the sinus fl oor in a similar fashion to a bone graft aug-
mentation, and it acts as an osteoinductive factor that stimu-
lates undifferentiated mesenchymal cells to transform into 
osteoprogenitor cells. De novo bone formation for sinus aug-
mentation and placement of functional dental implants has 
been shown to be predictable and comparable to autogenous 
bone grafting.

The maxillary sinus wall (in the area just below the zygo-
maticomaxillary buttress) is exposed with a crestal incision 
and a vertical releasing incision. An antrostomy, or window, 
to access the maxillary sinus can be created through the use 

of several different techniques. A round carbide or diamond 
bur can be used to outline the bony window (rounded corners 
are recommended to prevent tearing the sinus membrane), 
which can be completely feathered away, infractured, and 
refl ected inward with the attached sinus membrane, or com-
pletely removed. The sinus membrane (Schneiderian mem-
brane) is carefully elevated off the antral fl oor and positioned 
medially and superiorly. Occasionally, the maxillary sinus 
may have a septum in the area in need of augmentation 
(increases the diffi culty of membrane elevation and increases 
the risk of perforation). If the sinus membrane is torn during 
the procedure, a collagen or platelet-rich plasma membrane 
is placed to cover the opening (suturing is not practical and 
not necessary) and act as a barrier while the sinus membrane 
remucosalizes. It is suggested that scraping the antral fl oor 
and walls with an instrument will promote revascularization 
and endosteal osteoblast migration into the graft. The graft 
material(s) of choice is packed into the sinus fl oor. The antral 
window that is now packed with graft material can be covered 
with a sheet of platelet-rich plasma gel, resorbable collagen 
membrane, or left alone. The periosteum is scored as needed 
to allow for primary closure. The patient is placed on “sinus 
precautions” postoperatively. The bone graft is allowed to 
consolidate for 4 to 6 months before placement of endosseous 
implants; alternatively, if the maxillary sinus augmentation 
was done simultaneously with implant(s), a period of 6 
months should be allowed before implant uncovering.

The cancellous bone marrow of the tibial plateau can be 
accessed via a medial or lateral approach depending on sur-
geon’s preference (lateral approach will be discussed here). 
The proximal tibia can provide up to 20 to 40  ml of uncom-
pressed cancellous marrow, depending on the amount needed. 
The knee is placed into a fl exed position with a bolster 
beneath. The landmarks are identifi ed (fi bular head, patella, 
and Gerdy’s tubercle) and marked. The proximal head of the 
fi bula is palpated and identifi ed laterally just below the knee 
joint. Medial to this is the bony prominence of the tibial 
plateau called Gerdy’s tubercle (Figure 11-8). A 1.5- to 2-cm 

Knee

Femur

Patella

Tibia

Fibula

Lateral genicular artery Incision over
Gerdy’s Tubercule

Figure 11-8 Tibial plateau harvest. 
Note Gerdy’s tubercle, which is the land-
mark used for the lateral approach.
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oblique incision is made through skin and subcutaneous tissue 
to the level of the insertion of the iliotibial tract (Gerdy’s 
tubercle). The periosteum is incised between the insertions of 
the iliotibial tract superiorly and anterior tibialis muscle infe-
riorly. Minimal refection of the anterior tibialis muscle is 
needed to expose a 1-cm circular area of cortex. A dime-sized 
corticotomy (cortex can be morselized and incorporated into 
the graft) is performed with a fi ssured bur to access the can-
cellous bone marrow. Curettes (directed medially and inferi-
orly to prevent entry into the joint space) are used to harvest 
the marrow (20 to 40  ml of uncompressed cancellous marrow). 
Microfi brillar collagen (Avitene) or activated platelet-poor 
plasma can be placed into the bony defect (alternatively, it can 
be left alone) to assist in hemostasis. The wound is closed in 
layers and a pressure dressing is applied.

Simultaneous maxillary sinus augmentation and implant 
placement are traditionally recommended when a minimum 
of 4-5  mm of residual alveolar bone height is present, because 
less than 4  mm of alveolar bone may not provide suffi cient 
support to stabilize the implant during bone graft consolida-
tion. Some surgeons perform simultaneous procedures despite 
having less than 4  mm of bone height, relying on the compac-
tion of bone graft around the implant to provide stabilization. 
In either case, the implants are placed by direct visualization 
and the graft material is fi rmly packed around the implants. 
Cover screws are placed on the implant(s) and the wound is 
closed primarily.

This patient underwent a right maxillary sinus aug-
mentation with autogenous bone harvested from the tibial 
plateau and simultaneous placement of endosseous implants 
while under intravenous sedation in the offi ce. The graft 
and implants were allowed to consolidate for 6 months. 
Following this period, the implants were uncovered, and 
maxillary posterior dental prostheses were fabricated 
(Figure 11-9).

COMPLICATIONS

The complications associated with maxillary sinus augmenta-
tion are uncommon but include postoperative wound infec-
tion, bony sequestrum formation, hematoma, maxillary 
sinusitis, oroantral fi stula, wound dehiscence, loss of bone 
graft, loss of implant, implant migration, obstruction of the 
ostium, and damage to adjacent teeth. A high success rate of 
osseointegration in the grafted sinus has been reported (higher 
when autogenous bone is used). Perforation of the sinus mem-
brane during elevation of the antral fl oor is the most common 
“complication” or unwanted intraoperative event (20% to 
60% occurrence rate). However, several studies suggest that 
the complication rate and successful osseointegration are not 
compromised compared with cases where no perforation was 
encountered. Ardekian and associates in 2006 reviewed 110 
maxillary sinus augmentations and simultaneous implant 
placement and found 35 perforations (all less than 10  mm) 
that were sealed using a resorbable collagen membrane. There 
was no statistically signifi cant difference in the success rate 
for implants placed between the perforated and nonperforated 
groups (94.4% and 93.9% success rates, respectively). Resid-
ual bone of 3  mm or less correlated with a higher incidence 
of perforation (85% of cases).

The complication rate associated with tibial bone graft 
harvest is very low and may include local wound infection, 
wound breakdown, seroma, hypertrophic scar, prolonged 
pain, gait disturbance (limp), tibial plateau fracture, and com-
partment syndrome (anterior compartment during lateral 
approach). In 1991, O’Keeffe reviewed 230 cases and found 
only three complications (1.3% complication rate): one patient 
had a nondisplaced tibial eminence fracture and two patients 
had local wound complications (one hematoma and one infec-
tion). All three complications were managed conservatively 
and had no long-term sequelae. Catone and associates in 1992 
presented 21 cases with no donor site complications. Kalaaji 
and colleagues in 2001 reviewed 140 tibial bone grafts and 
found no major donor site complications and several minor 
complications (three wound infections, one partial wound 
breakdown, one hypertrophic scar, and one consisting of pain 
that lasted 2 weeks). Alt and colleagues in 2003 showed that 
there was no increased risk of postoperative tibial plateau 
fracture in a cadaveric study.

Many surgeons use prophylactic antibiotics after a sinus 
lift procedure (preoperative antibiotic dose improves osseo-
integration rate). Complications usually result from introduc-
tion and proliferation of microbes from the sinus into the graft 
site. Sinus fl ora that could produce infection include S. pneu-
moniae, Streptococcus pyogenes, H. infl uenzae, Moraxella 
cararrhalis, Staphylococcus proteus, and Bacteroides species. 
The development of sinusitis (higher incidence when the max-
illary sinus is overfi lled with graft material) usually involves 
a mixture of aerobic and anaerobic organisms. The prophy-
lactic antibiotic regimen should include one preoperative dose 
and postoperative course of 5 to 14 days (although there are 
no data to suggest the duration of antibiotic coverage, revas-
cularization of the graft is complete at 2 weeks and antibiotic 

Figure 11-9 Postoperative panoramic radiograph showing 
restored endosseous implants after simultaneous sinus augmenta-
tion and implant placement.
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coverage during that time may be prudent) to prevent graft 
infection and loss of graft volume. Penicillins, or clindamycin 
for the penicillin-allergic patient, remain the antibiotics of 
choice.

DISCUSSION

Partial or total edentulism is generally treated by fabrication 
of dentures in order to restore function and aesthetics and to 
improve the quality of life. Following the loss of teeth, alve-
olar bone undergoes both vertical and horizontal resorption. 
The rate of resorption is accelerated through the use of den-
tures, which transmit traumatic occlusal forces against the 
edentulous areas. The edentulous posterior maxilla provides 
an additional concern in that its volume can be reduced over 
time by pneumatization of the maxillary sinus.

An alternative to dentures as a replacement for missing 
teeth is dentoalveolar implants. There must be adequate bone 
volume to support the implants structurally. The sinus lift 
procedure serves to increase the amount of available bone, to 
allow placement and retention of dental implants. Patient 
selection represents the most important factor in determining 
the success for sinus lift and dentoalveolar implant proce-
dures. The amount of available bone, medical history, and 
patient compliance all contribute to the prognosis following 
treatment.

Before the placement of implants, it is critical to determine 
the amount of vertical alveolar bone present. If there is less 
than 3  mm of natural bone height, the placement of the 
implants should be delayed for 4 to 6 months to allow con-
solidation of the graft and suffi cient bone volume to support 
the implants. If there is a minimum of 4 to 5  mm of natural 
bone height, implants can be placed at the time of the sinus 
lift procedure because there is suffi cient bone volume to 
immediately support the implant.

A consensus on sinus grafts in 1999 showed a 5-year sur-
vival rate of 85% for implants placed immediately and of 89% 
for implants placed 4 to 6 months after sinus grafting. There 
was no signifi cant difference in cumulative success rates 
between these two groups. More recently, overall higher 
success rates are being reported, although not all studies 
provide 5 or more years of follow-up.
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Mandibular Vestibuloplasty

Sam E. Farish, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 64-year-old man was referred from a general dentist for 
diffi culty in wearing his lower denture.

HPI

The patient had been edentulous since age 34 and had marked 
alveolar atrophy. He stated he had a family member who had 
a “major problem” with implants and he refused implant 
surgery, but asked if anything else could be done to help him 
wear his dentures better. He has been wearing the current set 
of dentures for 6 years with frequent relinings and occlusal 
adjustments.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

General. The patient is a well-developed white man in no 
acute distress who appears younger than his stated age. He is 
examined with and without the dentures in place. Moderate 
overclosure with overlap and downward tilting of the lateral 
commissures is noted with the dentures in place and is accen-
tuated with the dentures removed.

Intraoral. His mandibular range of motion is adequate 
and without signs of temporomandibular joint dysfunction. 
The mucosa is moist and pink without lesions. The lower 
denture is held in with adhesive but displaces from the lower 
arch with opening, speaking, and chewing. High muscle 
attachments are noted buccally and lingually, which contrib-
ute to the denture instability. The upper denture appears very 
stable and easily retained without adhesive.

IMAGING

A panoramic radiograph is the minimal imaging modality 
needed for evaluation of the mandible before planned ves-
tibuloplasty procedures.

In this patient, the panoramic radiograph reveals approxi-
mately 24  mm of mandibular thickness in the anterior region. 
In general, 15  mm or more of body height will provide good 
vestibular depth after a vestibuloplasty and lowering the fl oor 
of the mouth with a split-thickness skin graft procedure. In 
cases where the atrophy is more severe, vestibuloplasty and 
lowering the fl oor of the mouth with split-thickness skin graft 

will produce only minimal vestibular deepening. Some 
improvement in even markedly atrophic ridges can be 
expected from increasing the area of immobile stress-bearing 
tissue.

LABS

Hemoglobin and hematocrit levels, along with an electrocar-
diogram, were ordered for preoperative baseline assessment. 
No other routine laboratory tests are indicated unless dictated 
by the medical history.

ASSESSMENT

Marked mandibular alveolar atrophy with high muscle 
attachments

TREATMENT

A classic description of a vestibuloplasty procedure for this 
patient is as follows. Under general anesthetic via a nasoen-
dotracheal intubation, a local anesthetic with epinephrine was 
infi ltrated in the mandibular structures. Next, an incision was 
made slightly buccal to the crestal attached mucosa from the 
area of the fi rst molar on the right to the fi rst molar on the 
left. A careful superperiosteal dissection was carried out to 
expose an additional 12  mm of mandibular height buccally 
(Figure 11-10). The lingual sulcus depth was also lowered 
several millimeters in a similar manner. The buccal dissec-
tion was feathered out distally over the mental nerve area 
bilaterally, sutured with 3-0 gut to the periosteum at the depth 
of the sulcus anteriorly, and then tapered up as the dissection 
progressed posteriorly. The lingual tissues did not require 
suturing and were held inferiorly by the stents extension. All 
muscle attachments that were lacerated in the initial dissec-
tion were carefully removed from the buccal periosteum 
with Metzenbaum scissors. At this time the patient’s lower 
denture was modifi ed by drilling holes in the lateral fl ange to 
help retain compound. Green dental compound was molded 
in water warmed in a microwave oven and adapted to the 
denture fl ange and border molded in the base of the surgically 
created sulcus. Subsequently, soft reline was placed in the 
modifi ed denture and an impression of the surgically created 
ridge was made. Bilateral circummandibular wires of 26-
gauge stainless steel were passed in the midbody portion of 
the mandible. Attention was then turned to the right lateral 
thigh, where a split-thickness skin graft was obtained with 
a dermatome. The skin graft site was dressed with an 
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occlusive dressing. The area of the graft site in the surgical 
stent was coated with dermatome glue, and the graft was 
placed in the splint with the surface side against the soft reline 
material (alternatively, the graft can be sutured to the graft 
bed with 3-0 gut sutures, and the stent placed on the sutured 
graft and secured). The excess margins were trimmed. The 
stent was then carried carefully to the mouth and fi xated with 
the two circummandibular wires. The graft take was excellent 
at stent removal in 10 days, and marked improvement in ridge 
height, fl ange extension, and denture stability was obtained 
(Figure 11-11).

COMPLICATIONS

Among the possible complications from vestibuloplasty and 
lowering the fl oor of the mouth with split-thickness skin graft 
are failure of the graft to take, infection at the surgical or 
graft donor site, mental nerve damage, and excessive swelling 
in the fl oor of the mouth (particularly if lowering the fl oor of 
the mouth is included in the surgery). Skin graft take can 
be optimized by careful dissection to prevent exposure of 
bone by periosteal perforation and adequate splint stability. 
Infections are usually managed easily by local wound care 
measures. There is emerging evidence that platelet-rich 
plasma application will speed healing at split-thickness skin 
graft sites. A fair number of infections are associated with 
removal of the circummandibular wire. This can be mini-
mized by careful preparation of the mouth before removal 
and cutting the wires as close to the mucosal surface as pos-
sible to minimize introducing oral fl ora to the anatomical 
spaces through which the wires pass. A stent or denture can 
also be secured to the ridge in the maxilla or mandible with 
the use of bone screws. If screws are used, it is a good idea 
to reinforce the holes in the stent or denture with washers so 
that the possibility of fracture of the acrylic is reduced with 
tightening of the screws (Figure 11-12). When the stent is 
removed in 7 to 10 days, the patient’s existing denture, an 
interim denture, or even the surgical stent itself should be 

modifi ed just a little short of the full extension and relined 
with soft denture liner. The patient is instructed to wear it 
constantly with frequent saline rinses. There is little tendency 
for shrinkage or scar contraction with the vestibuloplasty and 
lowering the fl oor of the mouth and split-thickness skin 
graft.

Figure 11-10 A supraperiosteal dissection before placement of a 
split-thickness skin graft.

A

B

C

Figure 11-11 A, Split-thickness skin graft before fabrication of 
the new prosthesis demonstrating excellent graft take. B, Patient’s 
existing denture in place, which demonstrates the amount of 
ex tension provided by the myotomy and split-thickness skin 
graft procedure. C, New denture in place demonstrating greatly 
increased extension of the buccal fl ange and associated increased 
stability.
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DISCUSSION

The various techniques of vestibuloplasty are much less 
frequently used that implant retained removable prosthetics 
are commonplace. The importance of keeping these tech-
niques in one’s armamentarium is the frequent need for 

the reconstruction of sulcus depth in patients who have had 
resections for malignant or benign tumors or bone grafts to 
continuity defects. To prevent donor site morbidity, many 
surgeons choose human allograft tissue for the graft in ves-
tibuloplasty procedures; palatal or buccal mucosa grafts 
can also be used. A lip-switch myotomy is a simpler ves-
tibuloplasty procedure in which no graft or stent is needed. 
The crestal and inner lip mucosa are excised in a super-
periosteal plane and pedicled from the lingual. The perios-
teum on the buccal aspect of the mandible is excised 
horizontally at the crest of the ridge, elevated anteriorly, 
excised again horizontally at the depth of the sulcus, and 
sutured to the denuded inner lip. The lingually pedicled 
mucosal fl ap is then positioned in the newly created sulcus 
and sutured to the periosteal tag left on the buccal surface of 
the mandible. A genioplasty type dressing is applied for 5 to 
7 days.
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Figure 11-12 Surgical stent can be fashioned from study models 
taken in the surgical work-up phase. Note perforations in the fl ange 
to retain compound during border molding. The washers are placed 
to reinforce screw holes drilled in the stent for screw retention of 
the surgical stent.
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Radial Forearm Free Flap

Samuel L. Bobek, DMD, and R. Bryan Bell, DDS, MD, FACS

CC

A 70-year-old edentulous man is referred by his general 
dentist for evaluation of a tongue mass. The patients states, 
“My tongue hurts.”

HPI

The patient is referred by his general dentist for evaluation of 
an ulcerative tongue lesion. Approximately 8 months earlier, 
he developed pain while wearing his dentures and noticed an 
ulcer on the side of his tongue. He did not seek medical or 
dental attention until he recently experienced several weeks 
of rapid growth of the ulcer and precipitous worsening of his 
pain. His dentist noted a large ulcerative lesion involving the 
right posterior tongue, and the patient was referred for further 
evaluation and treatment. An incisional biopsy (under local 
anesthesia) of the tongue mass was performed, revealing the 
diagnosis of a poorly differentiated, invasive squamous cell 
carcinoma.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a 70 pack-year history of cigarette smoking 
and has drank alcohol regularly for more than 40 years (risk 
factors for oral cancer).

EXAMINATION

General. The patient is a well-developed and well-nourished, 
pleasant white man who appears his stated age.

Intraoral. The patient is noted to be edentulous. A prom-
inent ulceration that measures 3  cm in length, 2  cm in width, 
and 1.5  cm in depth is located at the right dorsolateral junc-
tion of the posterior and middle thirds of the tongue. The 
lesion has a grayish, necrotic center at its depth and everted, 
erythematous, fi rm edges at its periphery (Figure 11-13). Pal-
pation elicits pain, but no hemorrhage. The tongue is freely 
mobile. There appears to be no extension into the fl oor of the 
mouth.

Neck. There is no lymphadenopathy (the lack of cervical 
lymph nodes is an important positive prognostic factor).

Extremity. Peripheral pulses are 2+ for all extremi-
ties, and there is no cyanosis, clubbing, or edema. Bilateral 
Allen’s test revealed good collateral circulation to the 
hands.

Allen’s test is a test used to determine the integrity of the 
blood supply to the hand and is absolutely essential before the 

performance of a radial forearm free fl ap. The examination 
is performed by elevating the intended hand (usually the 
nondominant hand) and digitally occluding both the ulnar 
and the radial arteries, which leads to blanching of the 
hand. Releasing the pressure on the ulnar artery should result 
in the resolution of the physiological color of the hand (and 
nail beds) in less than 15 seconds. If there are areas that do 
not regain their original color, the Allen test is negative and 
consideration should be made for an alternate harvest loca-
tion, as this may indicate that the hand is dependent on the 
radial artery for perfusion. Radial artery dependence is the 
only absolute contraindication to the radial forearm free 
fl ap.

IMAGING

In general, if the patient has a normal Allen test, no imaging 
is necessary prior to radial forearm free fl ap harvest. In the 
presence of a positive Allen test, magnetic resonance angio-
graphy or conventional angiography is indicated to confi rm 
vascular perfusion of the hand.

The work-up of squamous cell carcinoma of the tongue 
includes CT scanning of the head and neck with intravenous 
contrast (for improved delineation of soft tissue) and a chest 
radiograph (see the section on oral squamous cell carcinoma 
in the Oral Cancer chapter). In this patient, axial and coronal 
CT scans demonstrate a 3  ×  2-cm mass in the area of the 
tongue with poorly differentiated margins. No cervical lymph-
adenopathy was noted. The results of the chest radiograph 
were within normal limits.

LABS

Routine laboratory studies such as complete blood count 
(CBC), electrolyte studies, and coagulation studies may be 
obtained to establish a baseline preoperatively. Liver function 
tests are obtained as part of the complete metabolic panel 
(CMP) and are important screening tests for liver metastasis. 
No specifi c laboratory tests are essential before radial forearm 
free fl ap harvest.

For this patient, results for all the laboratory studies men-
tioned were within normal limits.

ASSESSMENT

A T2, N0, M0 (tumor between 2 and 4  cm, with no regional 
nodal metastasis, and no distant metastasis) stage II, squa-
mous cell carcinoma of the right lateral tongue
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TREATMENT

Treatment of oral squamous cell carcinoma remains primar-
ily surgical. The lesion in this patient is amenable to transoral 
resection. Primary closure of the ablative tongue defect, 
however, will result in signifi cantly impaired speech and 
swallowing. The primary goals of tongue reconstruction are 
to restore bulk and mobility necessary for proper deglutition 
and intelligible speech. The reconstructive options in this 
patient include a split-thickness skin graft, various local or 

regional pedicled rotational fl aps, or microvascular free tissue 
transfer. The latter approach is currently considered state of 
the art.

The radial forearm fasciocutaneous fl ap is the soft tissue 
fl ap of choice for reconstructing small- to medium-sized oral 
and oropharyngeal defects. Based on the radial artery and 
cephalic vein or venae comitantes, it consists of thin, pliable 
skin with minimal soft tissue and a very long pedicle, which 
make it well-suited for use in the oral cavity. It can be designed 
to include tendons, muscle, or a vascularized segment of bone 
up to 12  cm in length, making it also useful for composite 
maxillary and mandibular defects.

Other soft tissue free fl aps that are useful for reconstruc-
tion of partial glossectomy defects include the lateral arm fl ap 
and anterolateral thigh fl ap. Total or subtotal glossectomy 
defects require fl aps with more soft tissue bulk, such as the 
rectus abdominis or latissimus dorsi fl ap.

Sequence of treatment for this patient. The patient was 
placed under general anesthesia and underwent a tracheos-
tomy to secure his airway. A marking pen was used to delin-
eate the planned resection edges, and a paper template was 
used to approximate the size and shape of the resection. A 
right hemiglossectomy was performed, with care taken to 
obtain 1.0- to 1.5-cm tumor-free margins, confi rmed with 
frozen sections (Figure 11-14).

A right modifi ed radical neck dissection was then per-
formed to clear lymph nodes from levels I through V, as well 
as to expose the great vessels (Figure 11-15). Care was taken 
to protect and preserve the internal jugular vein, the internal 
and external carotid arteries (and its branches), the sterno-
cleidomastoid muscle, and the hypoglossal, spinal accessory 
and lingual nerves.

Simultaneous harvest of the radial forearm free fl ap was 
performed on the nondominant hand (Figure 11-16). The tem-

Figure 11-13 Squamous carcinoma of the right lateral and dorsal 
tongue.

A B

Figure 11-14 A, Intraoperative view of defect after resection of the lesion. B, The resected specimen.
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plate was used to approximate the area of skin needed for the 
fasciocutaneous fl ap. A distal skin site was used to take 
advantage of both the thinner skin in this area and the ability 
to harvest a longer vascular pedicle. The main disadvantage 
of choosing this location is the exposure of tendons of the 
distal forearm, which make a poor recipient bed for skin 
grafting. This is in contrast to the more proximal forearm 
skin, which overlies robust forearm muscles but is generally 
too thick for use in the oral cavity. The proximal forearm can 
be used if a large, bulky fl ap is needed.

Before the incision, the Allen test was performed again, to 
verify suffi cient collateral circulation to the hand. A tourni-

quet, which was placed proximal to the elbow, was then 
infl ated to 250  mm  Hg. An incision was made proximal to 
the skin paddle, beginning at the antecubital fossa. The 
skin was refl ected, along with the deep fascia, exposing the 
brachioradialis, pronator teres, and fl exor carpi radialis 
muscles. As the skin is refl ected distally, the brachioradialis 
tendon and fl exor carpi radialis tendon are exposed. If 
one were to continue the dissection along the tendons, the 
radial artery, which lies between them, would be encountered. 
The periphery of the skin paddle is then dissected. Proxi-
mally, the paddle is dissected below the dermis, while on 
all other aspects it is dissected below the fascia. As the 
lateral aspect of the paddle is dissected, care is taken not 
to damage the cephalic vein, which lies just laterally. If 
brachioradialis were to be incorporated into the fl ap (e.g., 
to provide bulk to the paddle), it would be done so on the 
lateral dissection. On the medial side of this lateral dissection, 
the vascular pedicle (radial artery and venae comitantes) is 
preserved.

On the medial aspect of the skin fl ap, care is taken to not 
damage the ulnar artery during dissection (deep between the 
fl exor digitorum superfi cialis and fl exor carpi ulnaris muscles). 
The lateral aspect of this dissection can be done so as to 
include the tendon of the palmaris longus muscle in the skin 
fl ap. This tendon is sometimes used for lower lip reconstruc-
tion to provide support for and maintain the lower lip 
height.

At this point, the radial artery and venae comitantes are 
ligated distally and the elevation of the skin fl ap and vascular 
pedicle is done subfascially. The pedicle is raised proximally 
until you have suffi cient pedicle length. The superfi cial branch 
of the lateral cutaneous nerve of the forearm (radial nerve) 
runs with the radial artery beneath the distal belly of the 
brachioradialis. At approximately midbelly, the nerve contin-
ues laterally, while the radial artery courses medially. For this 
reason, it is often not included in the raised pedicle, thus 
relying on the antebrachial cutaneous nerve to supply the 
paddle. During the dissection of the deep vascular pedicle, 
the superfi cial pedicle is also raised; this consists of the 
cephalic vein and lateral antebrachial cutaneous nerve. As a 
side note, if the fl ap were to include radial bone, you would 
expose the bone after approximately 1 to 2  cm of refl ection 
proximally.

Once the fl ap and its pedicle were mobilized, the pro-
ximal vessels were ligated, and the fl ap was set into the 
intraoral defect (Figure 11-17). With care taken to not kink 
the vessels, the pedicle is carried through a tunnel proximal 
to the right mandibular body and up against the great vessels. 
Excess skin was removed to achieve desired bulk; the fl ap 
was completely sutured intraorally prior to the vessel 
anastomosis.

Following fl ap harvest, the tourniquet was released, hemo-
stasis was confi rmed, and a split-thickness skin graft was 
harvested from the left thigh and grafted to the radial forearm 
free fl ap donor site.

Meanwhile, the arterial anastomosis was performed in an 
end-to-end fashion into the facial artery, and the venous anas-

Figure 11-15 The sternocleidomastoid is retracted laterally fol-
lowing completion of the neck dissection to reveal the internal 
jugular, common carotid, carotid bulb, and fi rst fi ve branches of the 
external carotid artery. Coursing horizontally and lateral to the 
facial and lingual arteries is the hypoglossal nerve.

Figure 11-16 An 8  ×  6-cm skin fl ap is raised on the distal 
forearm. Note the marking of the radial artery distal to the skin 
harvest site.
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tomosis was performed in end-to-side fashion into the inter-
nal jugular vein. Some surgeons prefer double venous 
anastomoses, but we generally use the larger of the cephalic 
and venae comitantes. Good perfusion of the fl ap was con-
fi rmed visually and acoustically (Doppler). The neck was 
closed over a suction drain.

The donor site wound was dressed with wound vacuum-
assisted closure, and the arm was immobilized for a period 
of 1 week. The fl ap remained viable at the recipient site and 
healed without complications (Figure 11-18).

COMPLICATIONS

While the complication rate for radial forearm free fl ap has 
been estimated to be 25% to 30%, the overall fl ap loss rate 
is 2.3% to 3.6%. To put this in perspective, the success rate 
of all head and neck free fl ap reconstructions has been esti-
mated to be 92% to 98%, putting the radial forearm free fl ap 

at the high range of success for free fl aps to the head and 
neck.

The complication risk is increased with increasing medical 
comorbidities and may also be increased by an anesthesia 
time of greater than 10 hours and prior radiation therapy. 
Complications are few in number but may be substantial. The 
most common at the donor site is partial or full failure of the 
split-thickness skin graft at the harvest site. Other complica-
tions include radial fracture (as an osteocutaneous free fl ap), 
abnormal sensation, decreased grip strength, infection, and 
poor aesthetic outcome. Complications may also arise at the 
site of anastomosis, including thrombus formation, hematoma 
formation, and infection, potentially leading to reexploration 
of the initial surgical site.

The use of the radial forearm fl ap as an osteocutan-
eous fl ap is associated with signifi cant complications when 
used for bony reconstructions. However, with the popular-
ization of the free fi bula osteocutaneous fl ap, the radial 
forearm free fl ap is predominantly used for soft tissue recon-
structions, which have a signifi cantly lower complication 
rate.

DISCUSSION

There are many applications of the radial forearm free fl ap in 
head and neck reconstruction. Here we used the radial fore-
arm free fl ap to reconstruct the tongue and fl oor of the 
mouth, which is its most common application but certainly 
not the only one. Dual skin fl aps have been used to recon-
struct through-and-through defects in the cheek and lip. 
The skin fl ap can be folded onto itself to form the lip or soft 
palate. Radial bone can be used as a portion of the fl ap to 
reconstruct the mandible, but the amount of bone may be 
more appropriate in the maxilla.

Taylor fi rst described a fl ap based on the radial artery in 
1976. He reported the transfer of the superfi cial branch of the 
radial nerve as a component of a neurofascial free fl ap. In 
1981, Yang and associates published a report on a series of 
56 patients (60 fl aps) who received a free fasciocutaneous fl ap 
based on their radial artery and reported a 98.3% success rate. 
Soutar subsequently popularized the use of the radial forearm 
free fl ap for intraoral reconstruction.

The anatomy of the lower forearm lends itself well to a 
harvest site for free grafting to the head and neck. It is easily 
accessible, and it has a widely anastomosing blood supply 
from lengthy vessels and thin, pliable skin. The area allows 
access to any and all components of an osteocutaneous fl ap: 
bone (radius), tendon (palmaris longus), muscle (brachiora-
dialis), sensory innervation (antebrachial cutaneous nerve), 
vessels, and skin.

The radius is situated laterally to the ulna and articulates 
with the humerus and ulna proximally and with the ulna, 
scaphoid, and lunate bones distally. It averages 23  cm in 
length, and in cross section, the radial shaft appears triangu-
lar. While the radius plays only a small (but important) role 
in the elbow, it forms the radiocarpal joint at its distal end, 
which is the majority of the wrist. Its proximal head allows 

Figure 11-17 The inset skin fl ap.

Figure 11-18 Radial forearm free fl ap at 3 months postopera-
tively with good coloration and adequate contour.
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the hand to pronate, and its distal head plays a role in hand 
fl exion, extension, adduction, and abduction.

The brachioradialis, one of nine muscles that attach to the 
radius, is used to provide bulk to a fasciocutaneous or an 
osteocutaneous fl ap. It can also be used for intraoral recon-
struction without a skin paddle (as a fascial fl ap), with the 
idea that secondary mucosalization of the muscle may result 
in a better match of intraoral mucosa than forearm skin. The 
insertion of the brachioradialis forms the distal limit of radial 
bone harvesting, while the pronator teres insertion defi nes the 
proximal extension. This distance ranges from 9 to 13  cm. 
These muscles play an important role in the stability of the 
forearm, and their attachments must not be removed.

Harvesting radial bone may result in fracture of the radius 
if certain guidelines are not followed. Current suggestions 
include plating the radius prophylactically at time of harvest, 
using bevel bone cuts, and limiting the amount of harvested 
bone. Urken and colleagues suggested that no more than 40% 
of the circumference of the radius be harvested, to minimize 
the risk of fracture. An easy way to conceptualize this is to 
look at the minimum diameter of the radius from its medial-
to-lateral border on a plain forearm fi lm. According to Collyer 
and Goodger, this approximates 40% of the circumference of 
the radius (with an average margin of safety of 1 to 3  mm). 
A preoperative anteroposterior forearm fi lm can be taken to 
evaluate this width and thus estimate the maximum height of 
the desired bone graft.

A major consideration of any free fl ap harvest site is the 
vascular suffi ciency of the limb. This is evaluated both pre-
operatively and intraoperatively in the hand by a simple Allen 
test.

The anatomy behind the Allen test lies in the communica-
tions between the deep and superfi cial palmar arches. The 
distal end of the radial artery chiefl y supplies the deep palmar 
arch, while the ulnar artery ends in the superfi cial palmar 
arch. Proximally, the radial and ulnar arteries begin as the 
brachial artery, bifurcating in the antecubital fossa. An 
average length of a radial artery from the antecubital fossa to 
the wrist is 18 to 20  cm, while its average diameter is 2.0 to 
2.5  mm. This available length allows the future pedicle to be 
tailored to the vessels in the head and neck and enables 
unlimited neck mobility and even anastomosis to the contra-
lateral neck.

Venous return for the free forearm fl ap is classifi ed into a 
deep and superfi cial venous supply. The deep supply is com-
posed of the venae comitantes, which run in the intermuscu-
lar septum along the radial artery. The superfi cial venous 
supply consists chiefl y of the cephalic vein and other large 
diameter veins. Thoma and associates classifi ed the pattern 
of the deep and superfi cial venous supply into fi ve groups 
based on their branching pattern, and this may be helpful 
in deciding on which venous supply will mainly drain the 
fl ap.

The skin available to be harvested on the forearm is defi ned 
by the radial artery angiosome. It extends from the fl exor 
crease of the wrist to antecubital fossa, with the medial limit 
being the medial third of the ventral surface, and the lateral 

being the lateral third of the dorsal surface. If a neurofacio-
cutaneous fl ap is considered, the somatosome of the lateral 
antebrachial cutaneous nerve is used to guide the location of 
skin fl ap harvesting. Due to the overlap with the radial artery 
angiosome, the only modifi cation needed is to situate the fl ap 
more laterally, because the medial limit of the somatosome 
is the midline of the ventral forearm.

Innervated fl aps are accomplished by anastomosing (most 
commonly) the lateral antebrachial cutaneous nerve to the 
severed lingual nerve. Surprisingly, there is some degree of 
return in sensation for 80% to 90% of patients who receive a 
noninnervated fl ap, although the sensation is unpredictable 
and variable in its extent.

Functionally, when using the radial forearm free fl ap to 
reconstruct a tongue, in comparison to primarily closure of 
the tongue, the reconstruction provides better swallowing, but 
the patient may have more speech impairment at 6 months. 
This is thought to be due to the bulk that is provided by the 
fl ap, which aids in sealing the palate when swallowing but 
limits movement of the native tongue.

The radial forearm free fl ap is a reliable, versatile fl ap with 
physiological characteristics that have made it the “work-
horse” soft tissue fl ap in head and neck reconstruction. Thin 
pliable skin, a long vascular pedicle, the ability to include 
bone, muscle, or nerve, and a harvest site that is easily acces-
sible combine to make the radial forearm free fl ap the fi rst 
choice in oral tongue reconstruction.
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Pectoralis Major Myocutaneous Flap

Saif S. Al-Bustani, DMD, and R. Bryan Bell, DDS, MD, FACS

CC

A 39-year-old white man with a recent history of T3, N1, M0 
squamous cell carcinoma of the right tonsillar fossa presents 
with the complaint of increasing pain in the throat following 
chemoradiation.

HPI

The patient is referred by his radiation oncologist for evalua-
tion and consideration for salvage surgery following primary 
chemoradiation that failed.

Organ-sparing chemoradiation protocols are now standard 
treatment for advanced-stage squamous cell carcinoma of the 
oropharynx and base of tongue (stage 3 or 4 disease). Surgery, 
while acceptable for early-stage lesions, is generally now rel-
egated to salvage therapy in patients for whom chemoradia-
tion has failed. This case represents a “classic example” of 
a lateral pharyngectomy requiring a pectoralis major fl ap 
reconstruction.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a 15 pack-year history of tobacco use and 
admits to drinking two to four cans of beer a day (both 
tobacco and alcohol are risk factors for intraoral squamous 
cell carcinoma).

There are no absolute contraindications to the pectoralis 
major myocutaneous fl ap. However, the fl ap is more likely to 
fail in a patient with severe systemic vascular disease, diabe-
tes, or obesity. Additionally, some authors have described 
problems with skin paddle survival in females.

EXAMINATION

General. The patient is alert, awake, and oriented to time, 
place, and person.

Oropharyngeal. There is a large, exophytic, fi rm, indu-
rated mass involving the right tonsillar fossa that extends into 
the palataloglossal fold, lingual gutter, and base of the tongue 
(Figure 11-19).

Neck. There is a 2-cm palpable lymph node involving level 
II of the right neck. Postradiation changes are noted, but the 
skin turgor remains soft and mobile.

Adequate soft tissue mobility is helpful for unimpeded 
passage of the pectoralis fl ap from the chest to the orophar-
ynx. Radiation fi brosis occurs gradually following radiation 
treatment, but mobilization of the soft tissues becomes 

signifi cantly more problematic at 1 year after radiation 
treatment.

Chest. No abnormalities are noted. The pectoralis major 
muscle is well developed bilaterally.

Inspection and palpation of the chest are necessary to 
verify the presence of the muscle and to identify previous 
surgical insults. There have been reports of Poland syndrome 
in the literature, with an incidence of about 1:30,000. Poland 
syndrome is characterized by the unilateral absence of the 
pectoralis major muscle. Inspection of the chest for cutaneous 
infections or lesions of signifi cance is also performed.

Primary closure of the fl ap donor site may result in mild 
restrictive pulmonary disease. While this is generally well 
tolerated in healthy patients, those with severely impaired 
pulmonary function may be at increased risk for respiratory 
compromise postoperatively.

IMAGING

Preoperative imaging should be based on the patient’s history 
and physical examination. Many patients have previously 
undergone CT of the neck and/or chest as part of a cancer 
work-up and staging, and even more patients have undergone 
plain chest radiography. In the absence of pulmonary disease, 
advanced age, cancer, or previous chest surgery, there is little 
benefi t to obtaining chest imaging before pectoralis major fl ap 
harvest.

LABS

Laboratory evaluation should be based on the patient’s history 
and physical examination. In the absence of medical comor-
bidities, there is no particular laboratory evaluation that is 
necessary before pectoralis major fl ap harvest.

BIOPSY

In this patient, before ablative surgery, direct laryngoscopy 
and reevaluation of the extent of tumor, under general anes-
thesia with biopsy of the lesion, were performed to confi rm 
the diagnosis of squamous cell carcinoma.

ASSESSMENT

Stage III (T3  N1  M0) squamous cell carcinoma of the right 
tonsillar fossa, previously treated with chemoradiotherapy 
with curative intent now with locoregionally recurrent 
disease
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The patient presents for salvage surgical resection and 
immediate reconstruction.

TREATMENT

There are several options available to the oncological surgeon 
for reconstruction of oropharyngeal defects. The most con-
temporary option is the use of microvascular free tissue trans-
fer — in this case, a radial forearm free fl ap or anterolateral 
thigh fl ap. An excellent fallback fl ap, however, and one that 
continues to play an important role in head and neck recon-
struction is the pectoralis major myocutaneous fl ap. The pec-
toralis major myocutaneous fl ap is indicated for:
1. Bulky soft tissue defects involving the head and neck, 

particularly the skin of the face, oral cavity, and orophar-
ynx; while somewhat limited by the vascular pedicle, the 
arc of rotation generally permits coverage to the level of 
the zygomatic arch.

2. Carotid coverage in conjunction with neck dissection.
The oncological and reconstructive treatment plan for this 
patient involved a composite resection of the lesion with a 
right lateral pharyngectomy, right marginal mandibulectomy, 
partial maxillectomy, and right partial glossectomy, using a 
mandibulotomy and lateral swing for access to the orophar-
ynx (Figure 11-20, A). The neck was treated with a right 
modifi ed radical neck dissection. The pectoralis major myo-
cutaneous fl ap was used for reconstruction of the defect. 
Figure 11-20, B demonstrates the C-shaped fl ap design and 
skin paddle marked at the sternal insertion and the vascular 
pedicle at the lateral clavicular border. Also notes is the tra-
cheostomy performed at the beginning of the procedure for 
airway control.

Several intraoperative and postoperative considerations 
are noteworthy:
1. Securing the skin paddle to the underlying muscle during 

harvest helps prevent shearing injury to perforators (Figure 
11-20, C).

2. Creating adequate space to tunnel the fl ap into its fi nal 
location minimizes compression of fl ap. At least four 
fi ngers should easily fi t below the skin fl ap (Figure 
11-20, D).

3. Placing a drain in the site of reconstruction is of impor-
tance to minimize the formation of a hematoma or 
seroma.

4. In the female patient, fl ap design is different, with the skin 
paddle placed along the inframammary fold to avoid 
distortion.

5. In the nonirradiated male patient, chest hair growing on 
the skin paddle can be removed using a CO2 laser.

6. Physical and occupational therapy consultation is initiated 
postoperatively to improve shoulder strength and range of 
motion.

Figure 11-20, E demonstrates the fl ap inset at the recipient site 
secured with 2-0 Vicryl suture in a horizontal mattress 
fashion. Figure 11-20, F demonstrates the postoperative ap -
pearance of the patient following successful reconstruction.

COMPLICATIONS

Complications from the use of the pectoralis major fl ap as 
they are reported in the literature include the following:
• Total fl ap necrosis
• Partial fl ap necrosis
• Orocutaneous fi stulas
• Suture line separation
• Mandibular reconstruction plate exposure
• Wound infection
• Hematoma or seroma formation
• Donor site complications
• Hidden recurrence
• Flap atrophy
Some authors reported complication rates as high as 63%. 
Although the pectoralis major fl ap is highly vascular, short-
comings in harvesting technique and the nature of distribu-
tion of the vasculature may result in necrosis of the skin 
paddle, particularly in female patients with poorly developed 
muscles. Exposure of, formation of fi stulas around, or fl ap 
necrosis around a mandibular reconstruction plate may neces-
sitate its removal. In their analysis, Shah and associates iden-
tifi ed the following risk factors as signifi cant in the development 
of complications: age over 70, female gender, overweight 
status, serum albumin less than 4  g/dl, major glossectomy 
reconstruction, and systemic diseases. Although rare, there 
has been report of donor site rib osteomyelitis after harvest. 
Most complications can be managed by conservative means; 
in only few incidences is a new fl ap harvest is required.

DISCUSSION

The pectoralis major myocutaneous fl ap has been used in 
head and neck reconstruction since its initial description by 
Ariyan in 1979. Its reliability and versatility made it the 
“workhorse fl ap” of the 1980s until the widespread dissemi-
nation of microvascular surgeons and techniques relegated 

Figure 11-19 Exophytic mass in the right tonsillar fossa.
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the “pec fl ap” to that of a salvage fl ap for failed or microvas-
cular reconstructions. Based primarily on the pectoral branch 
of the thoracoacromial artery, numerous modifi cations have 
been described in the literature that facilitate the reconstruc-
tion of head and neck defects. There is report of longitudinal 
splitting of the paddle to reconstruct U-shaped intraoral 
defects, incorporating the medially based deltopectoral fl ap 
to raise a bilobed fl ap, and using the skin overlying the 
sternum, ipsilateral parasternum, and contralateral paraster-
num to provide for thinner paddle. Dennis and Kashima intro-
duced the Janus fl ap to reconstruct through-and-through 
defects in a two-stage technique with the use of a skin graft 
to the deep muscle to provide for two immediate epithelial 
surfaces on transfer. Hypopharyngeal and cervicoesophageal 
luminal reconstruction has also been reported and widely 
used. Bilobular fl aps with two skin paddles and one or two 
vascular pedicles have also been described to reconstruct 
through and through defects. Anterolateral resection of the 
skullbase has been successfully and reliably reconstructed 
with this fl ap. Lee and Lore described using a dermal graft 
to avoid fully tubing the myocutaneous pectoralis fl ap in total 
hypopharyngeal reconstruction. The dermal graft is placed in 
the posterior, while the muscle fl ap had an anterior and lateral 
use. For most applications in the head and neck, however, the 
development of the pectoralis major myocutaneous fl ap is 
now fairly well uniform and widely known. Overall, the pec-
toralis myocutaneous fl ap is a reliable and versatile fl ap that 
is useful in a number of clinical situations:
• Large soft tissue defects
• Exposure of the great vessels of the neck (radiation, 

trauma, etc.)
• Skull base reconstruction
• Hypopharyngeal and pharyngoesophageal reconstruction

• Fallback fl ap if microvascular fl ap fails or is unavailable
• Poor patient prognosis
• Microvascular surgeon is unavailable
The primary blood supply to the pectoralis myocutaneous 
fl ap is the pectoral branch of the thoracoacromial artery, 
although the specifi cs of vascular supply to the pectoralis 
major muscle and associated skin are the subject of debate. 
The pectoral branch of the thoracoacromial trunk, the lateral 
thoracic artery, perforators from the internal thoracic artery, 
and perforators from the intercostal vessels have all been 
described as nourishing the pectoralis major muscle fl ap. In 
their cadaver dissection and aortic arch angiogram analysis, 
Moloy and Gonzales found that the lateral thoracic artery and 
the pectoral branch of the thoracoacromial trunk provided 
pedicles of comparable size to the muscle. In some instances, 
the lateral thoracic artery was of greater diameter. Yang and 
colleagues showed that the pectoral branch of the thoracoac-
romial trunk supplied about 50% of the vascular territory of 
the muscle. The anterior perforators of the internal thoracic 
supplied about 43%, while the lateral thoracic artery supplied 
only about 7%. In their extensive 1984 study, Reid and Taylor 
demonstrated that the sternocostal and clavicular portions of 
the muscle have independent sources of blood supply. The 
former is dominated by the pectoral branch of the thoracoac-
romial trunk, while the latter is dominated by the deltoid 
branch of the thoracoacromial trunk. The pectoral branch of 
the thoracoacromial trunk’s supply to the lateral skin arose 
from fasciocutaneous branches along the free lower border of 
the muscle. Interestingly, medial and inferior skin paddles, 
which dominate current clinical practice, derive their blood 
supply from cutaneous branches belonging to the internal 
thoracic and superior epigastric system. In a study by Riki-
maru and associates in 2005, the importance of the internal 
thoracic artery in supplying the muscle and skin associated 
with the pectoralis major myocutaneous fl ap was demon-
strated. Perforating branches from the fourth, fi fth, and sixth 
intercostals anastomose with the pectoral branch of the tho-
racoacromial trunk to supply the muscle medially and inferi-
orly. The skin overlying the same area mimics the same 
distribution. In addition, cutaneous branches from the second 
and third intercostal perforators and cutaneous branches from 
the superior epigastric artery demonstrate supply to that same 
skin.
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Free Fibula Flap for Mandibular Reconstruction

Brian M. Woo, DDS, MD, and R. Bryan Bell, DDS, MD, FACS

CC

A 66-year-old white woman presents to the offi ce with the 
chief complaint of, “I am having pain in my lower jaw, dif-
fi culty eating, and there is drainage from my face.”

HPI

The patient sustained a mandible fracture from a motor 
vehicle accident at age 20. Six years later, she had her remain-
ing teeth extracted but subsequently sustained a pathological 
fracture of her mandible, which was treated with closed 
reduction using circummandibular wires fi xated to her 
denture. In the following years, she underwent several pre-
prosthetic procedures in an attempt to restore her dentition. 
She eventually was restored with implants placed 15 years 
ago using a Hader bar and overdenture. The patient did well 
for 10 years, when she developed a pathological fracture and 
was diagnosed with osteomyelitis. She was treated with intra-
venous antibiotics, decortication, open reduction and fi xation 
using a reconstruction plate, and hyperbaric oxygen. Several 
years later, the reconstruction plate was removed after the 
screws loosened and became infected. She developed lower 
right facial swelling with a draining orocutaneous fi stula over 
her right anterior mandible. The patient had excision of the 
orocutaneous fi stula, multiple incision and drainage proce-
dures, and debridements of her right mandible. However, the 
infection and exacerbating osteomyelitis did not respond to 
treatment. She eventually developed pathological fractures of 
her right mandibular parasymphysis and left mandibular 
angle. The patient is referred to your offi ce for defi nitive 
treatment.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has hypertension and non–insulin-dependent dia-
betes mellitus, both of which are well controlled.

Although hypertension and diabetes are not contraindica-
tions to microvascular surgery, it is important for both the 
blood pressure and glucose levels to be strictly controlled in 
the perioperative period. Severe peripheral vascular disease 
secondary to advanced atherosclerosis from diabetes may 
compromise microvascular treatment options.

EXAMINATION

General. The patient is a well-developed and well-nourished 
alert woman in no acute distress (morbid obesity and severe 

peripheral vascular disease would be contraindications to 
microvascular surgery).

Vital signs. Her vital signs are stable and she is afebrile 
(an elevated temperature is not frequently seen with chronic 
osteomyelitis).

Maxillofacial. There is a draining orocutaneous fi stula 
exiting the right submental region. The patient has severe 
mandibular atrophy with gross mobility and pathological 
fractures of her mandible at the right parasymphysis and left 
mandibular angle. There is bilateral anesthesia of the third 
division (V3) of the trigeminal nerve at the mental nerve dis-
tribution.

Introral. The patient is completely edentulous and, in 
addition to the pathological fractures, has a functional maxil-
lary subperiosteal implant and a mobile Hader bar in her left 
anterior mandible.

Extremity. She has 2+ peripheral pulses without claudica-
tion or evidence of peripheral vascular insuffi ciency.

The lower extremities should be examined to evaluate for 
absence or diminished pulses in the anterior or posterior tibial 
arteries that could suggest atherosclerosis or vascular insuf-
fi ciency. Absent or diminished anterior or posterior tibial 
pulses mandate a preoperative angiogram or magnetic reso-
nance angiogram to defi ne the vascular anatomy.

IMAGING

The panoramic radiograph and CT can be used to help 
determine the extent of the mandibular resection and aid in 
predicting the size of the postresection mandibular defect. 
Stereolithographic models constructed from CT data can 
also be used to prebend a reconstruction plate, before 
surgery. For this patient, the panoramic radiograph shows the 
fractures of her right parasymphysis and left mandibular 
angle along with a maxillary subperiosteol implant and 
three mandibular endosteal implants with a Hader bar (Figure 
11-21).

Preoperative imaging for the fi bula transfer includes angi-
ography/arteriography or magnetic resonance angiography of 
the lower extremities to evaluate the vascular anatomy for the 
possible absence or diminished size of the anterior and pos-
terior tibial arteries and for narrowing or occlusion of the 
vessels secondary to atherosclerosis.

However, some microvascular surgeons order these tests 
only when dictated by physical examination fi ndings. In about 
10% to 20% of cases, the anterotibial or posterotibial artery 
may become attenuated. In these cases, a communicating 
branch from the peroneal artery supplies the attenuated 
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vessel’s territory; therefore, sacrifi ce of the peroneal artery 
could result in ischemia of the foot.

LABS

Routine laboratory tests such as a CBC and electrolyte and 
coagulation studies may be performed to establish a baseline 
preoperatively.

ASSESSMENT

Chronic suppurative osteomyelitis with a draining orocuta-
neous fi stula and nonunion of the mandibular right parasym-
physis and left angle

TREATMENT

This is a complex case demonstrating multiple attempts at 
reconstruction and management of an infected mandible. The 
goals of mandibular reconstruction include:
• Reestablishment of mandibular continuity and arch form, 

and maintenance of the existing occlusion and/or taking 
care that the restored mandible maintains its proper 
relationship to the maxilla to allow dental 
rehabilitation

• Provision of soft tissue closure and replacement of 
resected oral cavity soft tissue

• Dental rehabilitation
• Restoring adequate function (speech, mastication, oral 

continence) and cosmesis, enabling the patient to enjoy a 
reasonable quality of life

Several treatment options are available, each associated with 
specifi c complications and limitations, that refl ect the diffi -
culty in the management of total mandibular reconstruction:
• Reconstruction with only a mandibular reconstruction 

plate
• Reconstruction with a mandibular reconstruction plate 

and a pedicled myocutaneous fl ap (pectoralis major fl ap)
• Reconstruction with a mandibular reconstruction plate 

and a soft-tissue free fl ap
• A nonvascularized bone graft (iliac crest, rib, etc.)

• A vascularized bone fl ap (fi bula, ilium, radial forearm, 
scapula, etc.)

• Distraction osteogenesis used as alone or in combination 
to these modalities

This patient was treated with a segmental mandibulectomy, a 
left neck dissection for vascular access, tracheostomy, and 
immediate reconstruction with an osseous fi bula free fl ap 
(Figure 11-22).

COMPLICATIONS

The use of a mandibular reconstruction plate alone for man-
dibular reconstruction has been reported as having a failure 
rate ranging from 20% to 80%, with a majority of the failures 
resulting from plate extrusion. A higher percentage of failures 
also occurred in patients with segmental defects of the ante-
rior mandible and in patients who received or were receiving 
radiation therapy. Even with the use of pedicled myocutane-
ous fl aps and soft tissue free fl aps to provide coverage of the 
mandibular reconstruction plate, the failure rate has been 
reported to range from 7% to 44% (approaching the higher 
percentage with long-term follow-up). The majority of these 
failures were also due to plate extrusion. The use of vacular-
ized bone grafts for mandibular reconstruction, however, has 
been reported as having a success rate of over 90% even in 
irradiated patients and in patients with segmental defects of 
the anterior mandible. Vascularized bone grafts also have the 
advantage of being able to accept endosteal implants for 
dental rehabilitation, which cannot be done if a mandibular 
reconstruction plate with or without soft tissue coverage is 
used.

Despite the reported success rates, perioperative surgical 
and reconstructive complications and perioperative medical 
complications of the fi bula free fl ap have been described in 
the literature (Box 11-2).

DISCUSSION

The application of the fi bula free fl ap for mandibular recon-
struction was fi rst described by Hidalgo in 1989. The primary 
blood supply of the fi bula free fl ap is from the peroneal artery 

Figure 11-21 A preoperative pan-
oramic radiograph showing the frac-
tures of the patient’s right parasymphysis 
region and left mandibular angle along 
with a maxillary subperiosteol implant 
and three mandibular endosteal implants 
with a Hader bar.
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Figure 11-22 A, An intraoperative view showing surgical exposure of the mandible and the fracture sites. B, The surgical specimen/
resected mandible. C, The reconstruction plate contoured to the shape of the resected mandible. D, The free fi bula graft. E, The fi bula graft 
after it has been osteotomized and contoured to the shape of the resected mandible. F, The free fi bula graft after it has been inset and 
secured in place. G, The free fi bula graft after it has been inset, from a lateral view.  Continued
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and vein, which supply the fi bula bone via endosteal and 
periosteal vessels. The peroneal artery is classically described 
as originating from the posterior tibial artery after the popli-
teal artery branches into the anterior and posterior tibial 
arteries. The peroneal artery and its two venae comitantes 
descend in the lower leg between the fl exor hallucis longus 
and the tibialis posterior. The fi bula can be transferred as a 

free osseous or free osteocutaneous fl ap. The skin is attached 
to the fi bula by the posteriorlateral intermuscular septum and 
is supplied by the septocutaneous and musculocutaneous per-
forators arising from the peroneal artery and vein. The ana-
tomical study by Schusterman and associates identifi ed three 
types of perforators:
1. Septocutaneous
2. Musculocutaneous
3. Septomuscular (which did not run within the muscle sub-

stance but is adherent to it)
They also demonstrated that the musculocutaneous perfora-
tors were more numerous and proximal, while the septocuta-
neous perforators were less numerous and more distal. They 
found that the septocutaneous perforators were not present in 
20% of their dissected specimens and that in 6.25% of their 
dissected specimens there also were no muscular or septo-
muscular vessels. Eighteen of their clinical cases demon-
strated a 33% skin paddle survival when dissected as a 
septocutaneous fl ap and a 93% skin paddle survival when 
dissected as a septomusculocutaneous fl ap. From these fi nd-
ings, it was recommended that a cuff of soleus and fl exor 
hallucis longus be incorporated into the fl ap to help ensure 
fl ap viability. The lateral sural cutaneous nerve can be har-
vested and anastomosed to a recipient nerve to restore sensa-
tion to the skin component. Harvesting of the peroneal 
communicating branch as a vascularized nerve graft can be 
used to bridge the inferior alveolar and mental nerve to restore 
sensation to the lower lip.

The fi bula free fl ap has several advantages. The fi bula has 
thick cortical bone around its entire circumference, making 
it suitable to withstand the forces of mastication and for the 
placement of dental implants. Approximately 22 to 25  cm of 
bone can be harvested while leaving 6 to 7  cm proximally 
and distally to maintain adequate stability of the knee and 
ankle joints. Because of the length of bone that can be har-
vested, it is suitable for restoration of subtotal and total man-
dibular defects. The length of the vascular pedicle that can be 
obtained is also an advantage. Additional length of the pedicle 
can be obtained by harvesting a more distal segment of bone 

Box 11-2.   Complication of the Fibular Free 
Flap

Perioperative Surgical/Reconstructive Complications 
of the Fibula Free Flap
• Venous thrombosis/arterial thrombosis
• Venous congestion
• Wound infection
• Salivary fi stula
• Seroma formation
• Cervical hematoma
• Partial free fl ap necrosis
• Total free fl ap necrosis
• Hardware extrusion
• Carotid artery rupture
• Donor site complications (infection, skin graft failure, loss 

of knee and ankle strength, reduced ankle range of motion, 
damage to the peroneal nerve and its branches)

Perioperative Medical Complications of the Fibula 
Free Flap
• Myocardial infarction
• Cerebrovascular accidents
• Deep venous thrombosis
• Congestive heart failure/pulmonary edema
• Pneumonia/atelectasis
• Acute respiratory distress syndrome
• Pneumothorax
• Cardiac arrhythmias
• Gastrointestinal hemorrhage/perforation
• Liver failure
• Mental status changes
• Mortality

H

Figure 11-22, cont’d H, The postoperative panoramic radiograph of the free fi bula graft in place.
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and skin while discarding the proximal fi bula. Hidalgo has 
described obtaining vascular pedicles as long as 12  cm 
through this technique. Another advantage is the ability to 
reconstruct soft tissue defects using the skin paddle (potential 
for sensory innervation) of the free fi bula osteocutaneous fl ap. 
The width of the skin paddle is mainly limited only by the 
ability to achieve primary closure; however, a skin graft can 
be grafted to the donor site. Multiple osteotomies can be made 
in the bone for contouring the fi bula to the shape of the man-
dible. These osteotomies are well tolerated if the osteoto-
mized segments are at least 1  cm in length and the overlying 
periosteum is kept intact. Last, because of the donor site’s 
distance from the head, it has the potential for a two-team 
approach.

The fi bula free fl ap has been criticized for its use in man-
dibular reconstruction because of the height discrepancy 
between the fi bula bone and the native mandible and in its 
use in reconstructing large oral cavity and through-and-
through soft tissue defects. To decrease the discrepancy 
between the fi bula bone and the native mandible, a “double-
barrel” technique has been described in which a 1-cm segment 
of the fi bula bone is removed and the fi bula is folded on 
itself lengthwise. To reconstruct extensive soft tissue defects, 
the use of a radial forearm fl ap in conjunction with the fi bula 
fl ap has been described. The radial forearm fl ap can be used 
to reconstruct the oral cavity, while the free fi bula osteocu-
taneous fl ap can be used to reconstruct the mandible and 
the cervical skin. This technique can also be used to recon-
struct composite resections of the mandible, tongue, and fl oor 
of the mouth or composite resections of the mandible and 
lower lip. Combined ipsilateral maxillomandibular defects 
can also be reconstructed using the free fi bula fl ap by remov-
ing a central 3-cm segment of the fi bula and rotating the distal 
portion of the fi bula upward to reconstruct the maxilla and 
rotating the proximal portion downward to reconstruct the 
mandible.

Mandibular reconstruction with the use of nonvascular-
ized bone grafts is well described in the literature. Before the 
availability of microvascular transfer, immediate bone graft-
ing with nonvacularized grafts had a success rate of only 
46%, as opposed to 91% in the delayed setting. Direct com-
parisons of nonvascularized versus vascularized bone grafts 
have shown a higher success of bony union with vascularized 
bone grafts. Pogrel and associates reported a 95% success rate 
of bony union using vascularized bone grafts and a 76% 
success rate using nonvascularized bone grafts for primary 
reconstruction of mandibular defects. Foster and colleagues 
reported similar results, with a 96% success rate using vas-
cularized bone grafts and a 69% success rate using nonvas-
cularized bone grafts. Pogrel and associates also found that 
the failure rate for nonvascularized grafts increased for seg-
mental mandibular defects longer than 6  cm and that extreme 
caution should be used when using nonvascularized grafts for 
reconstructing segmental mandibular defects longer than 
9  cm. The failure rate for nonvascularized grafts of 6  cm or 
shorter was 17%, increasing to 75% for grafts over 12  cm in 
length. This correlation of increasing failure rate with 

increased graft length was not seen with the use of vascular-
ized bone grafts. Foster and colleagues also reported a higher 
success rate of osseointegration of endosteal implants in vas-
cularized bone grafts (99%) over nonvascularized grafts 
(82%). In the studies by both groups, the predominant vas-
cularized bone graft used was the fi bula free fl ap.

Various vascularized osteocutaneous free fl aps have been 
used for mandibular reconstruction; available choices include 
fi bula, radius, ilium, scapula, rib, and metatarsal. Rib and 
metatarsal were among the fi rst to be used for mandibular 
reconstruction but are rarely used today. The radial forearm 
fl ap provides a reliable, thin, and pliable skin fl ap and is excel-
lent for reconstructing large intraoral defects. However, the 
radius bone provides only a short segment of unicortical bone 
(8 to 10  cm), is of poor quality for the reception of endosteal 
implants, and is easily devascularized with multiple osteoto-
mies. There is also a risk of fracture with using the radial 
forearm free fl ap. The scapula can provide a large and excel-
lent skin paddle but with more soft tissue bulk than the radius. 
The bone of the scapula is thin, is of poor quality, and usually 
is able to provide only 10 to 14  cm of bone length. The scapula 
is also easily devascularized with multiple osteotomies and 
is not adequate for the placement of endosteal implants. 
Harvesting of the scapula also does not allow a two-team 
approach. The ilium based on the deep circumfl ex iliac artery 
can provide a large amount of bone, and its shape resembles 
that of the hemimandible. The number of osteotomies that 
can be made is also limited due to the risk of devasculariza-
tion, making it more diffi cult to contour the ilium for ante-
rior mandibular defects. The skin paddle of the ilium is also 
very bulky, and the donor site can be quite morbid and 
deforming. In addition, the vascular pedicle of the deep cir-
cumfl ex iliac artery fl ap is relatively short, making anastomo-
sis into the recipient bed more challenging. Among the 
remaining choices, the fi bula has been the most popular 
because of its numerous proven advantages (length and quality 
of bone that can be harvested, segmental blood supply that 
allows multiple osteotomies for shaping and contouring the 
fi bula, adequate bone height and width to receive endosteal 
implants, an intermediate-thickness skin paddle, reliable vas-
cular pedicle that can reach 8 to 12  cm in length, low donor 
site morbidity, and ideal location for a two-team approach).
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Mandibular Reconstruction With Iliac Crest Bone Graft

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 28-year-old otherwise healthy man is referred to your offi ce 
for reconstruction of the left mandible, explaining that, “Now 
that the tumor is gone, I need my lower jaw reconstructed.”

HPI

The patient is now 3 months status post resection of a large, 
expansile ameloblastoma of the left mandible (with 1.5-cm 
bony margins) and immediate placement of a locking recon-
struction plate (a minimum of 3 months after ablative surgery 
is recommended to allow suffi cient time for soft tissue healing 
before bone grafting). The tumor was resected via a transoral 
approach using a previously bent reconstruction plate that was 
placed to stabilize the mandible and the occlusion (a custom-
made three-dimensional stereolithographic model fabricated 
with the aid of a CT scan is used to prebend the plate, reduc-
ing operating time and increasing the accuracy of the recon-
struction) (Figure 11-23). In this case, the inferior alveolar 
nerve was resected with the specimen (on select benign cases, 
the preservation of the nerve is possible using a nerve pull-out 
technique). There were no perioperative complications. The 
patient is now ready for total mandibular reconstruction and 
functional rehabilitation.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. The patient has no history of cardiac or 
pulmonary conditions (increased intrathoracic pressure and 
hemodynamic changes associated with the prone position 
may not be tolerated well in patients with poor cardiac or 
respiratory reserves).

EXAMINATION

General. He is a well-developed and well-nourished man in 
no apparent distress.

Maxillofacial. The patient’s examination shows good 
facial form and symmetry, with a slight loss of left lower lip 
support (secondary to the resection). There is anesthesia of 
the left mental nerve distribution. The marginal mandibular 
branch and the remaining branches of cranial nerve VII are 
intact.

Intraoral. The occlusion is as planned and reproducible 
with a good range of motion. There are no traumatic occlusal 
or soft tissue interferences noted (traumatic occlusion, espe-
cially from a supraerupted maxillary third molar, can cause 

perforation of the soft tissue overlying the recipient bed). The 
remaining dentition is in good repair (compromised teeth, 
especially those adjacent to the recipient bed, should be 
restored or extracted before reconstruction to prevent graft 
infection). The soft tissue over the defect has healed well with 
minimal scar contracture (a qualitative or quantitative soft 
tissue defi ciency may require an alternative reconstructive 
plan such as a myocutaneous fl ap [pectoralis major] or recon-
struction with a vascularized free fl ap [free fi bula or iliac 
bone]). There are no signs of infection or exposure of the 
reconstruction plate (bone grafting into a contaminated fi eld 
would be contraindicated).

IMAGING

A preoperative panoramic radiograph is the minimum radio-
graphic study necessary to evaluate the size of the defect and 
to assess the integrity and stability of the hardware. In this 
patient, the panoramic radiograph revealed an 8-cm continu-
ity defect (10  ml of uncompressed cancellous marrow is 
needed for each centimeter of continuity defect). The denti-
tion is in good repair, with no supraerupted maxillary teeth 
and no signs of residual or recurrent pathology.

LABS

The minimum preoperative laboratory studies necessary are 
hemoglobin and hematocrit levels. Tumor resection can be 
associated with an unpredictable amount of blood loss. Recon-
structive procedures are usually more predictable, but a pre-
operative baseline measure of hemoglobin and hematocrit 
should be obtained. Other laboratory tests would be dictated 
by the past surgical and medical histories.

ASSESSMENT

Continuity defect (8  cm) of the left mandible, status post 
resection of a benign mandibular tumor (ameloblastoma)

TREATMENT

Reconstruction of the mandible has challenged surgeons for 
many years, and several techniques are available, all of which 
have their associated advantages and complications. Treat-
ment is dictated by the surgeon’s training, available resources, 
and patient preferences.

We present the case of a patient with reconstruction of a 
mandibular continuity defect using a transcutaneous approach 
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(to minimize bacterial contamination of the graft) and the 
(posterior or anterior) iliac crest cancellous marrow graft. 
The surgical anatomy of the anterior and posterior ilium is 
shown in Figure 11-24.

Transcutaneous exposure and preparation of the recip-
ient bed. The main advantage of a transoral resection of a 
benign tumor is the avoidance of a neck incision and its asso-
ciated scar tissue upon making the transcutaneous exposure 
in preparation for the bony reconstruction phase. A curvilin-
ear incision is marked at least 2  cm below the inferior border 
of the mandible with the head in a neutral position (to protect 
the marginal mandibular branch of the facial nerve) or further 
inferiorly in a neck crease. The exposure should be suffi cient 
in length to fully expose the proximal and distal segments of 
the continuity defect. Nerve testing can be carried out to 
ensure that the dissection is below the marginal mandibular 
nerve. Dissection is then carried deep to the superfi cial layer 
of deep cervical fascia superiorly. The facial artery and vein 
are identifi ed, ligated, and sectioned. Carrying the dissection 
deep to these vessels ensures that the facial nerve is protected 
in the superior fl ap. The inferior borders of the mandible and 
reconstruction plate are identifi ed. An incision is made 
through the periosteum (proximal and distal bony segments) 
and through the fi brous capsule of the plate. The surgeon must 
be careful not to perforate into the oral cavity with overzeal-
ous dissection (the most common area of mucosal perforation 
is at the line angles of the distal segment). The fi brous capsule 
surrounding the reconstruction plate should be carefully 
excised (excessive scar tissue surrounding the reconstruction 
plate will prevent capillary diffusion into the graft). Figure 
11-25 demonstrates exposure of the recipient site and adapta-
tion of a resorbable crib in preparation for bone graft place-
ment. Some surgeons recommend completely removing the 
reconstruction plate for recipient bed preparation, then placing 
the same plate back using the same screw holes (placed with 
nontapping screws). The graft bed is further prepared with 
blunt dissection to create a suffi cient pocket to accommodate 

the bone graft without tension. If an intraoral perforation is 
noted, the wound should be immediately irrigated and closed 
in a double-layer fashion, followed by copious irrigation of 
the bed with an antibiotic solution (to reduce the bacterial 
load) and redosing the intravenous antibiotic if suffi cient time 
has passed since the preoperative dose.

Posterior iliac crest bone graft harvesting technique. 
The main advantage of the posterior iliac crest bone graft is 
the quantity and quality of bone harvested. The main disad-
vantage is increased operating time due to the change in 
position and inability to work simultaneously by two teams. 
The patient is placed in the reverse fl ex prone position 
(decreases venous pressure and ooze) with hip and axillary/
chest rolls. The posterior superior iliac spine (a bony promi-
nence where the gluteus maximus muscle originates) is pal-
pated and marked (see Figure 11-24, B). A 10-cm curvilinear 
incision (the length of the incision can vary depending on the 
amount of bone to be harvested), 3  cm from the midline, is 
made along the crest. Dissection is carried through superfi cial 
fat and superfi cial fascia while the surgeon palpates the pos-
terior iliac crest and posterior superior iliac spine. The lum-
bodorsal fascia (deep fascia investing the deep muscles of the 
back and trunk) is identifi ed and sharply incised to expose the 
posterior iliac crest and spine and its attachments (from 
medial to lateral: gluteus maximus, latissimus dorsi, and 
external oblique muscles). Bovie electrocautery can be used 
to make an incision through these attachments along the 
posterior crest down to bone. Subperiosteal dissection is 
carried out to refl ect the gluteus maximus off the posterior 
superior iliac spine and part of the gluteus medius from the 
lateral aspect of the pelvis. A 5  ×  5  cm corticotomy is made 
with a reciprocating saw (along the lateral third of the iliac 
crest and including a portion of the posterior superior iliac 
spine). The sciatic notch and nerve are located 6 to 8  cm 
below the crest, which limits the vertical dissection and cor-
ticotomy. The corticocancellous window is removed (particu-
lates into approximately 20  ml of uncompressed bone) with 
a curved osteotome. The cancellous marrow is removed with 
bone gouges and currettes and stored at room temperature in 
isotonic normal saline (95% cellular viability for up to 4 
hours). The most abundant source of cancellous marrow is 

Figure 11-23 A stereolithographic model demonstrating an 
expanding mass of the left mandible and a well-adapted locking 
reconstruction plate to be used for surgical adaptation.

Figure 11-24 A, Anatomy of the anterior ilium. It shows the 
anterior superior iliac spine marked by the “X” with the lateral 
cutaneous branches of the iliohypogastric nerve, subcostal nerve, 
and lateral femoral nerves (from posterior to anterior). The incision 
as shown is made 2 to 3  cm below the crest (to prevent wound 
dehiscence) and 1 to 2  cm posterior to the anterior superior iliac 
spine (to prevent injury to the subcostal nerve as it crosses over the 
anterior superior iliac spine). B, Anatomy of the posterior ilium. 
Note that the posterior superior iliac spine is the bony prominence 
adjacent to the sacroiliac (SI) joint where the gluteus maximus 
muscle orginates. The cutaneous branches of the superior cluneal 
nerves (L1-3) and middle cluneal nerves (S1-3) are shown. The inci-
sion is made along the crest and centered over the posterior superior 
iliac spine, avoiding injury to the superior and middle cluneal 
nerves.
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under the gluteus maximus insertion (posterior superior iliac 
spine), which is a triangular bony prominence near the sac-
roiliac joint. Approximately 2 to 2.5 times more corticocan-
cellous bone can be harvested from the posterior ilium than 
from the anterior ilium (anterior iliac crest bone graft pro-
vides up to 50  ml of uncompressed bone). Hemostasis is 
achieved with electrocautery, judicious application of bone 
wax, and placement of Avitene (microfi brillar collagen) or 
platelet-poor plasma. Sharp bony edges should be rounded 
and smoothened. A drain with bulb suction can be placed, 
although it is not always necessary (Sasso and colleagues 
showed that there is no advantage to placing drains). Layered 
closure (periosteum, lumbodorsal fascia, subcutaneous, and 
skin) and a pressure dressing are applied.

The anterior iliac crest bone graft is an alternative to the 
posterior iliac crest bone graft when less volume of bone is 
needed. Its main advantage is the ability to simultaneously 
prepare the recipient bed and harvest the bone graft when 
working in two teams.

Anterior iliac crest bone graft (medial approach) har-
vesting technique (provides up to 50  ml of corticocancel-
lous bone). A hip and knee roll can be placed to externally 
rotate the hip and to fl ex the leg respectively. The landmarks 
(anterior superior iliac spine, crest, and tubercle) and incision 
site are carefully marked. The incision should be curvilinear 
and 4 to 6  cm in length, 3  cm lateral to the crest (to prevent 
wound dehiscence), starting 1 to 2  cm posterior and lateral to 
the anterior superior iliac spine (to prevent injury to the lateral 
cutaneous branch of the subcostal nerve) (see Figure 11-24, A). 
This should not extend beyond the tubercle (which will cause 
injury to the lateral cutaneous branch of the iliohypogastric 
nerve). The incision is carried through skin, superfi cial fat 
layer, and superfi cial fascia down to the deep fascia (fascia 
lata) and the iliotibial tract. The superfi cial and deep fat layer 
is bluntly swept superiorly to center the dissection over the 

anterior iliac crest. Sharp dissection to bone is conducted, 
avoiding the musculature by keeping medial to tensor fascia 
lata and gluteus medius muscles and lateral to iliacus and 
most of the external abdominal oblique muscles. Once the 
anterior iliac crest is exposed, various corticotomy techniques 
can be used to access the cancellous marrow. Both medial 
and lateral approaches have been described in the literature, 
but the lateral approach is associated with greater morbidity 
due to stripping of muscles involved in ambulation and stance. 
The medial approach strips the iliacus muscle (when a corti-
cocancellous block is needed), which is not a major contribu-
tor of gait. The “clamshell” approach (midcrestal greenstick 
split for small quantities of cancellous marrow), trapdoor 
approach (midcrestal pedicled osteotomy), Tschapp approach 
(“decapping” the crest), Tessier’s approach (oblique osteo-
tomies to maintain contour of crest), trephine techniques 
(for small bone grafts), or full-thickness grafts can be used 
depending on surgeon preference. The authors prefer the tech-
nique described by Grillon and colleagues in 1984 (lateral 
decapping technique with attached superomedial pedicle to 
access the medial cortex), which allows for minimal dissec-
tion of the muscles attached to the anterior iliac crest. The 
iliacus muscle is dissected off the inner pelvis, and a 5  ×  5-cm 
medial corticotomy can be made using a reciprocating saw 
and/or curved osteotomes. This block can be morselized with 
a bone mill (providing up to 20  ml of bone). Bone gouges and 
curettes are used to harvest the remainder of the cancellous 
marrow. The cancellous marrow is confi ned to the area ante-
rior to the tubercle and 2 to 3  cm inferior to the iliac crest 
(medial and lateral cortices fuse or nearly fuse below this 
level). Up to 50  ml of uncompressed cancellous bone can be 
harvested and should be stored in an isotonic solution at room 
temperature. The anterior superior iliac spine is vulnerable to 
fracture and avulsion because of muscle attachments (the 
seven attachments to the anterior superior iliac spine are the 
fascia lata, inguinal ligament, tensor fascia lata, sartorious, 
iliacus, internal oblique, and external oblique muscles) and 
should not be undermined (increases risk of anterior superior 
iliac spine fracture). The cap should be replaced and stabi-
lized with a wire or suture (to prevent contour deformity). 
The wound is closed in layers with or without drains.

The harvested bone is milled and compressed into 10- or 
12-ml syringes (compaction of the cancellous marrow 
increases the density of endosteal osteoblasts). The mor-
selized bone is compacted into the prepared recipient bed 
(Figure 11-26). Various crib techniques can be used (resorb-
able or titanium mesh, cadaveric cribs, autogenous ribs) to 
stabilize the graft. The reconstruction plate itself serves as an 
excellent crib. The deep tissues are sutured to the plate and 
the bone is packed from above, preventing inferior migration 
of the bone graft. The wound is closed in layers to further 
stabilize the graft. Some authors recommend 3 weeks of 
maxillomandibular fi xation to prevent micromovement and 
shearing of budding capillaries penetrating the graft. Platelet-
rich plasma, which has been shown to enhance bone grafting 
(earlier consolidation into lamellar bone and increased bony 
density), can be incorporated into the graft. Although there 

Figure 11-25 Complete exposure of the continuity defect, includ-
ing the proximal and distal segments, via a transcutaneous approach. 
In this case, a resorbable alloplastic crib was used to maintain the 
bone graft from displacing inferiorly. It is important to avoid any 
intraoral perforations that would contaminate the graft with oral 
bacteria.
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is some doubt regarding the effi cacy of platelet-rich plasma 
in bone grafting, there are no well-controlled human studies 
to contradict its use.

Figure 11-27 is a panoramic radiograph demonstrating the 
bony reconstruction at 1 month. Dental implants can be 
placed into a mature graft (after 4 months) with a very high 
success rate. Animal studies have shown that implants placed 
into a cancellous marrow graft have a higher bone-to-metal 
contact and pull-out resistance than does native mandible.

COMPLICATIONS

Marginal mandibular nerve injury. This can be prevented 
by keeping the dissection inferior and deep to the nerve, 
retracting it in the superior fl ap. Dingman and Grabb studied 
100 facial halves and found that the marginal mandibular 
branch is up to 1  cm below the inferior border of mandible in 
19% of cases. Anterior to facial artery, it was found to be 
superior to the inferior border of mandible. Ziarah and Atkin-
son studied 76 facial halves and found that 53% of the time 
the marginal mandibular branch was up to 1.2  cm below the 
inferior border of the mandible before reaching the facial 

vessels. Six percent remained below the inferior border of the 
mandible, as far as 1.5  cm anterior to the facial artery.

Pain and gait disturbance. This is more frequently 
observed with an anterior iliac crest bone graft compared 
with a posterior iliac crest bone graft (attributed to stripping 
of the tensor fascia lata muscle along the anterior iliac crest). 
In a study by Marx and Morales (posterior group, N = 50, and 
anterior group, N = 50), they reported that 6% of patients 
were limping at 10 days postoperatively and that no patients 
were limping at 60 days after posterior iliac crest bone graft-
ing, whereas 42% and 15%, respectively, limped who under-
went the lateral approach to the anterior iliac crest bone graft. 
They also reported a higher pain score for the anterior group 
at postoperative days 1 and 10. When comparing the medial 
with the lateral approach for the anterior iliac crest bone graft, 
Grillon and associates found the lateral approach to be asso-
ciated with greater morbidity (increased blood loss and 
number of days requiring a cane or crutch). Others have also 
found that a lateral approach is associated with more pain, 
prolonged gait disturbances, and wound hematoma. This is 
likely due to the stripping of the muscles attached to the 
lateral aspect of the anterior iliac crest (tensor fascia lata 
muscle), which is involved in gait and stance.

Infection and delayed wound healing at the donor site. 
This occurs in fewer than 4%. Delayed wound healing has 
been reported mostly when the incision was directly over the 
bony prominence of the iliac crest.

Blood loss. This is directly related to the size of the cor-
ticocancellous graft harvested and the operative time. 
Brazaitis and colleagues reported a case of severe retroperi-
toneal hemorrhage (Grey-Turner sign or ecchymosis on the 
fl ank indicating a retroperitoneal bleed) resulting in death 
after anterior iliac crest bone grafting.

Hematoma or seroma at the donor site. Some studies 
have suggested that the incidence of hematoma or seroma 
formation is less when using drains; however, this has not 
been consistently shown in the literature. Mazock and associ-
ates reported an 8.6% incidence of uncomplicated seromas. 
Marx and Morales reported a 12% incidence of seroma and 
a 2% incidence of hematoma formation for the anterolateral 
approach.

Figure 11-26 Morselized cancellous marrow graft compacted 
into the prepared recipient bed and alloplastic resorbable crib.

Figure 11-27 Postoperative pan-
oramic radiograph showing an ideally 
placed reconstruction plate along the 
inferior and posterior borders of the 
mandible and a bone graft spanning 
the defect.
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Adynamic ileus (decreased peristalsis due to the lack 
of smooth muscle contraction). A rarely reported complica-
tion, the signs and symptoms include abdominal pain and 
distention, nausea and vomiting, high-pitched or absent bowel 
sounds, sentinel loop of gas per abdominal radiograph, and 
electrolyte abnormalities.

Orthopedic complications. Risk of fractures increases 
with graft size (2% to 13% incidence of anterior superior iliac 
spine fracture, which can be avoided by limited undermining 
of the anterior superior iliac spine). Acetabular fractures and 
iliac crest subluxations are rare. Pelvic instability in posterior 
iliac crest bone graft is due to weakening of sacroiliac 
joint and ligaments and should be avoided with careful 
dissection.

Contour defects of the anterior ilium. This is seen espe-
cially when the anterior iliac crest is removed and stripped 
from the periosteum. Hypertrophic scarring can also be seen 
at the incision site.

Sensory nerve injury. Laurie and associates reported a 
10% temporary sensory loss after anterior iliac crest bone 
grafting (lateral cutaneous branches of the iliohypogastric 
and subcostal nerves). Nkenke and associates report 20% 
hypoesthesia after anterior iliac crest bone grafting seen 
exclusively in the lateral femoral cutaneous nerve distribution 
(all resolved at 1 month). Others report that the lateral cutane-
ous branch of the iliohypogastric nerve is the most commonly 
injured nerve in the anterior iliac crest bone graft. Meralgia 
paresthetica (burning, stabbing pain along the lateral femoral 
cutaneous nerve distribution) has a reported incidence of 0% 
to 1.8% (86% of the time the lateral femoral cutaneous nerve 
runs deep to the inguinal ligament and is protected, while in 
2% of patients it runs over the anterior superior iliac spine). 
The medial branch of the superior cluneal nerves is 6.5  cm 
from the posterior superior iliac spine and 8  cm from the 
midline (Mazock and associates reported a less than 3% 
incidence of superior cluneal nerve injury that resolved at 6 
months). Others have reported an incidence of 12% to 20% 
of temporary sensory loss to the cluneal nerves.

Pain and gait disturbances are rare after 6 months. Hernia, 
arteriovenous fi stula formation, and ureteral injury have been 
reported but are very rare complications.

DISCUSSION

Mandibular reconstruction using iliac crest bone graft is a 
three-stage reconstruction:
• Stage I: tumor resection
• Stage II: bony reconstruction
• Stage III: dental implants and rehabilitation
The main goal is to optimize the recipient bed (qualitatively 
and quantitatively) to improve bone graft survival. Stage I 
includes resection of the tumor (either malignant or benign) 
and stabilization of the mandibular segments and occlusion 
with a reconstruction plate. If there is a soft tissue defi ciency 
at the time of ablative surgery, a soft tissue fl ap may be used 
(pectoralis major, latissmus dorsi, or free fi bula, iliac crest or 
radial forearm fl aps). If postablative radiation therapy is used 

for the treatment of malignant tumors, a hyperbaric oxygen 
protocol can be used before and after stage II to optimize the 
quality of the recipient bed (some authors recommend bony 
reconstruction after 1 year of disease-free state, because 70% 
of recurrences occur within the fi rst year). Bone grafting can 
be done 3 months after ablation of a benign tumor or 3 months 
after the last surgical procedure to optimize the recipient bed 
(including extractions, vestibuloplasties, scar excisions, or 
myocutaneous fl aps).

Autogenous bone, in the form of a cancellous cellular 
marrow (formerly called particulate bone and cancellous 
marrow), is the gold standard for grafting in the maxillofacial 
region because it possesses osteogenic (new bone formation 
from osteoprogenitor cells), osteoconductive (new bone for-
mation from host-derived or transplanted osteoprogenitor 
cells along a biologic or alloplastic framework), and osteoin-
ductive (formation of new bone by guided differentiation of 
stem cell precursors into secretory osteoblasts by bone induc-
tive proteins) properties.

The ilium provides the highest in cancellous cellular 
density (posterior ilium  >  anterior ilium  >  tibial plateau  >  
mandibular symphysis). Osteocompetent cells (endosteal 
osteoblasts and cancellous marrow stem cells) are transferred 
in a viable state to the recipient bed. The transplanted bone 
is hypoxic (oxygen tension of 3 to 10  mm  Hg), acidotic (pH 
4 to 6), and rich in lactate, which acts as chemotactic agent 
to recruit macrophages to secrete angiogenesis factors.

Bone grafting (fi rst 3 to 5 days). Cells survive via diffu-
sion of nutrients from recipient bed. Vascularity of the recip-
ient bed is important for graft survival. This can be optimized 
with hyperbaric oxygen, especially in previously irradiated 
patients (quality), added tissue bulk if needed (quantity), 
removal of scar tissue (to allow diffusion of nutrients into 
graft), and the absence of any infection. An oxygen gradient 
greater than 30  mm  Hg stimulates macrophage chemotaxis 
and initiates angiogenesis.

Beginning on day 3, the capillary buds proliferate and 
begin to penetrate the graft (stimulated by multiple factors, 
including platelet-derived growth factors, macrophage-
derived angiogenesis factors, and macrophage-derived growth 
factors). These new capillaries bring in nutrients to support 
mitogenesis and osteoid production.

Bone grafting (days 10 to 14). Completion of revascular-
ization occurs at 2 weeks. An automated shut off mechanism 
occurs when the oxygen gradient is obliterated. This is a 
critical period for bone graft survival as small vessels can be 
easily sheared by micromovement. Two- to 3-week periods of 
maxillomandibular fi xation and empiric antibiotic coverage 
are recommended during this revascularization phase.

Bone grafting (weeks 3 to 4). Phase I bone (woven bone) 
regeneration is dependent on the osteocompetent cellular 
density of the graft (which is increased by compacting the 
graft). Phase I bone is eventually replaced by phase II bone 
(mature lamellar bone) because of obligatory resorption of 
phase I bone by osteoclasts, releasing BMP and linking 
resorption with new bone formation (capable of self-renewal 
via the endosteum and periosteum). Ideally, phase II bone 
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replaces phase I bone in a 1:1 ratio over the next several 
weeks.

Alternatives to a staged cancellous marrow bone graft to 
reconstruct a continuity defect of the mandible include the 
vascularized free fi bula or deep circumfl ex iliac artery free 
fl ap. These can be used to reconstruct both the soft and hard 
tissues at the time of tumor ablation (see Free Fibula Flap for 
Mandibular Reconstruction section in this chapter).

rhBMP can be used as adjunct therapy. rhBMP-soaked 
gelfoam sponges can be placed into a defect using various 
cribs (allogeneic split rib is very versatile). rhBMP has been 

shown to be osteoinductive, creating bone de novo by recruit-
ing circulating mesenchymal cells and initiating their dif-
ferentiation into functional osteoblasts.

Reconstruction of a severely resorbed mandible is a unique 
challenge to all reconstructive surgeons (Figure 11-28, A). 
The severely resorbed mandible lacks suffi cient bone height 
to accommodate 10  mm or longer dental implants, and wearing 
a non–implant-supported lower denture is nearly impossible 
(insuffi cient vestibular depth, mental nerve impingement, and 
lack of retention). These patients are also susceptible to man-
dibular body fractures (usually the thinnest and weakest 

C

B

A

D

E

Figure 11-28 A, Panoramic radiograph of a severely resorbed edentulous mandible with bilateral body fractures, with severe telescoping 
on the left side. B, Four 15-mm dental implants are placed in the anterior mandible. C, Cancellous marrow bone graft from the posterior 
ilium and platelet-rich plasma is packed from ramus to ramus and around the implants. D, A stereolithographic model used to prebend a 
low-profi le 2.3 locking reconstruction plate from angle to angle. The telescoped segment was sectioned on the model and glued together in 
a reduced position before bending the plate. The position of the condyles were kept the same by fabricating glenoid fossas by impressing 
the condylar heads into a plastic emesis basin fi lled with dental stone. E, Postoperative panoramic radiograph of the reconstructed mandible 
using a modifi cation of the tentpole technique.
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area). The “tent pole” technique was introduced by Marx and 
has been found to be a predictable reconstructive modality 
for the severely resorbed mandible (height of bone is 6  mm 
or less). It involves placing four to six 15-mm implants in the 
anterior mandible (Figure 11-28, B) (which act to “tent” up 
or expand the perimandibular soft tissue matrix) and immedi-
ate iliac crest bone grafting from ramus to ramus around the 
implants via a transcutaneous approach (submental omega 
incision) (Figure 11-28, C), to increase the bony dimensions 
of the mandibular body and reduce the risk of atrophic frac-
tures. Marx presented 64 cases with a mean initial bone 
height of 4.8  mm. All patients maintained 15  mm of bone 
height and had an osseointegration rate of 99.5%, with func-
tional rehabilitation of all patients at a mean follow-up of 4.9 
years. This concept has been successfully applied to patients 
with a severely resorbed mandible and bilateral body frac-
tures. In this situation, a visor incision is used and a low-
profi le locking reconstruction plate is adapted from angle to 
angle (prebending the plate on a stereolithographic model is 
advantageous) (Figure 11-28, D). The screws are placed in 
the anterior mandible (anterior to the mental nerve) in every 
other hole to allow placement of the implants and in the pos-
terior body/ramus region (posterior to the inferior alveolar 
nerve). Autogenous bone is packed around the fractures and 
implants from ramus to ramus as previously described. Figure 
11-28, E shows the postoperative panoramic radiograph.
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12 Facial Cosmetic Surgery
Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Lip Augmentation
• Rhinoplasty
• Cervicofacial Rhytidectomy (Facelift)
• Upper and Lower Eyelid Blepharoplasty
• Genioplasty
• Endoscopic Brow-Lift
• Botulinum Toxin A (Botox) Injection for Facial Rejuvenation

Facial cosmetic surgery has gained tremendous popularity in 
the past decade. One reason for this rise in interest is the 
consumer’s increased accessibility to information via televi-
sion, the Internet, and other media sources. Also, the develop-
ment of safe and effective surgical techniques with reduced 
“downtime” and long-lasting natural appearing results has 
popularized this fi eld. Facial cosmetic surgeons must inti-
mately understand facial anatomy, as well as the anatomy and 
physiology of the aging process. Although some patients seek 
to rejuvenate their appearance to “turn back” the hands of 
time, others are interested in altering their appearance to a 
more desirable social norm.

In each area of the face, several different surgical tech-
niques have been developed to improve the appearance, each 
with their own merits. It is the intent of this chapter to intro-
duce readers to the basic concepts of facial cosmetic surgery. 
Each section is designed to emphasize the key points impor-
tant in the examination, contrasting the presenting deformity 
with the ideal, youthful norms. The rationale for surgical 
techniques to improve outcome and achieve lasting results 
based on facial anatomy and the process of facial aging is 
described. Ultimately, the techniques used by facial cosmetic 
surgeons are based on the surgeon’s preference, training, and 
clinical situation.

Both genetic and extrinsic factors contribute to the aging 
process. The genetic factors are fi xed. Extrinsic factors can 
be altered and include excess sun damage, smoking, a healthy 
diet, and exercise. Rejuvenation of the face should be tailored 
to the individual by improving the overall health of the patient, 
addressing the health of the skin, and possibly using adjunc-
tive surgical procedures to enhance beauty. For smokers, the 
single most effective method of improving one’s health 
(including the skin) is to stop smoking. For those “sun lovers,” 
it is old news—excessive sun exposure will damage the skin 
(burns and dries out the skin). The goal of facial cosmetic 
surgery is to improve and refresh the appearance of the face 
without any signs of obvious surgical intervention after the 
healing is complete.

Oral and maxillofacial surgeons are uniquely trained to 
recognize and manage facial deformities at all levels. Facial 
rejuvenation and cosmetic surgery have been described as 
analogous to building a house. First, the foundation must be 
established (skeletal surgery). Next, the framing and walls 
must be built (soft tissue surgery). Finally, the paint must be 
applied (skin resurfacing). With proper understanding and 
training, facial cosmetic surgery can be easily incorporated 
into one’s practice.
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Lip Augmentation

Shahrokh C. Bagheri, DMD, MD, and Chris Jo, DMD

CC

A 30-year-old healthy white woman presents for consultation 
for upper lip augmentation. She complains that her upper lip 
is “thin” and does not match her lower lip. She desires a 
“mild” augmentation of her upper lip and specifi cally does 
not want to have an excessively “pouty” upper lip.

HPI

The patient has no previous history of facial fi ller for soft 
tissue augmentation. She has recently gone through a divorce 
and desires to improve her looks for the new year. She appears 
to have realistic expectations and is well educated, via the 
Internet, about the different products available on the market. 
She has had previous breast augmentation surgery with satis-
factory results.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

Maxillofacial. The patient does not have lymphadenopathy. 
Her facial skin is without any lesions, and her oral mucous 
membranes are moist. Oral hygiene is excellent. Nasal and 
maxillary dental midlines are aligned.

Evaluation of volume (height, fullness), projection, vermil-
lion exposure, and defi nition of the lips is important in 
preparation for lip augmentation procedures.

Lips. The lips are symmetrical (Figure 12-1). The upper 
lip to lower lip height ratio is about 1:2 (in general, an 
aesthetic upper lip is one third of the total lip mass, and the 
lower lip represents two thirds of the total lip height). The 
upper lip is relatively defi cient in volume compared with 
the lower lip. Cupid’s bow and the vermillion border are well 
defi ned with good profi le projection. Four millimeters of 
central incisors is visible at rest (normal range for females 3 
to 4  mm, and that for males is 2 to 3  mm), with no gingival 
show on smiling (no “gummy” smile). She does not exhibit 
lip incompetence. The nasolabial angle is within normal 
limits (100°  ±  10°).

Normal aesthetic parameters for lips are differently defi ned 
among persons of different races and cultures, so “normal” 
parameters are not well established. As in any cosmetic pro-
cedure, patients’ desires and expectations along with fashion-
able trends emphasized by the media and celebrities play a 

major role in patients’ and surgeons’ decisions for cosmetic 
intervention.

IMAGING

Standard frontal facial photographs and close-up views of the 
lips are routine. Profi le and oblique preoperative and post-
operative close-up views of the lips may also be helpful.

LABS

Lab tests are not indicated unless there is a known history of 
coagulopathies (increased risk of hematoma, bruising, and 
erythema at injection site). Unlike collagen, hyaluronic acid 
is identical among species, making it highly biocompatible 
and thus eliminating the need for allergy testing (see 
Complications).

ASSESSMENT

Patient desires upper lip augmentation to enhance both 
defi nition and volume

TREATMENT

Restylane is a stabilized, lower-molecular-weight, partially 
cross-linked hyaluronic acid that is Food and Drug Adminis-
tration (FDA) approved for soft tissue augmentation. It is 
created via bacterial fermentation from streptococci species. 
This material has been used in Europe before 2000. Hylaform 
Gel is hyaluronic acid extract that is derived from rooster 
combs.

Bilateral infraorbital nerve blocks are given to achieve 
upper lip anesthesia without local infi ltration in the areas to 
be augmented to avoid temporary tissue distortion secondary 
to the injection. The white roll is augmented on the upper lip, 
starting at the midline and following the contour of cupid’s 
bow to enhance both defi nition and projection. The material 
is injected in a linear threading fashion as the needle is with-
drawn away from the midline via two or three injection 
sites. The upper lips are intermittently massaged to achieve 
uniform distribution of the fi ller. The contralateral side is 
injected in a similar fashion. The body of the lip is also 
injected in a similar fashion to achieve volume enhancement 
of the lips. A total of one syringe was used for the upper lip 
(Figure 12-2).

Many surgeons actively involve the patient by allowing her 
to occasionally evaluate the lips in a mirror to achieve the 
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desired effect and to give the patient a sense of participation 
in the treatment.

Other materials and techniques used for lip augmentation 
include AlloDerm (cadaveric acellular dermal collagen 
framework), polytetrafl uoroethylene, autologous fat transfer/
injection (harvested from periumbilical right medial thigh 
fat), injectable collagen, or a strip of superfi cial musculoapo-
neurotic system (SMAS), when concurrent facelift proce-
dures are performed.

COMPLICATIONS

The ideal facial augmentation material should be inert, bio-
compatible, and safe and should remain stable over time. 
Bovine collagen has dominated the facial fi ller market until 
recently. The main concern associated with it is the risk of 
severe allergy, requiring the use of allergy skin testing before 
injection. The use of autologous collagen harvested from the 
patient’s own skin eliminated the need for allergy testing, but 
it needs to be harvested, which involves associated morbidity 
and limited supply. Autologous fat also eliminates the need 
for skin testing, but it also involves harvesting. This may be 
desirable if simultaneous liposuction is being performed. 
Dermalogen (Collagenesis, Beverly, MA) is human collagen 
prepared from human donor tissue processed from cadavers. 
This material undergoes extensive screening for infectious 
agents and is irradiated before use. Skin testing is not required 
by the FDA.

Several formulations for hyaluronic acid are available 
for injection into soft tissue, but not all are FDA approved. 
Olenius conducted the fi rst clinical study to evaluate biode-
gradable implants. He evaluated 113 subjects after injection 
with partially cross-linked hyaluronic acid and reported no 
allergic reactions and infrequent side effects, limited to local-
ized erythema and swelling related to superfi cial placement 
of the material, small hematoma formation, and lumpiness 
secondary to uneven injection. In 2001, Lowe and associates 
studied 709 patients injected with hyaluronic acid prepara-
tions. They reported a 0.42% delayed infl ammatory skin reac-
tions that started about 8 weeks postinjection. A review of 
worldwide data on 144,000 patients treated in 1999 indicated 
that the major reaction to injectable hyaluronic acid was local-
ized hypersensitivity, occurring in approximately 1 of every 
1400 patients treated. This study concluded that hypersensi-
tivity to non–animal-source hyaluronic acid gel is the major 
adverse event and is most likely secondary to impurities of 
bacterial fermentation. More recent data indicate that the 
incidence of hypersensitivity appears to be declining after 
the introduction of a more purifi ed hyaluronic acid raw 
material.

Knowledge of vascular anatomy is essential. Case reports 
have been reported of intraarterial injection of hyaluronic 
acid causing localized skin changes and autologous fat embo-
lization causing ocular and cerebral ischemia.

DISCUSSION

A common question asked by patients concerns the duration 
of the augmentation. In the study by Olenius, injection of 
partially cross-linked hyaluronic acid demonstrated the great-
est degree of effectiveness at 2 weeks (98%) with subsequent 
decline at 3 months (82%), 6 months (69%), and 1 year 
(66%). Although the effects of this fi ller are not permanent, 
repeat injections may require smaller amounts of fi ller to 
achieve similar results.

It is essential that surgeons do not apply a single method 
of augmentation for every patient who presents to the offi ce. 
Accurate diagnosis of the facial deformity or the desired 
effect is the key to satisfactory outcomes. Concurrent knowl-
edge of multiple techniques, safety profi les of the existing 
materials, and their clinical effects is essential for successful 
soft tissue augmentation.
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Figure 12-2 Lips after upper lip augmentation with Restylane.
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Shahrokh C. Bagheri, DMD, MD, and Chris Jo, DMD

CC

A 24-year-old woman presents for consultation regarding her 
nose. She explains that it is too bulky and she does not like 
the “bump” on it.

HPI

The patient works in the beauty industry but has become 
aware of the shape of her nose since college. Several years 
ago, she noticed the prominence of her nasal dorsum and the 
bulky mid dorsal area when she looks in the mirror. In addi-
tion, she complains of diffi culty breathing through her right 
nostril. She reports to breathing better through the left nostril, 
and when she pulls her right cheek inferiorly and laterally, 
she experiences improved airfl ow through the right nostril 
(positive Cottle sign).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has no previous history of septoplasty, cosmetic 
rhinoplasty, or nasal trauma (previous nasal surgery is par-
ticularly important because the anatomy may be altered. If 
the septal cartilage has be previously harvested or adjusted 
and there is a need for cartilage grafting, the ear cartilage can 
be used). She denies any seasonal or drug allergies (important 
to note symptoms of allergic rhinitis or recent upper respira-
tory tract infections). There is no history of psychiatric dis-
orders or treatment (patients with certain psychiatric disorders 
may not be candidates for elective cosmetic procedures). 
There is no history of smoking or cocaine or other drug 
use (cocaine-induced vasoconstriction will compromise 
wound healing and increase the risk of septal perforation). 
She also has no history of granulomatous or autoimmune 
disorders (such as Wegener granulomatosis, which can affect 
the nasal mucosa) or of epistaxis (prior history of unexplained 
epistaxis should be investigated for blood dyscrasias such as 
von Willebrand disease).

EXAMINATION

Examination of the nose for cosmetic surgery has to include 
both cosmetic and functional factors. Cosmetic evaluation 
should encompass the entire face, but for planning purposes, 
the nose can be examined in fi ve regions:
1. Skin
2. Radix
3. Dorsum

4. Tip
5. Nostrils and alar base
Each region is evaluated in three dimensions. The functional 
aspects of the nose (mainly breathing) require a careful 
endonasal speculum examination. Correction of cosmetic 
parameters may cause or exacerbate nasal function (e.g., 
narrowing the nose may compromise breathing).

General. The patient is a well-developed and well-
nourished woman with realistic expectations and knowledge 
of nasal cosmetic surgery.

Maxillofacial. There is no evidence of upper respiratory 
infection (no postnasal drip, discharge, or erythema of mucous 
membranes).

Examination of the Nose

• Skin. The skin meets the criteria of Fitzpatrick type II 
with no evidence of acne or excessive sebaceous 
secretions. Skin and soft tissue envelope have adequate 
thickness over the dorsum and tip (Figure 12-3).

• Radix. Soft tissue nasion is between the lash and crease 
line of the upper lid (within normal limits). The 
nasofacial angle is 34° (within normal limits).

• Dorsum. There is a prominent dorsal hump on the 
profi le view (Figure 12-4). The mid dorsum is 
rectangular in shape on the frontal view. The nasal 
dorum is wide but symmetrical.

• Tip. The tip is slightly bulbous with prominent lower 
lateral cartilages. The nasolabial angle is 100° (normal is 
approximately 105°).

• Nasal base. There is adequate width (coincident with the 
medial canthus). The nostrils are symmetrical, with no 
signifi cant nostril show or hanging columella.

• Speculum exam. Linear deviation of the quadrangular 
cartilage (nasal septum) to the right and partial blockage 
of the right internal nasal valve (the angle formed by the 
nasal septum and upper lateral cartilage). There is 
compensatory inferior turbinate hypertrophy on the left, 
with mild erythema of the nasal mucosa and 
turbinates.

IMAGING

Preoperative and serial postoperative photoimaging is man-
datory for cosmetic procedures. Standard photography for 
cosmetic rhinoplasty includes frontal, right and left lateral, 
right and left oblique, and basal (“worm’s eye”) views. Pho-
tographs should be standardized to allow optimal preopera-
tive and postoperative comparisons.
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Computed tomography (CT) is not necessary for cosmetic 
rhinoplasty, but it can be used in selected cases to delineate 
the severity of septal deviation and identify sinus pathology.

LABS

No routine laboratory testing is indicated for cosmetic rhino-
plasty unless dictated by the medical history.

ASSESSMENT

Patient desires cosmetic rhinoplasty: prominent dorsal hump 
on profi le; wide nasal dorum on frontal view (“boxy 
dorsum”); bulbous tip as seen on the frontal view, with good 
projection; deviated septum with compromised right nasal 
valve function

It is important to assess both the cosmetic and the func-
tional aspects of the diagnosis.

TREATMENT

Treatment is dependent not only on the physical fi ndings 
(diagnosis) but, more important, also on the patient’s desires 
and expectations. This is best achieved by establishing an 
open line of communication and exact identifi cation of patient 
goals. This patient complains of a large nose and diffi culty 
breathing through the right nostril. Treatment should address 
both the aesthetic and functional disturbances. Cosmetic 
alterations frequently exacerbate functional parameters. The 
surgical plan must be developed preoperatively, based on the 
patient’s function and cosmetic desires and needs.

The surgical approach (endonasal versus open rhinoplasty) 
is dependent on the complexity of the case and the experience 
and preference of the surgeon. Incisions for endonasal rhino-
plasty include (Figure 12-5):
• Intercartilaginous or limen vestibula incision (between 

the upper and lower lateral cartilages)
• Intracartilaginous or cartilage splitting incision (through 

the upper aspect of the lateral crura of the lower lateral 
cartilage)

• Infracartilaginous or marginal incision (on the inferior 
aspect of the lower lateral cartilage)

Standard incisions to approach the nasal septum include the 
transfi xion incision (through the membranous septum) or the 
Killian incision (incision over the cartilaginous septum). 
Most simple rhinoplasties can be done via an endonasal 
approach. However, if complex tip work or spreader grafts are 
required, an open transcollumellar incision allows greater 
access and visibility than the cartilage delivery approach. The 
scar from this incision is usually not visible several months 
after the procedure.

For any rhinoplasty surgery, a treatment plan should be 
outlined to address patient desires within the confi nes of the 
surgeon’s ability to achieve the outcome and without compro-
mise of nasal function. The following surgical plan was made 
for this patient:

Open Septorhinoplasty

1. Septoplasty and harvest of septal cartilage
2. Submucus resection and turbinate outfracture
3. Transcolumellar incision for access to the dorsum, septum, 

and nasal valve
4. Reduction of the nasal dorsum (rasp or osteotome 

reduction)
5. Nasal tip refi nement (resection and/or suture techniques 

can be used based on the surgeon’s preference)

CEPHALIC DORSUM

CAUDAL
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cartilage
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Lower lateral
cartilage

Upper lateral
cartilage

Nasal bone

Frontal bone
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Figure 12-3 Anatomy of nasal structures as seen from profi le.

Figure 12-4 Preoperative facial profi le before septorhinoplasty.
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6. Bilateral spreader grafts (from septum) for opening of the 
nasal valves

7. Bilateral low to high nasal osteotomies for narrowing of 
the dorsum and closure of the “open book” deformity

Under general anesthesia, lidocaine with epinephrine was 
injected along the nasal septum, columella, dorsum, and 
nostril areas, and adequate time was given for vasoconstric-
tion (some surgeons limit the amount of subcutaneous local 
anesthetic injection to minimize tissue distortion for improved 
intraoperative assessment). A septoplasty and septal cartilage 
harvest were performed via a left hemitransfi xion incision (a 
minimum of 1-cm strut of dorsal and caudal cartilage should 
be left intact for adequate support) followed by submucosal 
resection with lateral displacement of the right inferior turbi-
nate. Careful attention was given to maintain adequate dorsal 
and columellar cartilage to avoid a saddle nose deformity. An 
open rhinoplasty (inverted V transcolumellar with infracarti-
laginous incisions) was performed with subsequent resection 
of 4  mm of the cephalic margin of the lower lateral cartilages 
(cephalic trim or volumetric reduction). Domal equalization 
and creation sutures were used to provide tip defi nition (some 
surgeons may elect to split the domes). Reduction of the bony 
dorsum was performed using a rasp, followed by excision of 
the cartilaginous dorsum using fi ne scissors. Strut and shield 
grafts were not used in this patient (although some authors 
suggest that strut and shield grafts be used in most patients). 
The nasal tip was supported by suturing the medial crura of 

the lower lateral cartilages to the nasal septum (a columellar 
strut can be used to achieve greater tip projection). The 
septum was disarticulated from the upper lateral cartilages 
bilaterally, and a spreader graft was placed (to increase the 
internal nasal valve). Finally, low-to-high lateral nasal oste-
otomies were performed, and the nasal complex was fractured 
in to close the open “book deformity” and address the width 
of the dorsum. Figure 12-6 demonstrates the postoperative 
patient profi le.

COMPLICATIONS

Cosmetic rhinoplasty is a diffi cult procedure to master. It is 
imperative to recognize complications early and not ignore a 
potentially correctable fi nding. Management of a dissatisfi ed 
patient can be challenging, but foresight, honesty, and a caring 
approach frequently aid in resolving an unsatisfactory 
outcome. These unsatisfactory outcomes may include a polly 
beak, saddle-nose, open roof deformity, undercorrection, 
dorsal irregularities, nasal tip deformities, or asymmetrical 
dorsum/tip. An overall revision rhinoplasty rate of 5% to 15% 
has been reported. Other reported complications include hem-
orrhage (1% to 4%), infection (0% to 3%), septal perforation 
(0.1%), skin sloughing (rare), and nasal obstruction (1% 
to 10%).

Patients undergoing open rhinoplasty should be informed 
about the postoperative anesthesia or profound hypoesthesia 

Nasal bone

Upper lateral cartilages

Transfixion incision

Transcolumellar incision

Limen vestibula incision
(intercartilaginous)

Cartilage splitting incision
(intracartilaginous)

Marginal incision
(infracartilaginous)

Lower lateral cartilages

Septal cartilage

Figure 12-5 Common sites of inci-
sions for rhinoplasty.
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of the nasal tip. This is usually temporary but can take 6 
months to 1 year to resolve.

DISCUSSION

The most important factor is a successful cosmetic rhino-
plasty is patient selection. Equally important is the surgeon’s 
ability to recognize his or her limitations in meeting the 
patient’s cosmetic demands. The nose needs to be examined 

in conjunction with the rest of the face, and considerable 
attention needs to be given to the patient’s ethnic background. 
Most normal anatomical nasal measurements in the literature 
are for Caucasians, and therefore treatment planning must 
be done with caution. A systematic approach to analyze the 
nose both as a component of the face and as an independent 
entity is essential. For example, a prominent nose may be 
accentuated by a hypoplastic mandible or chin, and the 
patient may benefi t from an advancement genioplasty or allo-
plastic augmentation. Additionally, both cosmetic and func-
tional aspects need to be addressed and anticipated. It is 
imperative for the surgeon to realize that an optimal cosmetic 
outcome may compromise nasal function. A good example is 
internal nasal valve compromise secondary to excessive nasal 
dorsum narrowing. Additional procedures such as spreader 
grafts (cartilaginous graft between nasal septum and upper 
lateral cartilage) to widen the nasal valve area may be 
considered.
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Cervicofacial Rhytidectomy (Facelift)

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 52-year-old white woman presents to your offi ce for evalu-
ation for possible facial cosmetic surgery. She complains of 
excessive skin laxity and wrinkling in her face and neck.

Although the majority of patients seeking facial cosmetic 
surgery are females, there is an increasing trend of male 
patients. Given the elective nature of facial cosmetic surgery, 
the chief complaint should strongly infl uence the selection of 
surgical procedures. It is our belief that for successful cos-
metic surgery, the surgeon should focus on facilitating patient 
desires, as opposed to “selling” any procedure that falls 
within the surgeon’s armamentarium.

HPI

The patient has no history of prior facial cosmetic surgery. 
She had recently attended a cosmetic seminar at your offi ce, 
which has sparked her interest in facial surgery (unlike other 
aspects of oral and maxillofacial surgery, a successful facial 
cosmetic practice requires adequate marketing and patient 
education). The patient specifi cally points to her jowls, cheeks, 
and submental regions, explaining that she has progressively 
noticed “sagging” of her face and neck over the past 3 years. 
She is constantly aware of her appearance to the point that 
it consistently bothers her, and she desires a more youthful 
appearance of her face. She reports using sunscreen and tries 
to avoid sunlight exposure because she does not tan and burns 
rather easily (Fitzpatrick type I skin).

The two most important factors related to the aging of skin 
are sunlight exposure and individual genetic characteristics. 
The latter cannot be altered, and therefore exposure to sun-
light is the single most important factor in skin care. Many 
skin care products are available on the market, most of which 
work by either promoting hydration, protecting from ultra-
violet light, or facilitating exfoliation of superfi cial epithelium 
and dead cells.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has hypertension, which is well controlled with 
Lopressor HCT (combination β-blocker with thiazide diuretic 
[metoprolol, hydrochlorothiazide]). The perioperative control 
of blood pressure is paramount for prevention of postopera-
tive hematoma).

She is also taking aspirin 81  mg daily for cardioprotective 
effects (aspirin or other nonsteroidal antiinfl ammatory drugs 
that interfere with platelet function should be stopped before 

facelift procedures. Generally, it is recommended to discon-
tinue aspirin 2 weeks before and for 1 week after the proce-
dure, to reduce the risk of hematoma formation).

She denies smoking or illicit drug use (smoking is associ-
ated with an increased risk of fl ap necrosis. Ideally, all 
nicotine-containing products should be stopped 4 to 6 weeks 
before cervicofacial rhytidectomy. Patients unable to quit 
smoking may be candidates for less invasive procedures such 
as the “S-lift,” or short fl ap rhytidectomy).

There is no prior history of fever blisters (prophylaxis is 
required when concomitant laser or chemical resurfacing is 
performed). Facelift procedures should be postponed in the 
presence of active herpes simplex virus blisters.

EXAMINATION

General. The patient is a well-developed and well-nourished, 
pleasant woman in no apparent distress.

Maxillofacial (divided into bony and soft tissue 
examination).
• Bony structure. The facial structures are symmetrical 

with good malar projection and symmetrical mandibular 
angles. There is no orbital dystopia (difference in 
position of the globe). The bony nasal pyramid and nasal 
tip are midline, with no dorsal hump. Examination of the 
nasal septum reveals no deviation. The hyoid bone is in 
good position (a low, anterior hyoid position 
compromises aesthetic results in the neck).

• The maxillary and mandibular dental midlines are 
coincident with the face. The occlusion is class I skeletal 
relationship. The chin is symmetrical with good 
anteroposterior and vertical dimensions (recognition 
and subsequent correction of microgenia can 
signifi cantly improve the facial contour of the chin and 
neck).

• Soft tissue. The eyebrows are in good position (in the 
female patient, the apex of eyebrow should be 
approximately 8 to 10  mm above the superior orbital rim 
and between the lateral limbus and canthus).

• Upper eyelids show minimal dermatochalasis (excessive 
eyelid skin laxity).

• There is no lateral hooding (excess skin of the lateral 
portion of the upper eyelid descending past the eyelid 
margin and obstructing vision in the lateral gaze).

• There is no upper eyelid ptosis (upper lid margin should 
cover 2 to 3  mm of the superior iris). The lower eyelids 
show good contour with no fat herniation. The snap test 
is normal (lower lid should reapproximate the globe 
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within 1 second when it is pulled inferiorly and 
released).

• The nasolabial groove is deepened (formed by insertions 
of the zygomaticus muscles) and the nasolabial fold is 
full (caused by descent of the malar fat pad).

• There is moderate jowling most pronounced at the lower 
facial third and neck, causing blunting of the inferior 
border of the mandible.

• Moderate submental lipomatosis and skin laxity are 
present with poorly defi ned cervicomental (cervical-
submental) angle and visible platysmal bands (Figure 
12-7). An aesthetically pleasing neck is defi ned as 
having a cervicosubmental angle of 115°  ±  10°, distinct 
inferior border of the mandible, anterior border of the 
sternocleidomastoid muscle, a depression posterior and 
inferior to the angle of the mandible, gentle contours 
without bands or folds, smooth skin, proportionate 
length, and a slight prominence of the thyroid cartilage 
in men.

• Dermatological. The patient has fair skin (Fitzpatrick 
skin type I: ivory white fair skin that never tans and 
always burns).

• She is Glogau type II skin classifi cation (early to 
moderate photoaging with wrinkles in motion, typically 
appearing in the fourth decade of life).

• There are fi ne dynamic cervicofacial rhytids in the 
periorbital (crow’s feet) and perioral (marionette lines) 
regions.

IMAGING

Standard preoperative and postoperative photodocumenta-
tion is mandatory for the facelift patient and should include 
a full frontal view in repose and with a full smile, right 
and left three-quarter oblique views, and bilateral profi le 
views.

LABS

In the absence of any signifi cant medical problems, no routine 
laboratory testing is necessary for a cervicofacial rhytidec-
tomy. Coagulation studies may be obtained if there is any 
suspicion of undiagnosed blood dyscrasias. An electrocardio-
gram is obtained based on patient age and risk factors for 
cardiovascular disease. A complete blood count and electro-
lyte panels can be obtained as needed.

ASSESSMENT

Patient desiring facelift procedure secondary to cutis laxis, 
designated as type III cervical facial laxity (defi ned as mod-
erate redundancy and jowling, platysmal banding, accentu-
ated nasolabial folds, and variable degrees of cervical facial 
lipomatosis)

Dedo’s classifi cation of facial profi les categorizes the lower 
facial third into six distinct groups:
• Class I (normal)
• Class II (cervical skin laxity)
• Class III (submental lipomatosis)
• Class IV (platysmal banding)
• Class V (retrognathia or microgenia)
• Class VI (low hyoid bone)

TREATMENT

Cervicofacial rhytidectomy and submental lipectomy with 
platysmaplasty (commonly known as a “full facelift”) is the 
gold standard for treatment of type III cervical facial laxity. 
All modern facelift techniques involve modifi cations to the 
SMAS to achieve lasting cosmetic outcomes. The SMAS was 
fi rst accurately described in 1976 by Mitz and Peyronie. Four 
basic approaches can be applied for correction of cervicofa-
cial redundancy:
1. Meloplication (e.g., barbed suture)
2. An S-lift (described by Saylan, which now has several 

modifi cations for incision designs and SMAS suspension 
suturing techniques)

3. Superfi cial plane facelift
4. Deep plane facelift

Each technique has various modifi cations described in the 
literature. The two most commonly used rhytidoplasty tech-
niques used are the S-lift and the superfi cial plane facelift 
with various incision designs for management of the SMAS, 
the platysma muscle, and suspension suturing techniques.

The superfi cial rhytidectomy with platysmaplasty is 
described here:

Figure 12-7 Preoperative profi le view illustrating the extent of 
soft tissue descent and laxity with mandibular jowling and blunting 
of the cervicomental angle.
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The incision design must be carefully planned and differs 
between surgeons based on preference and technique (needs 
modifi cation for male patients to preserve sideburns). First, 
the preauricular region is marked along the preauricular skin 
crease. Some surgeons prefer an endaural for improved scar 
camoufl age, but it is often criticized for causing tragal defor-
mities. The retroauricular incision is carried onto the poste-
rior surface of the conchal bowl (in the crease for men) up to 
the level of the external auditory canal. It then makes a right 
angle turn onto the mastoid skin and gently fades into the 
hairline. The temporal incision can extend superiorly from 
the preauricular incision as a temporal extension or can be 
made perpendicular to end at the anterior temporal tuft of hair 
(this incision should be beveled to allow regrowth of hair 
to hide the scar). A 3-cm curvilinear horizontal incision is 
marked in the submental region 3  mm posterior to the sub-
mental crease. This incision will be used for submental lipec-
tomy and platysmaplasty.

Next, tumescent solution is injected into the submental 
and submandibular triangles and bilateral cheek areas in the 
superfi cial fat layer (tumescent has been shown to facilitate 
dissection and reduce postoperative complications). Local 
anesthetic with epinephrine can be injected into the incision 
sites.

Dissection begins in the submental region. A skin subcu-
taneous fl ap is elevated (leaving 3 to 5  mm of fat attached to 
the dermis). The boundaries of dissection should be the infe-
rior border of the mandible, anterior border of the sterno-
cleidomastoid, and 3  cm beyond the inferior border of the area 
of neck ptosis. Excessive fat is sharply removed and gentle 
open liposuction is performed. The central aponeurosis/
fascia-platysma muscle complex and deep fat are sharply 
excised to identify the anterior borders of the platysma muscle. 
A suture platysmaplasty is performed to close this decussa-
tion (platysma suspension sutures and “Giampapa sutures” 
can be placed here to engage the anterior platysma border at 
the depth of the new cervicosubmental angle, which will be 
suspended later to the contralateral mastoid fascia).

Next, the preauricular and postauricular incisions are 
made along the previous markings. A superfi cial fl ap is devel-
oped using facelift scissors. This dissection joins the submen-
tal dissection that was previously carried out. Once the fl ap 
has been completely developed, the SMAS and platysma may 
be mobilized in a posterosuperior vector via a variety of 
techniques (imbrication, plication, lateral SMAS-ectomy, 
etc.).

We prefer the lateral SMAS-ectomy as described by Baker 
in 2000, in which a 1.5- to 2-cm strip of SMAS parallel to 
the nasolabial fold (from the malar eminence to angle of the 
mandible) is sharply excised and the margins reapproximated 
with 3-0 Vicryl sutures. This maneuver elevates the SMAS 
in a posterosuperior vector. Other surgeons prefer to fold the 
SMAS upon itself (plication) with sutures, whereas others 
prefer to incise the posterior aspect of SMAS and perform 
sub-SMAS dissection with imbrication of the SMAS. The 
posterior border of the platysma/SMAS is identifi ed and sus-
pended to the mastoid fascia (if platysma suspension sutures 

were placed earlier, they are also sutured to the mastoid 
fascia).

The skin-subcutaneous tissue fl ap is then allowed to pas-
sively redrape by sweeping the fl ap in a posterosuperior vector 
without excessive tension. The fl ap beds are checked for 
hemostasis (meticulous attention to hemostasis will reduce 
the incidence of postoperative hematoma). Platelet-rich 
plasma or fi brin glue can be sprayed beneath the fl aps (shown 
to decrease incidence of seroma, edema, and ecchymoses). 
Key sutures are placed superiorly at the superior helix and 
at the lobule of the ear. Excess skin in the preauricular and 
postauricular region is excised with facelift scissors and 
closed in layers (5-0 PDS in subcutaneous and 6-0 Ethicon 
for skin) and removed in 7 days. The excess skin in the tem-
poral (vertical or horizontal) and mastoid region is excised 
and carefully closed. Finally, the submental incision is 
inspected for hemostasis and closed in layers. A pressure 
dressing is applied (some surgeons still prefer to use 
drains instead of platelet-rich plasma or fi brin sealant) 
(Figure 12-8).

COMPLICATIONS

Hematoma is the most common postoperative complication 
(incidence of 0% to 9%) and can lead to prolonged facial 
edema and skin necrosis. Hematomas (most commonly occur-
ring within the fi rst 24 hours) can be classifi ed as either large 
(“major” or “expanding”) hematomas that require immediate 

Figure 12-8 Postoperative profi le view following a full face and 
neck lift using a superfi cial rhytidectomy technique. Note the 
creation of a distinct cervicomental angle and improvement of 
the mandibular jowl and nasolabial folds.
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surgical intervention (evacuation of hematoma and achieve 
hemostasis) or minor hematoma (“microhematoma”) that can 
be treated with needle aspiration and/or massage therapy. 
Signs include increased facial pain (especially when unilat-
eral), swelling, tightening of facial dressing, or ecchymosis of 
buccal mucosa, lips, and neck.

Jones and Grover in 2004 reviewed 678 consecutive super-
fi cial facelifts and found no signifi cant difference in major 
hematoma rates between groups treated with pressure dress-
ing, drains, fi brin glue, or tumescence (overall rate of 4.4%). 
When comparing tumescent with and without epinephrine, 
they found that the epinephrine-containing group had a 4.8% 
hematoma rate compared with 0% none in the control group. 
A separate study by the same authors showed that a tumescent 
technique signifi cantly reduces the incidence of skin necrosis 
(14:1), alopecia (19:1), hypertrophic scarring (25:1), stretched 
scarring (21:1), and subsequent scar revision. Griffi n and Jo 
in 2006 reviewed 178 consecutive facelifts and reported a 
2.8% incidence of major hematoma and 1.7% incidence of 
minor hematoma after superfi cial rhytidectomy.

In 1976, Berner and associates found that postoperative 
hypertension to be an etiological factor in hematoma forma-
tion after rhytidectomy. Straith and colleagues in 1977 found 
that an admission blood pressure greater than 150/100  mm  Hg 
had a 2.6 times greater incidence of hematoma formation. In 
the following year, Rees and Aston found that intraoperative 
hypotension increases the risk of hematoma, which was 
attributed to subsequent rebound hypertension. All three 
studies strongly suggest that blood pressure should be well 
controlled throughout the perioperative period. Kamer and 
Kushnick in 1995 found a twofold increase in expanding 
hematoma (2% versus 4.2%) when propofol was used for 
anesthesia, which caused a drop in systolic blood pressure by 
26% versus a 16% drop in the control group not receiving 
propofol.

Fibrin glue has been used to reduce the incidence of 
seroma. Oliver and colleagues in 2001 prospectively showed 
that fi brin glue reduces the amount of serosanguinous output, 
which obviated the need for drains to prevent seromas (no 
effect on incidence of major hematoma). Marchac and Sandor 
in 1994 reported a signifi cant reduction in major hematoma 
and ecchymoses when using fi brin sealant, without the need 
of drains or pressure dressings. However, in a later study, 
Jones and Grover did not fi nd a difference in major hematoma 
rates when fi brin glue was used.

Platelet-rich plasma is used by some surgeons for its ability 
to enhance soft tissue healing and decrease the amount of 
edema and ecchymoses. Man and colleagues in 2000 and 
Powell and colleagues in 2001 reported the benefi ts of plate-
let-rich plasma when used in cervicofacial rhytidectomy. 
Neither fi brin glue, platelet-rich plasma, nor other adjunctive 
maneuvers is a good substitute to meticulous hemostasis for 
prevention of major postoperative hematomas (Palaia and col-
leagues in 2001 found that DDAVP [desmopressin] reduces 
the incidence of minor hematoma).

Seromas can also cause delayed wound healing and there-
fore should be aspirated. Perkins and associates in 1997 found 

that placing suction drains signifi cantly decreases the inci-
dence of seroma (37% without drains versus 15% with drains). 
However, hematoma rates remained similar in the two groups. 
The differential diagnosis of a fl uctuant swelling beneath the 
fl ap must also include a parotid pseudocyst (resulting from 
damage to the parotid gland parenchyma). McKinney and 
associates in 1996 found that placing a suction drain, rather 
than repeated aspirations and pressure dressings, allowed 
more rapid resolution of parotids pseudocysts (within 1 
week).

Postsurgical auricular deformities (downward and forward 
auricular displacement and rotation, increased auriculoce-
phalic angle, hidden or buried tragus, pixie ear deformity) can 
occur but can be minimized by attention to suture anchoring 
of the soft tissue fl aps.

Direct injury to facial nerve branches is a rare complica-
tion. Almost all motor nerve injuries are temporary. One 
review of 7000 cases of superfi cial rhytidectomy from 
multiple surgeons reported 55 cases of motor nerve injury 
(temporal and marginal mandibular branches most com-
monly injured), seven of which were permanent. Hamra in 
1992 found that deep plane dissection was most likely to 
encounter temporary paresis of the upper lip and cause 
injury to the frontal branch. He also found a higher inci-
dence of pseudoparesis of the lower lip due to platysmal 
transaction.

The greater auricular nerve (C2-3) is the most common 
sensory nerve to be injured during a facelift. It crosses the 
posterior border of the sternocleidomastoid muscle at Erb’s 
point (along with three other cutaneous branches of the cervi-
cal plexus: lesser occipital, transverse cervical, and supracla-
vicular nerves). It supplies the skin of the back of the ear, 
mastoid region, and angle of the mandible.

Daane and Owsley in 2003 reviewed 2002 cases and found 
1.7% incidence of pseudoparalysis of the marginal mandibu-
lar nerve, in which the lower lip eversion was intact but an 
asymmetrical “full denture-type smile” was caused by injury 
to the cervical branch of the facial nerve or direct platysmal 
injury. All cases fully recovered within 3 weeks to 6 
months.

The most feared of all complications is fl ap necrosis and 
slough (incidence of 0% to 3%). This is the result of vascular 
compromise (decreased arterial perfusion, venous conges-
tion, small vessel disease seen with diabetes mellitus and 
smoking). Other causes include late hematoma evacuation 
and wide undermining with a wound closed under tension. 
Small areas of necrosis along the fl ap edge most commonly 
occur in the postauricular region (allow to heal by secondary 
intention). Smoking signifi cantly increases the risk of skin 
slough because of its negative effect on wound healing and 
fl ap vascularity. Rees and colleagues in 1984 reported a 12 
times greater risk for skin slough in smokers. Webster and 
associates in 1986 found that a conservative technique was 
safe in smokers and advocated using the S-lift for noncompli-
ant patients. It is recommended that the patient stop smoking 
4 to 6 weeks preoperatively and 2 to 4 weeks postoperatively. 
Wellbutrin is reported to be a good therapy for smoking 

Ch012-A04574.indd   314 6/27/2007   2:59:45 PM



cessation. Ice packs should be avoided because they may 
cause decreased fl ap perfusion.

DISCUSSION

Facial aging is the result of progressive gravitational descent 
of soft tissue that occurs in a predictable course based on 
anatomical and biologic certainties, which must be under-
stood for facial rejuvenation surgery. The genetic differences 
between individuals will give each patient their own unique 
variations (timing and extent) of facial aging (skin laxity, 
soft tissue descent, fat atrophy and volume loss, orbital fat 
herniation, loss of facial volume, bony resorption of the ante-
rior facial skeleton, and skin changes). Facial subcutaneous 
tissue, fascia, and overlying skin are supported or “anchored” 
by four true retaining ligaments (orbital, zygomatic, buccal-
maxillary, and mandibular) and by three false retaining 
ligaments (platysma-auricular, buccal-maxillary, and masse-
teric-cutaneous). Areas of the face that have loosely adherent 
areolar tissue become preferentially ptotic. These loose 
areolar planes exist in the forehead and eyebrow region, the 
temporal region, the anterior and middle cheek, and in the 
lower face and neck, and they account for the characteristic 
pattern of facial aging in the upper face, mid-face, and lower 
face and neck.

The aging pattern of the upper face is characterized by 
horizontal forehead lines (frontalis muscle hypertrophy), 
oblique and transverse frown lines (corrugator and procerus 
muscles, respectively), soft tissue descent over the lower fore-
head (due to depressor muscle tone overwhelming frontalis 
muscle), and soft tissue descent of the unsupported temporal 
tissue overlying the temporalis fascia (causing eyebrow ptosis 
and contributing to an aged upper eyelid appearance). Reju-
venation of the upper face will be discussed in a separate 
section (see sections on Endoscopic Brow-Lift and Upper and 
Lower Eyelid Blepharoplasty later in this chapter).

The aging pattern of the mid-face is characterized by 
attenuation and lengthening of the soft tissues causing ptosis 
and pseudoherniation of the orbital fat pads and suborbicu-
laris oculi fat pad. Also, loss of support from the retaining 
ligaments of the mid-face causes descent of the malar fat pad 
resulting in a deepened nasolabial groove, thickened nasola-
bial fold, and a hollowing of the upper mid-face.

The aging pattern of the lower face and neck is character-
ized by ptosis of midfacial soft tissue and fat (facial SMAS 
complex loses adherence and support from deep facial fascia 
and bone) that descends behind the mandibular retaining 
ligament and below the inferior border of the mandible (results 
in “jowling” and blunting of the inferior border of the man-
dible). The major plane of aging in the neck is the deep fat 
(areolar) layer (subfascia-plastysma layer) due to the release 
of central adherence between the superfi cial cervical fascia 
and superfi cial layer of deep cervical fascia. This manifests 
as laxity in the submental region, blunting of the cervical-
submental angle with lipomatosis or fat atrophy of the super-
fi cial fat layer, lipomatosis of the central deep fat layer, and 
platysma bands.

Most facial cosmetic surgeons prefer the superfi cial plane 
facelift due to its technical simplicity, decreased operating 
time, decreased recovery time, decreased morbidity, and good 
patient satisfaction. Many other surgeons advocate the deep 
plane facelift for its long-term stability and more natural 
rejuvenated appearance. Deep plane rhytidectomy was fi rst 
introduced by Skoog in 1974 and has been popularized by the 
works of Owsley, Hamra, Barton and others. The philosophy 
behind deep place facelifts is that the skin, subcutaneous 
tissue, platysma muscle, and SMAS should be elevated as one 
unit off the underlying facial muscles and repositioned to 
restore a more youthful appearance. This composite rhytid-
ectomy technique is beyond the scope of this section.

Recently, minimally invasive techniques (contour thread 
lifts) have been developed to rejuvenate the aging face. 
Although it is celebrated for its simplicity in technique, its 
short- and long-term stability is questionable.

Examination and treatment for facial cosmetic surgery 
should focus on the hard and soft tissues. Optimal cosmetic 
results are often obtained by combining surgical procedures 
that involve the underlying bony architecture, as well as the 
soft tissue envelope. Recent trends in maxillofacial aesthetics 
place greater emphasis on addressing the hard tissue deformi-
ties of the dentofacial region. Knowledge of orthognathic 
surgery, orthodontics, and dental aesthetics can be benefi cial 
to the facial cosmetic surgeon, allowing oral and maxillofacial 
surgeons to better serve the cosmetic needs of many patients.
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Upper and Lower Eyelid Blepharoplasty

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 48-year-old woman presents for consultation regarding 
excess skin on her upper and lower eyelids (dermatochalasis). 
Her coworkers constantly tell her that she “looks tired all the 
time.”

HPI

The patient was able to point out areas of excess skin over 
both upper and lower eyelids in front of a mirror. In addition, 
she complains about the “dark circles and bags” under her 
eyes. She does not complain about any visual fi eld restrictions 
(can be caused by advanced dermatochalasis or lateral/tem-
poral “hooding”). There is no history of dry eyes or other 
ocular problems and she has not had any previous facial cos-
metic surgery.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has no history of thyroid disease (Graves ophthal-
mopathy may manifest as eyelid edema, lid retraction, or 
early proptosis and may mimic fat prolapse or aging). There 
is no history of coagulopathies or bleeding tendencies. The 
patient does not use aspirin, nonsteroidal antiinfl ammatory 
drugs, vitamin E, herbal medications, or anticoagulants 
(medications that affect platelet or coagulation function and 
potentially increase the risk of retrobulbar hemorrhage must 
be discontinued at least 10 to 14 days before the procedure).

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman in no apparent distress.

Ocular. Examination of the pupillary reactions, visual 
fi elds, visual acuity, and extraocular muscles reveals no 
abnormalities. Schirmer’s test is normal (measures baseline 
tear production and can be used as needed to document pre-
operative lacrimal gland function) (Figure 12-9).

Forehead–eyebrow–upper lid complex. This area is 
assessed fi rst to evaluate for brow ptosis. The distance from 
the patient’s upper lid margin to the lower edge of the brow 
during primary gaze measures at 10  mm (normal range). If 
this measurement is less than 10  mm, it is suggestive of brow 
ptosis, which can also contribute to the amount of temporal 
hooding (another reference is the distance from mid-pupil to 
the high point of the brow, which is about 25  mm). In cases 
of signifi cant brow ptosis, added consideration to brow-lift 

procedures is warranted (the eyebrows can be elevated to the 
ideal position with the thumb and index fi nger, while examin-
ing the upper eyelid). There are no horizontal glabellar 
(caused by procerus muscle) or vertical (caused by corrugator 
supercilii) furrows at rest.
• Upper eyelid.

� Skin (examined with eyebrows/forehead completely 
relaxed). Excessive skin is centered over the mid 
eyelid. The redundant eyelid skin is predominantly 
above the eyelid crease (smooth forceps can be used 
to pinch the excess tissue to demonstrate the amount 
of skin laxity). There is no ectropion (everted eyelid), 
entropion (inverted eyelid), or lagophthalmos (eyelid 
incompetence). Bell’s phenomenon is intact 
(protective refl ex to prevent corneal abrasion/erosion). 
Upper eyelid margin position is ideal (should cover 2 
to 3  mm of superior iris).

� Herniated or prolapsed fat (upper eyelid has two 
preaponeurotic fat pads). Areas of herniated/prolapsed 
orbital fat are noted nasally (most commonly noted in 
this area). Gentle pressure on the globe while the eye 
is closed accentuates nasal fat herniation.

� Eyelid crease. The eyelid crease is identifi ed at 9  mm 
above the lid margin (within normal limits) at the 
level of the pupil.

� Examination for blepharoptosis (eyelid ptosis). The 
vertical interpalpebral fi ssure distance is measured at 
10  mm (normal is 10 to 12  mm centrally). This is the 
distance from the mid upper to the mid lower eyelid 
margin during primary gaze. A smaller distance is 
suggestive of blepharoptosis and levator disinsertion/
dysfunction, in which the upper eyelid has decreased 
excursion upon superior gaze. This distance is 
increased with upper eyelid retraction as seen in 
thyroid ophthalmopathy.

� Evaluation for prolapsed lacrimal gland. No 
fullness in the temporal region is noted; fullness in 
this area would be suggestive of lacrimal gland 
prolapse or descent of the retro-orbicularis oculi fat.

• Lower eyelid. The lower eyelids should be examined in 
conjunction with upper eyelid examination even when 
the patient desires only upper eyelid surgery. The lower 
eyelid should be evaluated for excess skin, laxity, orbital 
fat herniation and retraction.
� Skin. A moderate amount of excess skin is observed 

when the patient is looking up.
� Orbital fat. The medial, central, and temporal areas 

(corresponding to the three lower orbital fat pads) are 
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examined as the patient looks up. Gentle pressure 
over the closed upper eyelid demonstrates 
accentuation of orbital fat herniation.

� Lower eyelid retraction. The lower eyelid is slightly 
above the level of the inferior limbus (no scleral show).

� Lower eyelid laxity. The snap test is normal (lower 
lid reapproximates the globe within 1 second when it 
is pulled inferiorly and released).

IMAGING

Preoperative and serial postoperative photoimaging is man-
datory for cosmetic procedures. Close-up views of the eyelids 
in closed and open eyelid positions are recommended.

LABS

No routine laboratory studies are indicated for cosmetic eyelid 
surgery unless dictated by the medical history.

ASSESSMENT

Patient desires bilateral upper and lower eyelid blepharo-
plasties secondary to dermatochalasis (excess eyelid skin 
laxity) and prolapse of preaponeurotic fat

TREATMENT

Bilateral upper eyelid blepharoplasty with resection of pro-
lapsed fat is the treatment of choice to recreate an aestheti-
cally pleasing upper eyelid shelf for this patient. Because no 
eyebrow ptosis is present, a forehead/brow-lift procedure 
would not be indicated. We emphasize that each patient pres-
ents with unique aesthetic needs mandating differences in the 
amount of skin, muscle, or fat that must be removed to achieve 
the optimal cosmetic result.

Blepharoplasties can be performed under local anesthesia 
in a cooperative patient, or general anesthesia can be used as 

needed. Intravenous sedation is ideal for patient comfort. 
Before the administration of a sedative-hypnotic or local 
anesthetic, the eyelids should be reexamined and marked 
in the upright position (after administration of topical 
tetracaine).

The eyelids are marked in the upright or semireclined 
position before the administration of sedation. The upper 
eyelid is elevated and the inferior incision line is marked in 
the natural supra tarsal lid crease, approximately 1  cm above 
the lid margin (natural eyelid crease is 7 to 10  mm centrally 
in women and 6 to 8  mm centrally in men). Medially, the 
marking ends above the lacrimal punctum (extending the 
incision beyond the punctum will increase the risk of 
webbing), with a slight downward taper. Laterally, it is 
extended approximately 1  cm beyond the lateral canthus with 
a general upward slope (at the level of the lateral canthus, the 
incision should be approximately 5  mm above the level of the 
canthus). The superior incision line is marked as the excess 
skin is pinched with smooth forceps and the forehead/eyebrow 
is stabilized (a slight eversion of the upper eyelid margin with 
less than 1  mm of lagophthalmos will ensure an adequate but 
not overly aggressive skin resection). A minimum of 20  mm 
of skin must remain between the upper eyelid margin and the 
lower eyebrow margin to prevent postoperative lagophthal-
mos. The superior incision is marked with the skin held by 
the forceps, curving into the inferior incision medially and 
laterally in an elliptical fashion (modifi cations to the incision 
design can be made at the medial and lateral junctions depend-
ing on the clinical situation). The markings are again verifi ed 
with smooth forceps to ensure symmetry and lid competence. 
(When simultaneous lower eyelid blepharoplasty with a skin 
incision is planned, a minimum of 5  mm between the two 
incisions must be maintained laterally.)

After injection of local anesthetic with epinephrine, the 
incision can be made with various techniques (blade, radio-
frequency, or CO2 laser). The authors prefer to use CO2 laser 
(at 5-W continuous wave) to make the skin incision along the 
previously marked incision line. The skin is sharply excised 
from the underlying muscle with the laser by using forceps to 
grasp the lateral point of the ellipse with gentle upward trac-
tion. Upper eyelid skin is the thinnest skin in the body and 
very mobile tissue, especially in the elderly patient. For these 
reasons, the CO2 laser is ideal due to its precision. Some 
surgeons prefer to resect skin and muscle (orbicularis oculi) 
as a single unit, whereas others address the two separately.

A 3-mm strip of orbicularis oculi muscle, along the supe-
rior aspect of the wound, is excised from the lateral pole to 
the medial pole with curved scissors (removal of redundant 
orbicularis muscle is necessary to obtain optimal results 
in most patients). After excision of the muscle, the orbital 
septum is exposed. The yellowish fat pads are visible through 
the septum. Gentle ballottement of the globe will accentuate 
the prolapsed fat (supine position can mask the excess fat that 
is usually prolapsed when the patient is upright).

The orbital septum is incised and the fat is allowed to 
herniate through, assisted by gentle traction (excessive trac-
tion can shear terminal branches of the ophthalmic artery and 

Figure 12-9 Preoperative frontal view of patient.
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vein). The herniated fat can be clamped with a hemostat and 
then excised with electrocautery (which will achieve hemo-
stasis simultaneously) or simply excised with the laser as the 
fat is passively draped over a cotton swab (to avoid overresec-
tion). Not all patients require fat excision.

Hemostasis must be achieved before closure. The skin is 
closed using 6-0 nylon suture in a running fashion (some 
surgeons prefer using absorbable sutures). An ophthalmic-
grade antibiotic ointment is applied, and a cold compress 
(4  ×  4-inch gauze soaked in ice water) is used to minimize 
edema (preoperative dose of steroids can also be used).

The lower eyelid blepharoplasty was conducted using a 
subcilliary incision with a lateral extension within a natural 
skin crease, allowing for a minimum of 5  mm between upper 
and lower eyelid incisions. A skin muscle fl ap was elevated, 
the orbital septum was incised, and any excess periorbital fat 
was gently removed in a similar fashion, with careful atten-
tion to hemostasis. A strip of skin and muscle was removed 
along the incision line to remove any excess skin and restore 
the lower eyelid to a more youthful appearance. Upon closure, 
attention is given to resuspension of the lateral aspect of the 
fl ap to the periosteum of the lateral orbital rim. Alternatively, 
lower eyelid blepharoplasties can be performed via a trans-
conjunctival approach for removal of fat only, or it can be 
combined with a skin pinch technique to remove excess skin 
without disrupting the orbicularis oculi muscle. Some sur-
geons advocate redistributing the fat instead of excising it. 
The ideal technique will be determined by the surgeon’s 
preference and the patient’s clinical presentation.

Postoperative care includes local wound care and applica-
tion of antibiotic ointment. Overexertion must be avoided 
(especially during the fi rst 48 hours postoperatively), which 
can increase postoperative edema and increase the risk of 
hematoma formation (especially a retrobulbar hematoma, 
which is a surgical emergency). Control of nausea and vomit-
ing with antiemetics and control of hypertension is essential. 
Sutures are removed in 5 to 7 days. Figure 12-10 is a postop-

erative photograph of the patient at 6 weeks after upper and 
lower eyelid blepharoplasties.

COMPLICATIONS

Retrobulbar hematoma/bleeding causing loss of vision. 
Retrobulbar hematoma after cosmetic blepharoplasty is the 
most feared but fortunately rare (0.04%) complication. It is 
more commonly reported in patients who failed to report the 
use of anticoagulation medications such as aspirin or herbal 
medications A hematoma may be caused by shearing of small 
vessels in the fat pads, located posteriorly, or by uncontrolled 
hemostasis after excision of the fat (the fat pads retract when 
released, making it diffi cult to control any small bleeders, so 
it is prudent to achieve hemostasis while the fat is being 
excised with electrocautery or laser). The other theorized 
source of retrobulbar hematoma is hemorrhage from the cut 
edges of the orbicularis oculi muscle that gains retrobulbar 
access through the opened septum. The earliest sign is uni-
lateral eye pain. This will progress to proptosis, ophthalmo-
plegia, and decreased pupillary refl ex with eventual visual 
disturbances (color discrimination is affected fi rst, especially 
the color red). Sustained increased intraocular pressures 
result in central retinal artery occlusion and optic nerve isch-
emia, causing irreversible damage. Treatment includes imme-
diate removal of skin sutures and decompression of the orbit 
(may require a lateral canthotomy and inferior cantholysis). 
Medical management includes high-dose steroids (dexameth-
asone 3 to 4  mg/kg, followed by a tapering dose), mannitol, 
acetazolamide, and papaverine (to decrease vascular spasm). 
Bed rest, elevation of the head, and avoidance of Valsalva 
maneuvers are important supportive measures.

Wound dehiscence. Due to the vascularity and quick 
healing time in the eyelids, wound dehiscence is uncommon. 
It can be seen after postoperative complications such as pro-
longed bleeding, hematoma, or infection. Patient noncompli-
ance is another risk factor (early return to strenuous activity, 
eye rubbing). Management includes local wound care and 
allowing for healing by secondary intention, which generally 
occurs without scarring or cosmetic deformity.

Lagophthalmos and corneal abrasion. Transient lid 
incompetence is common following upper eyelid blepharo-
plasty. An intact Bell’s phenomenon will protect the cornea 
from corneal abrasions and exposure keratitis, when tear pro-
duction is normal. Lagophthalmos with decreased tear pro-
duction and/or a poor Bell’s phenomenon will increase the 
risk of exposure-related corneal complications. Lubrication 
ointment and an eye patch (plastic wrap placed over the eye 
works well) should be used during sleep until lagophthalmos 
resolves (as the lid skin stretches). Manual lid massage can 
be initiated 2 weeks after surgery to facilitate resolution. Full-
thickness skin grafts (from contralateral eyelid, banked tissue, 
or periauricular skin) may be required in cases of overly 
aggressive skin resection.

Eyelid ptosis. Postoperative eyelid ptosis may be caused 
by surgical injury or from an undiagnosed preexisting condi-
tion. Acquired senile ptosis (caused by dehiscence or disin-

Figure 12-10 Frontal view of patient 6 weeks after bilateral 
upper and lower blepharoplasties.
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sertion of the levator aponeurosis), accompanied by varying 
degrees of dermatochalasis of the upper eyelid, is common in 
the elderly population. Blepharoplasty performed in these 
patients without ptosis repair may result in postoperative 
exaggeration of the drooping eyelid. Therefore it is prudent 
to identify such patients by properly examining their levator 
function (normal excursion of 15  mm is considered excellent, 
greater than 8  mm is good, 5 to 7  mm is fair, and less than 
4  mm is poor) and upper eyelid position at rest (normally 
covers 1 to 2  mm of the superior limbus). Periorbital edema 
and hematoma can cause transient ptosis. Otherwise, surgery 
for postoperative ptosis repair should be delayed 3 to 6 months 
to allow for resolution.

Keratoconjunctivitis sicca (dry eye syndrome). Tear 
production begins to decrease in the fi fth decade of life. 
Blepharoplasty may produce subtle changes (increased width 
of palpebral fi ssure, lower eyelid retraction, lagophthalmos) 
unmasking the borderline dry eye patient. Preoperative 
Schirmer’s testing (5  ×  35-mm fi lter paper placed on the lower 
conjunctiva for 5 minutes; less than 10  mm of wetting is 
considered abnormal) is recommended by some. However, 
McKinney and Byun found that Schirmer’s test was not a 
good predictor of postblepharoplasty complication of dry eye. 
Instead, the history (increased blinking, dryness, contact lens 
intolerance, grittiness, and pain) and anatomy (presence of 
scleral show, lagophthalmos, snap test, and negative vector) 
were found to be more important predictors of postoperative 
dry eye complications. Treatment options include topical 
ocular lubricants, wetting drops, ointments (nighttime), and 
punctal plugs.

Infection. Orbital cellulitis or abscess following blepharo-
plasty is extremely rare. Prevention includes identifi cation 
and treatment of preexisting infectious diseases of the eyelid, 
conjunctiva, sinuses, and lacrimal sac. Appropriate surgical 
management may include opening a portion of the incision to 
allow drainage and systemic antibiotic coverage.

Cosmetic deformity (asymmetry, inappropriate fat 
resection, or lid malpositioning). Incomplete or overzealous 
resection of fat may cause residual fat bags or periorbital hol-
lowing, respectively. Asymmetries of the lid arch, height and 
width of the palpebral fi ssure, residual fat, and lid crease are 
not uncommon. Photodocumentation of preexisting asym-
metry and patient counseling are important. Using careful 
surgical technique and attention to detail will reduce the risk 
of asymmetry. Eyelid malpositioning (scleral show, ectropion, 
entropion, rounded eye) is mostly seen in lower eyelid bleph-
aroplasty. Damage to the levator muscle, aponeurosis, or 
Mueller muscle can result in upper lid malpositioning.

DISCUSSION

Examination of the blepharoplasty patient should encompass 
the whole face and not be limited to the eyelids. Particular 
attention is given to the position of the upper lid (upper lid 
ptosis) and brow. Brow ptosis can cause excessive upper 
eyelid folds. This needs to be recognized and addressed in 
the treatment plan for possible brow-lift procedures.

Correct diagnosis is the fi rst step to a successful outcome. 
The evaluation of the upper eyelid itself can be categorized 
into skin, muscle, and fat. Not all patients require surgical 
excision of all three components. Younger patients can dem-
onstrate fat herniation/prolapse (especially the nasal/medial 
fat pad) without excess skin. A transconjunctival upper bleph-
aroplasty (removal of excess medial upper eyelid fat) may be 
suitable for some patients. The aging patient may have excess 
eyelid skin and laxity (dermatochalasis), which will require 
skin excision only. However, most patients with varying 
degrees of dermatochalasis will require a small strip of orbi-
cularis oculi muscle to be resected for a better-defi ned supra-
tarsal crease and cosmetic outcome. Once the skin and muscle 
have been excised, the fat pads can be reevaluated under 
direct vision. Gentle ballottement of the globe will accentuate 
the fat pads (which are normally prolapsed in the upright 
position but are retracted in the supine position). If fat pro-
lapses into the wound upon ballottement, the septum should 
be incised and the fat gently excised. It is important to keep 
in mind that the medial/nasal fat compartment is composed 
of two individual fat pads. It is also prudent to avoid excess 
traction on the fat pads, which can result in overresection of 
fat and sheering of the posterior vessels.

Management of the prolapsed lacrimal gland. A pro-
lapsed lacrimal gland (superior lateral compartment of the 
orbit) should not be mistaken for a herniated fat pad. A pro-
lapsed lacrimal gland can be repositioned using suture sus-
pension techniques (suture leading edge of gland to the 
periosteum just posterior to the superior orbital rim) but should 
not be excised (increased risk of postoperative dry eye).

Adjunctive procedures during upper eyelid blepharo-
plasty. Corrugator supercilii muscle can be resected via the 
upper blepharoplasty incision, when indicated (to treat verti-
cal glabellar rhytids). Some surgeons prefer to use this 
incision to facilitate subperiosteal dissection during 
endoscope-assisted forehead lift. If simultaneous forehead/
eyebrow lifting is to be performed, the upper eyelid skin 
resection should be more conservative and marked with the 
eyebrow lifted to the ideal position (either procedure can be 
done fi rst depending on the surgeon’s preference). Simultane-
ous laser resurfacing can also be performed.

The male patient requesting upper eyelid blepharo-
plasty. There is an increasing number of male patients seeking 
facial cosmetic surgery—in particular, eyelid procedures. It 
is important to note the differences in anatomy and aesthetic 
norms between the two genders. The male eyebrow should 
rest on the superior orbital rim (in females the apex of the 
brow should be 8 to 10  mm above) and is more fl attened 
compared with the “arched” female brow. However, males 
can experience eyebrow ptosis and should be appropriately 
managed. Men’s eyelid crease is typically lower, fl atter, and 
less defi ned. In addition, the inferior skin incision is typically 
6 to 8  mm above the upper eyelid margin centrally (in women, 
it is 7 to 10  mm) and remains more fl attened.

Special considerations for the Asian patient requesting 
blepharoplasty. The Asian patient requesting upper eyelid 
blepharoplasty deserves special attention. More than 50% of 

Ch012-A04574.indd   320 6/27/2007   2:59:46 PM



East Asians do not have a superior palpebral fold or supratar-
sal crease (“single eyelid”), and most of these patients request-
ing blepharoplasty seek surgical creation of a palpebral furrow 
or supratarsal crease (“double eyelid”). In the Asian “single 
eyelid,” the superfi cial lamina of the levator aponeurosis/
expansion does not penetrate the orbital septum and orbicu-
laris oculi muscle to insert to the overlying dermis, as it does 
in the western “double eyelid.” Instead, these fi bers terminate 
on the tarsal plate (the height of the superior tarsal plate is 
between 5 to 6  mm in Asians and 10 to 12  mm in Caucasians), 
and no palpebral fold is formed upon eyelid opening. The goal 
of Asian blepharoplasty is to create a well-defi ned supratarsal 
crease (the size and shape are dictated by patient desires) via 
various surgical techniques using supratarsal fi xation sutures 
to adjoin the levator aponeurosis to the pretarsal skin. Several 
techniques can be used to create the “double eyelid” and 
manage the epicanthal fold, depending on the individual 
patient anatomy and expectations.
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Genioplasty

Piyushkumar P. Patel, DDS, and Shahrokh Bagheri, DMD, MD

CC

A 25-year-old woman presents for consultation regarding 
chin augmentation. She explains, “I would like my chin to be 
bigger.”

HPI

The patient states that she has been unhappy with the appear-
ance of her lower face. In particular, she feels that her chin is 
small and that it infl uences her neck and facial profi le. She 
has no prior history of facial cosmetic surgery or orthodontic 
treatment.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory.

EXAMINATION

General. The patient is a well-developed and well-nourished 
woman in no apparent distress.

Psychiatric evaluation. Mood and affect are appropriate. 
In the past, studies have demonstrated that over half of patients 
seeking facial aesthetic surgery can be assigned a formal 
psychiatric diagnosis, such as personality trait disorders, 
neurosis, and psychosis. However, trends and acceptance 
of aesthetic surgery have since matured, and recent studies 
demonstrate that individuals seeking aesthetic surgery are 
less likely to be psychologically distressed. Physical attrac-
tiveness may play a critical role in the development of self-
concept or even career goals (such as modeling). Modern 
surgical interventions can safely enhance physical appear-
ance, which in turn elevates self-confi dence and personal 
well-being.

Maxillofacial. Chin deformities can manifest in any of the 
three dimensions (vertical, horizontal, and transverse) in iso-
lation or in combination. The vast majority, however, are in 
the horizontal plane only. Careful scrutiny of the skeletal, 
dental, and soft tissue structures is required to obtain a good 
result.

On frontal view, the patient exhibits good symmetry. The 
maxillary midline is coincident with the facial midline. The 
patient shows 2 to 3  mm of maxillary anteriors at rest (verti-
cal maxillary excess can result in a clockwise rotation of the 
mandible and thus cause a retrognathic/microgenic appear-
ance). The chin is symmetrical with soft tissue menton lying 
on the facial midline. Chin pad tissue thickness is approxi-

mately 10  mm (normal, 8 to 11  mm). On smiling, the lower 
lip is symmetrical. On elevation of her lower lip, no mentalis 
muscle hyperactivity or chin pad fasciculations were seen (if 
alloplastic augmentation is to be used, muscle hyperactivity 
may place excessive force on the implant, leading to increased 
bone resorption or displacement of the implant).

On profi le examination (Figure 12-11), the patient exhibits 
a good nasal projection with a mild dorsal hump (a large 
nose will make the chin look small, and vice versa). The 
labiomental angle is obtuse at 160° (ideally, the depth of the 
fold/sulcus should lie 4  mm posterior to a line drawn from 
the lower vermilion border to the pogonion. If the sulcus is 
shallow or high, augmentation results in enlargement of the 
lower face [chin and lip]; however, if the fold is deep and 
more inferiorly positioned, augmentation will predominantly 
accentuate the chin). The patient demonstrates a convex facial 
profi le with a retrognathic appearance. The cervicomental 
angle is obtuse at 150° (normal, 110° to 120°). On posturing 
the mandible forward, there is signifi cant improvement in the 
neck aesthetics (patients with microgenia can have altered 
neck aesthetics). There is a lack of the visible separation of 
the mandible and neck, giving the appearance that the face 
“fl ows” into the neck. To the untrained eye, this may appear 
to be secondary to tissue laxity or lipomatosis. Microgenia 
can further aggravate this condition. In such a case, the soft 
tissues of the neck should be examined with forward postur-
ing of the mandible; if this produces less-than-optimal 
improvement in neck aesthetics, cosmetic neck surgery may 
be indicated.

Intraoral. Oral hygiene is excellent (some clinicians will 
not place an alloplastic implant in patients with active peri-
odontal disease. Also, this may be an indicator of the patient’s 
ability to keep the wound clean if an intraoral approach is to 
be used). The patient has a Class I molar and canine relation-
ship (a Class II malocclusion indicates that a skeletal abnor-
mality exists—the patient should be informed of the option 
of orthodontic realignment and orthognathic surgery). The 
mandibular anterior teeth are in good position, neither retro-
clined nor proclined. Eversion of the lower lip results in deep-
ening of the labiomental sulcus (this occurs with excess 
proclination of the anterior teeth).

IMAGING

Standard photographs of the frontal and profi le views, both 
in repose and on smiling, are recommended. A panoramic 
radiograph and a lateral cephalogram are recommended for 
the work-up of patients requiring a genioplasty.
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The panoramic radiograph is used to delineate the proxim-
ity of the mandibular canal/mental foramen, and the apices 
of the mandibular anterior dentition, in anticipation for a 
genial osteotomy. In addition, it provides a general overview 
of any mandibular osseous pathology.

Lateral cephalometric evaluations have been used to help 
determine the desired horizontal and vertical dimensions of 
the chin. Information gained from the cephalometric tracings 
includes the relationship of the maxilla and mandible to the 
skull base and to each other. It is important to identify any 
skeletal or occlusal disparities that can be corrected before or 
concomitant with a genioplasty procedure. Ideally, the chin 
should rest slightly posterior to the lower lip, and the lower lip 
should be posterior to the upper lip. Increasing sagittal projec-
tion beyond these relations may risk an unaesthetic result.

The lateral cephalogram for this patient shows the defi -
ciency of the chin in the anteroposterior dimension and a 
Class I molar relationship (Figure 12-12).

LABS

No routine laboratory testing is indicated for genioplasty pro-
cedures unless dictated by the medical history.

ASSESSMENT

Horizontal microgenia, in a patient who desires chin 
augmentation

TREATMENT

Genioplasty refers to a horizontal osteotomy of the anterior 
mandible. Chin implant refers to either an alloplastic implant 

or an autogenous implant. Alloplastic chin implants and 
sliding genioplasty represent the two currently accepted 
methods for chin augmentation. The anticipated soft tissue 
changes in response to hard tissue movements are shown in 
Table 12-1.

Careful treatment planning, meticulous surgical technique, 
and the surgeon’s artistic sense are three important factors for 
successful and predictable chin surgery. For intraoral access, 
it is important to plan an incision that will achieve the 
following goals:
• Ease of wound closure, ensuring that movable mucosa 

rather than attached gingiva forms the wound margin
• Avoidance of periodontal problems following wound 

contraction and scar formation
• Prevention of mental or inferior alveolar nerve severance
• Ability to resuspend the mentalis muscle to prevent chin 

(mentalis) droop
An incision in the depth of the vestibule will result in excess 
scar formation and should be avoided. A U-shaped incision 
extending from canine to canine that leaves 10 to 15  mm of 
mucosa anterior to the depth of the vestibule is ideal. The 
mentalis muscle is incised in an oblique fashion, leaving an 
ample amount superiorly to allow for closure. The mentalis 
muscle is stripped in a subperiosteal plane, exposing the sym-
physis. The mental nerves are identifi ed bilaterally, and the 
periosteum is freed circumferentially around the foramen. 
Careful dissection in this area will allow the surgeon to pre-
serve all branches of this nerve. The planned osteotomy 
should lie a minimum of 5  mm below the longest tooth root 
(usually the canine) as well as a minimum of 10 to 15  mm 
superior to the inferior border. The osteotomy should also 
extend 4 to 5  mm below the lowest point of the mental 
foramen. It should be remembered that the angle of the oste-
otomy can infl uence vertical and horizontal changes. An oste-
otomy that is more parallel with the occlusal plane will allow 
a greater vector of advancement in the horizontal dimension 

Figure 12-11 Preoperative profi le view of the patient demon-
strates a defi cient chin in the horizontal plane.

Figure 12-12 Preoperative lateral cephalogram showing the defi -
ciency of the chin in the anteroposterior dimension and a Class I 
molar relationship.
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movement. If vertical shortening is desired, the angle should 
be more acute. The midline should be marked with a burr 
(fi ssure type) to prevent postoperative iatrogenic asymme-
tries. The osteotomy is completed with a reciprocating saw. 
The orientation of this saw should remain constant to ensure 
a symmetrical cut through the buccal and lingual cortices, to 
prevent interferences that may hamper the proposed move-
ment. Once the osteotomy is completed and the fragment is 
repositioned, it can be secured through a variety of methods, 
including the use of wires, prebent chin plates, or lag screws. 
The wound should be closed in layers, and it is essential that 
the mentalis muscle is accurately repositioned. A dressing is 
applied to facilitate soft tissue reattachment and prevent 
hematoma formation.

Alloplastic augmentation can also be considered for the 
treatment of a genial defi ciency. A wide range of materials 
can be used. The materials most commonly used include 
high-density polyethylene (Medpor; Porex Surgical Products 
Group, Newman, GA), hard tissue replacement polymer, 
polyamide mesh (Supramid, S. Jackson Inc., Alexandria, VA), 
solid medical-grade silicone rubber (Silastic), hydroxyapatite, 
and Gore-Tex (W.L. Gore and Associates, Flagstaff, AZ). 
Prior to it’s removal from the American market various forms 
of Proplast (Vitek, Houston. TX) was used for genial aug-
menatation, such as Proplast I (PTFE and graphite), Proplast 
II (PTFE and alumina) and Proplast hydroxyapatite. Many 
surgeons believe that Silastic meets most of the criteria for 
an ideal alloplastic implant. The ideal characteristics of an 
alloplastic implant include the following:
• Anatomical confi guration that has a posterior surface 

that contours to the external surface of the mandible and 
an external implant shape that imitates the desired 
outcome

• Readily implantable and nonpalpable
• Margins of the implant blend onto the bony surfaces
• Easily removable
• Malleable, comfortable, and inert
• Easily modifi able by the surgeon during the procedure

Placement of alloplastic implants via an extraoral submental 
incision can be combined with other procedures such as sub-
mental liposuction or platysmal placation. The surgeon’s 
experience is usually the deciding factor on whether an 
implant or an osteotomy is performed. It is generally accepted 
that mild to moderate abnormalities can be corrected with 
either alloplastic implantation or genioplasty, whereas with 
severe abnormalities, sliding genioplasty should be per-
formed. Genioplasty is a more versatile procedure as it can 
address abnormalities in any of the three dimensions. There 
is some debate on the superiority of either procedure for 
augmentation.

This patient underwent advancement of 7  mm with use 
of a prebent chin plate that was secured with six monocor-
tical screws (Figure 12-13, A). Figure 12-13, B demonstrates 
the preservation of the branches of the mental nerve, after 
careful dissection and plate stabilization. Figure 12-14 shows 
the postoperative lateral cephalogram and profi le view at 4 
weeks.

COMPLICATIONS

The most common complication after genioplasty surgery is 
a neurosensory disturbance, followed by hematoma and infec-
tion. Soft tissue changes such as chin ptosis, excessive lower 
tooth display, devitalization of teeth, creation of mucogingi-
val problems, asymmetry, and unaesthetic results are also 
known complications. Mandibular fracture, hemorrhage 
causing lingual hematoma and possible airway compromise, 
and avascular necrosis of the mobilized segment are possible 
but rare complications of this procedure.

Injury rates to the mental nerve have been reported to 
range from 0% to 20% at 1 year postoperatively. Etiologies 
of nerve injury include inadequate exposure, poorly designed 
fl aps, inadequate protection during osteotomy, excessive 
stretching, or compression. The majority of patients undergo-
ing genioplasty experience a transient neurosensory defi cit 
probably secondary to neuropraxia. However, most studies 

Table 12-1.   Soft Tissue Response to Hard Tissue Movements

 Soft Tissue Response
Procedure (% of hard tissue movement) Comment

1. Advancement
Osteotomy (genioplasty) 90-100% horizontal Labiomental fold deepens
Alloplast onlay 80-90% horizontal Labiomental fold deepens
Bone onlay graft 60-70% horizontal
2. Vertical augmentation
With interpositional graft 80-90% of vertical augmentation Labiomental fold fl attens
3. Reduction Genioplasty
Vertical reduction with wedge removal 90% of vertical reduction
Vertical reduction with osteotomy of inferior border 25% Highly unpredictable
Horizontal reduction (sliding) 90-100% Labiomental fold fl attens
Horizontal reduction (degloving with bur reduction) 25-30% Overall fl attening of chin

Modifi ed from Peterson L, Indresano AT, Marciani RD, Roser SM: Principles of oral and maxillofacial surgery, vol III, Philadelphia, 1992, JB Lippincott.
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show resolution of any neurosensory defi cit after several 
months. Reduction in response to light touch (a sensitive 
marker for neurosensory defi cit) has an incidence of 3.4%. 
This complication is associated with no adverse effect on the 
quality of life.

The inferior alveolar nerve travels inferiorly and anteriorly 
past the mental foramen before looping back and exiting 
the mental foramen (Figure 12-15). It is recommend that the 
osteotomy line remain 5  mm (4.5  mm minimum) below the 
mental foramen to avoid injury to the inferior alveolar 
nerve.

Guyot and associates have proposed a new pattern of 
sensory innervation of the chin with three territories—labial 
territory (mental nerve supplies this area), mental territory 
(cutaneous branch of the mylohyoid nerve), and submental 
territory (cervical branches of the cervical plexus). They pos-

A

B

Figure 12-13 A, Intraoperative view showing the placement of 
a 7-mm prebent chin advancement plate. B, Intraoperative view 
showing the preservation of all branches of the mental nerve.

A

B

Figure 12-14 A, Postoperative lateral cephalogram showing the 
position of the chin after 7-mm advancement. B, Postoperative 
lateral view at 4 weeks after 7-mm advancement genioplasty.

tulate that when a horizontal osteotomy is performed using a 
reciprocating saw, sectioning involves not only bone but also 
some soft tissue of the fl oor of the mouth. In this area, the 
potential for injury to the mylohyoid muscle exists along with 
injury to the mylohyoid nerve. This can result in neurosensory 
defi cits of the skin overlying the chin without involvement of 
the mental nerve. Other anatomical structures at risk include 
the submental and sublingual arteries. It should be noted that 
some authors believe the cutaneous branch of the mylohyoid 
nerve innervates an inconsistent area of the submental 
region.

Relapse in the immediate postoperative period is uncom-
mon except in the case of fi xation failure. There is generally 
good stability of the segment following genioplasty.

“Witch’s chin deformity” is a term originally coined by 
Gonzales-Ulloa in 1971 to describe chin ptosis. Loss of 
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mentalis muscle origination plays an important role in the 
pathogenesis of this problem. The mentalis muscle is the only 
muscle of signifi cance when performing a genioplasty. It is 
the sole elevator of the lower lip, providing the majority of 
the lip’s vertical support. If the muscle is not precisely reat-
tached at the end of the surgery, chin ptosis and increased 
exposure of the lower incisors can occur. Advocates of allo-
plastic augmentation report that if the implant is placed 
through a submental approach, the mentalis muscle can be 
left attached.

The most common complications of alloplastic augmenta-
tion are infection, bone resorption under the implant (although 
this has been shown to have no clinical consequences), extru-
sion, malpositioning or displacement of the implant, and 
improper sizing of the implant.

DISCUSSION

Horizontal sectioning of the anterior mandible (genioplasty) 
was fi rst described by Hofer in the German literature. This 
initial operation was performed on a cadaver, with preopera-
tive and postoperative photographs demonstrating the results. 
Trauner and Obwegeser introduced the intraoral approach in 
1957. Since then a number of technical variations have been 
described. Despite the versatility of the horizontal mandibu-
lar osteotomy, the biologic basis was not studied until the mid 
1980s. Ellis and colleagues demonstrated that maintaining 
the soft tissue pedicle (the digastric musculature and the peri-
osteum on the inferior and lingual border) is associated with 
less osseous resorption in the postoperative period. Storum 
and associates demonstrated that close apposition of the 
margins of the osteotomy is important for vascular bridging 
and early osteogenesis.

In patients with skeletal discrepancies who would benefi t 
from conventional orthognathic surgery, Proffi t and col-
leagues suggested three specifi c indications for an isolated 
genioplasty as a camoufl age procedure:
1. The borderline extraction patient with a good nasolabial 

angle, protruding mandibular incisors, and a defi cient chin
2. A patient with a short mandibular ramus in whom advance-

ment may lead to an unstable result
3. A patient with asymmetry that does not involve a signifi -

cant malocclusion
Macrogenia can be seen in isolation or associated with man-
dibular hyperplasia. Some patients who are under the care of 
an orthodontist and would benefi t from a mandibular setback 
are never referred to a surgeon, for a variety of reasons. In 
these cases, the orthodontist extracts lower premolars, fol-
lowed by retroclining of the mandibular incisors. This results 
in a normal occlusal relationship; however, the patients usually 
exhibit macrogenia. Macrogenia can be classifi ed into three 
subgroups depending on the vectors of growth—anterior, ver-
tical, or a combination. This can be corrected using either 
reduction of the mental protuberance with a bur or a horizon-
tal sliding osteotomy. Removal of excess bone with a bur will 
not result in appreciable improvement of the soft tissue 
contour. The soft tissues drape poorly over the newly con-
toured bone, resulting in a double chin appearance. Lower lip 
ptosis can also be seen if the periosteum does not attach to 
the newly contoured bone. Lip incompetence and a lack of 
cervicomandibular defi nition can also be associated with this 
technique. Submental ostectomy (burring down) of the prom-
inence is acceptable when only a small amount of reduction 
is needed. Posterior repositioning with an osteotomy has been 
shown to produce a better result. However, this technique has 
the potential for mental nerve injury not only from the pro-
cedure but also from the need to dissect around the inferior 
border to reduce the projecting wings. Submental ostectomy 
with soft tissue excision via an extraoral approach has been 
shown to avoid the negative sequelae of excessive submental 
tissue and chin ptosis.

Alantar and colleagues have shown that the mean number 
of branches of the mental nerve as it exits the foramen is two. 
However, the number of branches can range from one to four. 
The branches of the mental nerve are known to run in an 
oblique direction; the mean angle between the most medial 
branch and the long axis of the orbicularis oris muscle is 36°. 
Based on this, it is recommended that an incision should not 
be made parallel to the fi bers of the orbicularis oris muscle. 
Damage can be avoided if the incision is made with an angle 
of 36° to the long axis of the lip. Labial incisions should thus 
have a U shape. The two sides of the U should be as parallel 
as possible to the lower labial branches (36°). Limiting the 
proximal extension of the incision to the canine region also 
reduces the incidence of neuronal injury.
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Endoscopic Brow-Lift

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 52-year-old woman presents to your offi ce with a chief 
complaint of “My eyebrows have been drooping down slowly 
year after year, and I want them lifted back up.”

HPI

The patient points to one eyebrow and lifts it superiorly with 
her fi ngers in front of a mirror, stating “This is where my 
eyebrows used to be and should be, but now look how fl at 
they are” (this maneuver may unmask pseudo upper eyelid 
dermatochalasis caused by the descended brow). She also 
brings a picture of when she was in her 30s to illustrate her 
desired surgical outcome. She denies any previous facial cos-
metic surgery and appears to have reasonable expectations 
(surgeons should be cautious about patients with unreason-
able expectations of cosmetic surgery).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. The patient is not on any medications that 
would affect platelet function (e.g., aspirin) or the coagulation 
cascade.

EXAMINATION

Forehead–eyebrow–upper lid complex. The forehead exhib-
its minimal horizontal rhytids (wrinkles) at rest and moderate 
dynamic horizontal furrows (caused by frontalis muscle 
hypertrophy/hyperactivity compensation for brow ptosis). 
Hairline (trichion) is 5  cm from the orbital ridge (within 
normal limits). There are mild horizontal radix and vertical 
glabellar furrows at rest (caused by the procerus and corruga-
tor supercilii muscles respectively). The eyebrow (examined 
with the patient completely relaxed and in a neutral position) 
is relatively fl at in shape (attractive female eyebrows are 
arched, as opposed to fl attened eyebrows in males). The posi-
tions of the eyebrows are recorded (the inferior border of the 
eyebrow is measured from the superior orbital rim). Figure 
12-16 shows the ideal eyebrow position in a Caucasian 
female.
• Medial brow region. This is 1  mm below the superior 

orbital rim (ideally, the medial brow is 1 to 2  mm above 
the rim in females and males).

• Brow apex (halfway between the lateral limbus and 
lateral canthus): This is 3  mm above the superior orbital 
rim (ideally, the apex is 8 to 10  mm above the rim, or 

25  mm diagonally from mid-pupil in females and 1 to 
2  mm above the rim in males).

• Tail of brow (lateral). This is 2  mm above the 
superolateral orbital rim (ideally, the tail is located 10 to 
15  mm above the superolateral orbital rim in females and 
1 to 2  mm above the rim in males) and ends just lateral 
to the line connecting the lateral canthus and nasal ala 
(within normal limits).

• Upper eyelid (see also earlier information upper eyelid 
blepharoplasty for further details). This exhibits 
pseudodermatochalasis, or hooding, secondary to brow 
fat pad and eyebrow ptosis (descent of the forehead-
eyebrow-brow complex), which resolves when the 
forehead-eyebrow complex is manually raised into an 
ideal position by the surgeon’s thumb.

IMAGING

Preoperative and serial postoperative photoimaging is man-
datory for cosmetic procedures. Close-up views of the fore-
head-eyebrow-upper eyelid complex in frontal, three-quarters, 
and profi le positions are recommended.

LABS

Routine preoperative laboratory testing for outpatient brow-
lift procedures is not indicated unless dictated by the medical 
history.

ASSESSMENT

Patient desires browlift procedure secondary to bilateral 
eyebrow ptosis caused by gravitational descent of the soft 
tissues of the upper facial third with age

TREATMENT

Upper facial rejuvenation with an endoscopic brow (forehead) 
lift is the treatment of choice to restore a youthful or aes-
thetically pleasing eyebrow position for this patient. The 
authors’ preferred technique is described here.

Incisions. Three 2-cm vertical incisions (one in the 
midline and two parasagittal incision coincident with 
the lateral limbus) are made just behind the hairline down to 
bone, and two bilateral 3-cm vertical temporal incisions 
are made at 2 to 3  cm posterior to the hairline down to the 
deep temporal fascia (alternatively, some surgeons recom-
mend two incisions coincident with the medial brow instead 
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of one midline incision when more medial elevation is 
required).

Dissection. Subperiosteal dissection is initially carried out 
blindly, using the three frontal incisions, posteriorly toward 
the lambdoid suture, anteriorly to approximately 2 to 3  cm 
above the superior orbital rim, and laterally to the temporal 
crest. The endoscope is introduced into the midline incision 
and used to assist the subperiosteal dissection toward the 
superior orbital rim (strong periosteal adherence to bone in 
this region), to avoid injury to the supraorbital and supra-
trochlear neurovascular bundles. It is important to release the 
periosteum down to the radix medially and past the orbital 
rims laterally.

The temporal incisions are then used to blindly dissect the 
initial 2  cm toward the lateral orbital rims. The endoscope is 
then used to assist the remainder of the dissection. The tem-
poral dissection should remain 1  cm above the zygomatic 
arch to prevent injury to the frontal branch of the facial nerve. 
The anterior extent of dissection is suffi cient once the sentinel 
vein (zygomaticotemporal vein) is encountered. The temporal 
zone of fi xation (cojoined tendon) is penetrated and released 
with a periosteal elevator, connecting the subperiosteal dis-
section in the forehead region and the subtemporoparietal 
dissection in the temporal region (connecting all three optical 
cavities). Some surgeons recommend removing a strip of deep 
temporal fascia to enhance scar formation and to improve 
long-term stability.

Before elevating the forehead and eyebrow, it is important 
to incise and release the periosteum just superior to the arcus 
marginalis from the lateral orbital rim, along the superior 
orbital rim, and across the radix of the nose. Several tech-
niques can be used to release the periosteum. The authors 
prefer to use technique described by Griffi n and associates 
using the 50-W CO2 laser (alternatively, other surgeons prefer 
to use a long Colorado needle). Corrugator supercilii or pro-
cerus muscles, or both, can be disrupted if needed.

Elevation and fi xation. Various methods can be used to 
elevate and fi xate the forehead-eyebrow complex. Evans 
describes a very precise technique using two-hole miniplates, 

securing the forehead-eyebrow complex to the miniplate with 
2-0 Vicryl suture. Griffi n and associates describe a fl ap sus-
pension suturing technique that secures the fl ap to the poste-
rior scalp. It is important that the suture engages subcutaneous 
tissue, galea, frontalis muscle, subgaleal areolar fascia, and 
periosteum (most important) at the anterior aspect of the inci-
sion. Resorbable endotines have been recently introduced, 
which are drilled into the frontal bone, and then the spikes 
engage, holding the periosteum in place. The temporal tissues 
(superfi cial temporal fascia anteriorly to temporal fascia 
posteriorly) are suspended posteriorly by 2-0 Vicryl sutures 
through the temporal incision. The incisions are closed and a 
head dressing is placed.

COMPLICATIONS

Endoscopic brow-lift has minimal complications (infection, 
hematoma, nerve injury, alopecia, scarring, and brow malpo-
sition). As with all facial cosmetic procedures, relapse is the 
greatest concern for the surgeon, and long-term stability is 
one of the main goals of cosmetic surgery. Transient forehead 
paresthesia (anesthesia, hypoesthesia) is a consequence of 
surgery and is not considered a complication. Permanent 
nerve injury, although uncommon, may occur if the supraor-
bital or supratrochlear nerve is injured beyond a stretch injury 
(neuropraxia), and it is usually avoided by careful dissection 
assisted by an endoscope. Despite correct technique and 
thorough knowledge of the regional anatomy, nerve injuries 
can occur.

We emphasize that the evaluation of the brows should be 
done with particular attention to the upper eyelids. It is impor-
tant to avoid performing an upper eyelid blepharoplasty on a 
patient who really requires a brow-lift procedure. Lifting the 
brow to an ideal position may subsequently cause lagophthal-
mos, due to excess upper eyelid skin excision.

DISCUSSION

Youthful or ideal appearance of the upper facial third. A 
youthful appearance of the upper third of the face includes a 
smooth forehead skin without rhytids or furrows, arched 
tapering eyebrows (for females), and a distinct supratarsal 
fold without excess skin or prolapsed fat. Males tend to have 
thicker and more horizontal eyebrows that are ideally 1 to 
2  mm above and along the superior orbital rim. The goal of 
rejuvenation of the upper face is to not only restore the 
eyebrow to an aesthetically pleasing form with a brow-lift 
procedure but also restore the upper eyelid with a blepharo-
plasty as needed (see earlier section on upper eyelid blepha-
roplasty) and smooth the forehead and glabellar rhytids or 
furrows with adjunctive procedures (see later). Figure 12-16 
shows an aesthetically pleasing eyebrow position. It is impor-
tant to note that there are variations in what is considered a 
“normal” or “aesthetically pleasing” eyebrow among different 
ethnic and racial groups.

Anatomy of aging of the upper facial third. The major 
plane of aging of the upper face is between the superfi cial 

2.7 - 3 cm

1-2 mm

25 mm
10 mm

4 mm

Figure 12-16 The ideal position of an aesthetically pleasing, 
youthful eyebrow for a Caucasian female.
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fascia and deep fascia (gliding plane). This plane is called the 
subtemporoparietal areolar fascia (in the temporal region) 
and the subgaleal areolar fascia (in the frontal region). The 
frontalis muscle inserts into the dermis of the medial two 
thirds of the eyebrow only, medial to the temporal fusion line. 
The lateral third of the eyebrow is unsupported by the fron-
talis muscle and begins to descend as the lateral support 
mechanism attenuates (temporal zone of fi xation and orbital 
osteocutaneous ligament). The forehead-eyebrow-temporal 
soft tissues slide over the deep fascia-pericranium and, due to 
its loose adherence, causes ptosis of the eyebrows with a 
relatively greater effect on the lateral brow. Depressor action 
of the orbicularis oculi, depressor supercilii, corrugator super-
cilii, and procerus muscles and descent of the brow fat pad 
contribute to this aging process. Even though the changes in 
the sub-SMAS plane are considered to be a main contributor 
to aging of the upper face, long-term stability of forehead/
eyebrow lift procedures depends on scarifi cation of the peri-
osteum to bone.

Alternative surgical procedures for forehead-eyebrow 
rejuvenation. Traditional approaches to the forehead and 
brow-lift include a direct brow-lift (incision/excision directly 
above the eyebrow), a mid-forehead lift (incision/excision 
along a horizontal forehead furrow), and the coronal lift (inci-
sion/excision along and/or within the hairline). The coronal 
lift (either coronal or pretrichial incisions) is still commonly 
used by some surgeons and has indications. More recently, 
minimally invasive barbed sutures (contour threads) have 
been introduced, but their long-term stability has come into 
question.

Adjunctive procedures. The endoscopic brow-lift can be 
an isolated procedure or combined with other facial cosmetic 

procedures (facelift, upper or lower blepharoplasty, Botox 
injections, etc.) depending on the patient needs and desires. 
It is important to realize that the upper eyelid and eyebrow 
positions have a close relationship and must be examined 
together (refer to upper and lower eyelid blepharoplasty 
section). Botox is commonly used to treat vertical glabellar 
rhytids (corrugator supercilii muscle), horizontal forehead 
rhytids (frontalis muscle), and horizontal rhytids at the radix 
(procerus muscle). It can be used to achieve some elevation 
of the brow by reducing the downward force caused by the 
orbicularis oculi muscle.
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Botulinum Toxin A (Botox) Injection for Facial Rejuvenation

Eric P. Holmgren, MS, DMD, MD, and Shahrokh C. Bagheri, DMD, MD

CC

A 44-year-old Caucasian woman presents to your offi ce for 
consultation regarding the wrinkles on her forehead. (The 
majority of the patients seeking facial rejuvenation are female, 
but there is growing interest in the male population.)

HPI

During an orthognathic surgery consultation for her daughter 
several months earlier, the patient noticed the Botox pam-
phlets in the waiting room at your offi ce (unlike other branches 
of oral and maxillofacial surgery, a busy cosmetic surgery 
practice is usually heavily dependent on marketing and adver-
tisement). The patient states that “these lines” have recently 
appeared on her forehead and that she is tired of looking like 
she is “scowling” or “frowning.” Her husband has mentioned 
to her that the wrinkles make her appear “angry.” Several of 
her friends have had satisfactory results with Botox injections 
for glabellar and periorbital lines. She has many questions 
regarding the safety and outcome of Botox injections for 
elimination of wrinkles.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient does not have any known medical conditions. 
Specifi cally, she has no known history of neuromuscular dis-
eases, including myasthenia gravis, amyotrophic lateral scle-
rosis, multiple sclerosis, Eaton-Lambert syndrome, or other 
motor neuron–related disorders (despite the absence of spe-
cifi c studies, Botox should be used cautiously in individuals 
with neuromuscular disorders due to potential exacerbation 
of any preexisting conditions). There is no signifi cant family 
history of neuromuscular disorders.

She is not taking any aminoglycoside antibiotic or other 
medications that could interfere with neuromuscular trans-
mission (it is recommended that Botox injections be delayed 
or avoided in patients taking aminoglycosides). She is not 
taking aspirin or a nonsteroidal antiinfl ammatory drug or 
other medications that can interfere with coagulation or plate-
let function (increases the risk for hematoma formation and 
bruising). She smokes one-half pack of cigarettes per day 
(smoking is not a contraindication for Botox injection).

There is no history of allergies to human albumin or any 
previous adverse reactions to Botox. (Botox that was manu-
factured after 1997 has a lower albumin concentration, and 
therefore presumably a lower risk of clinical antigenicity.) She 
is not pregnant or lactating (Botox is contraindicated during 

nursing or pregnancy and is classifi ed by the FDA as Preg-
nancy Category C, meaning that its safety profi le during 
pregnancy has not been studied. It is unknown whether the 
toxin can cross the placenta or if it is excreted during lacta-
tion. However, the localized application of the drug would 
suggest the safety of application during pregnancy or 
nursing).

EXAMINATION

General. The patient is a thin, athletic, well-dressed woman. 
She has extensive amounts of makeup that mask some of her 
facial features of aging. She is wearing her hair in a fashion 
to reduce the visibility of the forehead lines (subtle observa-
tions about appearance may be the key to successful patient 
rapport).

Maxillofacial. There are no pustules or signs of active 
dermatological infections or pathology in the facial region 
(injections are contraindicated if an active infection exists at 
the injection site). There is no marked facial asymmetry or 
hypertrophic facial scarring (thick skin or a susceptibility to 
hypertrophic scars may be a relative contraindication to injec-
tions). There is no signifi cant eyebrow ptosis (this is impor-
tant for injection around the eyes or the forehead. Impairment 
of functioning of the frontalis can also lower the brow posi-
tion from unopposed muscle action, resulting in an unappeal-
ing outcome. Similarly, large amounts of Botox injected 
around the eye can diffuse toward the levator palpebrae 
muscle, causing impaired eyelid closure. The degree of 
preoperative ptosis can be documented for postoperative 
comparison).

Several prominent horizontal forehead wrinkles (due to 
frontalis muscle action) are present at rest (Figure 12-17, A), 
which are accentuated with animation (Figure 12-17, B), and 
multiple hyperdynamic rhytids (lines on face) are seen lateral 
to the eye that are most pronounced on animation (the obicu-
laris oculi region is also known as “crow’s feet”) (Figure 
12-17, C). At rest, fi ne vertical glabellar furrows are present, 
and on animation and frowning, the glabella muscle bulge 
becomes signifi cantly prominent (the corrugator muscle is 
responsible for the vertical glabellar furrows and the procerus 
muscle is responsible for the horizontal glabellar furrows). A 
glabellar-spread test was performed, revealing that the glabel-
lar lines are substantially decreased when physically manipu-
lated or spread apart (a good indication that the muscle and 
its overlying soft tissue are the etiology of the lines). During 
physical examination, it is important to distinguish between 
dynamic and static wrinkles. Botox will decrease dynamic 
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wrinkles because of its effect on muscles. Static wrinkles may 
be treated using soft tissue fi llers to decrease skin laxity at 
rest.

No signifi cant horizontal lines were present at the nasal 
root (“bunny lines”), and no prominent perioral vertical (“lip-
stick”) rhytids are visible.

Intraoral. No abnormalities or lesions are noted (impor-
tant to conduct an oral cancer screening examination, espe-
cially in a patient with a history of smoking).

Neck. There is no cervicomental lymphadenopathy 
(enlarged lymph nodes are indicative of ongoing pathological, 
infl ammatory, or infectious processes).

IMAGING

Standard facial photodocumentation of the areas to be treated 
is recommended (but not essential) for Botox injection. Com-
parisons of preinjection and postinjection photographs may 
be important for future dosing and for surgeon education 
toward optimal results.

LABS

No routine laboratory tests are indicated. Patients on large 
doses of anticoagulation are at risk for small hematoma 
formation at the injection site. The treating surgeon should 
inquire about any coagulation studies to assess the risk and 
educate the patient about this potential temporary, yet unde-
sired, effect.

ASSESSMENT

Multiple areas of hyperfunctioning facial muscles, and signs 
of aging involving the periorbital, glabellar, and horizontal 
forehead regions

The patient desires injection of Botox for effacement of the 
wrinkles associated with her periorbital and forehead regions 
(while there may be many fi ndings amendable to cosmetic 
surgery, the assessment and treatment are dictated by patient 
desires).

TREATMENT

After a complete discussion of the procedure, risks, and 
alternatives, the patient signed the informed consent (which 
addressed all of the complications listed later). One hundred 
units of botulinum toxin A was reconstituted with 3.3  ml of 
unpreserved normal saline (according to a study by Alam and 
associates in 2002, the use of preservative-containing normal 
saline is less painful than the use of preservative-free saline. 
However, this is not in accordance with the manufacturer’s 
recommendations). Botox is available in a sealed vacuum 
container that allows for easy reconstitution with saline. The 
resulting solution provides 3 units/0.1  ml, or 15 units/0.5  ml. 
Botox should be reconstituted gently (shaking and trauma to 
the toxin can diminish its potency) with a 21-gauge needle 
and then gently drawn into a tuberculin syringe. The syringe 
can be used with a short 30-gauge needle.

The patient was seated upright, close to a 60° position. 
After the injection sites were prepared with alcohol, the 
patient was asked to frown (or to lower eyebrows) to highlight 
the regions of maximum muscular contraction. Six injection 
sites were identifi ed to inject the frontalis muscle. To mini-
mize the chance for blepharoptosis, the injections were per-
formed at least 1  cm above both the central eyebrow and the 
supraorbital ridge. To prevent inhibiting temporalis function, 

A

B

C

Figure 12-17 A, Forehead wrinkles secondary to the frontalis 
muscle functioning. B, Forehead lines accentuated during frontalis 
function. C, Hyperdynamic periorbital lines (crow’s feet) accentu-
ated with animation.
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it is important to avoid injections on the forehead lateral to 
the lateral canthus. The goal of forehead injections is not to 
completely eliminate the frontalis muscle action, as this can 
cause undesirable brow ptosis. Ice packs were applied imme-
diately before injection to blunt the pain response from needle 
injection. The needle was inserted into the belly of the muscle, 
aspiration was performed, and then Botox was slowly injected. 
After the injections, no manipulation was performed, and an 
ice pack was placed on the area (manipulation can enhance 
diffusion into other muscles, affecting the levator palpebrae 
superior and causing blepharoptosis, especially with injec-
tions near the eyelid). Attention was then turned to the obic-
ularis oculi region. After preparing the area with alcohol, a 
total of 9 units was injected into three sites bilaterally just 
below the skin (to minimize diffusion in this area). A total 
of 36 units was used for the forehead and crow’s feet regions 
(18 units for the forehead and a total of 18 units for the 
two eyes).

Ice was placed on the injection sites for as long as the 
patient could tolerate it. The patient was instructed to remain 
upright for at least 4 hours and was allowed to apply makeup 
4 hours after injection (the delay is to minimize manipulation 
and thus diffusion of the toxin). She can resume exercise the 
next day. She was instructed to expect a noticeable effect in 
3 to 4 days with maximum benefi t in 30 days (Figure 12-18). 
Follow-up was made in 1 week. The areas can be reinjected 
after a minimum of 3 months has elapsed (earlier injections 
can increase the chance of the development of antibodies).

COMPLICATIONS

Since its introduction, many patients have been safely treated 
with Botox. The complications of treatment using Botox 
include the following:
• Undesired effect (can be related to patient expectations, 

rate of metabolism, dosing, anatomical variations, or 
inadequate site of injection)

• Short duration of the desired effect
• Postinjection bruising (this can be minimized by 

avoiding aspirin or nonsteroidal antiinfl ammatory drugs 
7 to 14 days before injection and is most common in the 
periorbital region)

• Blepharoptosis—reported occurrences in 1% to 2% of 
periorbital injections (this can be treated with an α2-
adrenergic agonist [aproclonidine 0.5% eye drops to be 
used 30 minutes before social situations]; this stimulates 
Mueller’s muscle, causing hours of transient lid opening)

• Transient headaches, pain, edema, and erythema at the 
injection site

• Formation of neutralizing antibodies (this has been 
reported to occur with repeat injections within 1 month 
of the previous and was reported with doses greater than 
100 units per treatment session; this has not been 
reported for the cosmetic use of Botox, but it is 
recommended to wait at least 3 months between 
injections)

• Hematoma formation at the injection site

A

B

C

Figure 12-18 A, One-month postoperative view at rest showing 
signifi cant reduction of horizontal forehead lines. B, One-month 
postoperative view upon brow elevation and, showing signifi cant 
reduction of horizontal forehead lines with animation. C, One-
month postoperative view of the lateral periorbital lines (crow’s feet) 
seen during animation.
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DISCUSSION

Botox is a formulation of botulinum toxin A purifi ed neuro-
toxin complex produced from fermentation of the gram-
positive spore-forming bacteria Clostridium botulinum type 
A. When injected into striated muscle, it produces a dose-
dependent local muscle weakness by preventing the release 
of acetylcholine from nerve terminal at the neuromuscular 
junction (chemical deinnervation). The action involves a four-
step process that culminates with the cleavage of the 25-kDa 
synaptosome-associated protein (SNAP), which is essential 
for the exocytosis of acetylcholine. The paralytic effect is 
temporary, because there is a gradual recovery of the activity 
of the nerve terminal over a 3- to 6-month time-frame. The 
unit of measurement for Botox is derived from research with 
mice. One unit of Botox is the lethal dose in 50% of mice 
(LD50). The LD50 is 2500 to 3000 units in humans (40 units/
kg). Dosing for the clinical effects of Botox can vary among 
individuals; those with thicker muscles and male patients 
often require more Botox units to achieve the desired effect.

Unopened vials of Botox can be stored for 24 months in a 
refrigerator (2° to 8°C) and, once reconstituted, varying opin-
ions exist regarding its shelf-life beyond the manufacturer’s 
recommendation of only 4 hours. Studies have suggested no 
clinical difference for up to 6 weeks after reconstitution, but 
others have noticed diminished potency beyond 48 hours. To 
the date of this publication, the FDA-approved use of Botox 
includes treatment for dystonia, torticollis, blepharospasm, 
strabismus, wrinkles caused by the procerus and corrugator 
muscles (glabellar region), and severe primary axillary hyper-
hidrosis on patients younger than 65 years. However, common 
off-label uses are numerous and include hyperhydrosis for 
palms, Frey syndrome, migraine headaches, myofascial pain, 
bruxism, masseter hypertrophy, chronic temporomandibular 
joint dislocation, limb spasticity, platysmal banding, and 
others.

In the oral and maxillofacial surgery offi ce, injections are 
commonly made into the upper face region, such as the 
glabella, lateral canthal lines (crow’s feet), and forehead 
(frontalis). Selective brow-raising techniques can be used. By 
injecting the lateral obicularis muscle without injecting the 
frontalis in select areas, the brow peak can rise as a result of 
unopposed frontalis muscle action. Noncosmetic injections 
for trigger pain regions of the temporalis and masseter muscle 
can be performed as well with Botox. Lower face injections 
to treat “lipstick lines” should be reserved for experienced 
surgeons and may cause oral incompetence. Also, the con-

comitant use of fi llers such as a non–animal-source hyal-
uronic acid (Restylane) can be used to augment static wrinkles. 
Patient satisfaction has been shown to be increased with the 
use of these two techniques.
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13 Syndromes of the Head 
and Neck

Chris Jo, DMD

This chapter addresses:
• Cleft Lip and Palate
• Nonsyndromic Craniosynostosis
• Apert Syndrome
• Crouzon Syndrome
• Hemifacial Microsomia
• Obstructive Sleep Apnea Syndrome

A multitude of anomalies and syndromes occur in the head 
and neck, most of which are beyond the scope of this book. 
This chapter covers some of the most common anomalies 
or syndromes associated with the craniomaxillofacial region. 
Congenital anomalies include nonsyndromic craniosynosto-
sis, hemifacial microsomia, and cleft lip and palate (CLP). 
Congenital syndromes include Apert and Crouzon syndromes. 
Unlike the other syndromes in this section, which are con-
genital, obstructive sleep apnea syndrome (OSAS) is included 
here because the pathogenesis and manifestation of this syn-
drome are based on anatomical anomalies of the head and 
neck. Oral and maxillofacial surgeons are uniquely trained 
and play an integral role in the surgical management of these 
patients, whether or not syndromic.

The intent of this chapter is to familiarize readers with 
the pathogenesis, presentation, and management strategies of 
such anomalies. The chapter is structured so that key features 
of each syndrome or anomaly are emphasized. The recon-
structive strategies and rationale for treatment are discussed. 
Because of the complexity of craniofacial deformities involved 
in the growing child, the reconstructive efforts are generally 
staged. There is no consensus on the best timing of each stage, 
but the general guidelines are presented. Various surgical 
strategies, depending on the surgeons’ preference and clinical 
situation, can be used. These are presented in the chapter 
along with their rationale of treatment. Table 13-1 outlines the 
characteristics of some craniofacial syndromes.

Table 13-1.   Characteristics of Some Craniofacial Syndromes

 Prevalence/
Syndrome lnheritance Genetic Synostosis/Orbit Limbs Central Nervous System
Apert 15.5:1 million, Ser253Trp or Early fusion of coronal Fusion of digits 2,  Patent sutures (except coronal) and open
 syndrome AD or sporadic or Pro253 Arg on Ig  suture, widely patent  3, and 4  synchondroses, agenesis of septum
  new mutation II or III of  midline calverial Less common is  pellucidum, agenesis of corpus callosum, 
 Males  =  females FGFR2  defect  fusion of digits  cavum septum pellucidum, developmental
      2, 3, 4, and 5,   delay
     with digit 1 free
Crouzon 15-16:1 million, 15 mutations of Variable sutures None Cerebellar tonsil herniation, jugular foramen
 syndrome  AD Ig III domain of  involvement and   stenosis, venous obstruction, and increased
  FGFR2  skull shape, extropia,    intracranial pressure
    exposed conjunctiva,   Headache (29%), seizure (10%), mental
    and keratitis   retardation (3%)
Pfeiffer 16-40/million, FGFR1, FGFR2 Pronounced extrobism Broad thumbs Three types: type 1, normal life expectancy and
 syndrome  AD      intelligence; type 2, cloverleaf skull, exorbitism,
       elbow ankylosis, broad thumb and great toes; 
      type 3, same as type 2 without cloverleaf. 
      Types 2 and 3 with ventriculomegaly, progressive
      hydrocephalus, and cerebellar herniation

AD, Autosomal dominant.
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Cleft Lip and Palate

John M. Allen, DMD, and Chris Jo, DMD

CC

As a member of the craniofacial multidisciplinary team, you 
are asked to evaluate a 4-week-old male infant born with a 
left complete CLP.

There are both ethnic and racial variations in the incidence 
of CLP. CLP is most common in Asians (3.2:1000), followed 
by whites (1.4:1000), and, least common, individuals of 
African descent (0.43:1000). CLP occurs more commonly in 
males, and on the left side. Isolated cleft palate (CP) is a 
different genetic entity with no racial predilection, and it is 
more common in females.

HPI

The infant was born at a community hospital with no obstet-
ric complications. He was subsequently diagnosed with a 
nonsyndromic CLP and was referred to the cleft team at your 
institution for further evaluation and treatment. The preg-
nancy was uncomplicated with no known environmental 
exposures.

Modern high-resolution ultrasonographic studies are able 
to diagnose complete CLP as early as 16 weeks in utero, and 
therefore the prenatal diagnosis of CLP has become more 
common.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Except for the CLP, the child has no other medical problems. 
He was born with Apgar scores of 8 and 9, at 1 and 5 minutes, 
respectively. There are no facial or systemic anomalies char-
acteristic of any known syndromes (see Discussion), includ-
ing any associated cardiac, respiratory, ophthamological, or 
musculoskeletal abnormalities. There is no family history of 
CLP or CP.

Pedigree analysis has demonstrated an increase incidence 
when a family member has CLP. In addition, if a couple has 
a child with CLP, the risk of having an affected second child 
is signifi cantly (fortyfold) increased.

EXAMINATION

General. The 4-week-old Caucasian male infant is in the 25th 
percentile for weight and height (likely due to diffi culty with 
feeding).

Maxillofacial. The cleft lip (CL) is complete, penetrating 
the entire thickness of the lip, alveolus, nasal tip cartilages, 
and fl oor of the nose. The cleft is unilateral, left of midline 

(left side prevalence), and continuous with the palate (CLP is 
most commonly expressed unilaterally, with a 2:1 predilec-
tion for the left side).

Intraoral. The cleft continues through the hard palate and 
soft palate (structures anterior to the incisive foramen form 
the primary palate and posterior to the incisive foramen form 
the secondary palate). Throughout the cleft, the nasal cavity, 
nasal conchae, and posterior pharyngeal wall are readily 
visible. The nasal mucosa appears infl amed and ulcerated 
(due to irritation of the fragile tissue from feeding). Bidigital 
palpation identifi es solid supportive bone along the palatal 
shelves bordering the cleft site (it is important to palpate the 
hard palate of any infant in order to detect the presence of a 
notch in the posterior border of the hard palate, suggesting 
the presence of a submucous cleft).

IMAGING

No imaging studies are indicated for the diagnosis and 
management of isolated CLP. When craniosynostosis or 
syndromic anomalies are suspected, craniofacial and head 
computed tomography (CT) scans are indicated.

LABS

Baseline hemoglobin and hematocrit are indicated before sur-
gical correction of any cleft. In general, a hemoglobin level 
of 10  mg/dl is deemed necessary before surgical intervention 
for lip repair (although there is no scientifi c rationale for this 
determination).

ASSESSMENT

Four-week-old Caucasian male infant with an isolated, com-
plete, nonsyndromic CLP

Although there are several classifi cation systems for facial 
clefting, including one by Tessier, they are not routinely used 
at most centers.

CL is a unilateral or bilateral gap in the upper lip and jaw 
that forms during the third through seventh weeks of embry-
onic development. It develops from failure of fusion of the 
medial nasal process and the maxillary process. CLs are 
described as either complete or incomplete. A complete CL 
is a cleft of the entire lip and alveolar arch or premaxilla; an 
incomplete CL involves only the lip. A CP is a gap in the hard 
and/or soft palate that forms during the fi fth through twelfth 
weeks of development. CP forms as a result of failure of 
attachment and alignment of the levator veli, tensor veli 
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palatini, uvular, palatopharyngeus, and palatoglossus muscles. 
The primary palate is formed by the lip, alveolar arch, and 
palate anterior to the incisive foramen (known as the premax-
illa). The secondary palate is formed by the soft and hard 
palates posterior to the incisive foramen.

TREATMENT

There is no general consensus regarding the timing and tech-
niques used for CLP surgery. Individual craniofacial centers 
and craniofacial surgeons follow various protocols according 
to their own experience, rationale, and preferences. The 
functional needs, aesthetic concerns, and ongoing growth of 
affected individuals all create specifi c concerns that compli-
cate the treatment process. Presurgical dentofacial orthope-
dics is increasingly used to optimize primary CL repair.

Table 13-2 outlines the sequence of management of patients 
with CLP. CL repair is usually addressed at 10 to 14 weeks of 
age. One advantage of waiting until this age is that it allows 
time for a thorough medical evaluation to determination of 
any congenital defects. The surgical procedure is generally 
easier to perform when the child is slightly larger, with ana-
tomical landmarks being more prominent and well defi ned. In 
addition, it has historically been accepted that the safest anes-
thesia time period for infants occurs when one follows the 
“rule of tens”—surgery can be performed when the child is at 
least 10 weeks of age, weighs at least 10  lb, and has a minimum 
hemoglobin value of 10  mg/dl (however, there is no current 
scientifi c rationale to support this rule). With modern intraop-
erative pediatric monitoring techniques, general anesthesia 

can be performed safely at an earlier age as needed, although 
there is no documented benefi t to perform lip repair before 
3 months of age. Excessive scarring and inferior aesthetic 
results have been found to occur when surgery is performed 
earlier than age 3 months. CP repair is usually performed 
between 9 to 18 months of age. CP repair is intended to coin-
cide with the progression of natural speech development and 
growth. In deciding upon the timing of repair, the surgeon 
must consider the delicate balance between facial growth 
restriction after early surgery, and early speech development 
that requires an intact palate. Most children require an intact 
palate to produce certain sounds by 18 months of age. If devel-
opmental delay is present and speech is not anticipated to 
develop until later, then CP repair can be delayed.

There is very little evidence to support palate repair before 
9 months of age. Surgical repairs before this time are associ-
ated with a higher incidence of maxillary hypoplasia later in 
life and show no improvement in speech. After initial CP 
repair, 20% of the children develop inadequate closure of the 
velopharyngeal mechanism (velopharyngeal insuffi ciency). 
This is usually diagnosed at 3 to 5 years of age, when a 
detailed speech examination can be performed. Surgery is 
performed to correct the anatomical defect, with the goal of 
improving closure between the oral and nasal cavities and 
reducing nasal air escape during the production of certain 
sounds. Approximately 75% of patients with any type of cleft 
will present with clefting of the maxilla and alveolus. Bone 
graft reconstruction of the alveolus is performed during the 
mixed dentition period before eruption of the permanent 
canine and/or permanent lateral incisor. The timing of this 

Table 13-2.   Sequence of Management of the Cleft Patient

Procedure Age or Timing Comments

Dentofacial orthopedics First few weeks of life Improves tension-free lip closure
Lip adhesion (two-stage repair) After dentofacial orthopedics and before Some centers prefer one-stage closure and do
  defi nitive nasolabial repair  not perform lip adhesions
Defi nitive nasolabial repair Traditionally done at 10 weeks (no scientifi c basis) Timing may vary based on cleft type
 Centers now advocate lip closure at 3 to 6 months
Cleft palate repair Before 1 to 2 years Earlier repair (before 1 year) is advocated to
 Some centers advocate closure at 8 to 10 months  improve speech development
 Some centers advocate two-staged repair, using Maxillary growth should be monitored with
  an obturator to delay palate closure  earlier repairs
Correction of velopharyngeal Speech assessment begins at 11/2 to 2 years Velopharyngeal insuffi ciency may occur
 insuffi ciency (pharyngeal fl ap   after maxillary advancement as well, and
 or sphincter pharyngoplasty)   can be corrected 6 to 12 months later
Nasolabial revisions Before 3 years
Phase I orthodontics Before alveolar cleft bone grafting Differentially expanding the anterior maxilla
Alveolar bone grafting At 8 to 12 years (when maxillary canine root Bone graft from anterior ilium is usually
  is 1/2 to 2/3 formed)  preferred
Phase II orthodontics Permanent dentition phase
Correction of maxillary After completion of growth Distraction osteogenesis should be
 hypoplasia (orthognathic   considered when maxillary advancement is
 surgery and/or distraction   greater than 10  mm
 osteogenesis)
Rhinoplasty At 6 to 12 months after maxillary advancement

Modifi ed from Kaban LB, Troulis MJ, editors: Pediatric oral and maxillofacial surgery, Philadelphia, 2004, Elsevier.
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procedure is based on dental development and not chrono-
logical age. Reconstruction of the alveolus before the mixed 
dentition stage has been associated with a high degree of 
maxillary growth restriction, requiring orthognathic correc-
tion later in life. Autogenous bone grafted from the iliac crest 
has provided the best results for reconstruction of alveolar 
cleft defects.

Orthognathic reconstruction of maxillary and mandibular 
discrepancies is generally performed from 14 to 18 years of 
age based on individual growth characteristics. This is per-
formed in conjunction with orthodontics before and after 
surgery. Orthognathic surgery before this time-frame is per-
formed only for severe cases of dysmorphology.

Lip and nasal revision is best treated once the majority of 
growth is complete, which generally occurs after 5 years of 
age but is usually performed only for severe deformities. 
Nasal revision is generally performed after age 5, when most 
of the nasal growth is complete. When orthognathic recon-
struction is planned, rhinoplasty is best performed after 
orthognathic surgery as maxillary advancement improves 
many characteristics of nasal form.

Treatment techniques for CL. Unilateral CL repair, as 
previously mentioned, is usually performed after 10 weeks of 
age. The technique most commonly used is the “Millard rota-
tion-advancement” technique. The basic intent of the repair is 
to create a three-layer closure of skin, muscle, and mucosa that 
approximates the normal tissue and excises hypoplastic tissue 
at the cleft margins. The orbicularis oris muscle is adapted to 
form a continuous sphincter. The incision lines of the Millard 
technique also fall within the natural contours of the lip and 
nose on closure, which helps promote a natural form of sym-
metry. The “C-fl ap” can be used to lengthen the columella, 
create a nasal sill, or can be banked for later use.

The Randall-Tennison technique represents a Z-plasty 
technique that is used by some surgeons for unilateral CL 
repair. This technique, however, does not achieve the same 
semblance of symmetry as that obtained using the Millard 
technique.

Primary nasal reconstruction may be performed at the time 
of lip repair to reposition the displaced lower lateral cartilages 
and alar tissues. Various techniques have been advocated, 
each with considerable variation. The repair essentially 
involves releasing the alar base, augmenting the area with 
allogenic subdermal grafts, or proceeding with open rhino-
plasty with minimal dissection to avoid scar formation.

Bilateral lip repair is a very challenging technical proce-
dure, primarily due to the lack of quality tissue present and 
the manner of separation of the tissues caused by the clefting. 
The typically shortened columella and rotation of the pre-
maxilllary segment make achieving acceptable aesthetic 
results diffi cult. Variations to surgical approaches range from 
aggressive lengthening of the columella with preservation of 
hypoplastic tissue to conservative primary nasal reconstruc-
tion as performed with McComb’s unilateral CL technique. 
McComb’s technique involves release and repositioning of the 
lower lateral cartilages and alar base on both sides without 
aggressive degloving of the entire nasal complex. Aggressive 

corrective techniques often produce initial results that are 
very good. Long-term results, however, are not so favorable 
due to the progression of natural growth processes. Excessive 
angulations and lengthened structures provide a less-than-
optimal aesthetic effect. Revision of these deformities is 
usually very diffi cult, and sometimes impossible. In general, 
if hypoplastic tissue is excised and incisions within the medial 
nasal base and columella are avoided, long-term aesthetic 
results are excellent.

Treatment techniques for CP. Successful CP repair 
during infancy depends on two objectives. The fi rst involves 
water-tight closure of the entire oronasal communication 
involving the hard and soft palate. The second involves the 
anatomical repair of the musculature within the soft palate, 
which is critical for the creation of normal speech. The soft 
palate functions in coupling and decoupling of the oral and 
nasal cavities in the production of speech. The tensor and 
levator palatini and uvularis muscles, which usually join at 
the midline, forming a continuous sling, are separated and 
insert along the posterior edge of the hard palate. Surgical 
treatment of a CP is concerned with closing the palatal defect 
and release of the abnormal muscle insertions. The timing for 
CP repair is correlated with the development of speech, which 
usually occurs around 18 months for a normally developing 
child. The velum or soft palate must be closed before the 
development of speech. If repair occurs after this time, com-
pensatory speech articulations may result. The timing of 
surgery must also be balanced with the known biologic con-
sequences of performing surgery during infancy, specifi cally 
during the growth phase, which could result in maxillary 
growth restriction. When repair of the palate is performed 
between 9 and 18 months of age, the incidence of maxillary 
restriction is approximately 25%. If repair is carried out 
earlier than 9 months of age, the incidence of severe growth 
restriction requiring future orthognathic surgery is greater. In 
addition, CP repair before 9 months of age is not associated 
with any increased benefi t in terms of speech development. 
Performing CP repair between 9 and 18 months of age seems 
to best address the functional concerns of speech develop-
ment and the potential negative impact surgery has on 
growth.

An approach used to address the speech issues with 
growth-related concerns involves staging the closure of the 
secondary palate with two procedures. This involves repair 
of the soft palate early in life, followed by closure of the hard 
palate later during infancy. The intent of this approach is that 
timely repair of the soft palate, which is critical for speech, 
is accomplished with hard palate repair being delayed until 
further growth has occurred. This technique offers the advan-
tage of less growth restriction, easier repair of larger clefts, 
and less chance for fi stula formation.

The basic premise for CP repair involves mobilization of 
multilayered fl aps to close the defect created due to the failed 
fusion of the palatal shelves. The nasal mucosa is fi rst closed, 
followed by reconstruction of the levator and tensor palatini 
muscles. The abnormal insertion of the levator and tensor 
palatini muscles on the hard palate must be removed and 
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reconstructed to join in the midline. The musculature making 
up the velopharyngeal mechanisms are also reconstructed to 
allow the soft palate to close the space between the nasophar-
ynx and oropharynx in order to create certain speech sounds. 
Closure of the oral mucosa completes the repair.

Many techniques have been devised for CP repair. The 
Bardach technique involves creation of two large full-
thickness fl aps on each palatal shelf, which are layered and 
brought to the midline for closure (Figure 13-1, A, B). This 

technique allows for preservation of the palatal neurovascular 
bundle, which is contained within the pedicle of each fl ap. 
The Von Lagenbeck technique is similar to the Bardach tech-
nique but it preserves an anterior pedicle for increased blood 
supply to the fl aps. It also involves elevation of large muco-
periosteal fl aps from the palate with midline approximation 
of the cleft margins. Long lateral releasing incisions are made 
at the border of the palatal and alveolar bone to allow 
mobilization. The levator muscles are detached from their 
abnormal insertion along the hard palate. The Furlow double-
opposing Z-plasty technique involves two Z-plasties—one on 
the oral mucosa and one in the reverse orientation on the nasal 
mucosa (Figure 13-1, C). The levator muscle on one side is 
included in the posteriorly based oral mucosa Z-plasty, 
whereas the levator muscle from the opposite side is included 
within the posteriorly based nasal mucosal Z-plasty fl ap. This 
procedure produces palatal lengthening, reorients, and pro-
vides overlap of the malpositioned levator muscles. The 
Furlow Z-plasty has been reported to be associated with a 
higher rate of fi stula formation at the junction of the soft and 
hard palates.

The Wardill-Kilmer-Veau technique represents a V-Y 
advancement of the mucoperiosteum of the hard palate and 
is intended to lengthen the palate in the anteroposterior plane 
at the time of palatoplasty. Bone is left exposed in the area 
where the fl aps were advanced. These areas granulate and 
epithelialize within 2 to 3 weeks but form excessive scat 
tissue that may contribute to maxillary growth disturbances. 
The Vomer fl ap is used to achieve closure of the hard palate. 
A wide superiorly based fl ap of nasal mucosa is elevated from 
the vomer and attached to the palatal shelf to close the defect. 
The vomer fl ap avoids the need for elevating large mucoperi-
osteal fl aps from the hard palate thus avoiding possible max-
illary growth disturbances. For very wide clefts, a pharyngeal 
fl ap may be used. This technique allows the central portion 
of the cleft to be fi lled with posterior pharyngeal wall tissue, 
making the closure of the nasal and palatal mucosa easier. 
Patients with Pierre Robin sequence (malformation) or Treacher 
Collins syndrome have exceptionally wide clefts that are dif-
fi cult to close without tension. The pharyngeal fl ap seems to 
address the concerns for CP repair with these patients. Pha-
ryngeal fl aps, however, are involved with an increased risk of 
bleeding, snoring, obstructive sleep apnea, and hyponasality.

COMPLICATIONS

The complications associated with cleft repair are essentially 
related to the technique used for treatment. The overall goals 
include nasal lining closure, adequate exposure, and release 
of soft tissue attachment along the bony borders of the cleft 
from the alveolar crest to the pyriform rim and closure of 
the oral mucosa with well-vascularized tissue that contains 
attached mucosa at the alveolar crest. Failure to address these 
concerns during treatment will ultimately lead to complica-
tions that include wound infection with fi stula formation, 
mucosal dehiscence, hypertrophic scar formation, and 
hemorrhage.

A

B

C

Figure 13-1 A, Complete cleft palate. B, Immediate postopera-
tive photograph demonstrating cleft palate closure using the Bardach 
technique. C, Immediate postoperative photograph demonstrating 
cleft palate closure using the Furlow double-opposing Z-plasty 
technique.
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It is also important to note that many patients with CLP 
have coexisting systemic abnormalities that may negatively 
affect the outcome of the treatment provided. Patients who 
present with systemic abnormalities in general are expected 
to have a higher incidence of complications compared with 
healthy patients. For the surgical correction of CLP, Lees and 
Piggott observed a high incidence of intraoperative and post-
operative complications related to the respiratory system.

The most signifi cant complication or unfavorable result of 
palate closure is the development of velopharyngeal insuffi -
ciency. This is manifested as a resonance problem with 
creation of hypernasal or hyponasal speech. Velopharyngeal 
insuffi ciency can be secondary to maxillary orthognathic 
(advancement) surgery or the use of pharyngeal fl aps. The 
resonance occurs from the modifi cation of oronasal portals 
that are either too large or too narrow. Correction of this 
problem involves reconstructive surgery with revision or cre-
ation of a new pharyngeal fl ap, accompanied by aggressive 
speech therapy.

A common complication of lip repair is the “whistle” 
deformity, which occurs due to vertical retraction of the scar 
or from inadequate advancement and rotation of the skin 
fl ap. Various lip-lengthening procedures can be performed 
secondarily, such as the V-Y advancement, which will correct 
the deformity and create a normal lip seal.

In cases of complete bilateral CLP, collapse of the alveolar 
segments posterior to the premaxilla is a common occurrence 
when orthodontic or palatal retention devices are not utilized. 
Correction of segment collapse is very complex, involving 
multiple surgeries over an extended period of time.

DISCUSSION

CL and/or CP malformations are the most common con-
genital abnormalities in the facial region. Worldwide, the 
incidence of CL is approximately 1:700 live births. The inci-
dence of CP is approximately 1:2000 live births. CLP patients 
routinely have impaired facial growth, dental anomalies, 
speech disorders, poor hearing, psychological diffi culties, and 
poor social relationships. Due to the multiple factors associ-
ated with CLP, specialty multidisciplinary teams are involved 
with the overall care of these patients. The involvement of 
the team starts during the immediate neonatal period and 
continues through completion of growth and adolescence. 
The multidisciplinary team is composed of a craniofacial 
surgeon, an oral and maxillofacial surgeon, a pediatrician, 
an otolaryngologist, a pediatric dentist, an orthodontist, an 
audiologist, a speech and language therapist, a geneticist, a 
psychologist, and a social worker.

CP defi ciencies commonly go undetected during infancy, 
only to be identifi ed later during childhood when the resultant 
anomaly becomes very apparent with the emergence of 
speech, feeding, and growth complications. It is therefore 
very important to accurately assess the palatal anatomy of 
any infant before such defi ciencies create signifi cant prob-
lems. During the initial inspection/examination of the palatal 
anatomy of infants, the presence of a submucous cleft is quite 

frequently missed. With submucous clefts, on visual inspec-
tion the palate appears intact; however, the overlying oral and 
nasal mucous membranes are expanded against the cleft area, 
giving the illusion of an intact palate. Digital palpation iden-
tifi es a notch or discontinuity along the posterior aspect of the 
bony hard palate. The submucous cleft represents a defi ciency 
in the musculature of the palate due to failed midline fusion 
of the palatal muscles, namely, the levator veli palatini, tensor 
veli palatini, uvulus, palatoglossus, and palatopharyngeus 
muscles. A bluish midline streak is often present over the soft 
palate, which indicates the splitting of the muscle layers.

Concerns that are associated with CLP include the 
following:

Feeding. Approximately 25% of CLP infants have early 
feeding diffi culties with poor weight gain for the fi rst 2 to 3 
months. Feeding sessions are prolonged due in part to ulcer-
ation of the nasal mucosa. Some infants also have increased 
metabolic needs due to congenital heart disease or airway 
obstruction. Initial poor weight gain usually resolves follow-
ing cleft closure, and any defi ciency in growth is corrected by 
6 months of age. Height and weight progressions are routinely 
monitored.

Speech and language development. Even when the palate 
is repaired, children are still at risk for subsequent speech 
disorders. It is reported that 25% of children with CLP develop 
normal speech after primary surgery, while the other 75% 
require many surgical interventions throughout childhood 
and adolescence. Speech problems arise from velopalatal 
insuffi ciency, dental and occlusal problems, oronasal fi stulas, 
and hearing problems. Approximately 15% to 20% of patients 
who have CP repair within the fi rst 12 to 15 months of life 
have velopharyngeal insuffi ciency. As mentioned earlier, sur-
gical intervention must be coordinated with the development 
of speech. Speech and language therapy must also be pro-
vided during this time. The monitoring of speech continues 
into adolescence and adulthood in conjunction with active 
orthodontic and surgical management.

Hearing. Patients with CP are at increased risk of middle 
ear effusions and subsequent infections. The attachment of 
the levator veli palatini muscle around the eustachian tube 
is abnormal and leads to poor aeration and drainage of the 
middle ear. Regular assessment by the ENT surgeon and 
audiologist is recommended so that poor hearing is not a 
contributing factor to compromised speech.

General dental welfare. Children with CLP are at great 
risk for developing malocclusion. When the cleft involves the 
alveolar process, odontogenic structures within this region 
are routinely absent or malformed. Orthodontic intervention 
is generally initiated during the preschool years. Active occlu-
sal manipulation and correction should not be instituted until 
the permanent dentition has erupted.

Genetics. There are three types of genetic risk groups for 
CLP: the syndromic group, identifi ed by physical examina-
tion; the familial group, identifi ed by history; and isolated 
defects, identifi ed by exclusion of the fi rst two groups. As 
earlier mentioned, the incidence of CL is approximately 
1:700 live births, and the incidence of CP is approximately 
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1:2000 live births. With one parent and one child affected, 
the chance of a second child having a cleft is 10%. When both 
parents are without clefts and two children have clefts, the 
chance of a third child having a cleft is 19%. When one parent 
has a cleft and two offspring are normal, the chance of the 
third child being born with a cleft is 2.5%.

Environment. Epidemiological studies have demonstrated 
a relation between exposure of environmental factors or 
teratogens during pregnancy and the development of CLP. 
These factors or teratogens include alcohol consumption, 
cigarette smoking, folic acid defi ciency, corticosteroids, 
benzodiazepines, and anticonvulsants.
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Nonsyndromic Craniosynostosis

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 7-month-old male infant is referred by his pediatrician for 
evaluation of a craniofacial dysmorphology.

HPI

The mother of this 7-month-old, otherwise healthy, male (cra-
niosynostosis has a male predilection) has been concerned 
about the abnormal shape of his head, which was noticed 
immediately after birth (craniosynostosis is the premature 
fusion of the cranial sutures occurring during intrauterine 
life. The deformity is often noticeable early). The pediatrician 
has been closely observing this skull deformity for changes 
and resolution. It was initially assumed to be deformational 
plagiocephaly (skull deformity caused by vaginal delivery or 
early fetal decent into the pelvis) and later was thought to be 
secondary to a positional plagiocephaly, an acquired skull 
deformity caused by a repetitive head position during sleep 
(nonsynostotic posterior plagiocephaly has increased since 
the American Academy of Pediatrics issued a recommenda-
tion to place infants on their back during sleep to reduce 
the risk of sudden infant death syndrome [SIDS]). Despite 
conservative management, the child continued to exhibit the 
cranial deformity, which appeared to slightly worsen over 
time. He is otherwise in good health, and the mother denies 
any behavioral abnormalities. He is referred for craniofacial 
evaluation (the rate of detectable cranial abnormalities sec-
ondary to craniosynostosis has been reported as high as 
1:1700 to 1:1900 births).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. The patient is up to date with all child-
hood immunizations, and there is no previous surgical 
history. The patient had an otherwise uneventful vaginal 
delivery.

There is no signifi cant family history (Mendelian inheri-
tance patterns are rare for nonsyndromic craniosynostosis, 
and are usually associated with other abnormalities, except 
for metopic suture craniosynostosis, which reveals a 5% 
positive family history).

With the exception of metopic craniosynostosis (which 
has a 43% incidence of associated malformations with no 
clear syndromic diagnosis), patients with nonsyndromic cra-
niosynostosis are typically healthy and do not exhibit other 
malformations that are commonly present in syndromic 
craniosynostosis.

EXAMINATION

General. The patient is a well-developed and well-nourished, 
pleasant child in no apparent distress.

Maxillofacial. Examination of the skull reveals a mild 
dysmorphology (the exact dysmorphology varies greatly and 
depends on which portion or portions of the sagittal suture 
are involved) in which the cranial vault is narrow in the 
bitemporal and biparietal dimensions and abnormally elon-
gated in the anteroposterior dimension (this is called scapho-
cephaly, meaning “long and narrow”). Frontal and occipital 
bossing is apparent (described as “keel-like” appearance).

There is no midfacial or mandibular hypoplasia or asym-
metry and no orbital dystopia (a relative discrepancy in globe 
position in the vertical and/or horizontal planes) or exoph-
thalmos (anterior position of the globe relative to the orbital 
rims).

The fundoscopic examination is normal with no evidence 
of papilledema (edema of the optic disc, which is indicative 
of elevated intracranial pressure).

Intraoral. The results of the examination are within 
normal limits (nonsyndromic craniosynostosis is not associ-
ated with increased incidence of CLP).

Extremities. There are no deformities (nonsyndromic 
craniosynostosis does not have any associated abnormalities 
of the extremities).

IMAGING

Plain fi lm complete skull series comprise the initial diagnos-
tic radiographs of choice (the clinical diagnosis of craniosyn-
ostosis must be confi rmed radiographically), and in this case, 
the radiographs reveal the absence of the entire sagittal suture 
(sagittal suture synostosis can involve the entire suture, ante-
rior portion only, or posterior portion only). If sutures appear 
patent on a radiographic study that is of diagnostic quality, 
then craniosynostosis can be ruled out.

Craniofacial axial and coronal (or reformatted) cut CT 
scans and three-dimensional reconstructions provide more 
detailed morphological information, which is very useful 
during surgical planning (CT scans are also indicated when 
plain fi lms are nondiagnostic). CT scans show a scaphoce-
phalic skull deformity, which is consistent with synostosis of 
the sagittal suture.

Head CT showed no masses (possibility of intracranial 
mass should be included in the differential diagnosis of 
cranial vault abnormalities) and no hydrocephalus (usually 
not encountered in single-suture craniosynostosis but may 
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occur independently), which can be seen in approximately 
10% of cases where multiple sutures are involved.

LABS

In an otherwise healthy 7-month-old patient, preoperative 
laboratory evaluation should include hemoglobin and hema-
tocrit levels.

ASSESSMENT

Nonsyndromic craniosynostosis involving the entire sagittal 
suture

TREATMENT

There are two primary goals in the surgical management of 
nonsyndromic craniosynostosis: (1) release of the fused 
suture(s) to allow unrestricted growth of the brain and (2) 
reconstruction of all dysmorphic skeletal components to 
correct the anatomic form. The surgical team should be com-
posed of a pediatric craniofacial surgeon and a pediatric neu-
rosurgeon for optimal results (“strip craniectomy” previously 
performed by neurosurgeons working independently did not 
address the dysmorphology of the craniofacial skeleton and 
resulted in residual deformities). Modern craniofacial man-
agement includes a formal craniotomy performed by a neu-
rosurgeon and simultaneous skeletal reconstruction by the 
craniofacial surgeon. Reconstruction and reshaping includes 
the removal, dismantling, and reassembly of all dysmorphic 
skeletal components into an anatomically desirable shape. 
The extent of the surgery depends on the suture(s) involved 
and the resultant skeletal deformity.

Although craniosynostosis is surgically addressed during 
the fi rst year of life, the exact timing of craniosynostosis 
repair is controversial. Some surgeons prefer early surgical 
correction when the child is 3 to 6 months of age. In theory, 
early release of the suture or sutures allows the expanding 
brain to naturally reshape the cranial vault, minimizing the 
later-staged reconstructive efforts. Other surgeons prefer 
delaying the surgical correction until 9 to 11 months of age, 
permitting more growth of the cranial vault before recon-
struction. The more stable cranial skeleton will potentially 
result in fewer postsurgical deformities. Also, increased 
bony calcifi cation allows for easier rigid fi xation of the bony 
segments.

The surgical correction of nonsyndromic sagittal suture 
craniosynostosis involves a biparietal craniotomy for release 
of the fused suture and reshaping of the posterior and anterior 
cranial vault. The abnormal cranial components are disman-
tled and osteotomized into strips for reshaping of the cranial 
vault. The objectives are to increase the bitemporal and bipa-
rietal width and to decrease the anteroposterior length of the 
cranial vault (reduce frontal and occipital bossing). The bony 
segments are placed into the correct anatomic position and 
secured with rigid miniplates with monocortical screws. 
Most bony gaps, including full-thickness defects will com-

pletely fi ll with bone when the surgery is performed by age 
2, because of the osteogenic potential of the periosteum and 
dura mater. Complete healing of these defects is less predict-
able when surgery is performed between ages 2 and 4. After 
the age of 4, these defects may not heal without immediate 
reconstruction (with bone grafting or other alloplastic 
material).

If the entire sagittal suture is involved, reconstruction can 
be done in a single-stage (associated with increased diffi culty, 
surgical time, blood loss, and morbidity) or two-staged 
operation. The staged reconstruction involves addressing and 
reshaping the posterior two thirds of the cranial vault, which 
will correct the bitemporal and biparietal width and improve 
the anteroposterior cranial dimension. This will not correct 
the frontal bossing, which will need to be addressed during 
the second surgical phase 6 to 12 weeks later. Others in the 
past have advocated strip craniectomy (at least 3  cm wide) 
from anterior fontanelle to just beyond the lambdoidal suture 
as adequate treatment when the child is between 3 months 
and 1 year of age. This technique (along with its endoscopi-
cally assisted variation) has been criticized for its less-than-
ideal cosmetic results.

When only the posterior portion of the sagittal suture is 
fused, surgical reshaping of the posterior two thirds of the 
cranial vault can be accomplished via a postauricular coronal 
scalp incision, with the patient in a prone position. Formal 
biparietal and occipital craniotomy is performed by the neu-
rosurgeon. The bone fl aps are removed, osteotomized, placed 
into correct anatomical position, and secured with bone plates 
using monocortical screws. If only the anterior portion of the 
sagittal suture is involved, the resulting deformity is primar-
ily frontal bossing. A coronal fl ap is elevated and a bifrontal 
craniotomy is performed, with the patient supine. The ante-
rior cranial vault is reshaped and fi xated, as was previously 
described.

COMPLICATIONS

Despite having very low complication rates associated with 
craniofacial surgery, both intraoperative and postoperative 
complications can occur. Massive blood loss and postopera-
tive infection are the most common and most feared compli-
cations (Box 13-1).

Other minor complications include ocular complications 
(diplopia, temporary ptosis, strabismus, corneal abrasion, 
and, very rarely, visual loss), seizures (rare), cerebrospinal 
fl uid leak, elevated intracranial pressure, electrolyte distur-
bances (syndrome of inappropriate antidiuretic hormone 
secretion or cerebral salt-wasting syndrome resulting in hypo-
natremia), airway embarrassment, fi xation failure or translo-
cation/migration, damage to the lacrimal drainage apparatus, 
and residual deformity requiring secondary procedures.

DISCUSSION

Virchow fi rst coined the term craniostenosis in 1851. The 
word craniosynostosis describes the process of premature 
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fusion of cranial sutures (six major suture areas and seven 
minor sutures), which results in craniostenosis (outdated ter-
minology). The craniofacial deformity is directly proportional 
to the area of sutures fused. Many classifi cation systems have 
been developed to describe various subtypes of craniosynos-
tosis. Three broad categories of craniosynostosis have been 
identifi ed: simple (single suture) or compound (two or more 
sutures), primary or secondary (related to other disorder), and 
isolated (nonsyndromic) versus syndromic (Crouzon, Apert, 
Carpenter, Pfeiffer, Saethre-Chotzen, and other syndromes).

There are several different types of craniosynostosis. Sag-
ittal suture craniosynostosis is the most common form of 
nonsyndromic single-suture synostosis, with a prevalence of 
approximately 1:5000 live births and 3:1 male predilection. 
It is characterized by a scaphocephalic deformity (long and 
narrow cranial vault) due to the premature fusion of the entire 
or part of the sagittal suture. Absence or premature fusion of 
the sagittal suture results in no growth perpendicular to the 
suture and arrested development of the two parietal bone 
plates, causing bitemporal and biparietal narrowing. There is 
compensatory growth at the major sutures that remain patent 
(i.e., coronal, lambdoid, and metopic sutures) as the brain 

continues to expand, causing an abnormal anteroposterior 
elongation of the cranial vault. This results in frontal and 
occipital bossing, often described as “keel-like.” Portions of 
the sagittal suture (anterior or posterior portions) or the 
entire suture can be fused and determine the extent of the 
cranial deformity. Several theories have been proposed for 
the etiology of craniosynostosis. Virchow believed that the 
primary event was craniosynostosis and the associated cranial 
base deformity was secondary to that event. Moss theorized 
that the cranial base deformity was the primary malformation 
resulting in premature fusion of the cranial sutures. Others 
theorized that mesenchymal defects result in both craniosyn-
ostosis and an abnormal cranial base. Growth of the midfacial 
skeleton will also be restricted if sutures along the anterior 
cranial base are prematurely fused. Regardless of the patho-
genesis, the prematurely fused suture or sutures inhibits 
growth of the neurocranium perpendicular to the fused suture 
or sutures. There is compensatory overgrowth at the normal 
(open) sutures to accommodate the growing brain (brain 
volume triples during the fi rst year of life). Thus a unilateral 
synostosis will result in a bilateral deformity. This phenom-
enon is known as Virchow’s law. Despite this compensatory 

Box 13-1.   Intraoperative and Postoperative Complications in Craniofacial Surgery

Intraoperative Complications
• Venous air embolism. Neonatal and pediatric calvaria have 

a large number of diploic and emissary channels that become 
exposed during a craniotomy procedure. Because the 
operative fi eld is typically above the level of the heart, air 
could enter into these exposed vascular channels and travel 
to the right atrium. A symptomatic air embolus could lead to 
profound hypotension and cardiovascular collapse. If venous 
air embolism is suspected, surgery should be stopped, the 
head of bed lowered, the surgical fi eld irrigated and covered 
with a wet sponge, and bone wax can be applied to the 
osteotomized bony edges. Nitrous oxide should be 
discontinued. A closed cardiac massage may be indicated in 
a severely compromised patient to force the air into 
pulmonary circulation. A thoracotomy and direct massage 
with aspiration of intracardiac air is the last resort for failed 
attempts.

• Oculocardiac refl ex. Transcranial and fronto-orbital surgery 
can trigger the oculocardiac refl ex in response to orbital 
manipulation and pressure, leading to bradycardia and 
hypotension. Care must be taken to prevent excessive orbital 
pressure and fl ap retraction. The anesthesia team should be 
notifi ed during such maneuvers. Severe bradycardia and 
hypotension will require the administration of atropine.

• Dural lacerations. David and Cooter reported a 31% 
incidence of iatrogenic dural tears in a series of 53 patients. 
Others have reported an incidence of 5% to 60%. Direct 
repair usually has no detrimental sequelae.

• Major blood loss. The continual ooze of blood from the 
vascular osteotomy sites over several hours of surgical time 
can accumulate to loss of a large portion of the patient’s 
blood volume. The incidence of perioperative blood 
transfusions is variable and has been reported to be as high 

as 80% to 100% of patients undergoing cranial vault 
reconstruction. However, this is not universally accepted by 
all craniofacial surgeons. Major blood loss resulting in 
hypovolemic shock has a reported incidence of 0.3% to 4.6%. 
Appropriate fl uid resuscitation with crystalloid, colloid, 
blood, and replacement of coagulation factors (fresh frozen 
plasma) should be anticipated.

• Death. Reported mortality rates from craniofacial surgery 
ranges from 0% to 4.3%. Massive intraoperative bleeding, 
postoperative bleeding, intracranial bleeding, cerebral edema, 
infection, inadequate volume replacement, respiratory 
obstruction, and anesthetic complications are the most 
common causes.

Postoperative Complications
• Infection. Infection can be in the form of osteitis/

osteomyelitis, meningitis, or intracranial abscess and is the 
most common postoperative complication (infection rates 
range from 1% to 14%). Separation of nasal and paranasal 
sinuses from intracranial cavity is paramount in reducing the 
incidence of infection. The use of appropriate perioperative 
antibiotics, intraoperative antibiotic irrigation (or saline with 
dilute iodine), and reduction of surgical time also reduces 
infection rates. Monobloc advancement procedures have a 
higher rate of infection compared with other intracranial 
procedures.

• Extradural and subdural hematomas. These are a 
relatively rare occurrence. Poole reported less than a 1% 
incidence of hematoma. Suction drainage is not advocated 
because of concern that it can cause bleeding, cerebrospinal 
fl uid leakage, infection, or draw nasal/sinus contamination 
intracranially. Close neurological observation is needed to 
look for signs of an evolving intracranial hemorrhage.
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growth, an increase in intracranial pressure (greater than 
15  mm  Hg) may still be seen.

Neurological impairment is a rare event in single-suture 
craniosynostosis (single-suture is most common, with the 
sagittal suture being most affected), especially when treated 
before the age of one (elevated intracranial pressure is seen 
in approximately 14% of children with untreated single-suture 
craniosynostosis and in 42% when two or more sutures are 
involved). However, if elevated intracranial pressure is left 
untreated, it may lead to irreversible neurological and cogni-
tive damage.

The major cranial sutures are the sagittal, metopic, coronal 
(right and left), and lambdoidal (right and left). The minor 
sutures are the temporosquamosal, frontonasal, and fronto-
sphenoidal. In the majority of nonsyndromic craniosynosto-
sis, only one suture is involved. Involvement of the sagittal 
suture is the most common type. Table 13-3 lists the major 
nonsyndromic craniosynostosis, along with their characteris-
tic features and incidence of occurrence.

Coronal suture craniosynostosis is the second most 
common type of nonsyndromic synostosis. Mutation of the 
fi broblast growth factor receptor 3 gene (FGFR3) has been 
implicated in its pathogenesis. Due to early fusion of the 
coronal suture (either right or left), there is hypoplasia of the 
frontal and parietal bones on the affected side resulting in 
fl attening of the forehead (anterior plagiocephaly). Compen-
satory overgrowth of the unaffected sutures, including the 
contralateral coronal suture, results in frontal bossing of the 
unaffected side. Also, orbital dystopia (superior, posterior 
position of affected orbit), ipsilateral zygomatic hypoplasia, 
and nasal asymmetry commonly occur. Midfacial hypoplasia 
and orbital dystopia are seen because of the involvement of 
the anterior cranial base along the frontoethmoidal, fronto-
sphenoidal, and sphenoethmoidal sutures. This results in 
“Harlequin eye” deformity on an anteroposterior skull fi lm. 
Surgical correction involves a bifrontal craniotomy, orbital 
osteotomies, fronto-orbital advancement, and anterior cranial 
vault reshaping.
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Table 13-3.  Types of Nonsyndromic Craniosynostosis

    Elevated Central Nervous
Suture(s)    Intracranial System (Mental
Affected Head Shape Name Incidence Pressure Retardation)

Sagittal Long and narrow Scaphocephaly 1:5000 Absent Slight
Coronal One hemicranium Anterior plagiocephaly 1:10,000 Infrequent Slight to moderate
  smaller than other
Metopic Triangular forehead Trigonocephaly 1:15,000 Usually absent Slight to moderate
Lambdoidal One hemicranium Posterior plagiocephaly 1:150,000 Infrequent Slight to moderate
  smaller than other
Bilateral Short, broad, and tall Brachycephaly Rare Infrequent Slight to moderate
 coronal   (acrobrachycephaly)
Sagittal and Short and narrow Oxycephaly Rare Usually present High
 coronal    

Modifi ed from Dufresne CR: Classifi cations of craniofacial anomalies. In Dufresne CR, Carson BS, Zinreich SJ, editors: Complex craniofacial problems, New York, 
1992, Churchill Livingstone, pp 63-71.
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Apert Syndrome

Mehran Mehrabi, DMD, MD, and Shahrokh C. Bagheri, DMD, MD

CC

A 14-year-old boy previously diagnosed with Apert syndrome 
presents to the craniofacial clinic for evaluation of his anterior 
open bite (apertognathia) with a chief complaint of “diffi culty 
with chewing.”

HPI

The patient was diagnosed with craniosynostosis (premature 
fusion of the cranial sutures) shortly after birth. Subsequently, 
he had fronto-orbital advancement at age 7 months. At age 
2 years, he had a craniofacial advancement to address the 
midface hypoplasia. Currently, the parents are unhappy with 
the child’s appearance because children at his school con-
tinually mock him regarding his appearance and, in par-
ticular, his open bite. They believe that it has affected his 
self-confi dence and performance. The mother indicates that 
the child has diffi culty biting hard foods such as steak or pizza 
and has to use his posterior teeth for mastication. He is cur-
rently undergoing presurgical orthodontic treatment in prepa-
ration for combined surgical-orthodontic correction of his 
skeletal malocclusion. The parents are also concerned about 
his continued “sunken” face appearance (midface hypoplasia) 
despite his corrective surgery at age 2 years (the midface 
hypoplasia frequently persists despite early surgical advance-
ment and often needs to be reoperated after completion of 
midface growth).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

He was also diagnosed with a heart murmur at birth and 
subsequent corrective surgery without complications (cardio-
vascular and valvular abnormalities such as patent ductus 
arteriosus is seen in 10% of patients with Apert syndrome). 
He also had a history of hydronephrosis at birth that resolved 
without surgery (genitourinary abnormalities are seen in 
about 10% of patients). At age 4 weeks, he was diagnosed 
with pyloric stenosis, thickening of pyloric valve that results 
in gastric obstruction (gastrointestinal abnormalities are seen 
in 1.5% of patients) and successfully underwent a laparo-
scopic pyloroplasty. The family history reveals his two 
brothers and one sister are healthy (the majority of cases are 
sporadic in nature, although autosomal dominance inheri-
tance has been reported). Cognitive assessments at school 
have revealed that he is slightly developmentally delayed for 
his age (65% of patients have an intelligence quotient of less 
than 70, which is defi ned as mental retardation).

EXAMINATION

General. The patient is moderately cooperative with poor 
attention span (secondary to developmental delay) but is able 
to follow simple commands. He has a short stature for his age 
and compared to his parents (megalocephaly [large head] 
results in the weight and height being above the 50th percen-
tile early, but this decreases with age).

Maxillofacial. Examination of the skull reveals a steep 
frontal bone (Figure 13-2, A), fl at occipital region, and bulging 
temporal region. He exhibits mild ocular esotropia (cross-
eyed) as well as hypertelorism (diverging and widely spaced 
pupils, respectively). There is underdevelopment of his 
maxilla and zygomas bilaterally (midface hypoplasia) (Figure 
13-2, B). Fundoscopic examination is normal with no evi-
dence of papilledema (swelling of optic disc commonly seen 
in infants with Apert syndrome due to elevation in intracra-
nial pressure).

Intraoral. The patient has anterior open bite (aperto-
gnathia) with a narrow high (V-shaped) maxillary arch 
(Figure 13-2, C). Class III molar relationship (Class III mal-
occlusion with an anterior open bite is almost universal for 
Apert syndrome). Only two posterior molars are in contact 
on either side. There is no apparent hard or soft tissue clefting 
of the palate (seen in 30% of patients with Apert syndrome).

Extremities. The index, middle, and ring fi ngers are fused, 
and there is a common nail in both hands (symmetrical syn-
dactyly) (Figure 13-2, D). The thumb and small fi ngers are 
not affected in either hand and show normal strength and 
mobility. The feet are normal and are not affected (lower 
extremities may be involved).

Skin. The child has yellow raised papules on the dorsum 
of the hands (acne vulgaris involving hands are seen in 70% 
of Apert syndrome).

IMAGING

A panoramic radiograph and periapical radiographs are 
required to evaluate for supernumerary teeth, root crowding, 
and morphology and to detect caries. When impacted teeth 
are present (excluding third molars), periapical fi lms from 
various angles can be obtained to evaluate the buccolingual 
position of the tooth (Clark’s rule). A lateral cephalometric 
radiograph, along with cephalometric analysis, is used for 
evaluation and treatment of the dentofacial deformity. A CT 
scan is not required but can be used for evaluation of opacifi ed 
sinuses (which are not uncommon in maxillary hypoplasia) 
and for visualization of the three-dimensional anatomy as an 
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aid in treatment planning. Magnetic resonance imaging 
(MRI) is also not required but can be useful in select cases 
for evaluation of soft tissue anatomy such as brain paren-
chyma, orbital tissue, or pharyngeal structures. Obstructive 
sleep apnea (OSA) is commonly seen in patients with Apert 
syndrome, and the mentioned imaging modalities may be 
used to assess posterior airway anatomy.

In this patient, a panoramic radiograph and lateral cepha-
lometric radiographs were obtained and used in treatment and 
cephalometric analysis. There were no teeth crowding, impac-
tions, or supernumerary teeth; therefore, no periapical radio-
graphs were obtained.

LABS

Preoperative laboratory testing includes a complete blood 
count (CBC) and basic metabolic panel, both of which dem-
onstrated no abnormalities.

ASSESSMENT

Apert syndrome with maxillary hypoplasia and apertognathia 
requiring combined surgical orthognathic and orthodontic 
treatment

TREATMENT

The initial evaluation of patients with Apert syndrome at birth 
is focused on airway, central nervous system malformations, 
and feeding assessment. A retruded maxilla and limited naso-
pharyngeal airway would increase the work of breathing 
and may need advanced airway interventions. The inability 
to pass a nasogastric tube may indicate nasopharynx obstruc-
tion. Most often, these infants compensate with obligate 
mouth breathing and hence have an “open mouth” appear-
ance. The central nervous system symptoms may manifest as 
seizures, hypotonia or hypertonia, and apnea. The high arched 

A B

C D

Figure 13-2 A, Frontal view demonstrating general appearance of the patient. B, Profi le view demonstrating severe midfacial hypoplasia 
and frontal bossing. C, Intraoral view demonstrating apertognathia. D, Syndactyly (seen in both hands).
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palate, possible clefting, and obligate mouth breathing make 
feeding challenging. These patients may need a nasogastric 
or orogastric feeding tube or placement of a percutaneous 
endoscopic gastrostomy tube.

Treatment of craniosynostosis is also dependent on age. 
Strip craniectomy, which allows for cranial decompression, 
has been performed in children younger than 3 months. 
However, due to unsatisfactory results, this procedure has 
been largely abandoned except for isolated sagittal synostosis. 
Fronto-orbital advancement is performed at age 6 to 9 months. 
In this procedure, the osteotomy is made across the nasofron-
tal junction, lateral orbital walls, and roof of the orbit. This 
increases the volume of the orbit along with the anteroposte-
rior cranial dimension and decreases the bitemporal promi-
nence. The fronto-orbital bar may be advanced up to 20  mm. 
Generally, there is no need for bone grafting (some surgeons 
use bone substitutes such as demineralized bone to fi ll in the 
defects), and the segments are commonly fi xated using resorb-
able plating systems. A monobloc or craniofacial advance-
ment is performed at age 9 months to 3 years. This procedure 
advances the cranium and midface simultaneously. This oste-
otomy consists of advancement of the frontal bone in two 
segments and a Le Fort III advancement. The retrofrontal (the 
space created behind the frontal bone) dead space makes this 
procedure dangerous and should be done only in patients with 
respiratory compromise. If a midface distraction or advance-
ment is used, it is best done between ages 3 and 5 years with 
a subcranial (extracranial) Le Fort III advancement.

This patient was treated with a Le Fort III advancement. 
Mounted models with lateral cephalometric analysis were 
used to evaluated the extent of surgical movement. A custom-
made prefabricated occlusal splint was used to guide the 
position of the maxilla intraoperatively. With a bicoronal, 
transconjunctival (or a subtarsal), and circumvestibular max-
illary incision, osteotomies were made along the roof on the 
orbit, lateral orbital wall extended laterally and inferiorly to 
pterygomaxillary fi ssure. The medial orbital wall osteotomy 
was connected to inferior orbital fi ssure. This requires lifting 
the lacrimal sac without interruption of the medial canthal 
ligament. The nasofrontal osteotomy was extended laterally 
and inferiorly (behind the lacrimal groove) to meet the infe-
rior cut. Then, a Rowe disimpaction forceps was used to 
mobilize and advance the midface. The position of the max-
illary unit is dictated by the prefabricated splint. Bone grafts 
and/or distraction osteogenesis may be used in select patients. 
In patients with a normal occlusion, a Le Fort III with concur-
rent Le Fort I can be used. If the bizygomatic prominence is 
appropriate, Le Fort II osteotomy may be suffi cient.

COMPLICATIONS

There are few reports in the literature on complications of Le 
Fort II and III orthognathic procedures. Complications of Le 
Fort I osteotomy have been extensively studied in the orthog-
nathic surgery population and reported at a rate of about 6% 
to 9%. Most severe complications of Le Fort (I, II, or III) 
osteotomy result from an unwanted pterygomaxillary separa-

tion with fractures extending to skull base, the orbital wall, 
and pterygoid plates. This is seen with a higher frequency in 
patients with craniosynostosis. Skull base fractures can result 
in a subarachnoid hemorrhage; there have been seven reported 
cases of skull base fracture in patients with craniosynostosis. 
It is prudent to discuss this complication preoperatively. Other 
complications include the increased frequency of intracranial 
aneurysms seen in patients with Crouzon syndrome. Sporadic 
cases of blindness also have been reported following Le Fort 
I osteotomy.

There are various modifi cations of maxillary osteotomies 
at the pterygomaxillary junction that can be done to prevent 
an unfavorable fracture. A straight osteotome can be used at 
the tuberosity rather than the pterygomaxillary fi ssure. Swann 
shape osteotomes that are designed to direct force anteriorly 
or the use of an oscillating saw and endoscopic techniques 
have also been discussed. However, most surgeons use a 
curved osteotome directed anteriorly, medially, and inferiorly 
as a measure to prevent an unwanted fracture and to avoid the 
internal maxillary artery.

Relapse of the surgical move and development of an ante-
rior open bite are more frequently seen with larger moves. 
Overcorrection may be appropriate, especially in younger 
patients. Another strategy to address this complication is to 
plan the surgical procedure in two stages, with an initial 
monobloc advancement followed by a Le Fort I osteotomy to 
close the anterior open bite.

DISCUSSION

Craniosynostosis, or abnormal premature closure of cranial 
sutures, was fi rst described by Hippocrates in 100 bc. This 
may present as an isolated fi nding or in combination with 
other physical fi ndings, designating it a “syndromic cranio-
synostosis.” Apert, Crouzon, Pfeiffer, and Saether-Chotzen 
syndromes are the most commonly diagnosed syndromes that 
include craniosynostosis with midface hypoplasia. With 
involvement of the skull base with a hypoplastic midface, 
these are generally referred to as dysostosis syndromes.

Apert syndrome was fi rst described in 1984 by S.W. 
Wheaton and later by Eugene Apert in 1906. This acroceph-
alosyndactyly (deformity of skull, face, and extremity) pres-
ents with a distinctive cranial vault shape, midface hypoplasia, 
and limb abnormalities such as symmetrical syndactyly, acne 
vulgaris, and nail abnormalities. There have been over 300 
cases reported. The majority of cases are sporadic, but an 
autosomal dominance inheritance has also been observed. 
Advanced paternal age and parental consanguinity (seen in 
two patients) have been associated with increased risk.

Early fusion of the coronal sutures, along with a widely 
patent sagittal suture (extending from the glabella to the pos-
terior fontanelle), produces a short anterior cranial fossa, a 
steep, wide, and fl at forehead. This results in a bulging pterion 
and an obliquely contoured temporal bone. The occiput is also 
fl at, which makes for a shorter anteroposterior dimension 
while increasing the vertical dimension. The resulting skel-
etal deformity of craniosynostosis is caused by poor skeletal 
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development perpendicular to the prematurely fused suture. 
The remaining sutures widen excessively, producing the fi nal 
cranial form. This is referred to as Virchow’s law.

The midface hypoplasia consists of an underdeveloped 
maxilla in all dimensions with a reduction in the nasopharyn-
geal airway space. Oral examination may show a high arched 
palate, CP, dental crowding, and an anterior open bite. Ocular 
abnormalities present as orbital hypertelorism and exorbitism, 
which are generally not as severe as in Crouzon syndrome. 
Syndactyly consists of soft tissue fusion of the second, third, 
and fourth fi ngers or toes. This is seen with a variable extent 
of bony and fi ngernail fusion of the involved digits.

The effects of an abnormal skull shape on the brain include 
the development of progressive hydrocephalus (rare), dis-
torted ventricle shape, agenesis of the septum pellucidum, 
corpus callosum, cavum septum pellucidum, and possible 
developmental delay. Two cranial nerves can be affected inde-
pendent of cranial vault shape: I (9%), resulting in anosmia, 
and VIII, causing hearing impairment (10%).
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Crouzon Syndrome

Deepak Krishnan, BDS, and Chris Jo, DMD

CC

A 16-year-old boy with a previous diagnosis of Crouzon syn-
drome presents to the craniofacial clinic for evaluation of his 
malocclusion with a chief complaint of “I am unable to chew 
with my front teeth, I do not like my face, and my upper jaw 
is smaller than my lower.”

HPI

Shortly after birth, the patient was diagnosed with a familial 
craniofacial dysostosis syndrome that was characterized as 
Crouzon syndrome (most commonly caused by premature 
fusion of the coronal sutures resulting in brachycephaly; 
seen with an incidence of 1:25,000 live births). The 
initial craniofacial morphology was consistent with that 
of bilateral coronosynostosis. The skull showed signifi cant 
brachycephaly (defi ned as a short and wide head with 
a cephalic index of over 80. The cephalic index is the 
maximum head width multiplied by 100, divided by maximum 
head length). The patient also demonstrated fl at frontal and 
occipital bones with a bulging temporal region (temporal 
bossing).

Within several months of birth, the patient progressively 
showed signs of defi cient growth of his maxilla and zygoma 
(midface hypoplasia), with moderately severe exophthal-
mos (due to hypoplasia of the midface causing shortened 
anteroposterior dimension of the orbital fl oor), resulting in 
mild exposure keratitis. The eyes showed mild exotropia 
(divergent strabismus) and hypertelorism (widened interpu-
pillary distance). There were no signs of elevated intracranial 
pressures. At the age of 10 months, he underwent fronto-
orbital advancement without any complications (primary 
cranio-orbital decompression and reshaping are performed 
at 10 to 12 months, unless there is elevated intracranial pres-
sure requiring earlier intervention). Subsequently, at age 
6 years, he had a midfacial advancement by craniofacial 
distraction to address the midface hypoplasia (fi nal cranial 
vault and orbital reconstruction is performed between the 
ages of 5 and 7 years). At present, the parents complain of 
functional impairment due to his malocclusion and express 
generalized unhappiness with his appearance. They explain 
that he is the center of constant harassment by the other 
kids at school and that it has affected his self-confi dence and 
academic performance. He is currently undergoing presur-
gical orthodontic treatment in preparation for combined 
surgical-orthodontic correction of his skeletal Class III 
malocclusion and apertognathia (orthognathic surgery is 

performed between the ages of 14 to 16 in females and 16 to 
18 in males).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a history of seizures (seizure disorder is seen 
in 10% of patients with Crouzon syndrome). He also has a 
conductive hearing loss and atresia of the internal auditory 
meatus (seen in approximately 55% of patients).

Family history reveals a sibling and a cousin with the 
diagnosis of Crouzon syndrome (both autosomal dominance 
inheritance with variability of expression and sporadic cases 
have been reported). Cognitive assessments at school have 
revealed slight developmental delay for his age (3% to 65% 
of patients have an intelligence quotient of less than 70, 
defi ned as mental retardation, emphasizing the variability in 
expression).

EXAMINATION

General. The patient is a well-developed and well-nourished 
boy in no apparent distress.

Maxillofacial. The head form is mildly brachycephalic. 
The supraorbital rims appear in good anteroposterior posi-
tion. Examination of the face shows a fl at forehead, moderate 
residual midfacial hypoplasia, and exophthalmos. Fundo-
scopic examination is normal with no evidence of papill-
edema or swelling of the optic disc (would be indicative of 
increased intracranial pressure).

Intraoral. There is an anterior open bite (apertognathia) 
with only molar occlusion, a narrow high (V shape) maxillary 
arch, and a high arched palate. The maxillary dental arch is 
constricted in the anteroposterior dimension. The patient is 
in Class III molar relationship with a negative overjet of 6  mm 
(Angle Class III malocclusion with an anterior open bite and 
narrow maxilla are almost universal for Crouzon syndrome). 
Bilateral posterior crossbites are evident (transverse maxil-
lary defi ciency is seen in up to two thirds of patients with 
Crouzon syndrome).

There is no hard or soft tissue clefting of the palate (low 
incidence of clefting, only seen in 2% to 3% of patients with 
Crouzon syndrome) or uvula (seen in 9% of patients with 
Crouzon syndrome). Two large lateral palatal swellings are 
present bilaterally, giving the appearance of a pseudo cleft 
(common in up to 50% of patients with Crouzon syndrome).

Extremities. No limb deformities are identifi ed (Crouzon 
syndrome is not characterized by extremity abnormalities, in 
contrast to Apert or Pfeiffer syndrome).
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IMAGING

A panoramic radiograph and lateral cephalogram are neces-
sary plain radiographic studies before any orthognathic/
craniofacial surgery. A posteroanterior cephalogram is also 
obtained for evaluation of suspected asymmetry. Periapical 
radiographs can be obtained for detailed evaluation of the 
dentition. Preoperative and postoperative photodocumenta-
tion (extraoral and intraoral) is required.

CT scans with three-dimensional reconstructions and ste-
reolithographic models are adjunctive studies that are useful 
in treatment planning diffi cult cases or in the initial diagnosis 
of craniosynostosis.

For this patient, panoramic and lateral cephalometric 
radiographs were obtained for evaluation and cephalometric 
analysis. There was no dental crowding, impactions, or super-
numerary teeth.

LABS

The baseline hemoglobin and hematocrit levels are the 
minimal preoperative laboratory testing necessary for cranio-
facial surgery in anticipation for potential blood loss. This 
patient had a hemoglobin level of 13  mg/dl and a hematocrit 
of 40%.

ASSESSMENT

Crouzon syndrome presenting with maxillary hypoplasia in 
the transverse and anteroposterior dimensions, and aperto-
gnathia requiring combined surgical orthognathic and 
orthodontic treatment

Craniosynostosis can be broadly categorized as syndromic 
craniosynostosis (craniofacial dysotosis) or nonsyndromic 
craniosynostosis. The reconstructive efforts are staged in 
multiple procedures (see HPI). This patient presents in the 
later stages of reconstruction for correction of the residual jaw 
deformities and malocclusion.

TREATMENT

On diagnosis of Crouzon syndrome, the initial assessment 
focuses on central nervous system malformations and feed-
ing abnormalities. Maxillary hypoplasia and retrusion in 
combination with a narrow nasopharyngeal airway increase 
the work of breathing and may require advanced airway 
interventions. The central nervous system manifestations 
are usually the result of premature closure of cranial sutures 
leading to decreased cranial volume and increased risk 
for elevated intracranial pressure (risk of elevated intra-
cranial pressure increases with the number of sutures 
involved).

The high arched palate, possible clefting, and obligate 
mouth breathing make feeding challenging. The inability to 
pass a nasogastric tube is suggestive of nasopharyngeal 
obstruction. Most often, these infants compensate by obligate 
mouth breathing. Feeding diffi culties may require a nasogas-

tric or orogastric feeding tube or placement of a percutaneous 
endoscopic gastrostomy tube.

The surgical management of the dysmorphologies associ-
ated with Crouzon syndrome involves a staged reconstructive 
strategy. There is no clear consensus on the most appropriate 
timing and technique of each reconstructive stage; typically, 
there are three stages (Box 13-2):
• Stage 1. Primary cranio-orbital decompression with 

reshaping and advancement
• Stage 2. Correction of midfacial defi ciency and 

deformity with osteotomy and advancement (monobloc, 
facial bipartition, or extracranial Le Fort III osteotomies)

• Stage 3. Orthognathic surgery
This patient was treated with a high Le Fort I osteotomy and 
bilateral sagittal split osteotomies for correction of his skel-
etal Class III deformity and apertognathia (see Chapter 7, the 
sections on Mandibular and Maxillary Orthognostic Surgery). 
He was also treated with an advancement genioplasty and 
malar implants for improved facial contours.

Box 13-2.   Stages of Surgical Management of 
the Dysmorphologies Associated 
With Crouzon Syndrome

Stage 1. Primary cranio-orbital decompression with reshaping 
and advancement is typically undertaken at 10 to 12 months 
of age. Some surgeons advocate earlier intervention at 6 to 
9 months. Elevation of intracranial pressures warrant earlier 
intervention. During this stage, the coronal sutures are 
released bilaterally and osteotomies are performed on the 
anterior cranial vault and upper orbits (across the 
nasofrontal junction, lateral orbital walls, and roof of the 
orbit), thereby advancing and decompressing both 
compartments. This increases the volume of the orbits 
along with the anteroposterior cranial dimension and 
decreases the bitemporal prominence. Repeat craniotomy 
may be required in later childhood in the presence of 
increased intracranial pressure.

Stage 2. Correction of midfacial defi ciency and deformity with 
osteotomy and advancement can be performed as early as 5 
to 7 years of age (cranial vault and orbits are 85% to 90% 
of adult size at this age). The presenting deformity (in the 
vertical, horizontal, and transverse planes) will dictate the 
type of osteotomy technique to be used. Monobloc, facial 
bipartition, or Le Fort III osteotomies can be used. An 
extracranial Le Fort III osteotomy is indicated when the 
supraorbital ridge is in good position and there is minimal 
ocular hypertelorism. If there is a residual defi ciency in the 
supraorbital ridge and anterior cranial vault, along with 
midfacial defi ciency, then a monobloc osteotomy is 
indicated to advance the entire orbit and midface. If there is 
signifi cant hypertelorism, then a facial bipartition osteotomy 
(monobloc osteotomy with a vertical midline split and 
removal of a intraorbital wedge of bone) is indicated for 
orbital repositioning (this will also widen the maxillary 
arch).

Stage 3. Orthognathic surgery to correct residual jaw 
deformities and malocclusion should be performed after 
completion of facial growth in conjunction with other 
cosmetic procedures such as malar or chin surgery.
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COMPLICATIONS

Complications of Le Fort II and III level maxillary osteoto-
mies are discussed in the section on Apert Syndrome.

DISCUSSION

Crouzon syndrome was fi rst described in 1912 by O. Crouzon 
and later in a series of 86 cases published by Atkinson in 1937. 
The reported prevalence in the literature is 15 to 16 per 1 
million births, accounting for 4.5% of all cases of craniosyn-
ostosis. The syndrome follows an autosomal dominant mode 
of distribution, although reports of sporadic cases from new 
mutations occur. Variability of expression characterizes this 
syndrome.

Abnormalities of the central nervous system may include 
progressive hydrocephalus, chronic cerebellar herniation, and 
stenosis of the jugular foramen with venous obstruction. An 
increased frequency of cerebellar herniation has been attrib-
uted to earlier patterns of suture closure in Crouzon syndrome 
compared with Apert syndrome. Differences in skull develop-
ment between Apert and Crouzon syndromes have been sug-
gested, including earlier closure of sutures, fontanelles, and 
synchondroses in Crouzon syndrome. This leads to marked 
differences in shapes and the cranial volume of the skull in 
patients with Crouzon syndrome. Cranial malformation 
depends on the order and rate of progression of sutural syn-
ostosis. Brachycephaly is most common, but scaphocephaly, 
trigonocephaly, and cloverleaf skull may be observed.

Shallow orbits with ocular proptosis are an important 
diagnostic feature of Crouzon syndrome. Concomitant 

ocular fi ndings include exotropia, poor vision or blindness, 
optic atrophy, nystagmus, exposure conjunctivitis, and kera-
titis, among others. Approximately 50% of patients with 
Crouzon syndrome have lateral palatal swellings that resem-
ble a pseudocleft. CLP and a bifi d uvula occur in lower 
frequencies.

Maxillary hypoplasia manifests as transverse and antero-
posterior dental arch shortening. A high arched palate and a 
unilateral or bilateral crossbite are seen. Crowding, ectopic 
eruption, and missing teeth are not uncommon. Conductive 
hearing loss defi cit is found in 55%, and atresia of the exter-
nal auditory canals occurs in 13%. Crouzon syndrome should 
be distinguished from simple bilateral coronal synostosis and 
crouzonodermoskeletal syndrome.
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Hemifacial Microsomia

Chris Jo, DMD, and Shahrokh C. Bagheri DMD, MD

CC

A 12-year-old boy is referred by his orthodontist for evalua-
tion of persisting facial asymmetry, explaining that, “My face 
and jaw are crooked” (possible male predilection, but some 
studies have shown an equal gender distribution).

HPI

The facial asymmetry was fi rst noticed in early childhood 
and has progressively exacerbated (asymmetry in hemifacial 
microsomia usually progresses with age). The patient has 
been in a functional orthopedic and orthodontic appliance 
for several years, with no improvement. He presents with an 
obvious facial asymmetry and deviation of the face and man-
dible to the left side. The occlusal plane is canted toward the 
affected side. The patient denies any previous history of facial 
trauma (facial fractures in a growing child, especially to the 
mandibular condyle, can contribute to growth disturbances). 
He was born with an absent auricle with only some remnants 
of the lobule (E3, Table 13-4). His left ear was reconstructed 
at age 6 (in a normal child, the ear is 90% of adult size at 
this age).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Noncontributory. He is in the seventh grade and in good 
academic standing (mental and developmental retardation is 
not usually seen in patients with hemifacial microsomia).

EXAMINATION

General. The patient is a well-developed and well-nourished 
boy in no apparent distress.

Neurological. The patient is awake, alert, and oriented. 
Cranial nerves, other than the left vestibulocochlear (VIII) 
nerve, are intact (muscular impairments may be present, but 
this is not due to central or peripheral cranial nerve dysfunc-
tion. The facial nerve is intact bilaterally [N0, or no facial 
nerve involvement]).

Maxillofacial. The examination results are consistent with 
hemifacial microsomia with obvious facial asymmetry. The 
left face appears hypoplastic (S1, or minimal subcutaneous 
and muscle defi ciency), and the facial midline is deviated to 
the left (the affected side). There is discrete vertical orbital 
dystopia (O2, or abnormal orbital position). The left auricular 
reconstruction appears excellent but slightly anterior and 
inferior in position (E3, or malpositioned remnant of lobule 

with absent auricle, usually in the anterior and inferior 
position).

The nasal tip is deviated 2  mm to the left of the facial 
midline, with slight shortening of the left ala. The left zygoma 
is moderately hypoplastic. The maxillary dental midline and 
chin are 2 and 6  mm to the left of the facial midline, respec-
tively, but the maxillary and mandibular dental midlines are 
coincident. The right gonial angle is 4  mm lower than the left 
side (indicative of a vertical defi ciency on the left ramus–
condyle unit). The left condylar head is diffi cult to palpate 
(M2, or short and abnormally shaped mandibular ramus with 
a severely hypoplastic condyle; confi rmed radiographically).

The maxillary and mandibular occlusal planes are canted 
3  mm downward on the right. The occlusion demonstrates a 
slight posterior crossbite and crowding of the anterior man-
dibular teeth on the left side. The molar relationship is Class 
I on the right side and Class II on the left side (malocclusion 
is prevalent in hemifacial microsomia, and the degree of 
malocclusion is proportional to the skeletal deformity. Dental 
crowding, inclination of the anterior teeth and unilateral 
crossbite on the affected side are characteristic fi ndings).

The dentition is in the mixed stage and without any caries 
or soft tissue pathology (patients with hemifacial microsomia 
are fi ve times more likely to have missing teeth than is the 
general population and frequently have delayed tooth devel-
opment on the affected side. Dental agenesis and enamel 
hypoplasia are more likely to occur in persons with severe 
skeletal deformities. Enamel hypoplasia of the primary inci-
sors on the affected side is thought to be an additional early 
developmental marker for hemifacial microsomia).

Lips and oral commissure are normal (macrostomia is 
seen in 35% of hemifacial microsomia). The soft palate, hard 
palate, and alveolar processes appear normal (approximately 
7% to 15% of patients with hemifacial microsomia present 
with CLP).

IMAGING

A panoramic radiograph is the initial diagnostic radiographic 
study of choice, providing an excellent overview of the man-
dible and maxilla and demonstrating the degree of deformity 
of the mandibular ramus–condyle unit. Lateral and postero-
anterior cephalometric radiographs are used to evaluate the 
degree of deformation, hypoplasia, and asymmetry of the 
maxilla and mandible in relation to the cranial base. CT scans 
with three-dimensional reconstructions provide the most 
detailed information. Stereolithographic models can be fab-
ricated to assist in surgical planning, especially when severe 
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asymmetries exist or when distraction osteogenesis is planned 
(models provide an excellent platform to contour custom-
made prefabricated facial implants and vector planning for 
distraction osteogenesis). Standard preoperative and postop-
erative photodocumentation is required.

For this patient, the panoramic radiograph demonstrates 
severe hypoplasia of the mandibular ramus–condyle unit 
(Figure 13-3). The auricular reconstruction is visible on the 
radiograph and is anterior and inferior in position compared 
with the normal side.

Figure 13-4 shows a stereolithographic model constructed 
from the CT scan illustrating the asymmetry, hypoplastic left 
zygoma, missing left zygomatic arch, occlusal canting, twisted 
maxilla, and severity of the condylar and ramus hypoplasia 
and deformity (although severely deformed, a small condyle 
is present: OMENS [see Table 13-4] M2 or Kaban type IIB). 
The glenoid fossa is present (an absent fossa is classifi ed as 
OMENS M3 or Kaban type III).

LABS

Baseline preoperative hemoglobin and hematocrit levels are 
required for patients undergoing orthognathic or reconstruc-
tive surgery secondary to the potential for severe intraopera-
tive blood loss. The hemoglobin and hematocrit for this 
patient were 15.5  g/dl and 42.1%, respectively.

ASSESSMENT

A 12-year-old boy with left-sided hemifacial microsomia
According to OMENS classifi cation, the patient is classi-

fi ed as O2M2E3N0S1 (see Table 13-4) or Kaban type IIB hemi-
facial microsomia.

TREATMENT

The goals of treatment for hemifacial microsomia are to:
• Increase the size of the underdeveloped/hypoplastic 

mandible and soft tissues on the affected side
• Establish a new articulation between mandible and 

temporal bone
• Correct the associated maxillary deformity
• Establish a functional occlusion
• Restore facial symmetry and establish an aesthetic 

appearance (residual deformities/asymmetries can be 
addressed with facial alloplastic implants or cranial bone 
grafts)

Table 13-4.   OMENS Classifi cation of 
Hemifacial Microsomia

O Orbital distortion
O0 Normal orbital size and position
O1 Abnormal orbital size
O2 Abnormal orbital position
O3 Abnormal orbital size and position
M Mandibular hypoplasia
M0 Normal mandible
M1 Small mandible and glenoid fossa with a short ramus
M2 Short and abnormal shaped ramus
M3 Complete absence of ramus, glenoid fossa, and 

 temporomandibular joint
E Ear anomaly
E0 Normal ear
E1 Mild ear hypoplasia and cupping with all the structures 

 present
E2 Absence of external auditory canal with variable hypoplasia 

 of the concha
E3 Malpositioned lobule with absent auricle
N Nerve involvement
N0 Normal facial nerve
N1 Upper facial nerve involvement (temporal and zygomatic 

 branches)
N2 Lower facial nerve involvement (buccal, mandibular, and 

 cervical branches)
N3 All branches of the facial nerve affected
S Soft tissue defi ciency
S0 No apparent soft tissue and muscles defi ciency
S1 Minimal muscle and subcutaneous defi ciency
S2 Moderate defi ciency
S3 Severe defi ciency with muscles and subcutaneous tissue 

 hypoplasia

Modifi ed from Horgan JE, Padwa BL, LaBrie RA, et al: OMENS-Plus: analysis 
of craniofacial and extracraniofacial anomalies in hemifacial microsomia, Cleft 
Palate Craniofac J 32(5):405-412, 1995.

Figure 13-3 Panoramic radiograph 
showing the extent of the left man-
dibular ramus–condyle unit deformity 
and hypoplasia. Note the outline of the 
reconstructed left auricle. (Courtesy 
Dr. Vincent J. Perciaccante.)
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Auricular reconstruction is ideally done at age 5 to 6 when 
the auricle is 85% to 90% of adult size and before the child 
enters grade school. This procedure is often accomplished 
using a contralateral costochondral graft from the sixth or 
seventh rib, which is shaped and placed under a skin fl ap 
anterior to the mastoid process. It is later elevated to provide 
projection to the ear. The lobular remnant can be rotated and 
incorporated into this framework.

Attempts at orthopedic/orthodontic appliances should be 
initiated early (may obviate the need for surgery in type I 
hemifacial microsomia and may optimize type II and III 
hemifacial microsomia for surgery). Surgical correction of 
the mandibular deformity (earliest skeletal manifestation of 
hemifacial microsomia) is the primary objective (usually in 
the mixed dentition phase). Lengthening the ramus–condyle 
unit and rotating the mandible to the facial midline (or slightly 
overcompensating) will cause an ipsilateral open bite and a 

contralateral crossbite (ideally done in a period of mixed 
dentition between the ages of 6 and 12). This will unlock the 
vertical growth potential of the maxilla in a growing child, 
improving the maxillary asymmetry and occlusal cant.

Several techniques for restoration of mandibular dimen-
sions are available based on patient needs and surgeon prefer-
ence. Costochondral or cranial bone grafts, vertical ramus 
osteotomy, or mandibular distraction osteogenesis can be 
used to lengthen and rotate the mandible by reconstructing 
the ramus–condyle unit (the glenoid fossa is reconstructed as 
needed).

Orthognathic surgery can be used in the fi nal surgical 
stage. A Le Fort I osteotomy is performed once the patient’s 
facial growth is complete, to correct any residual maxillary 
deformities (may require concurrent mandibular osteotomies 
and/or genioplasty if residual deformities exist in the man-
dible). Alloplastic facial implants or onlay cranial bone grafts 

A

C

B

Figure 13-4 A-C, Stereolithographic model showing the extent of facial and mandibular asymmetry. Note the occlusal cant, deviation 
of the mandible to the affected side, twisting of the maxilla toward the affected side, hypoplasia of the midface and zygoma, agenesis of 
the left zygomatic arch, and, most important, the deformity of the hypoplastic ramus and condyle (glenoid fossa is deformed but 
present). (Courtesy Dr. Vincent J. Perciaccante.)
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can be used to restore midfacial (zygoma) and mandibular 
(gonial angle and antegonial notch) symmetry. Presurgical 
and postsurgical orthodontic treatment is essential for optimal 
results.

Due to the absent growth potential of the facial skeleton 
in the adult patient, correcting the mandibular defect (recon-
struction of the mandibular ramus–condyle unit) will not 
“unlock” the maxilla’s growth potential. Standard orthogna-
thic surgery may be indicated for types I and IIA hemifacial 
microsomia patients (typically Le Fort I osteotomy and sagit-
tal split or inverted-L osteotomies with bone grafting of the 
affected side). Combined Le Fort I osteotomy and reconstruc-
tion of the ramus–condyle unit (various methods discussed 
earlier) with or without contralateral mandibular osteotomy 
will be required for types IIB and III hemifacial microsomia 
patients. Bone grafts and alloplastic facial implants can be 
used adjunctively to restore facial symmetry.

This patient was treated with an intraoral mandibular oste-
otomy and distraction osteogenesis (advantageous due to the 
simultaneous expansion of the soft tissue matrix) using an 
intraoral double-vector device (Figure 13-5). Once growth is 
complete (typically by age 18 in males and age 16 in females), 
he can be reevaluated for orthognathic surgery and cosmetic 
maxillofacial recontouring with alloplastic implants.

COMPLICATIONS

A variety of complications can follow reconstruction (infec-
tion, nonunion, sensory and motor nerve injury, unfavorable 
scarring, relapse, and residual deformities), depending on the 
surgical modality. Many of the complications are dependent 
on the treatment and are synonymous to those observed in 
orthognathic surgery and distraction osteogenesis for the 
patient without hemifacial microsomia. These are discussed 
elsewhere in this book.

DISCUSSION

Hemifacial microsomia is a congenital craniofacial malfor-
mation of the fi rst and second branchial arches, affecting the 
development of the mandible, temporomandibular joint, orbit, 
midface, ear, cranial nerves, and associated soft tissues. It 
has a reported incidence of 1:5000 to 1:5600 live births 
(second most common facial birth defect after CLP). Males 
and females are equally affected (some report 3:2 male pre-
dilection). The left and right sides are equally affected (16% 
reported to be bilateral). The mechanism of hemifacial micro-
somia is not completely understood. Some have postulated an 
intrauterine vascular insult to the stapedial artery (supplies 
the fi rst and second branchial arches). Others speculate expo-
sure to thalidomide and retinoic acid as an etiological factor. 
Although a 2% to 3% occurrence of hemifacial microsomia 
is reported in fi rst-degree relatives, concordance is rarely seen 
in twins.

Several classifi cation systems have been developed over 
the years. The Kaban classifi cation is an adaptation of the 
Pruzansky system, which emphasizes the extent of mandibu-

lar (ramus–condyle unit) and temporomandibular joint abnor-
malities. Kaban type I exhibits a mild hypoplasia of the 
mandibular ramus–condyle unit and its associated soft tissue 
structures but has a functional temporomandibular joint. 
Kaban type IIA exhibits a moderately hypoplastic and 
deformed mandibular ramus–condyle unit, but an articulation 
is present. Kaban type IIB exhibits a moderate to severe 
hypoplasia and deformity of the mandibular ramus–condyle 
unit and glenoid fossa with no articulation between the 
condyle and fossa (however, a posterior stop is present upon 
manipulation). Kaban type III exhibits complete aplasia of 
the mandibular ramus–condyle unit and therefore no func-
tional articulation (no functional stop upon manipulation).

A

B

Figure 13-5 A, The stereolithographic model used for treatment 
planning the osteotomy and vector of distraction osteogenesis (also 
allowing prebending of the mesh plates for accurate adaptation). The 
double vector of the distraction device allows vertical elongation of 
the ramus–condyle unit, as well as horizontal elongation, and rota-
tion of the mandible toward the unaffected side. Note the very high 
and posterior position of the mandibular foramen, which would 
make a vertical ramus osteotomy much more diffi cult. B, Intraop-
erative view showing the osteotomy and distraction device in place 
via a transoral approach. (Courtesy Dr. Vincent J. Perciaccante.)
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The OMENS classifi cation system evaluates fi ve major 
anatomic areas of abnormalities in hemifacial microsomia 
(Obit, Mandible, Ear, cranial Nerves, and Soft tissues). A 
score is given for each category based on the degree of abnor-
mality (see Table 13-4), and the summation correlates with the 
severity of mandibular deformity. Several associated anoma-
lies can exist in association with hemifacial microsomia 
(Tables 13-5 and 13-6). One study reported that over half of 
patients with hemifacial microsomia had at least one extra-
cranial anomaly.

Goldenhar syndrome (oculoauriculovertebral spectrum) 
has been described as a variant of hemifacial microsomia. 
However, it appears that hemifacial microsomia is within the 
broad range of expression of the oculoauriculovertebral spec-
trum, which is synonymous with Goldenhar syndrome.
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Table 13-5.    Principal Maxillofacial Defects in 
Hemifacial Microsomia

Location Principal Defects

Mandibular Mandibular hypoplasia (89-100%)
 Malformed glenoid fossa (24-27%)
Ear Microtia (66-99%)
 Preauricular tags (34-61%)
 Conductive hearing loss (50-66%)
Midfacial Maxillary hypoplasia
 Zygomatic hypoplasia
 Occlusal canting
Soft tissue Masticatory muscle hypoplasia (85-95%)
 Macrostomia (17-62%)
 Cranial VII nerve palsy (10-45%)

Table 13-6.    Associated Defects in Hemifacial 
Microsomia

Craniofacial General

Velopharyngeal insuffi ciency Vertebral/rib defects (16-60%)
 (35-55%) Cervical spine anomalies
Palatal deviation (39-50%)  (24-42%)
Orbital dystopia (15-43%) Scoliosis (11-26%)
Ocular motility disorders Cardiac anomalies (4-33%)
 (19-22%) Pigmentation change (13-14%)
Epibulbar dermoids (4-35%) Extremity defects (3-21%)
Cranial base anomalies (9-30%) Central nervous system defects
Eyelid defects (12-25%)  (5-18%)
Hypodontia/dental hypoplasia Genitourinary defects (4-15%)
 (8-25%) Pulmonary anomalies (1-15%)
Lacrimal drainage anomalies Gastrointestinal defects (2-12%)
 (11-14%)
Frontal plagiocephaly (10-12%) 
Sensorineural hearing loss 
 (6-16%)
Preauricular sinus (6-9%)
Parotid gland hypoplasia
Other cranial nerve defects 
 (e.g., V, VII, IX, XII)
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Obstructive Sleep Apnea Syndrome

Chris Jo, DMD, and Shahrokh C. Bagheri, DMD, MD

CC

A 46-year-old Caucasian man (2:1 to 3:1 male predilection, 
affecting up to 4% of men and 2% of women) is referred to 
your offi ce by his primary care physician for the evaluation 
and management of OSAS.

HPI

The patient presents complaining of a long history of snoring 
and restless sleeping (sleep-disordered breathing includes 
hypopnea, apnea, and respiratory effort–related arousals). 
His wife of 20 years reports that he snores loudly, frequently 
stops breathing (apnea), making grunting, gasping, and 
choking sounds (bedroom partners are often the fi rst to 
recognize the problem). The patient has noticed diffi culty 
concentrating at work (OSAS decreases cognitive function) 
and diffi culty staying awake during the day (daytime som-
nolence is a hallmark sign of OSAS). He scored over 10 
on the Epworth Sleepiness Scale (a questionnaire to sub-
jectively rate the level of daytime somnolence). He also 
complains of morning dry mouth, morning headaches, noc-
turia, and night sweats (common symptoms associated with 
OSAS). His primary care physician referred him to a sleep 
center for a polysomnogram (PSG), which found that his 
respiratory disturbance index (RDI) score was 51 (see 
Discussion).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

His past medical history is signifi cant for hypertension 
(there is a direct relationship between OSAS and hyperten-
sion, resulting in cardiovascular morbidity), which is con-
trolled with a β-blocker and a diuretic. His past surgical 
history is signifi cant for tonsillectomy and adenoidectomy 
as a child (hypertrophic tonsils and adenoids increase the 
risk of OSAS in children, but this is more uncommon in 
adults).

He admits to drinking two or three beers a day (alcohol 
consumption can blunt the ventilatory response to hypercar-
bia and thereby worsen OSA) and occasional smoking 
(smoking can cause infl ammation and edema of the upper 
airway mucosa, which increases airway resistance).

He is a sales manager working over 8 hours a day (over-
working may contribute to lack of sleep, sleep-disordered 
breathing, and daytime somnolence). More recently, his 
coworkers have noticed that he is falling asleep at this desk 
(daytime somnolence also contributes to decreased produc-

tivity and can be particularly dangerous for individuals oper-
ating machinery or driving motor vehicles).

His father had similar signs and symptoms of OSAS that 
were untreated (a positive family history is commonly seen 
due to various genetic and environmental factors). He died at 
the age of 60 of a myocardial infarction (untreated OSAS 
signifi cantly increases the risk of cardiovascular disease and 
cerebrovascular accident resulting in death).

EXAMINATION

Vital signs. His blood pressure is 150/95  mm  Hg (stage I 
hypertension), heart rate 75  bpm, respirations 16, and tem-
perature 37.6°C.

General. The patient is a moderately obese man in no 
apparent distress (obesity is an important risk factor for 
OSAS). His weight is 225  lbs, his body mass index is 32  kg/
m2 (class 1 obesity), and his waist-to-hip ratio is 1.2 (normal 
is 0.9 in males and 0.8 in females).

Maxillofacial. He displays mild retrognathia (retrognathia 
is a risk factor for OSAS). His neck measures 18 inches (neck 
circumference of 17 inches or greater in men increases the 
risk of OSAS and may be the best predictor of RDI in 
males).

Endonasal. The nares are equally patent bilaterally. There 
is no evidence of internal nasal valve collapse. A Cottle test 
is negative (a positive Cottle test may indicate internal nasal 
valve collapse). The nasal septum appears midline, and the 
inferior turbinates appear normal (deviated nasal septum and/
or turbinate hypertrophy may cause nasal obstruction). There 
are no nasal polyps.

Intraoral. His occlusion is Class II division II. The oral 
tongue is normal in size. The soft palate and uvula are long 
and not completely visible. The tonsillar pillars are partially 
visible, and the tonsils are not present. There are no tori. 
(Enlarged or redundant oral structures may cause oropharyn-
geal obstruction.)

Endoscopic nasopharyngoscopy (in the supine posi-
tion). The nasopharynx is clear of any obstruction. The 
retropalatal airway space is narrow and has redundant soft 
tissue, and the space completely obliterates with Müller’s 
maneuver (forced inspiratory effort against a closed mouth 
and nose). The retroglossal oropharynx and hypopharynx are 
narrow and partially obliterate (75%) with Müller’s maneu-
ver. Collapse of the lateral pharyngeal walls appears to 
contribute signifi cantly to the airway collapse. There is 
no pathology of the endolarynx, and the vocal cords are 
functional.
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IMAGING

The lateral cephalometric radiograph is the initial diagnostic 
study of choice, which can be taken in a relaxed position 
and with Müller’s maneuver. Although it is a static two-
dimensional representation of a dynamic three-dimensional 
space and is taken in an upright position on an awake patient, 
it is standardized, inexpensive, and readily available. It pro-
vides an excellent overview of the craniofacial skeleton to 
identify and quantify any skeletal deformities, including the 
position of the maxilla and mandible in relation to the cranial 
base, as well as soft tissue anatomy (see Chapter 8, the section 
on Orthognathic Surgery). The distance from the hyoid bone 
to the mandibular plane (normal is 11 to 19  mm), the posterior 
airway space (normal is 10 to 16  mm), the length of the soft 
palate (normal is 34 to 40  mm), and the thickness of the soft 
palate (normal is 6 to 10  mm) are important measurements in 
the work-up of OSAS. CT and MRI provide the most three-
dimensional and volumetric information on the upper airway 
and surrounding soft tissues, but they are not very practical 
or cost-effi cient.

In this patient, the lateral cephalometric radiograph showed 
a hypoplastic mandible causing a Class II skeletal discrep-
ancy, a retropositioned pogonion, a posterior airway space of 
6  mm, a long and thick soft palate, and a normal hyoid–to–
mandibular plane distance.

LABS

No laboratory values are needed in the initial work-up of 
OSAS. Thyroid hormone or thyroid-stimulating hormone 
levels are routinely ordered at some sleep centers but may not 
be warranted. A preoperative CBC is required for patients 
undergoing surgical treatment (hemoglobin and hematocrit 
are commonly elevated in OSAS). A baseline arterial blood 
gas analysis is indicated in some individuals. Other laboratory 
values are ordered based on the patient’s medical history.

An electrocardiogram is required for all patients with 
OSAS. OSAS is considered a cardiac risk factor. Hyperten-
sion and obesity are additional cardiac risk factors that are 
commonly seen in patients with OSAS.

In this patient, the CBC and electrocardiogram were within 
normal limits.

POLYSOMNOGRAPHY

Polysomnography (“sleep study”) is the gold standard for 
diagnosing sleep-related breathing disorders. The electroen-
cephalogram, electrocardiogram, electro-oculogram, electro-
myogram, heart rate, oxygen saturation, airfl ow, and 
respiratory efforts are monitored and recorded during sleep. 
The number of apneas (cessation of airfl ow lasting 10 or more 
seconds) and hypopneas (abnormal respirations lasting 10 or 
more seconds, with a 30% or more reduction in airfl ow and 
4% or higher oxygen desaturation) are calculated. The episode 
of apnea is categorized as obstructive (no airfl ow despite 
inspiratory effort), central (no airfl ow and no inspiratory 

effort), or mixed (both central and obstructive component). 
The RDI, or apnea/hypopnea index (AHI), is the total number 
of apneic and hypopneic events divided by the total number 
of hours of sleep (i.e., the average number of apnea and 
hypopnea events per hour). The RDI is used to quantify the 
severity of OSA and to monitor the patient’s response to 
treatment.

In this patient, the PSG showed an RDI of 51 (severe 
OSA). All episodes of apnea were obstructive in nature. The 
lowest oxygen saturation was 81%. There were no cardiac 
arrhythmias (prolonged hypoxemia can precipitate premature 
ventricular contractions or sinus bradycardia).

ASSESSMENT

A 46-year-old obese man with severe OSAS (also termed 
obstructive sleep apnea-hypopnea syndrome) due to obstruc-
tion at the level of oropharynx (retropalatal and retroglossal) 
and hypopharynx (type II obstruction)

OSA can be classifi ed as mild, moderate, or severe based 
on the patient’s RDI or AHI (Table 13-7), which are arbi-
trarily defi ned and therefore inconsistent in the literature. 
When OSA is associated with daytime somnolence, OSAS is 
diagnosed. Upper airway obstruction can occur at three levels 
(nasopharynx, oropharynx, and hypopharynx). Type I upper 
airway obstruction involves the oropharynx only. Type II 
involves both the oropharynx and hypopharynx. Type III 
involves only the hypopharynx.

TREATMENT

The treatment of OSAS fi rst begins with a proper diagnosis 
along with recognition of the level or levels of upper airway 
obstruction and severity of the disease. Nonsurgical manage-
ment, namely lifestyle changes, should be initiated imme-
diately, regardless of the severity of disease or anticipated 
surgical plan. This includes weight loss therapy and cessation 
of alcohol use. Obesity is seen in 60% to 70% of patients with 
OSAS. It has been shown that a 10% weight loss improves 
the RDI by 26%, while a 10% weight gain worsens the RDI 
by 32%. Alcohol or any other sedatives can worsen the RDI 

Table 13-7.   Classifi cation of OSAS Based on 
RDI (AHI)*

 Mild OSAS Moderate OSAS Severe OSAS

RDI (AHI) 5-15 15-30 >30

From Gottlieb DJ, Whitney CW, Bonekat WH, et al: Relation of sleepiness to 
respiratory disturbance index, Am J Respir Crit Care Med 159(2):502-507, 
1999.
AHI, Apnea/hypopnea index; OSAS, obstructive sleep apnea syndrome; RDI, 
respiratory disturbance index.
*Because classifi cation of OSAS is arbitrary, there are several variations in the 
literature. These are the most recent classifi cation recommendations.
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(longer and more frequent obstructions) in patients with 
OSAS or cause snorers to develop OSAS. Thus alcohol avoid-
ance is recommended in all susceptible patients.

Other nonsurgical treatments include nasal continuous 
positive airway pressure (nCPAP), oral appliances, and mod-
ifi ed sleep positions (RDI doubles when supine, compared 
with lateral decubitus position). nCPAP or bilevel CPAP 
(BiPAP) is titrated to pressures suffi cient to eliminate upper 
airway obstruction by preventing soft tissue collapse. It is a 
highly effective treatment if the patient is able to tolerate the 
device (noncompliance is the major reason for failure of this 
modality). All patients should be given a test trial of nCPAP 
to determine if they will be able to tolerate its use. True long-
term compliance is much lower than the self-reported compli-
ance, and the overall acceptance rate is near 50%. Several 
Food and Drug Administration–approved mandibular reposi-
tioning or advancement appliances are available (the Herbst 
and Klearway appliances are the most popular). They work 
by positioning the mandible and tongue forward (50% to 
100% of maximum protrusive movement as tolerated), which 
brings the attached soft tissue anteriorly, thereby opening the 
posterior airway space. On average, oral appliances reduce 
the RDI by 56%. The Herbst appliance has been reported to 
decrease the mean RDI from 48 to 12. The Klearway appli-
ance was shown to improve the RDI to less than 15 in 80% 
of patients with moderate OSA and 61% of patients with 
severe OSA.

If nCPAP or an oral appliance is not tolerated by the 
patient, or if the oral appliance does not improve the patient’s 
RDI to acceptable levels, surgical options should be con-
sidered. Tracheotomy was once considered the gold standard 
for OSA (100% effective), but it is no longer widely accepted 
except for very extreme cases. Site-specifi c or staged sur-
gical reconstruction of the airway is now considered the 
standard of care. Nasal obstructions (deviated septum, infe-
rior turbinate hypertrophy, internal nasal valve collapse, nasal 
polyps, or bony spurs) should be corrected in all patients, 
including those patients being managed nonsurgically. 
Nasal reconstruction may include a septoplasty, radiofre-
quency inferior turbinate reduction (somnoplasty), spreader 
grafts, or polypectomy. A variety of staged-reconstruction 
protocols have been developed and studied. There is no 
conclusive evidence on which surgical protocol is most 
effective.

The soft palate (retropalatal oropharynx) is addressed by 
surgical ablation or radiofrequency volumetric reduction 
(somnoplasty). Uvulopalatopharyngoplasty was popularized 
by ENT surgeons as an alternative to tracheotomy and was 
frequently and injudiciously recommended to most all 
patients. When uvulopalatopharyngoplasty was the sole sur-
gical modality, success rates were less than 50%. Failures 
were attributed to base of tongue obstruction, which were not 
addressed with the uvulopalatopharyngoplasty. Others viewed 
the uvulopalatopharyngoplasty procedure as too radical with 
an unacceptable incidence of velopharyngeal insuffi ciency 
and hypernasality, therefore advocating the more conserva-
tive uvulopalatoplasty or uvulopalatal fl ap procedures. More 

recently, soft palate pillar implants have been introduced to 
stiffen the soft palate, reducing the amount of snoring and 
improving sleep apnea.

The retrolingual oropharyneal and hypopharyneal airway 
space can be improved with procedures that advance the 
genioglossus muscle and hyoid bone. The anterior mandibular 
osteotomy (genial window osteotomy, preferred when pogo-
nion is in normal position) or inferior sagittal osteotomy 
(sliding genioplasty, preferred when pogonion is retroposi-
tioned) advances the genioglossus and geniohyoid muscles. 
The hyoid bone can be further positioned superiorly and ante-
riorly with a hyoid myotomy and suspension (hyoid bone is 
suspended to the anterior mandible) or with a modifi ed hyoid 
suspension technique (hyoid bone is secured to the thyroid 
cartilage). When uvulopalatopharyngoplasty or uvulopalato-
plasty is combined with a genial tubercle advancement with 
or without hyoid suspension, substantially higher success 
rates are reported.

Maxillomandibular advancement has been shown to 
improve posterior airway space and increase lateral pharyn-
geal wall stability, thus preventing its tendency to collapse. 
Maxillomandibular advancement may be performed in 
various stages of surgical treatment, depending on the sur-
geon’s preference and clinical indications. The maxilloman-
dibular complex is typically advanced 10  mm. Adjunctive 
procedures can be performed based on site-specifi c principles 
(uvulopalatopharyngoplasty, genial advancement, hyoid sus-
pension). Success rates vary in the literature. Waite and col-
leagues reported a 65% success rate (RDI less than 10) when 
maxillomandibular advancement was the sole treatment. 
Prinsell reported 100% success (RDI less than 10) in 50 
consecutive patients when maxillomandibular advancement 
was combined with genial advancement.

In this patient, nCPAP trial was initiated, but the patient 
was unable to tolerate the device. He subsequently elected to 
receive surgical management consisting of an uvulopalatal 
fl ap procedure and advancement genioplasty (inferior sagittal 
osteotomy). A bilateral sagittal split osteotomy mandibular 
advancement, in conjunction with the uvulopalatoplasty and 
advancement genioplasty, would have been ideal, but the 
patient was not able to afford preoperative orthodontic therapy. 
His postoperative RDI was 20 with signifi cant improvement 
in daytime somnolence. He was offered a modifi ed hyoid 
suspension or maxillomandibular advancement as the second-
stage surgery.

COMPLICATIONS

The morbidity and mortality of untreated OSAS far outweigh 
the individual complications of nonsurgical and surgical 
intervention. He and associates reported an 8-year survival 
rate of patients with an RDI greater than 20 to be 63%, 
whereas an RDI of less than 20 corresponded to an 8-year 
survival rate of 96%. Hypertension is seen in one to two 
thirds of all OSAS cases and is a major risk factor for coro-
nary artery disease, congestive heart failure, and cerebrovas-
cular accident. Untreated OSAS results in higher mortality 

Ch013-A04574.indd   360 6/27/2007   3:00:52 PM



rates from cardiovascular events. Untreated OSAS also 
increases the incidence of transient ischemic attacks and 
stroke and may have a stronger correlation than that with 
coronary artery disease. Studies have also shown that daytime 
somnolence associated with OSAS is a major cause of traffi c-
related accidents and death.

Complications are specifi c for individual procedures, 
which are beyond the scope of this section. Velopharyngeal 
insuffi ciency is a well-documented postoperative complica-
tion of uvulopalatopharyngoplasty. The risk of velopharyn-
geal insuffi ciency is greater when it is combined with 
maxillomandibular advancement. Li and colleagues report a 
less than 10% incidence of “mild” velopharyngeal insuffi -
ciency with simultaneous maxillary advancement and 
uvulopalatopharyngoplasty.

DISCUSSION

Various staged surgical protocols have been developed that 
combine different site-specifi c surgeries into two to three 
stages. Because OSAS typically involves more than one 
anatomical level or area of obstruction, a combined surgical 
approach is warranted in most cases. This was recognized due 
to the low success rate when OSAS was treated with uvulo-
palatopharyngoplasty alone. Riley and associates described a 
two-stage process to treat type II obstruction. Stage 1 con-
sisted of uvulopalatopharyngoplasty, genial advancement, 
and hyoid suspension. When stage 1 surgery was considered 
a failure, maxillomandibular advancement was performed 
as stage 2 surgery. Riley and associates in 1990 reviewed 
40 patients undergoing stage 2 surgery (maxillomandibular 
advancement) and found a 97% success rate. Lee and col-
leagues in 1999 used a three-stage surgical treatment for type 
II obstruction:
• Stage 1. Uvulopalatopharyngoplasty and genial 

advancement
• Stage 2. Maxillomandibular advancement
• Stage 3. Hyoid myotomy and suspension
In a review of 35 patients using the three-stage protocol, Lee 
and colleagues found a 69% success rate (RDI less than 20) 
after stage 1 treatment. The mean preoperative and postop-
erative RDIs were 53 and 19, respectively. Three patients 
underwent stage II surgery (maxillomandibular advance-
ment), resulting in postoperative RDI of 10 or less in all three 
patients. Maxillomandibular advancement can also be used 
as an effective fi rst line of treatment in moderate to severe 
cases of OSAS, as evidenced by Prinsell’s review of 50 con-
secutive cases in 1999 with a reported 100% successful 
outcome.
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14 Medical Conditions
Shahrokh C. Bagheri, DMD, MD

This chapter addresses:
• Congestive Heart Failure
• Acquired Immunodefi ciency Syndrome
• End-Stage Renal Disease
• Liver Disease
• von Willebrand Disease
• Oral Anticoagulation Therapy With Coumadin in Oral and 

Maxillofacial Surgery
• Alcohol Withdrawal Syndrome and Delirium Tremens
• Acute Asthmatic Attack
• Diabetes Mellitus
• Diabetic Ketoacidosis
• Acute Myocardial Infarction
• Hypertension

“Greater knowledge grants further humility”

Safe management of the oral and maxillofacial surgery patient 
requires an understanding of medial comorbidities that may 
complicate the perioperative or long-term outcome of proce-
dures. Although it is not possible to describe the large array 
of medical conditions that may have surgical implication in 

oral and maxillofacial surgery, in this chapter we have selected 
12 medical conditions that will be encountered in the routine 
practice of any surgical subspecialty.

When necessary, consultation with other medical or surgi-
cal subspecialties (for example, a cardiologist or a nephrolo-
gist) should be obtained to gain the adequate information for 
safe surgical treatment.
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Congestive Heart Failure

David Verschueren, DMD, MD, and Shahrokh C. Bagheri, DMD, MD

CC

A 66-year-old (congestive heart failure [CHF] is predomi-
nantly a disease of the elderly) man with a previous history 
of heart failure presented to the emergency department after 
he was involved in a motor vehicle accident, complaining of 
shortness of breath and “broken bones in my face.”

HPI

The patient was the unrestrained driver in a low-velocity 
head-on collision, sustaining injury to the face, with no 
reported loss of consciousness. He was brought to the emer-
gency department via ambulance and upon presentation was 
found to be in moderate respiratory distress (most common 
presenting symptom of acute CHF exacerbation is dyspnea). 
The patient was admitted for multisystem trauma evaluation 
and possible CHF exacerbation. The oral and maxillofacial 
surgery service was consulted for the management of the 
facial trauma.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient had a history of myocardial infarction 6 years 
earlier, with subsequent coronary artery bypass graft surgery 
without complications (documented previous coronary artery 
disease [CAD]). He also has a previous diagnosis of essential 
(idiopathic) hypertension, which is controlled by a single-
drug regimen using hydrochlorothiazide (thiazide diuretic). 
He admits to poor compliance with his medications (risk 
factor for CHF exacerbation) and was previously diagnosed 
with CHF with a documented ejection fraction of 35% (ejec-
tion fraction is the percentage of blood that is ejected for-
ward into the systemic circulation by the left ventricle with 
each contraction: normal is greater than 55%). He is taking 
lovastatin (HMG-CoA reductase inhibitor [cholesterol-
lowering medication]) for hypercholesterolemia (risk factor 
for CAD). The patient has a 30 pack-year history of smoking 
(risk factor for CAD); he quit smoking after his myocardial 
infarction.

CAD involves varying degrees of impaired blood supply 
(oxygen) to the myocardium (causing ischemic heart disease), 
thereby rendering the heart at risk to ischemic events (angina, 
myocardial infarction) with potential functional impairment 
of the myocardium and subsequent systolic dysfunction. This 
systolic dysfunction (heart failure) will lead to backup of 
blood (congestion)—hence, the term “congestive heart 
failure.” Risk factors for CHF include CAD (causes 50% to 

75% of cases), pulmonary hypertension, valvular heart 
disease, pericardial disease, and cardiomyopathy (dilated or 
hypertrophic myocardium), or restrictive lung disease.

EXAMINATION

Advanced trauma life support primary survey. The results 
are negative except for moderate respiratory distress. The 
patient is immediately placed on supplemental oxygen with 
improvement of his work of breathing.

General. He is awake, alert, and oriented times three, with 
an increase in respiratory effort evidenced by use of acces-
sory muscles of respiration.

Vital signs. His blood pressure is 110/75  mm  Hg, heart 
rate 120  bpm (tachycardia), respirations 28 per minute 
(tachypnea), and temperature 37.1°C.

Maxillofacial. Examination is consistent with right zygo-
maticomaxillary complex fracture.

Cardiovascular. The examinations revealed regular rate 
and rhythm with normal S1 sound (closure mitral and tricus-
pid valve) and S2 sound (closure aortic and pulmonic valves). 
An S3 sound is auscultated at the left sternal border at the fi fth 
intercostal space (an S3 sound is heard in early diastole and 
is secondary to rapid ventricular fi lling in a dilated cardiac 
chamber). The point of maximum impulse (generated by the 
left ventricle as it touches the inner chest wall during systole) 
is laterally displaced with a parasternal heave (elevation of 
the chest wall to the left of the sternum). The jugulovenous 
pressure is elevated at 15  cm (normal, less than 9  cm) with a 
positive hepatojugular refl ex (distention of the jugular veins 
on application of pressure in the right upper abdominal quad-
rant). Hepatojugular refl ex and elevated jugulovenous pres-
sure are signs of venous congestion seen in association with 
right-sided heart failure secondary to the backup of venous 
return to the right side of the heart, with subsequent distention 
of the neck veins and hepatic congestion.

Pulmonary. Use of the accessory muscles of respiration 
(sternocleidomastoid, scalenes, pectoralis major and minor, 
and serratous anterior muscles). Dyspnea is exacerbated 
when assuming the supine position (orthopnea). Bilateral 
basilar rales (fl uid in the alveolar spaces), with dullness to 
percussion (due to pleural effusions) in the lung bases (fl uid 
accumulation in the lungs is secondary to left-sided heart 
failure).

Abdominal. The abdomen is nontender and nondistended, 
with hepatomegaly and the liver percussed at 10  cm below the 
costal margin (hepatic congestion due to right-sided heart 
failure).
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Extremity. Lower extremities show 3+ pitting edema at 
the ankles (signifi cant fl uid in the extravascular compart-
ments due to venous congestion causing capillary leakage; 
this is usually fi rst noted in the lower extremities due to the 
added effect of gravity).

IMAGING

A chest radiograph is the minimum imaging modality for 
the evaluation of CHF exacerbation. This is valuable for the 
evaluation of pulmonary edema and infi ltration and for 
the approximation of the heart size. Echocardiography (trans-
thoracic or transesophageal) is also useful for the evaluation 
of ventricular and valvular function and determination of the 
ejection fraction. The earliest fi nding of left-sided heart 
failure on the chest radiograph is cephalization of the pulmo-
nary vessels. Normally, the vessels in the lung bases are 
larger and more numerous than those in the lung apices. This 
is secondary to the effects of gravity and anatomically larger 
volume of the lungs at the base. With the progression of 
heart failure, the increased pressure is transmitted “back-
ward” to the pulmonary veins and capillaries (hence, the 
term “backward failure”). The lung bases are affected fi rst; 
therefore, blood is preferentially “shunted” to the upper or 
more cephalad lobes, giving the radiographic appearance 
of cephalization. If the pressure in the vessels continues 
to rise, the fl uid in the interstitium will become radiographi-
cally evident as interstitial edema, bronchial wall thickening, 
and interlobular septa. The most noticeable are the Kerley 
B lines (B = bases). These are short thin perpendicular 
lines extending to the pleura at the lung bases on a chest 
radiograph.

Chest radiograph. Bilateral blunting of the costophrenic 
angles with pronounced infi ltrates in the lower lobes is seen 
(consistent with bilateral pleural effusions and pulmonary 
edema).

Cephalization of the pulmonary vessels bilaterally. 
Increased cardiac silhouette (an increased cardiac silhouette, 
spanning over one third of the thoracic cavity on an antero-
posterior fi lm is indicative of an enlarged heart or dilated 
cardiomyopathy).

Transthoracic echocardiography (transesophageal echo-
cardiography is a more accurate technique compared with 
transthoracic echocardiography, but it requires the insertion 
of a probe into the esophagus). Imaging shows dilated left 
ventricle consistent with dilated cardiomyopathy with decrea-
sed wall motion (systolic dysfunction) and mild mitral regur-
gitation. The pulmonic, aortic, and tricuspid valves are without 
stenosis or regurgitation. The ejection fraction is estimated at 
25% (compromised ventricular function). No pericardial fl uid 
and normal wall thickness are seen in all four chambers. 
Moderate elevation of the pulmonary artery pressure is 
evidenced.

CT (maxillofacial). CT reveals a displaced right zygo-
maticomaxillary complex fracture. A CT scan of the chest 
can also be used to further evaluate the pulmonary paren-
chyma and cardiac structures.

LABS

Brain natriuretic peptide level is 2000  pg/ml (normal, less 
than 100  pg/ml).

With CHF, increased pressure and workload on the heart 
trigger the myocardial cells to secrete natriuretic peptides. 
Atrial myocytes secrete increased amounts of atrial natri-
uretic peptide, and the ventricular myocytes secrete both 
atrial and brain natriuretic peptides in response to the high 
atrial and ventricular fi lling pressures. Both of these peptides 
work as a natriuretic, diuretic, and vasodilator agents and help 
reduce both preload and afterload. The plasma concentrations 
of both hormones are increased in patients with asymptomatic 
and symptomatic CHF.

Electrocardiogram

• Rate. Tachycardic at 120  bpm
• Rhythm. Regular; each P wave followed by a QRS; each 

QRS is preceded by a P wave; QRS complexes occurring 
at regular intervals

• Axis. Positive defl ection in lead I; negative defl ection in 
lead aVF (indicative of left-axis deviation secondary to 
left ventricular hypertrophy)

• Intervals. PR interval less than 0.20 second, or fi ve 
small boxes on electrocardiogram paper (greater than 
fi ve small boxes is consistent with atrioventricular node 
block), QRS less than 0.12 second, or three small boxes 
(greater than three small boxes indicates widened QRS), 
QT less than half the distance from QRS to QRS 
complex (normal)

• Infarctions. Q waves in leads V1 through V5 (hallmark 
of old myocardial infarction); no fl ipped T waves, ST-
segment elevation or depression (signs of acute ischemic 
events)

• Other. Loss of precordial R-wave progression in leads 
V1 through V6 (suggestive of left ventricular hypertrophy/
cardiomyopathy)

ASSESSMENT

A 66-year-old man status post motor vehicle accident with a 
previous history of heart disease now presenting with acute 
CHF exacerbation (Class IV heart failure) with subsequent 
pulmonary edema and a displaced right zygomaticomaxil-
lary complex fracture

TREATMENT

Fluid retention in heart failure is initiated by the fall in cardiac 
output, leading to edema and decreased effective arterial 
volume, further leading to activation of the renin-angiotensin-
aldosterone and sympathetic nervous systems and exacerbat-
ing fl uid retention and volume overload.

The pharmacotherapy of heart failure is aimed at improv-
ing cardiac function (contractility and stroke volume) and 
reducing the workload of the heart (preload and afterload 
reduction). The Frank-Starling mechanism describes the 
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relationship of cardiac output (stroke volume) to end-diastolic 
volume (pressure). With increasing end-diastolic volume, 
the myocardium compensates by increasing cardiac output. 
In CHF, the myocardium fails to respond to the increase 
in the end-diastolic volume, causing congestion of the 
circulation.

The cardiac glycosides, most commonly represented by 
digitalis, are positive inotropic agents that increase myocar-
dial contractility and prolong the refractory period of the 
atrioventricular node. Diuretics, β-blockers, angiotensin-
converting enzyme (ACE) inhibitors, and angiotensin recep-
tor blockers are also used selectively or in combination for 
the treatment of heart failure. A review of data from the 
Prospective Randomized Study of Ventricular Failure and the 
Effi cacy of Digoxin (PROVED) and Randomized Assessment 
of Digoxin on Inhibitors of Angiotensin-Converting Enzyme 
(RADIANCE) trials supports the use of combination therapy 
for initial management. Loop diuretics are usually introduced 
fi rst for volume control (preload reduction). The goal is to 
improve the signs and symptoms of volume overload, such as 
dyspnea and peripheral edema. ACE inhibitors are typically 
initiated during or after the optimization of diuretic therapy 
(afterload reduction). β-Blockers can be used (if the patient 
is not bradycardic) once the patient is stable on ACE inhibi-
tors. These are initiated at a low dose and titrated to effect. 
Digoxin is initiated in patients who continue to have symp-
toms of heart failure despite this regimen; it is also used for 
rate control in atrial fi brillation. Angiotensin receptor block-
ers are added to this regimen in patients with New York Heart 
Association (NYHA) functional Class II to III heart failure, 
while spironolactone or eplerenone (potassium-sparing diuret-
ics) are used in patients with Class IV heart failure. Other 
treatment modalities may include hemodynamic monitoring, 
anticoagulation, pacemaker, mechanical circulatory support, 
and surgery (heart transplantation).

In this patient, the cardiology service was consulted and 
the patient was treated with Lasix (loop diuretic), lisinopril 
(ACE inhibitor), and labetolol (α/β-blocker). The patient 
became hemodynamically stable and his cardiovascular 
symptoms improved within 36 hours (decreased shortness of 
breath, orthopnea, and paroxysmal nocturnal dyspnea; resolu-
tion of peripheral edema and pleural effusions; and improved 
ejection fraction to 45%). Subsequently, the patient was 
cleared for surgery and was taken to the operating room for 
fi xation of the right zygomaticomaxillary complex under 
general anesthesia.

COMPLICATIONS

Trauma patients commonly present with exacerbations of pre-
vious medical conditions due to the increased physiological 
stress of trauma. Particular attention should be given to the 
overall status of the patient and not just the maxillofacial 
region. It is often diffi cult to determine the etiology of trauma 
in relation to the preexisting medical conditions. An acute 
exacerbation of a preexisting medical condition could cause 
alterations in the mental or physical status, contributing to the 

traumatic episode. Similarly, the physiological stress and 
injury from trauma can accentuate a preexisting condition, 
complicating the management and outcome of trauma 
patients.

Complications of untreated CHF include death, cardiac 
arrhythmias, pulmonary edema, thromboembolic episodes, 
and peripheral edema resulting in skin breakdown.

DISCUSSION

Heart failure can result from any structural or functional 
cardiac disorder that impairs the ability of the heart to pump 
blood. It is characterized by specifi c symptoms, such as 
dyspnea, fatigue, fl uid retention, and weight gain. There are 
several etiologies to heart failure including idiopathic, myo-
carditis/endocarditis (viral/bacterial infections), ischemic 
heart disease, infi ltrative disease (amyloidosis, sarcoidosis), 
peripartum cardiomyopathy, hypertension, HIV infection, 
connective tissue disorders, substance abuse, and certain 
medications (Figure 14-1).

The classifi cation systems used for the management of 
CHF are based on the severity, systolic versus diastolic dys-
function, and left-sided versus right-sided failure. Heart 
failure is classifi ed by severity using the NYHA classifi cation 
(most commonly used). This categorizes patients into one of 
four functional classes, depending on the degree of effort 
needed to elicit symptoms:
• Class I. Symptoms of heart failure only at levels that 

would limit normal individuals
• Class II. Symptoms of heart failure with ordinary 

exertion
• Class III. Symptoms of heart failure on less than 

ordinary exertion
• Class IV. Symptoms of heart failure at rest
Heart failure can be further broken down into stages to help 
guide treatment:
• Stage A. High risk for heart failure, without structural 

heart disease or symptoms
• Stage B. Heart disease with asymptomatic left 

ventricular dysfunction
• Stage C. Prior/current symptoms of heart failure
• Stage D. Advanced heart disease and severely 

symptomatic or refractory heart failure
When using the right or left designation as the etiology of 
heart failure, it is the symptomatology and physical examina-
tion fi ndings that determines anatomical side of the failing 
heart. With right-sided heart failure, there is elevation of the 
jugulovenous pressure, peripheral edema, and hepatomegaly. 
In left-sided heart failure, fl uid backs up in the lungs causing 
dyspnea, cough, pleural effusions, and rales. Sustained left-
sided heart failure will eventually cause right-sided heart 
failure. Therefore, the most common cause of right-sided 
failure is left-sided failure.

Systolic versus diastolic heart failure designation involves 
determination of failure as a result of impaired contraction or 
ineffi cient relaxation. Systolic dysfunction is commonly mea-
sured by the ejection fraction, while diastolic dysfunction is 
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determined by estimation of the left ventricular end-diastolic 
volume (or pressure). Causes of diastolic dysfunction include 
myocardial hypertrophy, amyloid deposition, or cardiac tam-
ponade. Systolic dysfunction is more common, but diastolic 
dysfunction is becoming increasingly recognized.

It is critical to recognize CHF early in the trauma patient. 
The unpredictable progression to multisystem failure can be 
devastating. A thorough physical examination and a high 
index of suspicion must be maintained to assess cardiac, 
pulmonary, and volume status.
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Acquired Immunodefi ciency Syndrome

Mehran Mehrabi, Maj. USAF, DC, and Shahrokh C. Bagheri, DMD, MD

CC

A 46-year-old man who is seropositive for HIV is referred to 
your offi ce complaining that, “I am having pain in my mouth, 
and I need my teeth out in order to get dentures.”

HPI

The patient has been under routine dental care, but during a 
recent yearly checkup, he was found to have multiple mobile 
teeth (accelerated periodontal disease is seen with HIV infec-
tion). This sudden change in his oral health has coincided 
with a recent exacerbation of his HIV infection as measured 
by an increase in his viral load, decrease in his CD4 count, 
and onset of gastrointestinal and constitutional symptoms. He 
has had several previous hospital admissions. Currently, he 
complains of a foul-smelling mouth odor (halitosis), gingival 
pain, loosening teeth, gingival bleeding, and exposed roots. 
The onset of pain has contributed toward diffi culty with 
hygiene and further accumulation of calculus.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient tested positive for HIV 6 years ago. He believes 
to have acquired the virus through unprotected sexual contact. 
On his most recent hospital admission, his CD4 count was 
measured at 108 cells/dl; therefore, he was diagnosed with 
AIDS (CD4 count of less that 200 cells/dl is an AIDS-
defi ning feature). His internist indicated that his recent 
episode of pneumonia was due to the recent decline in his 
CD4 count.

There are no particular preoperative criteria before maxil-
lofacial surgery in patients with HIV infection or AIDS. 
However, each patient should be assessed for risks and ben-
efi ts of surgery. Some of the common concerns in a surgical 
patient are the hemoglobin and platelet count. Despite popular 
belief, the lymphocyte count or viral load does not alter max-
illofacial surgical intervention. Nonetheless, a patient with 
rapidly declining lymphocytes or rise in viral load should be 
reassessed before any surgical intervention.

EXAMINATION

General. The patient is a cooperative man with evidence of 
muscle wasting (cachexia) who appears anxious (generalized 
muscle wasting is seen with advancing AIDS).

Vital signs. His blood pressure is 121/79  mm  Hg (hypo-
tension), heart rate 90  bpm, respirations 14 per minute, tem-

perature 37.8°C (with advanced AIDS, it is not uncommon to 
have a normal temperature despite the presence of an acute 
infection; this is due to the failure and/or defi ciency of avail-
able white blood cells to mount an appropriate infl ammatory 
response, which results in fever), and Sao2 92% on room air 
(a recent history of pneumonia can result in a decrease in 
baseline oxygen saturation at room air).

Maxillofacial. There is no evidence of hair loss or patchy 
ulceration on the scalp (scalp ulceration may be seen in 
patients with disseminated fungal diseases such as cryptococ-
cal infection. These ulcerations may also present in the oral 
cavity or peripheral extremities. A biopsy can be used to 
confi rm the diagnosis. This fi nding can be used as a sign to 
evaluate other organs for fungal invasion). There is bilateral 
temporal wasting and prominent zygomatic arches. On exam-
ination of the neck, there is a soft dorsal hump (lipodystrophy 
may result either directly from HIV or as a side effect of 
antiretroviral therapy, particularly protease inhibitors). Other 
physical signs to investigate are seborrheic dermatitis (dan-
druff), vesicular rash with central umbilication in the fore-
head (molluscum contagiosum), and enlargement of the 
parotid glands (lymphoepithelial cyst).

Intraoral. The examination indicates poor oral hygiene 
and a fetid breath. There is a generalized infl ammation of the 
maxillary and mandibular gingiva, exposed buccal bone, and 
2+ teeth mobility. Gentle palpation of the gingival tissue 
results in bleeding and pain. There is no facial or intraoral 
fl uctuance and no obvious swelling (in addition to HIV gin-
givitis and HIV periodontitis, the oral examination should 
concentrate on the presence of warts (human papillomavirus), 
oral neoplastic growth such as Kaposi sarcoma (human her-
pesvirus 8), hairy leukoplakia (Epstein-Barr virus), candidia-
sis, and other fungal infections. Aphthous ulcers, lymphoma, 
herpes, and cytomegalovirus ulcerations may be seen in 
patients with AIDS.

Chest. His chest is clear to auscultation (if the patient pre-
sents with crackles, a chest radiograph would be indicated).

Cardiovascular. Examination revealed regular rate and 
rhythm, S1 and S2, and no gallops, rubs, or murmurs (HIV 
virus may affect the heart and result in dilated cardiomyopa-
thy, but this is not common).

IMAGING

A routine preoperative chest radiograph is not indicated 
unless the patient’s history or clinical examination is sugges-
tive of symptoms such as shortness of breath, decrease in 
oxygen saturation at room air, or a productive cough. A chest 
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radiograph along with arterial blood gas analysis may be 
valuable.

In this patient, the panoramic radiograph demonstrates 
areas of moderate and severe vertical interproximal bone loss, 
consistent with severe to moderate periodontal disease.

LABS

During the perioperative evaluation of the HIV infection–
positive patient, a complete blood count is valuable but should 
be used with caution. A rise in the white blood cell count may 
not be seen in response to physiological or infl ammatory 
demands, as would be seen in the immune-competent indi-
viduals. The lymphocyte subset can be used to assess the 
susceptibility to opportunistic infections. The neutrophil 
count may be elevated with bacterial infections. The hemo-
globin and hematocrit may be used to assess volume status 
(hemoglobin would be falsely elevated). Hemoglobin and 
platelet levels may be depleted, and subsequently patients may 
require packed red blood cell or platelet transfusions before 
major surgery.

Additional tests may be helpful depending on the extent of 
the surgical procedures or the presence of concurrent comor-
bidities associated with immune suppression. Arterial blood 
gas analysis is helpful when assessing the pulmonary status 
in a patient with active pneumonia. A basic metabolic panel 
may be used to evaluate intravascular fl uid status in dehy-
drated and volume-depleted patients. Blood urea nitrogen–
to–creatinine ratio of greater than 20 is suggestive of volume 
depletion. The coagulation factors are rarely depleted in HIV-
infected patients, but HIV or other infections may predispose 
a patient to disseminated intravascular coagulation. Coagula-
tion studies should be obtained as needed. Evaluation of 
hepatic function is also important. Although HIV may affect 
liver function directly, of more concern is a concurrent infec-
tion with hepatitis B or C virus (note that the route of trans-
mission is similar for HIV and hepatitis B and C viruses).

ASSESSMENT

AIDS secondary to HIV infection, now complicated by acute 
necrotizing ulcerative periodontitis, requiring full mouth 
extraction

TREATMENT

There is some controversy regarding the optimal time to 
initiate treatment for patients who are seropositive for HIV. 
Most infectious disease specialists start pharmacotherapy 
when the CD4 count drops below 200 cells/mm3. Current 
recommendations consist of a combination of a nucleoside 
reverse transcriptase inhibitor, a non–nucleoside reverse tran-
scriptase inhibitor, and a protease inhibitor. This combination 
is commonly referred to as highly active antiretroviral therapy 
(HAART) (Tables 14-1 to 14-3).

When the patient presents with a CD4 count of less than 
200 cells/mm3, the treatment is trimethoprim-sulfamethoxa-

zole for Pneumocystis carinii (now called Pneumocystis jir-
oveci) prophylaxis. At a CD4 count of less than 100 cells/mm3, 
there is an increasingly susceptibility to toxoplasmosis infec-
tions. Because this is treated with the same medication, no 
additional prophylactic is needed. When the CD4 count drops 
to less than 50 cells/mm3, there is a high risk of mycobacte-
rium avium complex infection. This is empirically treated 
with clarithromycin or azithromycin (macrolide antibiotics). 
Viral infections such as herpes simplex virus are treated with 
famcyclovir or acyclovir (there is prophylactic treatment; 
patients are treated only in the face of infection). Some infec-

Table 14-1.   Nucleoside Reverse Transcriptase 
Inhibitors

Nucleoside Reverse
Transcriptase
Inhibitor Abbreviation Side Effects

Retrovir AZT Anemia, neutropenia
Videx DDI Pancreatitis, PN
Hivid DDC Pancreatitis, PN
Zerit D4T Pancreatitis, PN
Epivir 3TC Also used for HBV
Ziagen ABC Rash, death

PN, Peripheral neuropathy.

Table 14-2.   Nonnucleoside Reverse 
Transcriptase Inhibitors

Nonnucleoside Reverse
Transcriptase Inhibitor Side Effects

Nevirapine (Viramune) Hepatotoxicity, hepatic necrosis
  during the fi rst 4 weeks
Delavirdine (Rescriptor) Rash and headache
Efavirenz (Sustiva) Teratogenic, Steven-Johnson rash,
  hallucination and nightmare

Table 14-3.   Protease Inhibitors

 No. of Pills
 Consumed Common Side
Protease Inhibitor Daily Effects

Indinovior (Crixivan)  6 Nephrolithiasis
Ritonavir (Norvir) 12 Weakness, loss of appetite,
   nausea and vomiting
Invirase/fortovase  9 Gastrointestinal
 (Saqunavir)   disturbances
Nelfi navir (Viracept) 10 Gastrointestinal
   disturbances, most
   common being diarrhea
Amprenavir 16 Severe rash
 (Agenerase)
Lopinovir/ritonavir  6 Hepatitis
 (Kaletra)
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tions such as Candida species may present at a CD4 count of 
less than 500 cells/mm3, but prophylactic treatment of fungal 
infections is not recommended.

The initial treatment of acute necrotizing ulcerative peri-
odontitis consists of fl uid resuscitation as needed, analgesics, 
and antibiotic therapy. With generalized severe periodontal 
disease, full mouth extraction is both defi nitive and curative. 
Patients with HIV infection are treated aggressively to prevent 
any odontogenic sources of infection, which can potentially 
cause severe complications in a patient with a declining 
immune system.

This patient underwent outpatient full mouth extraction 
under intravenous sedation. Following surgical treatment, the 
alveolar ridges healed without complications.

Immune suppression can be due to defects in various 
aspects of the immune system. Concerns and cautions are not 
the same when dealing with different defects of the immune 
system. For example, a patient who is neutropenic is more 
susceptible to bacterial infection, while T-lymphocyte defi -
ciency increases susceptibility to fungal, viral, and parasitic 
infections.

In oral surgical procedures, there are more complications 
associated with neutropenia (sepsis, oral ulceration, periodon-
tal disease) compared with lymphopenia. For the neutropenic 
patient, preoperative antibiotics are used to prevent sepsis. 
Postoperative antibiotics may also be used.

COMPLICATIONS

Patients affected by HIV infection may present with throm-
bocytopenia. This can be due to idiopathic thrombocytopenic 
purpura or thrombotic thrombocytopenic purpura. Idiopathic 
thrombocytopenic purpura is an autoimmune disorder, result-
ing from antibodies to glycoprotein platelet 2β3α receptors. 
This may present as an acute (mostly in children) or chronic 
(mostly in women) condition. The treatment consists of pred-
nisone, intravenous immunoglobulin, splenectomy, azathio-
prine, or vincristine. Thrombotic thrombocytopenic purpura 
presents as a combination of fi ve symptoms: renal failure, 
central nervous system abnormalities, fever, thrombocytope-
nia, and anemia. The exact etiology is not well understood. 
There is a similar syndrome known as hemolytic uremic 
syndrome that is caused by Escherichia coli O157:H7. In the 
presence of neurological symptoms, the diagnosis of throm-
botic thrombocytopenic purpura is made; however, when 
renal failure is the prominent feature, it is usually due to 
hemolytic uremic syndrome. The treatment for thrombotic 
thrombocytopenic purpura is plasmaphoresis. There are other 
causes for both idiopathic thrombocytopenic purpura and 
thrombotic thrombocytopenic purpura as well. Idiopathic 
thrombocytopenic purpura may be caused by any viral 
infection, leukemia, lupus erythematosus, cirrhosis, anti-
phospholipid syndrome, and medications (quinine, heparin). 
Thrombotic thrombocytopenic purpura can be caused by 
cancer, bone marrow transplantation, pregnancy, and medica-
tion (ticlodipine, clopidogrel, cyclosporine, mitomycin, 
tacrolimus/FK-506, interferon-α).

The risk of postoperative infection in a patient with HIV 
infection or AIDS who undergoes maxillofacial surgery is 
controversial at best. While earlier studies showed an increased 
risk of infections in the HIV-infected population, this has not 
been confi rmed by more recent studies. Most studies were 
conducted before the advent of HAART. There is a need for 
prospective evaluation for the risk of infections after various 
maxillofacial surgeries. Currently there are no recommenda-
tions regarding the presurgical or postsurgical care of a patient 
with HIV infection compared with healthy control patients.

DISCUSSION

Immune defi ciency may be an inherited, acquired, or iatro-
genic disorder. Inherited defects may result from quantitative 
or qualitative defects of the cells or cellular pathways involved 
in immunity (neutrophil, macrophages, complement, lympho-
cytes). Immune suppression is also seen with organ transplan-
tation for prevention of host versus graft or graft versus host 
disease and in chemotherapy. Acquired immune defi ciency is 
seen with conditions such as diabetes, leukemia, and AIDS.

AIDS was recognized in 1981 after multiple homosexual 
male patients were diagnosed with pneumocystis pneumonia 
and Kaposi sarcoma (more recently found to be also associ-
ated with human herpesvirus 8). Before 1981, pneumocystis 
pneumonia was commonly seen in cancer patients, and Kaposi 
sarcoma was endemic to Africa and the Mediterranean region. 
In 1984, HIV, a retrovirus belonging to the lenti virus family, 
was discovered concurrently by French and American scien-
tists. The virus can be transmitted via exposure of body fl uids 
through sexual contact, needle sharing, paraphernalia, or 
blood transfusions (horizontal transmission) or from mother 
to fetus (vertical transmission). Once in the bloodstream, HIV 
targets the lymphocytes and macrophages, which are the only 
cells with CD4+ receptors. T cells with a CXCR4 chemokine 
coreceptor are called T tropic, and macrophages with CCR5 
are called M tropic. The virus is unable to infect these cells 
in the absence of these coreceptors. Interaction of the CD4 
receptor with the viral glycoprotein 120 changes its stereo-
chemistry exposing glycoprotein 41, which binds to heparin 
sulfate within the membrane of the host cells, fusing the viral 
envelope with the cell membrane. Once genetic material 
enters the cell, a complementary DNA or coda is made from 
the original RNA by the enzyme reverse transcriptase. This 
complementary DNA joins the host DNA by using the enzyme 
integrase, forcing the cell to make necessary proteins to 
replicate the virus. Finally, the packaged virus leaves the host 
cell, using the cell membrane as viral envelope and subse-
quently infecting other cells.

After inoculation, a patient typically seroconverts in 
approximately 3 weeks, although the time period can range 
from 9 days to as long as 6 months. Routine laboratory testing 
for HIV before this date will result in a negative test. The 
patient may be asymptomatic or develop fl u-like symptoms. 
The viral load rapidly rises and then falls during this period 
while the CD4 count rapidly drops before returning to nearly 
its original level. During the following years, if untreated, 
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there is a steady decrease in the CD4 cell count, along with 
an increase in the viral load. In general, the viral load is a 
refl ection of the speed of progression of AIDS, while the CD4 
cell count is refl ective of the current immune status and is 
used to evaluate susceptibility to opportunistic infections.

As of this writing, HIV has infected more than 1 million 
Americans. This population is increasing at the rate of 40,000 
new infections each year. Among oral and maxillofacial 
surgery patients, the prevalence of HIV is estimated to be as 
high as 4.8% in certain demographic areas. Although HAART 
has resulted in a signifi cant drop in opportunistic infections 
such as those presenting with oral manifestation, it has not 
eradicated these complications.

Oral manifestation of HIV may aid in diagnosis as well as 
prognosis of the disease. These lesions are seen in up to 30% 
to 80% of patients positive for HIV, and they may be infec-
tious (bacterial, viral, fungal, and parasitic), neoplastic, or 
idiopathic. In a study published by Diz Dios and colleagues, 
there was a reduction of oral lesions from 74.2% to 28.5% 
following the use of HAART. However, in that study there 
was a signifi cant drop in patient follow-up due to death or 
relocation. A study by Aguirre and associates evaluated 72 
patients with various oral diseases. A signifi cant improvement 
was seen in the prevalence of pseudomembranous candidiasis 
from 80% to 32% with the use of HAART. Only a small 
change was seen in acute necrotizing periodontitis. Tappuni 
and colleagues evaluated 284 patients infected with HIV and 
concluded that oral lesions are seen signifi cantly less often in 
patients receiving monotherapy compared with patients 
receiving no therapy. Furthermore, the use of HAART resulted 
in a statistically signifi cant reduction of lesions compared 
with the use of monotherapy.

The differential diagnosis of oral lesions seen with HIV 
may be divided into bacterial, viral, fungal, neoplastic, and 

idiopathic categories. Bacterial infections may present as 
acute necrotizing gingivitis or periodontitis. Viral infections 
such oral papillomas are caused by the human papillomavirus 
and are commonly seen. Fungal infections such as histoplas-
mosis or cryptococcosis can cause oral ulcerations (Figure 
14-2). An example of intraoral neoplastic disease is Kaposi 
sarcoma, caused by the human herpesvirus 8, which is most 
commonly seen in homosexual males. Idiopathic xerostomia 
is commonly seen, resulting in cervical caries.

The surgical management of patients with HIV infection 
or AIDS requires an understanding of the pathophysiology, 
medications, and associated disease processes.
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End-Stage Renal Disease

Gary F. Bouloux, MD, DDS, MDSc, FRACDS, FRACDS(OMS), and Shahrokh C. Bagheri, DMD, MD

CC

A 68-year-old (age is a risk factor) African American (highest 
risk factor) woman with a history of end-stage renal disease 
presents with her third episode of acute pericoronitis in 18 
months.

HPI

The patient has an impacted lower third molar that causes 
intermittent pain and has given rise to moderate right-sided 
facial swelling, fever, malaise, and anorexia.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Her medical history is notable for poorly controlled diabetes 
mellitus, hypertension, hypercholesterolemia (all risk factors), 
and end-stage renal disease. Her dental history is signifi cant 
for multiple extractions over the past 20 years. Medications 
include insulin, felodipine (calcium channel blocker), meto-
prolol (β-blocker), losartan (angiotensin receptor blocker), 
and furosamide (loop diuretic). She has a 28 pack-year 
smoking history (risk factor).

EXAMINATION

General. The patient is a mildly obese woman in mild dis-
tress secondary to pain.

Vital signs. Her blood pressure is 162/98  mm  Hg, heart 
rate 104  bpm, respirations 18, and temperature 38.8°C.

Neurological. She is alert and oriented to place, time, and 
person.

Maxillofacial. There is fl uctuant, tender, and erythema-
tous right-sided facial swelling extending from the angle of 
the mandible to the right submandibular space. The fl oor of 
mouth and the oropharyngeal airway are normal. The right 
mandibular third molar (tooth No. 32) is noted to be impacted 
with swelling of the surrounding operculum. Right subman-
dibular lymphadenopathy is noted.

Pulmonary. The chest is clear to auscultation bilaterally
Cardiovascular. She has a regular rate and rhythm with 

no murmurs, rubs, or gallops.
Extremity. There is no swelling, edema, or muscle 

weakness.

IMAGING

A panoramic radiograph reveals a mesioangular impacted 
right mandibular third molar with a pericoronal radiolucency. 
Renal osteodystrophy (secondary hyperparathyroidism) is 
evident as seen by a generalized “ground-glass” pattern of the 
bone, loss of lamina dura, and a maxillary unilocular radio-
lucency (osteitis fi brosa cystica). This is a result of decreased 
renal conversion of 25-hydroxycholecalciferol to 1,25-
dihydroxycholecalciferol (active vitamin D). A decrease in 
active vitamin D results in reduced gastrointestinal adsorp-
tion of calcium with a corresponding increase in parathyroid 
hormone to augment serum calcium levels by increasing bone 
resorption.

LABS

Laboratory tests are ordered based on the severity and acuity 
of symptoms related to end-stage renal disease in conjunction 
with the patient’s nephrologist/internist. Baseline complete 
blood count, metabolic panels, liver function tests, and coag-
ulation studies are usually obtained.

The following laboratory study results were obtained for 
this patient:
• Complete blood count: white blood cells 14,000/μl, 

hemoglobin 9.2  g/dl, hematocrit 29.2%, platelets 
265,000/μl

• Chemistry: sodium 145  mEq/L, potassium 5.6  mEq/L, 
bicarbonate 22  mEq/L, blood urea nitrogen 48  mg/dl, 
creatinine 3.9  mg/dl, glucose 167  mg/dl, calcium 7  mg/
dl, phosphate 5.2  mg/dl

• Coagulation studies: prothrombin time 11 seconds, 
partial thromboplastin time 33 seconds, international 
normalized ratio 1.0

• Liver function tests: aspartate aminotransferase 42  U/L, 
alanine aminotransferase 33  U/L, γ-glutamyl 
transpeptidase 43  U/L, alkaline phosphate 34  U/L

• Urinalysis: 3+ proteinuria; no red blood cells, white 
blood cells, or casts

The laboratory fi ndings are characteristic of end-stage renal 
disease. The hemoglobin and hematocrit are decreased sec-
ondary to the decreased production of erythropoietin by the 
kidneys. The elevated blood urea nitrogen and creatinine 
levels refl ect the decreased glomerular fi ltration rate, which 
is also responsible for the elevated serum potassium. Protein-
uria is a result of increased glomerular permeability. The 
decreased calcium is a result of decreased gastrointestinal 
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absorption secondary to decreased renal production of active 
vitamin D.

ASSESSMENT

End-stage renal disease complicating management of an 
odontogenic abscess

TREATMENT

The management of a patient with end-stage renal disease 
is often complicated. Of particular concern is fl uid status 
and electrolyte balance. Correction of metabolic and fl uid 
abnormalities should be made in conjunction with the nephrol-
ogist before any surgical interventions. This may be accom-
plished by judicious hydration, careful electrolyte replacement, 
and medications. As renal disease progresses, either perito-
neal dialysis or hemodialysis may become necessary. Hyper-
tension is typically very diffi cult to adequately treat with 
medication alone, and invariably some degree of hypertension 
will need to be tolerated. Many medications, particularly 
antibiotics, will need to be appropriately dosed for the glo-
merular fi ltration rate or avoided altogether. All patients able 
to take oral nutrition should have a renal diet low in sodium, 
potassium, and protein. Patients receiving dialysis are best 
scheduled for surgery the day after dialysis (to optimize 
fl uid and electrolyte balance) with a resumption of their usual 
dialysis the day after surgery. Because patients frequently are 
heparinized for dialysis, a minimum of 6 hours is prudent 
after cessation of heparin. Patients with successful renal 
transplants may be considered to have adequate renal function 
but are commonly receiving immunosuppressive drugs, 
including corticosteroids, placing them at increased risk for 
infections and adrenal insuffi ciency in the perioperative 
period.

The initial management of this febrile and anorexic patient 
included fl uid resuscitation. Normal saline 1-L bolus was 
given followed by a maintenance rate of 125  ml/hr. Fluid 
resuscitation reduced the serum creatinine to 3.4  mg/dl, sug-
gesting that some of the renal insuffi ciency was secondary to 
dehydration. The patient’s elevated temperature was treated 
with acetaminophen (avoid nonsteroidal antiinfl ammatory 
drugs in end-stage renal disease as they decrease renal blood 
fl ow). While the degree of hyperkalemia was only mild, an 
electrocardiogram was performed to evaluate for loss of P 
waves, widened QRS complex, and peaked T waves (none of 
which were present). Kayexalate was given orally to lower the 
serum potassium level. The patient was begun on intravenous 
clindamycin. No dosing adjustment was needed as the clear-
ance of this drug is largely hepatic. Preoperative pain control 
was achieved primarily with a scheduled hydrocodone/
acetaminophen combination with morphine for breakthrough 
pain. Hydrocodone and morphine are metabolized hepati-
cally via conjugation but their metabolites are renally excreted. 
The half-lives therefore tend to increase in end-stage renal 
disease and a reduction in frequency of administration (every 
8 hours) was needed to avoid toxicity and excessive sedation. 

Hyperglycemia was initially treated with sliding scale insulin. 
On the second day after admission, incision and drainage of 
the right submandibular abscess and removal of the right 
mandibular third molar were performed under a general anes-
thetic. The postoperative course was uneventful. The patient 
was placed on a renal diet (low protein) as soon as she was 
able to eat, and at that time her usual insulin regimen was 
begun.

COMPLICATIONS

The development of uremic syndrome due to end-stage renal 
disease (often when the glomerular fi ltration rate is less than 
10  ml/min) is associated with a variety of symptoms. These 
symptoms are listed in Table 14-4 and herald the urgent need 
for dialysis.

This syndrome is due to the combined effects of the accu-
mulation of various metabolites (not just urea). It is prefer-
able that treatment be initiated before the onset of uremic 
syndrome (generally when the glomerular fi ltration rate 
approaches 15  ml/min).

The single most feared complication of end-stage renal 
disease is the development of acute renal failure on top of the 
underlying chronic renal insuffi ciency. Causes of acute renal 
failure can be divided into prerenal, renal, and postrenal. The 
most likely cause of prerenal failure is hypovolemia second-
ary to blood loss or dehydration, as in our case. Laboratory 
indices that suggest a prerenal source includes a blood urea 
nitrogen–to–creatinine ratio of greater than 20 and a frac-
tional excretion of sodium of less than 1%. Furthermore, the 
rapid improvement in serum creatinine with fl uid resuscita-
tion is highly suggestive. Renal causes of acute renal failure 
include acute tubular necrosis, acute interstitial nephritis, and 
acute glomerulonephritis. Acute tubular necrosis may occur 

Table 14-4.   Symptoms of Uremic Syndrome 
Due to End-Stage Renal Disease

System Symptoms

Central nervous Irritability, insomnia, lethargy, seizures, 
  coma
Musculoskeletal Weakness, gout, pseudogout, renal 
  osteodystrophy
Hematological Anemia, coagulopathy
Pulmonary Noncardiogenic pulmonary edema, 
  pneumonitis
Cerebrovascular Pericarditis, arrhythmias, cardiomyopathy, 
  atherosclerosis
Gastrointestinal Nausea, vomiting, anorexia, gastrointestinal 
  bleeding
Acid-base/volume Hyperkalemia, volume overload (other 
  electrolyte disturbances)
Endocrine Hyperparathyroidism, hyperlipidemia, 
  increased insulin resistance
Dermatological Pruritus, skin discoloration (yellow)
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secondary to either hypoperfusion or toxic agents such as 
myoglobinuria (rhabdomyolysis), contrast agents, drugs 
(aminoglycosides, amphotericin), crystals (acyclovir, sulfon-
amides), or uric acid (tumor lysis syndrome). The hallmark 
laboratory feature of acute tubular necrosis is muddy brown 
casts within the urine. Acute interstitial nephritis may occur 
with many drugs and is a potential concern in any patient with 
end-stage renal disease. Drugs that can cause acute interstitial 
nephritis include cephalosporins, β-lactams, penicillins, 
Bactrim (sulfamethoxazole-trimethoprim), diuretics, and 
nonsteroidal antiinfl ammatory drugs. The presence of eosin-
ophils within the urine is highly suggestive. The last potential 
cause of acute renal failure is postrenal obstruction. This is 
usually secondary to urethral obstruction from calculi or 
prostatic hypertrophy. It can also occur temporarily after 
removal of a regular urethral Foley catheter in an otherwise 
healthy individual. A postrenal cause of acute renal failure 
that is distal to the ureteral orifi ces can be diagnosed with 
measurement of the postvoid residual. This is measured by 
having the patient void naturally and then placing a temporary 
catheter in the bladder to record the volume of remaining 
urine. A volume of less than 50  ml is considered normal.

Another common complication of end-stage renal disease 
is the failure to adjust medication dose. Most drugs are meta-
bolized in the liver and ultimately excreted by the kidney. 
Many metabolites of hepatically metabolized drugs are 
themselves metabolically active to some degree. The net 
result is an increase in the half-life of many drugs. In the 
presence of end-stage renal disease, it is possible to develop 
drug toxicity from failing to adjust either the drug dose or, 
more important, the frequency of drug administration. Drugs 
that are primarily renally cleared are also likely to accumu-
late if not dosed appropriately and need to be adjusted accord-
ingly. While many drugs are relatively nontoxic, failure to 
renally dose a drug can result in signifi cant morbidity and 
mortality.

DISCUSSION

There are many causes of end-stage renal disease. Diabetes 
mellitus is a common cause and, as in our patient, may be 
complicated by uncontrolled hypertension and hypercholes-
terolemia. General management of the patient with end-stage 
renal disease includes a low-protein diet (less than 50  g/day), 
sodium restriction (less than 2  g/day), potassium restriction, 
fl uid restriction, correction of hyperkalemia/hypokalemia, 
and either peritoneal or hemodialysis as required. The 
management of hyperkalemia requires an electrocardiogram 
(wide QRS, peaked T waves, loss of P waves), moderate 
intravenous hydration, kayexalate, and, in severe cases, dex-
trose and insulin. Hypokalemia is typically a result of exces-
sive loop diuretic and requires oral or parenteral replacement. 
Furthermore, perioperative care may complicated by impaired 
drug excretion, corticosteroids or immunosuppressive drugs, 
hypertension, anemia, and arrhythmias related to hyperkale-
mia. Bleeding may also complicate end-stage renal disease 
as a result of uremia. Bleeding time is typically elevated due 
to platelet dysfunction and von Willebrand factor abnormali-
ties. Uremia is best controlled through dialysis, while von 
Willebrand factor levels may be increased with 1-deamino-
8-d-arginine vasopressin, cryoprecipitate, or fresh frozen 
plasma.
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Liver Disease

Gary F. Bouloux, MD, DDS, MDSc, FRACDS, FRACDS(OMS), and Shahrokh C. Bagheri, DMD, MD

CC

A 54-year-old white man presents to the emergency depart-
ment complaining that, “I was hit in the face and my teeth do 
not meet right  .  .  .  it has not stopped bleeding.”

HPI

The patient was punched in the face the day before admission 
while intoxicated with alcohol. He denies loss of conscious-
ness but reports the progressive development of left facial 
swelling, pain, and diffi culty eating (secondary to malocclu-
sion). In addition, he describes persistent ooze from inside 
his mouth where he was hit (secondary to coagulopathy). He 
was subsequently diagnosed with a left mandibular angle 
fracture.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient was diagnosed with alcoholic cirrhosis of the 
liver and associated portal hypertension 2 years ago. He 
has had several hospital admissions over the past year 
for worsening ascites (fl uid in the abdomen) and one for 
upper gastrointestinal bleeding (secondary to esophageal 
varices). He has had no regular dental care. His current 
medications include furosamide (loop diuretic), spironolac-
tone (potassium-sparing diuretic), and propranolol (nonselec-
tive β-blocker). He drinks two quarts of wine every other 
day.

EXAMINATION

General. Generalized muscle wasting (secondary to poor 
nutrition and protein catabolism) and lethargy (secondary to 
hepatic encephalopathy).

Vital signs. His blood pressure is 155/92  mm  Hg (elevated 
blood pressure), heart rate 72  bpm, respirations 22 per minute 
(tachypnea), and temperature 36.2°C.

Neurological. The patient is alert and orientated times 
three (person, place, and time) but intermittently confused, 
with asterixis (fl apping of hands with arms and palms fully 
extended; sign of hepatic encephalopathy).

Maxillofacial. Examination reveals scleral icterus (due to 
hyperbilirubinemia), fetor hepaticus (due to elevated serum 
ammonia level), enlarged parotid glands, and left mandibular 
angle swelling and ecchymosis.

Chest and pulmonary. There are bilateral crackles in the 
lung bases (fl uid in the alveolar spaces), bilateral gynecomas-

tia (enlarged breasts secondary to testicular atrophy), and hair 
loss over the chest.

Cardiovascular. The patient has regular rate and rhythm, 
with no murmurs, gallops (S3 or S4), or rubs.

Abdominal. The abdomen is nontender and distended 
with shifting dullness (due to ascites) and splenomegaly (due 
to portal hypertension secondary to liver cirrhosis). The 
examination also reveals nodular hard hepatomegaly and 
caput medusa (tortuous periumbilical veins secondary to 
portal hypertension).

Extremity. There is bilateral lower extremity 1+ pitting 
edema (secondary to hypoalbuminemia), Dupuytren contrac-
ture in the right index and middle fi nger (fl exion deformity 
of the fi ngers secondary to fl exor tendon fi brosis), and palmar 
erythema.

Skin. Multiple small petechiae, spider angiomas, and tes-
ticular atrophy (all secondary to elevated estrogen levels) are 
present.

LABS

The laboratory test in the work-up of liver disease can be 
complex and crucial in the evaluation of the extent of liver 
damage and associated systemic involvement. Complete blood 
count generally shows a macrocytic anemia (mean corpuscu-
lar volume is greater than 100  μm3) (secondary to vitamin B12 
and folate defi ciency) with thrombocytopenia (secondary to 
hypersplenism and increased sequestration). Elevated blood 
urea nitrogen and creatinine levels can be seen, especially if 
there is associated hepatorenal syndrome (HRS). Hypokale-
mia and hypomagnesemia are also common with malnutri-
tion and need to be corrected. An elevated prothrombin time, 
partial thromboplastin time, and international normalized 
ratio are secondary to decreased synthesis of coagulation 
factors. Prothrombin time is often elevated fi rst because of 
the shorter half-life of the vitamin K–dependent factor VII 
that is part of the extrinsic pathway measured best by the 
prothrombin time (even small decreases in factor VII will 
result in increased prothrombin time). Elevated liver function 
tests refl ect hepatocellular dysfunction. Both aspartate 
aminotransferase and alanine aminotransferase levels are 
elevated, with the aspartate aminotransferase–alanine amino-
transferase ratio usually greater than 2:1 in alcoholic hepatic 
damage. Elevated alkaline phosphatase and γ-glutamyl 
transpeptidase levels are also seen (refl ecting cholestasis). 
High blood ammonia levels refl ect the inability of the liver to 
covert ammonia to urea for excretion by the kidneys. Hypo-
albuminemia is refl ective of decreased albumin production in 
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the liver. Finally, unconjugated hyperbilirubinemia (causing 
scleral icterus) is seen because of decreased bilirubin conju-
gation by the liver.

For this patient, the following laboratory tests were 
obtained:
• Complete blood count: white blood cells 4500/μl, 

hemoglobin 9.5  g/dl, hematocrit 30.1%, platelets 62,000/
μl

• Chemistry: sodium 133  mEq/L, potassium 3.1  mEq/L, 
blood urea nitrogen 48  mg/dl, creatinine 1.8  mg/dl, 
glucose 172  mg/dl, magnesium 1.0  mg/dl, ammonia 
67  mmol/L, albumin 2.2  mg/dl

• Coagulation studies: prothrombin time 20 seconds, 
partial thromboplastin time 43 seconds, international 
normalized ratio 1.9

• Liver function tests: aspartate aminotransferase 141  U/L, 
alanine aminotransferase 84  U/L, γ-glutamyl 
transpeptidase 45  U/L, alkaline phosphotase 51  U/L.

IMAGING

A panoramic radiograph reveals a fracture of the left man-
dibular angle.

For evaluation and diagnosis of liver cirrhosis, a CT-guided 
liver biopsy can be done as needed to demonstrate destruction 
of normal hepatic architecture with fi brotic changes, confi rm-
ing the diagnosis of liver cirrhosis.

ASSESSMENT

Mandibular fracture complicated by hepatic dysfunction 
secondary to alcoholic cirrhosis

TREATMENT

Preoperative preparation of patients with severe liver disease 
is of paramount importance to prevent perioperative compli-
cations. Preoperative management includes the administra-
tion of thiamin 100  mg (to prevent Wernicke encephalopathy 
characterized by ophthalmoplegia, ataxia, and memory 
impairment), a nutritious diet, and multivitamins with folic 
acid and vitamin B12 supplementation (excess alcohol con-
sumption is often associated with nutritional defi ciencies). 
Any coagulopathy needs to be addressed preoperatively (see 
Complications).

In this patient, the hypokalemia and hypomagnesemia 
were corrected with potassium chloride and magnesium 
sulfate infusions. Librium, a benzodiazepine, was given as a 
taper over 4 days to prevent life-threatening alcohol with-
drawal. Due to the risk of aspiration (increased in alcoholics), 
the patient was also started on a proton pump inhibitor 
(decreases gastroesophageal refl ux and the degree of chemi-
cal pneumonitis should aspiration occur). Due to the obvious 
respiratory distress as a result of the ascites, paracentesis 
(removal of peritoneal fl uid) was performed; the removal of 
4  L of fl uid brought on an immediate reduction in the work 
of breathing and respiratory rate. The patient was started on 

furosamide and spironolactone to reduce the severity and 
frequency of recurring ascites. The hepatic encephalopathy 
was treated with administration of lactulose (to decrease 
ammonia production by enteric bacteria). The coagulopathy 
was treated with 6 units of fresh frozen plasma (to overcome 
defi ciencies of multiple coagulation factors) and 4 units of 
platelets (to increase the platelet numbers to greater than 
100,000 cells/μl). Subsequently, the patient underwent open 
reduction with internal fi xation of the fracture without 
complications.

COMPLICATIONS

Complications for patients with liver disease are inherently 
dependent on the degree of functional impairment of the liver 
and concomitant preoperative systemic conditions.

Patients tend to be protein depleted, fl uid overloaded, 
vitamin defi cient, and coagulopathic with electrolyte abnor-
malities and to have an impaired ability to metabolize 
medications.

Adjunctive enteral feeding (nasogastric or orogastric tube) 
may be necessary in the perioperative period to meet caloric 
needs, especially in the setting of oral and maxillofacial 
surgery where chewing may be diffi cult (e.g., intermaxillary 
fi xation, swelling, pain). Parenteral nutrition may also be 
considered but only in the setting of compromised gastroin-
testinal function (if the gut works, use it). Caloric require-
ments should be calculated with consideration to reducing the 
protein/amino acid content to prevent exacerbation of any 
encephalopathy. The latter is thought to relate to the blood 
ammonia level, which can be further reduced with the use of 
lactulose. Malnutrition and impaired protein synthesis impair 
wound healing, which can present as increased wound break-
down and delayed healing.

Coagulopathy may be the result of decreased platelets 
from splenic sequestration (hypersplenism occurs secondary 
to portal hypertension, which is secondary to liver cirrhosis). 
Platelet transfusion is the only treatment for thrombocytope-
nia. Ideally, the patient should be transfused to a platelet 
number of greater than 100,000/μl.

Coagulopathy may also be the result of decreased hepatic 
synthesis of clotting proteins, as is often the case with end-
stage liver disease, or it may be the result of decreased absorp-
tion of fat-soluble vitamins (vitamins A, D, E, and K) from 
the gastrointestinal tract. The latter is more common with 
cholestatic liver disease (decreased bile salts reduce the 
absorption of fat and fat-soluble vitamins). In this situation, 
vitamin K can be administered with an appropriate increase 
in the synthesis of vitamin K–dependent coagulation factors 
(factors II, VII, IX, and X). The end point for management 
is a substantial improvement in or normalization of the pro-
thrombin time. When decreased hepatic synthesis of coagula-
tion proteins is the result of intrinsic liver disease, transfusion 
with fresh frozen plasma is the treatment of choice. Care must 
be taken to avoid worsening of the total body fl uid overload, 
which is typical of ascites and may precipitate pulmonary 
edema.
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Liver failure may also be associated with hepatopulmo-
nary syndrome, hepatorenal syndrome (with electrolyte 
disturbances), upper gastrointestinal bleeding, nonalcoholic 
steatohepatitis, and subacute bacterial peritonitis. In addition, 
most drugs are metabolized by the liver and as such may need 
to be dosed appropriately or avoided altogether. Drugs that 
are renally excreted are preferable to those that require hepatic 
metabolism. End-stage liver disease can be treated with liver 
transplantation, although most patients die from liver disease 
or are not eligible for transplantation. Transplant recipients 
have a functionally normal liver but are immunosuppressed 
to prevent graft rejection. This may result in an increase in 
both opportunistic and perioperative infections.

DISCUSSION

Liver disease can be the result of many insults. The most 
common causes are alcohol consumption and viral hepatitis. 
Hepatitis C is more common than hepatitis B, with an esti-
mated 4 million cases in the United States. As many as 90% 
of these cases are chronic. Viral hepatitis also poses a risk for 

transmission to the surgeon and operating room staff from 
needle stick injury. Particular care should be taken to reduce 
this risk. The causes of liver dysfunction are many, but the 
consequences are often similar. Cirrhosis is the fi nal common 
pathway of chronic infl ammation and is irreversible. Alco-
holic cirrhosis may coexist with alcoholic hepatitis. Liver 
dysfunction is associated with malnutrition, protein catabo-
lism, poor wound healing, coagulopathy, portal hypertension, 
splenomegaly, ascites, portosystemic venous shunts (esopha-
geal, periumbilical, retro-peritoneal and hemorrhoidal shunts), 
encephalopathy, and impaired drug metabolism and clear-
ance. All these factors combine to make management of the 
patient with liver disease a challenging and diffi cult task.
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von Willebrand Disease

Danielle Cunningham, DDS, and Shahrokh C. Bagheri, DMD, MD

CC

A 16-year-old girl is referred to your offi ce for evaluation of 
an asymptomatic radiopaque mass of the maxilla consistent 
with a complex odontoma.

HPI

The lesion was identifi ed on routine radiographic examination 
for an unerupted primary premolar. There was no history of 
pain, fever, swelling, or drainage from the area.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The parents denied any signifi cant PMHx. However, on 
further questioning, a history of prolonged bleeding, includ-
ing heavy menstruation and several episodes of epistaxis 
without the need of hospitalization, were identifi ed (positive 
history of abnormal bleeding). This was fi rst noted after the 
loss of her mandibular primary incisors. Careful questioning 
also revealed a history of “easy” bruising on her extremities. 
The parents recall previous episodes of prolonged bleeding 
with other family members (von Willebrand disease [vWD] 
is an autosomal dominant disorder). The remaining history 
was negative.

EXAMINATION

General. The patient is a well-developed and well-nourished 
cooperative white girl in no apparent distress, whose height 
and weight are above the 50th percentile.

Maxillofacial. There is no notable facial swelling. During 
intranasal examination with a nasal speculum, slight epistaxis 
was noted. Intraoral examination reveals bilateral buccal 
mucosa ecchymosis (skin discoloration caused by the escape 
of blood into the tissues from ruptured blood vessels).

Chest, abdominal, and extremity. Multiple petechiae 
(pinpoint size hemorrhages of small capillaries often seen 
with quantitative and qualitative platelet dysfunction) are 
seen on the upper and lower extremities, abdomen, and 
chest.

IMAGING

Panoramic radiograph reveals a well-defi ned radiopacity of 
the right anterior maxilla with multiple teeth-like structures 
and an associated impacted fi rst premolar (consistent with a 
compound odontoma). There are no routine imaging studies 

necessary to evaluate vWD unless there is a suspicion of 
internal hemorrhage, especially in the setting of trauma.

LABS

There are fi ve laboratory tests used to screen for vWD (1) 
plasma von Willebrand factor (vWF) (ristocetin cofactor activ-
ity assay used to measure platelet aggregation), (2) plasma 
vWF antigen, (3) partial thromboplastin time, (4) factor VIII 
activity, and (5) bleeding time. The ristocetin cofactor activity 
assay is the “gold standard” for diagnosis of vWD; however, it 
is diffi cult to obtain an accurate level. The levels of vWF will 
rise during pregnancy, periods of stress, or hormone replace-
ment therapy. Therefore patient anxiety may acutely elevate 
the levels of vWF despite a relative defi ciency. A positive 
screening test and/or a high index of suspicion based on the 
clinical history may indicate further testing is necessary.

A vWF multimer and ristocetin-induced platelet aggrega-
tion can be used to confi rm the diagnosis. These tests are 
also used to determine the subtype of vWD. An additional 
test that is gaining acceptance is the platelet function test, 
which is dependent on vWF and platelet function. This is used 
as a screening test for vWD due to its high specifi city and 
sensitivity.

ASSESSMENT

Compound odontoma of the maxilla requiring removal com-
plicated by vWD

TREATMENT

There are fi ve modalities of treatment for vWD:
1. Desmopressin (1-desamino-8-d-arginine-vasopressin 

[DDAVP])
2. vWF replacement therapy (using cryoprecipitate)
3. Antifi brinolytic agents
4. Topical agents (thrombin or fi brin sealants)
5. Estrogen therapy in women with no contraindications
DDAVP is a synthetic analog of antidiuretic hormone, without 
vasopressor activity. It acts by increasing vWF and factor VIII 
levels, by indirectly stimulating the release of vWF from 
endothelial cells. DDAVP may be administered intravenously, 
intramuscularly, or intranasally. If given intravenously or 
intramuscularly for acute bleeding, the dose is 0.3  μg/kg 
(maximum, 20  μg). An increase in vWF and factor VIII levels 
is seen within 30 to 60 minutes, with a duration of approxi-
mately 6 to 12 hours. Intranasal administration has gained 
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popularity in patients with less serious bleeding and for pre-
medication before minor surgical procedures. The usual dose 
is 150  μg for children weighing less than 50  kg and 300  μg for 
larger children and adults. A test dose should be administered 
to observe the effects on vWF. DDAVP should not be admin-
istered to patients with type 2B vWD because it may worsen 
the disease (see Discussion). It also does not seem to be as 
effi cacious in patients with severe bleeding disorders and type 
3 disease, probably secondary to the lack of stored vWF.

Replacement therapy with vWF would appear to be the 
“gold standard” for treatment. However, for cryoprecipitate 
(which contains factor VIII) to contain viable vWF, it cannot 
be pasteurized, only screened. Therefore, cryoprecipitate is 
the only choice for patients with type 2B or 3, because these 
patients cannot be treated with DDAVP (see later). For sig-
nifi cant bleeding, the goal of replacement therapy is to main-
tain the activity of factor VIII and vWF between 50% and 
100% for 3 to 10 days.

Fibrinolytic therapy using tranexamic acid (Amicar) can 
also be used. This prevents the lysis of the blood clots and 
can be especially useful for bleeding from the mucous mem-
branes. This class of drugs may be given orally or intrave-
nously. With oral administration, it must be given three or 
four times over a 24-hour period (secondary to their short 
half-life) for a period of 3 to 7 days. Topical agents such as 
Gelfoam (absorbable sponge made from gelatin) and Surgicel 
(oxidized regenerated cellulose) soaked in topical thrombin 
can also be used for local hemostasis.

In several studies, estrogen was found to increase the levels 
of vWF in women taking oral contraceptives and hormone 
replacement therapy. However, no long-term studies have 
looked at the risk:benefi t ratio for hormone replacement 
therapy in vWD.

Treatment is determined by clinical fi ndings and the extent 
of hemorrhage. There are no good laboratory tests that cor-
respond with the severity of the disease. vWF is not a reliable 
marker of the severity because this value can be artifi cially 
elevated in certain physiological states such as stress or preg-
nancy. Therefore a past history of bleeding is an important 
clue toward the severity of the disease and determination of 
optimal therapy.

In this case, the patient was referred to a hematologist for 
preoperative consultation and evaluation. Subsequently, the 
patient had a normal ristocetin activity and platelet levels. The 
hematologist recommended premedication with 150  μg of 
DDAVP and postoperatively with four doses of Amicar for 24 
hours. The patient was subsequently sedated in the offi ce, and 
the odontoma was removed. Surgicel was placed in the defect 
and sutured with resorbable sutures. Hemostasis was observed 
in the offi ce before discharge. At 1-week follow-up, the patient 
denied any complications and was healing appropriately.

COMPLICATIONS

The most obvious complication of vWD is persistent hemor-
rhage. If persistent after extractions, Surgicel, topical throm-
bin, direct pressure, and DDAVP may be used, unless 

contraindicated. In the setting of acute bleeding, cryopre-
cipitate is the treatment of choice. Cryoprecipitate can be used 
to treat all types of vWD. (Cryoprecipitate contains factors 
VIII and XIII, vWF, fi brinogen, and fi bronectin. It can be 
stored at −18°C for up to 1 year.)

Each treatment regimen has various side effects. DDAVP 
may cause vasodilation, headache, hypotension, or hyperten-
sion (which is usually mild). More serious complications of 
DDAVP include tachyphylaxis (rapid development of immu-
nity to a drug) and signifi cant hyponatremia and seizures 
secondary to water retention. Therefore DDAVP is usually 
limited to once-daily dosing along with water restriction and 
careful monitoring of serum sodium levels.

Replacement with cryoprecipitate carries an increased risk 
of transmission of blood-borne pathogens secondary to the 
inability to adequately pasteurize the extract. Fortunately, 
with the advent of more sensitive blood testing, the risk of 
transmission is low.

Prolonged use of antifi brinolytic therapy carries the risk 
of thrombosis. Hypercoagulable patients need to be carefully 
evaluated. Topical agents are generally safe but are costly and 
can only be used as a local measure. Certain preparations of 
topical thrombin may contain bovine factor V and with broad 
exposure could precipitate the formation of antibodies to this 
factor that cross-reacts with human factor V, aggravating 
hemorrhage.

DISCUSSION

vWD is the most common inherited bleeding disorder, affect-
ing approximately 1% of the population. Most patients do not 
seek medical attention and are only diagnosed on the basis 
of unexplained heavy bleeding (e.g., during menstruation) or 
easy bruising. This disorder is characterized by a mutation in 
the vWF itself or in the amount of vWF produced. This factor 
is responsible for primary hemostasis by aiding platelet aggre-
gation and adherence to the endothelial lining, as well as 
serving as a carrier protein for factor VIII. The half-life of 
factor VIII is signifi cantly shortened when not bound to vWF.

There are three subtypes of inherited vWD. Types 1 and 
2 are autosomal dominant, with type 1 being the most common 
form of the disease (approximately 70%). Type 1 is a quan-
titative defi ciency in vWF itself. Symptoms range from mild 
to moderately severe. It is possible that the defi ciency may be 
from abnormally fast clearance of the protein or inadequate 
production.

Type 2, which is usually autosomal dominant, is a qualita-
tive abnormality of vWF. Type 2 is then subdivided into four 
subtypes: 2A, 2B, 2M, and 2N. The classifi cation is based on 
where the mutation occurs on the vWF itself.

Type 2B (approximately 5%) contains the defect on the 
platelet binding site itself, which actually increases binding 
of platelets to vWF. This in turn takes platelets out of circula-
tion, causing thrombocytopenia. It is imperative to determine 
this subtype, especially if treatment is to be instituted, because 
treatment with DDAVP may actually exacerbate the condi-
tion. DDAVP causes an increase in the release of vWF, sub-
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sequently causing an increase binding of platelets to vWF and 
removing more platelets from circulation and worsening the 
thrombocytopenia.

Type 2N (N is for Normandy, where it was fi rst described) 
is an autosomal recessive disorder that is very rare. The defect 
affects the ability of vWF to bind to factor VIII, but the ability 
to bind with factor VII remains normal. Therefore platelet 
function remains normal (as well as the quantity of available 
vWF), but factor VIII levels are greatly reduced. Because this 
subtype is recessive, a second mutated allele must also be 
inherited for symptoms to develop. It can be diffi cult to dis-
tinguish this subtype from factor VIII defi ciency (hemo-
philia), because in both conditions the patients have low levels 
of factor VIII. Type 2N should be considered when a patient 
presents with a family history of autosomal penetrance (seen 
in both males and females, not sex-linked, Mendelian genet-
ics) rather than X-linked.

Type 3 is very rare (approximately 1:1 million) and is 
characterized by a complete absence of or very low levels of 
vWF, which results from different genetic defects, including 
nonsense, missense, and frameshift mutations. These patients 
have severe bleeding and at fi rst may be diagnosed as having 
factor VIII defi ciency before vWF testing is obtained.

vWD may also be acquired with various disease states, 
usually autoimmune conditions such as systemic lupus ery-
thematosus. Other mechanisms include decreased synthesis, 
proteolysis, binding to tumor cells, and increased clearance 
of vWF.
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Oral Anticoagulation Therapy With Coumadin in Oral and 

Maxillofacial Surgery

Gary F. Bouloux, MD, DDS, MDSc, FRACDS, FRACDS(OMS), and Shahrokh C. Bagheri, DMD, MD

CC

A 54-year-old woman is referred to your clinic for removal 
of multiple teeth before partial denture construction.

HPI

The patient has multiple carious teeth that are nonrestorable. 
She is planning to have a new maxillary partial denture con-
structed after the removal of the teeth. She does not complain 
of any pain or swelling. She has not previously seen a dentist 
for 8 years and has not had any extractions other than her 
wisdom teeth 35 years earlier.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

Her past medical history is remarkable for paroxysmal 
atrial fi brillation and multiple transient ischemic attacks 
in her late 40s and a subsequent cerebrovascular accident 
at age 49. As a result of the cerebrovascular accident, she 
has signifi cant left leg weakness. She has a 30 pack-year 
history of smoking, elevated serum cholesterol and trigly-
cerides, and hypertension (all are additional risk factors 
for cerebrovascular accident). Her current medications in-
clude warfarin (Coumadin), atorvastatin (HMG CoA reduc-
tase inhibitor), hydrochlorothiazide (diuretic), and felodipine 
(calcium channel blocker). She has no known drug 
allergies.

EXAMINATION

General. The patient is a cooperative woman in no acute 
distress.

Vital signs. Her blood pressure is 130/84  mm  Hg, heart rate 
66  bpm, respirations 12 per minute, and temperature 36°C.

Intraoral. There are multiple carious teeth and root 
fragments.

Neurological. Weakness (3/5) of left lower extremity with 
brisk knee and ankle refl exes (upper motor neuron injury 
secondary to cerebrovascular accident). There are no other 
focal neurological signs.

Extremity. Mild atrophy of the left lower extremity (disuse 
atrophy) is seen.

Skin. Multiple bruises are noted on the upper and lower 
extremities (secondary to anticoagulation therapy).

LABS

Prothrombin time is used to measure the adequacy of the 
extrinsic and common pathway of clotting mechanisms. Spe-
cifi cally, it measures the clotting ability of factors I (fi brino-
gen), II (prothrombin), V, VII, and X. Defi ciencies of these 
clotting factors prolong prothrombin time (normal range, 11 
to 13 seconds). However, most laboratories report prothrom-
bin time results that have been adjusted to the international 
normalized ratio, using the international sensitivity index for 
the particular thromboplastin and instrument combinations 
used to perform the test. The normal value is designated as 
1.0. Coumadin therapy affects the function of factors II, VII, 
IX, and X. Factor VII has the shortest half-life and therefore 
is the most important factor in determining the functioning 
of the extrinsic pathway.

For this patient, the following laboratory test results were 
observed:
• Complete blood count: white blood cells 4000/μl, 

hemoglobin 12.4  g/dl, platelets 365/μlhematocrit.
• Coagulation studies: prothrombin time 48 seconds, 

partial thromboplastin time 33 seconds, international 
normalized ratio 3.2.

• Bleeding time is a test of platelet function and is not 
indicated in this patient.

IMAGING

Panoramic radiograph reveals multiple maxillary carious 
teeth and several root fragments.

ASSESSMENT

Multiple carious teeth and root fragments requiring surgical 
extractions in a patient on anticoagulation therapy with 
Coumadin for prevention of thromboembolic disease

TREATMENT

Given the potential for paroxysmal atrial fi brillation and 
therefore the risk of further thromboembolic events, it was 
decided to continue her Coumadin in this patient in the peri-
operative period. Her regular dose of Coumadin was, however, 
reduced with consultation with the primary care physician to 
lower the international normalized ratio to below 2.5 (to 
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reduce the likelihood of excessive perioperative bleeding) 
while maintaining a satisfactory level of anticoagulation. 
Under general anesthesia, multiple teeth were removed using 
small atraumatic mucoperiosteal fl aps and minimal bone 
removal. Any soft tissue bleeding was controlled with elec-
trocautery. The extraction sockets were then packed with 
hemostatic bovine collagen (Avitene), and the wounds were 
closed carefully with slowly resorbing Vicryl (polyglactin) 
horizontal mattress sutures. The wounds were carefully 
inspected before terminating the procedure. The patient was 
given a 5% transexamic acid mouthwash to be used four times 
a day and for 1 day postoperatively. The patient continued to 
take her Coumadin throughout the hospital admission. A soft 
diet and avoidance of strenuous activity were recommended 
for the fi rst postoperative week.

COMPLICATIONS

Postoperative bleeding can complicate any surgical proce-
dure. While this may be secondary to inadequate wound 
hemostasis, postoperative wound breakdown, or infection, it 
may also be the result of systemic coagulopathy, as in our 
patient. When postoperative bleeding does occur, a rapid 
assessment of the severity of the bleeding must be made. 
When the bleeding is severe, the patient must be admitted to 
hospital for fl uid resuscitation, typed and cross-matched, and 
transfused if the hemoglobin and hematocrit are suffi ciently 
low or the patient is symptomatic. After initial stabilization, 
attention must be directed at stopping the bleeding. Local 
measures can aid in hemostasis. However, in coagulopathic 
patients (as in this case), local measures may not suffi ce and 
a systemic approach to the control of hemorrhage may be 
necessary. Platelets, fresh frozen plasma, and cryoprecipitate 
can all be given depending on the etiology. Bleeding second-
ary to therapeutic Coumadin can be treated with vitamin K, 
although it usually takes 12 to 24 hours for any signifi cant 
reversal of the anticoagulation to occur. Bleeding secondary 
to unfractionated heparin can be treated with protamine 
sulfate with immediate reversal of the anticoagulation. Bleed-
ing secondary to thrombasthenia (dysfunctional platelets but 
normal numbers) may be hereditary (Glanzmann thrombas-
thenia or Bernard-Soulier syndrome) or, more commonly, due 
to aspirin or Clopidogrel (platelet adenosine diphosphate 
receptor inhibitor). The only immediate therapy available is 
platelet transfusion. Bleeding may also be secondary to vWD. 
This is one of the more common hereditary hematological 
disorders (in addition to hemophilia A). Defi ciency of vWF 
may be treated with DDAVP if mild or fresh frozen plasma, 
cryoprecipitate, or factor VIII concentrate if severe (see 
section on von Willebrand Disease). Hemophilia A and B are 
hematological disorders characterized by defi ciencies of 
factors VIII and IX, respectively, and they can be readily 
treated with recombinant factor replacement. The need to 
replace these factors is largely dependent on the baseline 
factor level and the planned surgical procedure.

Necrosis of the skin is a rare complication of oral anti-
coagulation with Coumadin. The lesions can present as 

ecchymosis followed by a large bullae containing deep red 
fl uid. This does not appear to be dose related. The etiology 
of Coumadin-related skin necrosis is unclear, although it 
presents histologically as vasculitis and thrombosis. This 
may be a result of a transient prothrombotic state that 
occurs with the initiation of Coumadin therapy. This is 
thought to be the result of reduced levels of functional 
proteins C and S. Proteins C and S have shorter half-lives 
than do factors II, VII, IX, and X and therefore are theoreti-
cally the fi rst proteins of the coagulation cascade to be 
affected by the initiation of Coumadin therapy. The diagnosis 
of skin necrosis mandates cessation of Coumadin therapy and 
replacement with unfractionated or low-molecular-weight 
heparin.

Coumadin is also a drug with a narrow therapeutic window 
that has many important interactions with other medications. 
Many other drugs inadvertently increase the level of antico-
agulation by displacing Coumadin from albumin (it is 99% 
bound to albumin). Furthermore, Coumadin is metabolized 
by the liver, and other drugs may either induce or suppress 
hepatic enzymes with resultant alterations in the level of anti-
coagulation. All medications that are to be administered to a 
patient on Coumadin should be reviewed for possible drug 
interactions.

DISCUSSION

The coumarin anticoagulants (warfarin and dicumarol) are 
potent anticoagulants that inhibit the cofactor function of 
vitamin K. Factors II, VII, IX, and X and proteins C and S 
are all dependent on vitamin K for their synthesis by the liver. 
Coumadin treatment results in the inhibition of the enzyme 
vitamin K epoxide reductase, which is required to maintain 
vitamin K in the reduced state needed for functional coagula-
tion protein synthesis. Proteins C and S are required for 
fi brinolysis, and the production of nonfunctional proteins 
usually results in a minimal and clinically insignifi cant pro-
thrombotic state. Factors II, VII, IX, and X are required for 
thrombosis and clot formation, and the production of non-
functional proteins results in a state of anticoagulation that is 
clinically signifi cant.

When surgery is planned, the simplest way to manage 
patients on Coumadin is to continue it before the surgical 
procedure. Simple extractions and minor oral surgery can 
usually be completed while on Coumadin without complica-
tion using local measures provided that the international nor-
malized ratio is less than about 2.5. Local measures include 
minimizing surgical trauma, primary closure, and use of 
hemostatic material such as bone wax, oxidized cellulose, or 
bovine collagen. Antifi brinolytics such as ε-aminocaproic 
acid and transexamic acid stabilize the formed blood clot by 
helping to reduce the natural process of fi brinolysis. Tran-
sexamic acid mouthwash has the advantage of being applied 
as a 5% topical mouthwash and is without systemic effect. 
More involved surgery will require the same local measures 
but, in addition, the patient will have to be switched to another 
anticoagulant or anticoagulation will have to be discontinued. 
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Initially, patients are stratifi ed according to the risk of throm-
boembolism (Table 14-5).

Bibliography

Dunn A, Turpie A: Perioperative management of patients receiving 
oral anticoagulants: a systematic review, Arch Intern Med 
163(8):901-908, 2003.

Handin R: Disorders of the platelet and vessel wall. In Isselbacher 
K, et al, editors: Harrison’s principles of internal medicine, ed 
13, New York, 1994, McGraw-Hill, pp 1800-1803.

Syed J: Peri-procedural thromboprophylaxis in patients receiv-
ing chronic anticoagulation therapy, Am Heart J 147:3-15, 
2004.

Tiede D, et al: Modern management of prosthetic valve anticoagula-
tion, Mayo Clin Proc 73:665-680, 1998.

Table 14-5.   Patients at Risk for Thromboembolism

Thromboembolic
Events Risk Condition Action

Low Atrial fi brillation Stop Coumadin several days before procedure and resume
 Deep venous thrombosis (DVT) without  Coumadin on the day of surgery.
  high-risk features 
Intermediate Atrial fi brillation and age >65 years with Stop Coumadin several days before surgery, use low-
  diabetes mellitus  molecular-weight heparin (LMWH) perioperatively
 Coronary artery disease or hypertension  subcutaneously (hold LMWH on day of surgery) and resume
 Prosthetic heart valves  Coumadin on the day of surgery.
 DVT >3 months without high-risk features
High Atrial fi brillation with heart failure Stop Coumadin several days before surgery, use
 Multiple prosthetic heart valves  unfractionated heparin perioperatively intravenously
 DVT >3 months with high-risk features  (hold unfractionated heparin 6 hours before procedure) 
  such as malignancy  and resume Coumadin on the day of surgery.
 Known thrombophilic state
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Alcohol Withdrawal Syndrome and Delirium Tremens

Fariba Farhidvash, MD, and Chris Jo, DMD

CC

A 35-year-old Caucasian man presents to the emergency 
department stating that, “I was hit in the face and I think that 
my jaw is broken” (alcoholism is 2.5 times more prevalent 
in males).

HPI

The patient was involved in a bar fi ght several hours earlier 
and was hit in the face with a fi st by another man, resulting 
in a displaced left mandibular angle fracture (confi rmed with 
a panoramic radiograph). On arrival to the emergency depart-
ment, he appeared intoxicated with a strong scent of alcohol 
from his breath; however, he was alert and oriented times 
three (person, place, and time) and denied any loss of con-
sciousness. He was admitted to the oral and maxillofacial 
surgery service in preparation for open reduction with inter-
nal fi xation of his mandibular fracture. The admitting resident 
did not include delirium tremens precautions in his admission 
orders, because the patient denied any history of excessive 
alcohol use or abuse or previous withdrawal symptoms 
(patients frequently describe the tremulousness, agitation, 
and/or anxiety of alcohol withdrawal as the “shakes”). The 
patient had an uneventful fi rst night, but his operation was 
postponed due to operating room availability. On the second 
hospital day, early symptoms of alcohol withdrawal (agita-
tion, anxiety, tremulousness, nausea and vomiting) were 
noted. Later that evening, the patient wandered the halls of 
the ward, mumbling to himself and unable to sleep (insom-
nia). He became progressively more agitated, exhibiting 
aggressive behavior toward the nursing staff. You are called 
to evaluate the patient in the middle of the night and fi nd him 
trembling in his bed, hollering incoherent sentences at the 
television and yelling that there are spiders in the room (visual 
hallucinations). He is uncooperative to examination and does 
not respond to questioning. Detailed questioning of the avail-
able family members reveals that the patient had been a heavy 
drinker for several years and had been on a binge for the past 
several days.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient drinks at least a six-pack of beer and a half-pint 
of gin a day (alcohol dependence/addiction). His last drink 
was two nights ago, just before being assaulted.

The Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition (DSM-IV) has a set of diagnostic criteria 

for alcohol abuse and dependence that is beyond the scope 
of this section. In summary, alcohol abuse manifests as the 
recurrent use of alcohol despite negative consequences that 
cause disruptions at home or work, affecting one’s health, or 
involving the law. Alcohol dependence is based on the com-
pulsion to drink despite adverse consequences and is not 
related to the amount or frequency of drinking.

The CAGE questionnaire is a simple verbal test composed 
of four questions that can be quickly administered to identify 
patients at risk for alcoholism (Box 14-1). Patients with two 
affi rmative answers are seven times more likely to be alcohol 
dependent. The sensitivity of the CAGE questionnaire is 75% 
to 90% in most studies. Other questionnaires that are used 
are the AUDIT and TWEAK questionnaires.

EXAMINATION

General. The patient is extremely agitated, sweating, and 
shaking restlessly in bed (signs of sympathetic overdrive).

Vital signs. His blood pressure is 180/90  mm  Hg (hyper-
tensive), heart rate 130  bpm (tachycardia), respirations 22 per 
minute (tachypnea), and temperature 37.8°C (rules out fever 
as the cause of altered mental status).

Neurological. The patient is awake but extremely agitated 
and is not oriented to place, time or situation. His speech is 
slurred, his pupils are dilated (mydriasis secondary to sym-
pathetic overdrive) but equal and reactive to light (dilated 
pupils that are not reactive may indicated intracranial injury 
and elevated intracranial pressures), extraocular eye move-
ments are intact, and his face is symmetrical (facial asym-
metry during animation may indicate an upper or lower motor 
neuron lesion of cranial nerve VII). He is uncooperative with 
the motor and sensory examination but is moving all extrem-
ities well and is very tremulous (the grossly normal strength 
examination in the face and extremities makes a focal cere-
bral lesion unlikely).

Refl exes: Findings reveal +2/4 in all extremities, and the 
toes are downgoing bilaterally (upgoing toes is an abnormal 
fi nding in the adult patient and is termed a Babinski sign). A 
nonfocal motor examination with downgoing toes is support-
ive of the absence of a focal upper motor neuron lesion.

Maxillofacial. The examination is consistent with a left 
mandibular angle fracture.

Cardiovascular. The patient is tachycardic with no 
murmurs, gallops, or rubs (chronic alcoholics may have sig-
nifi cant cardiac comorbidities).

Abdominal. He has a soft, nontender, slightly enlarged 
liver (hepatomegaly due to chronic alcohol consumption) and 
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no ascites (intraperitoneal serous fl uid or ascites would be 
seen in advanced hepatic dysfunction).

IMAGING

Imaging studies for evaluating the trauma patient with altered 
mental status should include a noncontrast head CT scan. 
Altered mental status can be due to acute drug or alcohol 
intoxication, electrolyte disturbances, hypoxia, sepsis, or 
metabolic derangements commonly seen with alcohol with-
drawal syndrome. Altered mental status can also be an early 
or late manifestation of closed head injury. Any acute changes 
in mental status warrants a head CT to rule out an undetected 
or blossoming intracranial injury.

For this patient, an initial head CT was not ordered upon 
admission due to the absence of focal neurological signs or 
loss of consciousness. Although this patient is most likely 
experiencing alcohol withdrawal syndrome and delirium 
tremens, a head CT was ordered after the onset of his altered 
mental status to evaluate for closed head injury. The head CT 
was normal.

Plain radiographic studies of the mandible confi rmed the 
diagnosis of a left mandibular angle fracture.

LABS

During the initial evaluation of an intoxicated trauma patient 
with maxillofacial injuries, a blood alcohol level and urine 
drug screen, in conjunction with a head CT, are recommended 
to account for altered or decreased mental status. Liver func-
tion tests are indicated for patients with liver cirrhosis (includ-
ing aspartate aminotransferase, alanine aminotransferase, 
albumin, bilirubin, prothrombin time, partial thromboplastin 
time, and international normalized ratio), to evaluate for pos-
sible coagulopathies in the surgical patient. A complete blood 
count (including platelets) is warranted, because anemia 
(particularly macrocytic) and thrombocytopenia (due to liver 
dysfunction) are commonly seen in alcoholics. A complete 
metabolic panel is mandatory to rule out electrolyte derange-
ments as the source of altered mental status and to monitor 
the electrolyte abnormalities associated with chronic alcohol 
abuse and malnutrition (such as hypomagnesemia). A base-
line electrocardiogram is recommended, especially in the 

older population, because cardiac disorders are commonly 
associated with alcohol consumption.

This patient presented with an initial blood alcohol level 
of 250  mg/dl (legal intoxication level is 0.08%, or 80  mg/dl, 
in most states) and a negative urine drug screen. Aspartate 
aminotransferase and alanine aminotransferase were 110  U/L 
and 50  U/L, respectively (aspartate aminotransferase and 
alanine aminotransferase are typically double or triple the 
normal values in patients who are chronic alcoholics). His 
hemoglobin was 11  g/dl, hematocrit 34%, and mean corpus-
cular volume 110  μm3 (macrocytic anemia due to malnutri-
tion and likely vitamin defi ciency, such as B12). The 
electrocardiogram showed sinus tachycardia, and the remain-
der of the laboratory values were within normal limits.

ASSESSMENT

A 35-year-old man with a left mandible fracture now com-
plicated by alcohol withdrawal syndrome and delirium 
tremens, presenting with altered mental status and agitation 
(hyperexcitable state)

Alcohol withdrawal syndrome and delirium tremens 
describe a spectrum of symptoms observed after a relative or 
absolute withdrawal from alcohol in susceptible individuals 
(especially those who are chronic consumers of large amounts 
of alcohol). The physiological mechanisms of alcohol with-
drawal are based on the inhibitory γ-aminobutyric acid 
(GABA) and excitatory (glutamate) neurotransmitters of the 
brain. Alcohol increases the effects of GABA on the GABAA 
receptor, thus increasing its inhibitory effects. Also, it inhib-
its the excitatory effects of glutamate at the N-methyl-d-
aspartate (NMDA) receptor, thereby decreasing neuronal 
excitability. During alcohol withdrawal, a state of hyperexcit-
ability and autonomic dysfunction becomes apparent (hyper-
metabolic state).

TREATMENT

Identifi cation of patients who are at risk for developing alcohol 
withdrawal syndrome or delirium tremens is the most impor-
tant step for prevention of these two conditions. Patients with 
a recent (several days) history of signifi cant alcohol consump-
tion (chronic or binge drinkers) are at risk for alcohol with-
drawal syndrome and delirium tremens. Older patients with 
other medical comorbidities are at a greater risk. On hospi-
talization, patients will not have access to alcohol and may 
develop a range of signs and symptoms consistent with alcohol 
withdrawal syndrome and delirium tremens (some hospital 
facilities have alcoholic beverages available for delirium 
tremens prevention).

Preventive measures should be taken to reduce the risk of 
developing alcohol withdrawal syndrome and delirium 
tremens. Benzodiazepines are the fi rst-line agents for treat-
ment and prevention—they are used either as needed or on a 
fi xed schedule to prevent the development of the symptoms, 
based on the patient’s history and the severity of symptoms. 
Scheduled dosing is recommended for patients considered to 

Box 14-1.   The CAGE Questionnaire

The CAGE questions are:

C Have you ever felt the need to cut down on drinking?
A Have you ever been annoyed with criticism about your 

drinking?
G Have you ever felt guilty about something you did while 

drinking?
E Have you ever had a morning eye-opener to get you going or 

to treat withdrawal symptoms?

From Ewing JA: Detecting alcoholism: the CAGE questionaire, JAMA 
252:1905-1907, 1984.
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be at moderate or high risk; this also allows for a smoother 
withdrawal. With scheduled dosing of medications, doses 
high enough to relieve symptoms are given over the fi rst 24 
to 48 hours and slowly weaned by about 20% a day over the 
next 3 to 5 days. Longer-acting benzodiazepines such as diaz-
epam (Valium) starting at 5 to 10  mg PO/IV/IM every 6 to 8 
hours or chlordiazepoxide (Librium) starting at 25 to 100  mg 
PO/IV/IM every 4 to 6 hours may be used to reduce rebound 
effects and signifi cantly decrease withdrawal symptoms. 
Shorter-acting benzodiazepines include lorazepam (Ativan) at 
1 to 4  mg PO/IV/IM every 4 to 8 hours and orazepam (Serax) 
starting with 15 to 30  mg PO every 6 to 8 hours may be used 
in patients with signifi cant comorbidities such as liver failure 
with associated decreased hepatic metabolism. Nonpharma-
cological measures include maintaining a calm, tranquil 
environment and a nonconfrontational interaction to help 
decrease anxiety. Patients presenting with symptoms of 
anxiety, tremulousness, and agitation after recent cessation of 
alcohol use should be treated promptly (with longer-acting 
benzodiazepines).

Intravenous fl uids, replacement of electrolytes (such as 
magnesium), folic acid, and intravenous thiamine (given 
before administration of glucose to prevent the development 
of Wernicke’s encephalopathy) are essential to rehydrate the 
patient and correct any possible vitamin defi ciencies. 
Standard “delirium tremens precautions/prophylaxis” orders 
include thiamine 100  mg IM/IV daily, folate 1  mg PO/IV 
daily, multivitamins PO/IV, magnesium sulfate 1  g IM/IV 
daily, and benzodiazepines as needed or scheduled as dis-
cussed earlier.

With the onset of full-blown delirium tremens, the patient 
should be admitted to the intensive care unit, with administra-
tion of scheduled benzodiazepines to ameliorate delirium 
symptoms and decrease the incidence of seizures. For the 
autonomic symptoms, (such as tachycardia and hyperten-
sion), antihypertensive medications may become necessary. 
β-Blockers may be used to treat tachycardia and hyperten-
sion, but caution should be used because they may precipitate 
delirium. Clonidine (central α-agonist) may also be used to 
treat autonomic symptoms without any adverse effects on 
mental status. If withdrawal symptoms are severe and refrac-
tory despite benzodiazepine use, the patient may require 
endotracheal intubation for airway protection and administra-
tion of a general anesthetic such as a propofol (propofol has 
been shown to be effective in refractory delirium tremens). 
Usual supportive care is included throughout delirium tremens 
(which may include four-point restraints).

The differential diagnosis of altered mental status can be 
extensive, particularly in the absence of an appropriate history 
and examination. Broad categories include toxic (drug over-
dose or toxicity), metabolic (hypoglycemia, hepatic encepha-
lopathy, or uremia), infectious (systemic or central nervous 
system), infl ammatory (demyelinating disease or central 
nervous system vasculitis), vascular (large vessel infarction 
or intracranial hemorrhage), traumatic etiologies (increased 
intracranial pressure secondary to closed head injury), hypox-
emia and/or hypercarbia, electrolyte abnormalities, or acute 

psychotic episodes secondary to underlying psychiatric dis-
orders. The differential diagnosis should be categorically nar-
rowed to the most likely etiology given the clinical setting. 
Head imaging to rule out traumatic brain injuries, vascular 
accidents (such as intracranial hemorrhage), infectious pro-
cesses (such as cerebral abscesses), or other cerebral lesions 
should be obtained early. If an infectious etiology involving 
the central nervous system is suspected, a lumbar puncture 
(after checking prothrombin time, partial thromboplastin 
time, and international normalized ratio) is essential to rule 
out meningitis or encephalitis. Urine and/or serum toxicology 
screens can rule out drug or alcohol abuse. A complete met-
abolic panel, including liver function tests, calcium, magne-
sium, ammonia, and thyroid function tests, can help identify 
certain metabolic derangements. Urinalysis and blood cul-
tures should be obtained in cases of suspected urinary or 
hematogenous infectious processes contributing to mental 
status changes. In the obtunded patient, subclinical seizure 
activity should be considered. This can be evaluated using an 
electroencephalogram.

For this patient, failure to identify the patient’s risk factors 
and poor communication among staff members contributed 
to the lack of preventative measures for alcohol withdrawal 
syndrome and delirium tremens. On the onset of symptoms 
of delirium tremens, scheduled lorazepam 2  mg IV and chlor-
diazepoxide 50  mg IV every 4 hours was initiated, followed 
by replacement of fl uids, electrolytes, and multivitamins. The 
patient’s condition progressively improved over the course of 
the day, with resolution of the tachycardia and normalization 
of the blood pressure. Librium was continued on a scheduled 
basis for the next 2 days and subsequently slowly tapered at 
25  mg PO every 4 hours on day 3, followed by 10  mg PO 
every 4 hours on day 4 to prevent benzodiazepine withdrawal. 
Clonidine was not used because the patient’s autonomic dys-
function normalized. The patient underwent open reduction 
with internal fi xation of his mandible fracture without com-
plications (closed reduction is frequently not well tolerated by 
patients who are poorly compliant). The patient was coun-
seled about the importance of drinking cessation and the 
long-term effects of heavy alcohol use and was assisted to 
obtain help via support groups such as Alcoholics Anony-
mous or from professional counselors (psychiatrists or psy-
chologists), with the help of the hospital social worker.

COMPLICATIONS

Inherent to the diagnosis of delirium tremens is the autonomic 
instability (fl uctuating blood pressure, heart, and respiratory 
rates) that is life threatening if not appropriately managed. 
Withdrawal seizures rarely require aggressive antiepileptic 
pharmacological interventions (benzodiazepines are usually 
suffi cient). Rarely, the seizure may become prolonged, leading 
to status epilepticus, a neurological emergency characterized 
by continuous seizures (clinical or subclinical) lasting longer 
than 5 minutes or multiple seizures with a 30-minute period 
in which the patient does not return to baseline between sei-
zures. This may lead to permanent cerebral damage or death 
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if not managed aggressively. The mortality rate of untreated 
alcohol withdrawal syndrome and delirium tremens is about 
15%, mostly secondary to cardiovascular and respiratory 
collapse.

DISCUSSION

Alcohol withdrawal syndrome and delirium tremens charac-
terize the spectrum of symptoms observed after a relative or 
absolute withdrawal from alcohol, especially with chronic 
use. Delirium primarily involves alterations of attention and 
is characterized by a fl uctuating course, diffi culty with con-
centration, and altered mental status. Tremens refers to the 
tremors seen in patients with delirium tremens. Most patients 
who stop alcohol use acutely do not develop withdrawal 
symptoms or simply experience minor symptoms that do not 
require medical attention. Clinically signifi cant alcohol with-
drawal symptoms occur in about 25% of patients. Untreated, 
10% of these patients will progress to more severe symptoms 
such as seizures. Delirium tremens is the last stage of alcohol 
withdrawal, which occurs in 5% of patients undergoing with-
drawal symptoms, with a mortality rate of 5% to 15% when 
untreated.

The physiological mechanism of alcohol withdrawal is 
based on the inhibitory and excitatory neurotransmitters of 
the brain. Alcohol increases the effects of the GABAA recep-
tor by increasing its inhibitory effects. In contrast, glutamate 
(excitatory neurotransmitter that acts on the NMDA receptor) 
is inhibited, thereby decreasing neuronal excitability. The 
presence of alcohol has an inhibitory effect by enhancing 
GABAA and depressing the NMDA receptor. On withdrawal 
of alcohol, there is an abrupt cessation of the neuronal inhibi-
tion and a subsequent state of hyperexcitability.

There are multiple stages of withdrawal based on the chro-
nology of symptoms occurring after the cessation of alcohol 
use. These stages, from least to most severe, include acute 
intoxication, alcohol withdrawal, withdrawal seizures, and 
delirium tremens. Withdrawal may be apparent as early as 6 
hours after the last drink but may last up to 12 to 24 hours 
and symptoms include agitation, anxiety, tremulousness, 
insomnia, and hallucinations (visual, auditory, or tactile) with 
a clear sensorium (the patient is aware that he or she is hal-
lucinating). Withdrawal seizures, which have a 2% to 5% 

incidence in alcohol withdrawal syndrome and delirium 
tremens, typically occur approximately 48 hours after cessa-
tion of alcohol use and present as generalized tonic-clonic 
seizures. Delirium tremens peaks at 48 to 72 hours after the 
last drink. The patient may present with delirium, diaphore-
sis, or fever, but the key feature of delirium tremens is auto-
nomic instability.

Wernicke-Korsakoff syndrome encompasses two different 
syndromes associated with chronic alcohol use and severe 
malnutrition. Wernicke’s encephalopathy is primarily a clini-
cal diagnosis with the classic triad of encephalopathy, oph-
thalmoplegia, and ataxia. Confusion is usually of a subacute 
to chronic nature and is characterized by inattention, memory 
loss, and apathy. Ophthalmoplegia (weakness or paralysis of 
one or more of the extraocular muscles) mostly involves the 
lateral recti but may also involve any of the extraocular 
muscles. Nystagmus (rhythmic, oscillation of the eyes) is 
commonly present in the lateral and/or vertical gaze. Ataxia 
is the unsteady, clumsy motion of the extremities and, more 
common, the trunk. Untreated, Wernicke’s encephalopathy 
has a mortality rate of 10% to 20%. It is treated by the admin-
istration of thiamine 50 to 100  mg IV once a day (should be 
given before glucose, because glucose will further deplete 
thiamine and accelerate the development of Wernicke’s 
encephalopathy). Korsakoff syndrome primarily involves 
memory impairment without signifi cant defi cits of other cog-
nitive functions such as attention or social behavior. This is 
also characterized by both anterograde and retrograde amnesia 
along with confabulation, in which the patient’s recall is dis-
torted in relation to reality (a prominent feature). This is also 
treated by thiamine, but the prognosis is less favorable.

Bibliography

Bayard M, Mcintyre J, Hill K, et al: Alcohol withdrawal syndrome, 
Am Fam Phys 69:1443-1450, 2004.

Bradley W, Daroff R, Fenichel G, et al: Neurol Clin Pract 2:1503-
1505, 2000.

Critical care aspects of alcohol abuse, South Med J 98:372-381, 
2005.

Maimon WN, Davis LF: Management of acute alcohol withdrawal, 
J Oral Maxillofac Surg 40:361-366, 1982.

Morris PR, Mosby EL, Ferguson BL: Alcohol withdrawal syn-
drome: current management strategies for the surgery patient, 
J Oral Maxillofac Surg 55:1452-1455, 1997.

Ch014-A04574.indd   388 6/27/2007   3:01:48 PM



Acute Asthmatic Attack

Joyce T. Lee, DDS, MD, and Shahrokh C. Bagheri, DMD, MD

CC

A 17-year-old boy with a history of asthma is referred to your 
offi ce for evaluation of symptomatic partially impacted third 
molars.

Asthma is seen in about 3% to 5% of the population and 
can occur in any age group; however, it is particularly common 
in children and young adults and is the most common chronic 
disease in this age group.

HPI

The patient is a high school student with a history of pain and 
recurrent episodes of pericoronitis to his mandibular third 
molars. He is referred by his general dentist for evaluation 
and treatment.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a history of asthma diagnosed at age 8. He 
relates that his asthmatic episodes are usually exacerbated by 
exercise and seasonal allergies (other common triggers to 
asthma exacerbation include cold weather, tobacco smoke, 
recent upper respiratory infection, and certain medications 
including nonsteroidal antiinfl ammatory drugs). He has had 
two previous visits to the local emergency department sec-
ondary to acute episodes that did not readily respond to his 
albuterol (β2-agonist) inhaler and required intravenous meth-
ylprednisolone (systemic corticosteroid), nebulized albuterol, 
and ipratropium (anticholinergic bronchodilator). The epi-
sodes resolved without the need for endotracheal intubation 
(a history of emergency department visits and endotracheal 
intubation both correlate with the severity of asthma. The 
most powerful predictive feature in the history that reveals 
the potential of a severe life-threatening exacerbation is any 
history of prior intubation and mechanical ventilation). The 
patient does not have a history of status asthmaticus (asth-
matic episode that is refractory to treatment). His last asthma 
attack was approximately 1 month earlier (the frequency of 
attacks is an indicator of the control of this patient’s asthma). 
His current medications include an albuterol metered-dose 
inhaler used as needed and 10  mg montelukast sodium daily 
(leukotriene receptor antagonist). He routinely monitors his 
status by using a peak fl owmeter (patients use this device to 
monitor changes in his or her forced expiratory volume in 1 
second [FEV1]; see later). The patient states that he smokes 
occasionally (cigarette smoke is an airway irritant that may 
precipitate bronchospasm). He also has a history of allergic 

rhinitis (hay fever) and eczema. There is a positive history of 
asthma in several of his family members (in patients with 
an allergic component to their asthma, there frequently is a 
strong family history of asthma or other allergies. Genetic 
factors may play a role in the pathogenesis of asthma. However, 
it is important to mention that not all asthmatic patients have 
allergies and that the association between asthma and aller-
gies is not entirely clear).

EXAMINATION

General. The patient is a well-developed and well-nourished 
boy in no apparent distress.

Vital signs. Vital signs are stable with normotensive blood 
pressure (pulsus paradoxus is a clinical sign of severe asthma 
exacerbation defi ned by an inspiratory fall in systolic blood 
pressure of greater than 15  mm  Hg).

Maxillofacial. The patient has partially erupted impacted 
third molars. The tongue is normal in size. He has a Class I 
skeletal and dental relationship. The maximal interincisal 
opening is 45  mm. The uvula, soft, and hard palates are easily 
visualized, and bilateral tonsils are within normal limits in 
size and recessed within the tonsillar crypts (Mallampati 
Class I). The thyromental distance is greater than four fi nger-
widths (evaluation of the airway is important especially in 
patients who may require advanced airway interventions).

Cardiovascular. The patient has regular rate and rhythm 
with no murmurs, gallops (S3 or S4), or rubs (patients with 
asthma can have other comorbidities such as chronic obstruc-
tive pulmonary disease, which may produce “splitting” of 
the second heart sound with an accentuated pulmonic 
component).

Chest. The chest is bilaterally clear to auscultation (the 
major symptoms during an acute asthmatic attack are cough, 
dyspnea, expiratory wheezing, and chest tightness. Wheezing 
is not pathopneumonic with asthma and merely refl ects 
airfl ow obstruction through a narrow airway).

LABS

No studies are indicated in the routine care of a well-con-
trolled patient with asthma. However, poorly controlled 
patients are often referred for pulmonary function testing. 
The most objective and relevant test to measure the degree of 
airway obstruction in asthmatic patients is the FEV1 and the 
peak expiratory fl ow. In well-controlled patients, the FEV1 
should represent 80% of the forced vital capacity (in compar-
ing obstructive versus restrictive pulmonary diseases, the 
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vital capacity and FEV1 are decreased in both; however, there 
is an increase in both the functional residual capacity and 
residual volume in obstructive diseases, whereas both func-
tional residual capacity and residual volume are decreased in 
restrictive lung diseases).

IMAGING

The panoramic radiograph is signifi cant for partial bony 
impacted third molars.

Chest radiographs are not indicated in asymptomatic 
patients with a history of asthma and are not particularly 
helpful other than ruling out other diseases. During acute 
asthmatic exacerbations, the chest radiograph may reveal 
hyperinfl ation of the lung fi elds (fl attened diaphragm) and 
decreased vascular markings.

ASSESSMENT

An American Society of Anesthesiologists (ASA) Class II 
patient with four impacted third molars who is planned 
for extractions under intravenous sedation anesthesia 
(ASA II is defi ned as a patient with a mild systemic disease 
that is well controlled and poses no limitations in daily 
activities)

TREATMENT

After reviewing the risks, benefi ts, and alternatives, the 
patient elected to have his third molars removed under intra-
venous general anesthesia the next day. The patient was 
instructed to record his peak fl ow the morning of the surgery 
and to bring his albuterol metered-dose inhaler with spacer 
to the offi ce (spacers are devices used to increase the effec-
tiveness of medication delivery).

The patient’s lungs were clear to auscultation bilaterally 
(due to the episodic nature of this disease, pulmonary auscul-
tation should be conducted routinely before surgery). After 
the patient was prepared for surgery, he self-administered 
three puffs of albuterol (90  μg per puff) using his spacer. 
Intravenous general anesthesia was achieved with midazolam 
5  mg, fentanyl 50  μg, and propofol titrated to effect (propofol 
is the preferred general aesthetic agent in the asthmatic patient 
because there is a higher incidence of wheezing during anes-
thesia induction with intravenous methohexitol [Brevital] 
compared with propofol). On removal of the last third molar, 
the patient became diaphoretic, agitated, tachycardic at 
140  bpm, and tachypneic with shallow breaths at 25  bpm (tra-
cheal tugging, use of accessory muscles of respiration, and 
intercostal retractions are other signs of severe asthmatic 
exacerbation). The surgical sites were packed, the oropharynx 
was suctioned out, and the tongue was retracted as the airway 
was repositioned and supported. The patient’s condition con-
tinued to deteriorate with a progressive decline in oxygen 
saturation as measured by the pulse oximeter. Inspiratory 
suprasternal retractions revealed the obstructive nature of the 
patient’s condition. The diagnosis of an acute asthmatic attack 

was made. Two puffs of albuterol were given, as well as two 
puffs of ipratropium bromide, while the vital signs were mon-
itored closely. Supplemental 100% oxygen was delivered via 
a full face mask. Minutes later, the patient begins to show 
worsening signs of dyspnea, chest tightness, and cyanosis 
with further drop of the pulse oximeter reading to below 85%. 
The emergency medical services system was activated, and 
0.5  mg of a 1:1000 solution of epinephrine was injected sub-
cutaneously. An attempt to mask ventilate with 100% O2 
revealed airway resistance and chest tightness. Positive pres-
sure ventilation with bag-mask technique was unsuccessful 
despite airway repositioning. A 10-mg dose of intravenous 
succinylcholine was given, and the patient’s anesthesia was 
deepened with 50  mg ketamine IV (ketamine is a dissociative 
agent with potent bronchodilatory effects. Causes of broncho-
spasm often attribute to light anesthesia and hence ketamine 
is a valuable drug to consider). The patient’s airway soon 
became easier to ventilate with the bag-mask technique with 
100% oxygen at fl ow rate of 12  L/min (consideration should 
be given to administration of diphenhydramine 50  mg IV in 
cases of suspected allergic response; 20  mg of dexametha-
sone IV can also be used to reduce the infl ammatory response). 
He responded with a gradual rising of the pulse oximeter 
reading, diminished chest wall rigidity, and an improvement 
in air exchange and compliance. His vital signs normalized 
with the exception of a persistent tachycardia (one of residual 
side effects of repeated doses of sympathomimetics is tachy-
cardia). On arrival of the emergency medical services person-
nel, the patient was transported to the hospital for further 
observation of his acute asthmatic event.

COMPLICATIONS

Complications arising in patients with asthma range from 
mild wheezing and dyspnea to severe bronchospasm, hypoxia, 
and death. Bronchospasm is a life-threatening emergency that 
must be treated as soon as it is recognized. In the offi ce 
setting, it is important to alert emergency medical services 
as soon as possible because conditions may deteriorate 
rapidly. The incidence of bronchospasm is low in well-
controlled patients undergoing outpatient intravenous general 
anesthesia.

Bronchospasm is the acute manifestation of asthma. This 
results in increased airway resistance causing a decreased 
ratio of FEV1 to forced vital capacity (Figure 14-3). Signs and 
symptoms of bronchospasm include dyspnea, stridor, wheez-
ing, mucus secretion, and hypoxia. Initial treatment should 
include 100% oxygen and an inhaled β2-agonist. β2-Agonists 
relax the smooth muscle in bronchial walls and produce 
bronchodilation.

The astute clinician should also look for causes of the 
asthma exacerbation such as undiagnosed latex allergies or 
medication allergies. Urticaria, pruritus, and facial edema are 
fi ndings consistent with allergic reactions that may produce 
bronchospasm. If this is suspected, diphenhydramine and 
corticosteroids should be administered intravenously. Ad -
ministration of epinephrine may be indicated in patients 
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experiencing bronchospasm refractory to inhaled β2-agonists. 
One milligram injected subcutaneously is the most common 
dose and route of administration.

Theophylline and aminophylline (a phosphodiesterase 
inhibitor) produce bronchodilation and has been previously 
considered in the management of bronchospasm. (Amino-
phylline was once used with caution because it has a narrow 
therapeutic index and may produce arrhythmias.) In recent 
years, multiple clinical trials have shown that aminophylline 
and theophylline not only result in no further bronchodilation 
but also increase toxicity; hence, this category of drugs has 
since fallen out of the treatment protocol. If bronchospasm 
persists and the patient is hypoxic, intubation is indicated. It 
is important to realize that intubation does not protect against 
or treat the bronchospasm. However, it will facilitate ventila-

tion of the narrowed airways and allow effective delivery of 
nebulized medications. If mechanical ventilation is used after 
intubation, it is important to be mindful that asthma is an 
obstructive airway disease and that overzealous high pressure 
or fl ow on inspiration can cause barotrauma, resulting in 
either a pneumothorax or tension pneumothorax.

DISCUSSION

Asthma is a common chronic respiratory condition that can 
present with acute exacerbations. It affl icts children as well 
as adults and is highly variable in severity, response to treat-
ment, and clinical presentation. It is a form of obstructive 
airway disease characterized by acute and reversible increase 
in airway resistance. Recent evidence suggests that asthma 
does produce changes in the respiratory epithelium. The 
prevalence of asthma is 5% in the adult and 10% in the pedi-
atric populations. There is evidence that this is increasing in 
the United States, especially in urban pediatric populations. 
The various types of asthma are categorized according to the 
underlying etiology of the exacerbation. These may include 
atopic or IgE mediated, exercise induced, occupational, infec-
tious, or aspirin induced. Although the mediators that produce 
an acute asthmatic attack vary, the resulting physiological 
responses are similar for all types of asthma. Because airway 
resistance is inversely related to the diameter of the bronchial 
lumen, pediatric patients are predisposed to rapid decompen-
sation during bronchospasm (Figure 14-4).

Perioperative management of patients with asthma is pri-
marily based on risk stratifi cation. Successful management of 
asthma requires active patient and physician partnership. 
Patients must understand the pathophysiology of their disease 
and need for medication compliance and have the ability to 
monitor the current status of their disease state. Many emer-
gency visits in asthmatics are attributed to patients not under-
standing their disease. Elective surgery is contraindicated in 
asthmatic patients who are not well controlled. Patients should 
be asked about their medication regimens, understanding of 
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obstruction (A) and in a normal individual (B).
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medication delivery, and use of peak fl owmeters. Patients who 
are not optimized should be referred to their primary care 
physician for evaluation before elective surgery.

Intraoperative management of asthmatic patients should 
place emphasis on adequate oxygenation, avoiding excessive 
airway stimulation through the use of throat packs and suc-
tioning. A pretracheal stethoscope can be recommended for 
auscultation monitoring. In patients who are intubated, 
decreased tidal volumes and increased end-tidal carbon 
dioxide may indicate bronchospasm. During extubation, 
minimal stimulation of the airway is advised. “Deep” extuba-
tion may be prudent to avoid excessive excitement from the 
emerging patient because it may generate enormous negative 
pressure, resulting in acute pulmonary edema. Administra-
tion of a dose of intravenous lidocaine before extubation will 
also decrease airway stimulation. Despite these precautions, 
some patients with asthma will experience bronchospasm 
during their surgical course. Management of an acute asth-
matic exacerbation should consist of early detection and inter-
vention. Bronchospasm is a potentially life-threatening 
emergency that must be treated. Treatment should consist of 
assessment of vital signs, supplemental oxygen, inhaled β2-
agonists, injectable sympathomimetics, corticosteroids, and 
ventilatory support if indicated.
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Diabetes Mellitus

Mehran Mehrabi, Maj. USAF, DC, and Shahrokh C. Bagheri, DMD, MD

CC

A 18-year-old man with history of type 1 diabetes mellitus 
presents to the oral and maxillofacial surgery clinic com-
plaining that, “my wisdom teeth are hurting.”

HPI

For the past week, the patient has had mild, progressively 
exacerbating lower jaw pain that is worse with function. He 
denies any history of fever, swelling, or facial erythema. 
There is no history of trauma. He explains that his blood 
sugar has been well controlled (poorly controlled blood 
glucose would predispose to the development of an 
infection).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient was diagnosed with type 1 diabetes mellitus at 
age 10 and has been taking insulin for the past 8 years. He is 
currently being followed by his family practitioner. His med-
ications include glargine (Lantus [long-acting synthetic 
insulin that provides a steady concentration of insulin]) once 
a day and preprandial lispro (Humalog [short-acting insulin]) 
three times a day. He has no prior surgeries but had been 
hospitalized for hypoglycemia twice during the previous year 
(previous episodes of hypoglycemia are a risk factor for future 
episodes). He reports his blood glucose has been between 80 
and 160  mg/dl during the prior week as measured with his 
home Accu-Chek device (ideal preprandial blood glucose is 
between 80 and 120  mg/dl).

There is no family history of diabetes mellitus (type 1 
diabetes mellitus has a strong association with HLA-DR3, 
DR4, and DQ alleles; however, a family history is often 
lacking. A positive family history is often seen with type 2 
diabetes mellitus).

EXAMINATION

General. The patient is a thin, calm, and cooperative man 
(unlike patients with type 2 diabetes, those with type 1 are 
frequently thin and/or cachetic).

Vital signs. His vital signs are stable and he is afebrile.
Maxillofacial. There is no facial edema, erythema, or 

induration. The patient is able to open his mouth without 
restriction (no signs of acute infection).

Intraoral. Examination is consistent with bilateral peri-
coronitis of the left and right mandibular third molars (teeth 

Nos. 17 and 32, respectively). The right and left maxillary 
third molars (teeth Nos. 1 and 16, respectively) are in trau-
matic occlusion with the associated operculum of the man-
dibular third molars. The remainder of the dentition is free 
of caries or periodontal disease.

IMAGING

For the surgical management of patients with diabetes mel-
litus, the need for adjunctive imaging studies is dictated by 
the clinical fi ndings, and suspicion of sources of infection or 
pathology. Nonodontogenic sources of infection should be 
considered in all patients.

The panoramic radiograph of this patient showed partial 
bony impacted left and right mandibular third molars. The 
right and left maxillary third molars were supraerupted, with 
no other radiographic signs of pathology.

LABS

For the routine work-up of a patient with well-controlled 
diabetes mellitus, no routine preoperative laboratory testing 
is necessary for minor oral surgical procedures, except 
for a preoperative blood glucose, especially in the poorly 
controlled patient. Hypoglycemia should be treated with 
oral or intravenous glucose (dextrose) as needed, and hyper-
glycemia may need to be treated with an insulin prepa-
ration. Elective surgical procedures should be delayed in 
the face of excessively abnormal blood glucose readings. 
Patients with infectious processes that require surgical inter-
vention should be treated promptly, because infections 
are frequently the precipitating cause of the glycemic 
abnormality.

An effective objective tool to assess patient compliance 
and long-term hyperglycemic status is measurement of the 
glycosylated hemoglobin (HbA1c) level. Prolonged elevation of 
serum blood glucose causes glycosylation of hemoglobin 
within red blood cells. Because the life expectancy of red 
blood cells is 120 days, HbA1c gives an estimate of glycemic 
control during the past 90 to 120 days. An HbA1c greater than 
5% is consistent with diabetes, and a value of greater than 7% 
is indicative of poor glycemic control. Therefore, HbA1c 
directly correlate with poor glycemic control for the previous 
3 to 4 months. For patients undergoing major surgery, a com-
plete metabolic panel and blood count should also be 
obtained.

For this patient, the serum HbA1c level was at 6.5%, and 
the serum blood glucose was 125  mg/dl.
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ASSESSMENT

Pericoronitis of partially impacted left and right mandibular 
third molars, exacerbated by traumatic occlusion of right 
and left maxillary third molars, in a patient with well-
controlled type 1 diabetes mellitus

TREATMENT

Pharmacological management of diabetes mellitus consists of 
oral hypoglycemic agents (type II), insulin and insulin analogs 
(types I, II, and IV), and insulin pumps (type I). Oral hypo-
glycemic agents decrease plasma glucose by various mecha-
nisms. Sulfonylureas (glypizide, glyburide) and glitinides 
(repaglinide, nateglinide) stimulate the production of insulin 
by the pancreas. Glucophage (metformin) decreases hepatic 
glucose production by inhibiting gluconeogenesis and glyco-
genolysis. Alpha-glycosidase inhibitors (acorbose), which are 
rarely used due to the high incidence of fl atulence and abdom-
inal discomfort, prevent carbohydrate absorption from the 
intestinal tract. Table 14-6 provides a summary of some cur-
rently available insulin preparations.

Current insulin formulations in the United States are bio-
synthetic, generated from human DNA since 1983. The “old-
fashioned” insulin produced by mashing pork or beef pancreas 
was introduced in 1920s. In July 2005, the manufacturing 
company announced discontinuation of animal-based insulin 
production. However, animal-based insulin continues to be 
available in other countries.

The perioperative management of patients with diabetes is 
variable, depending on the type of diabetes, underlying 
pathologies, and severity and extent of the anticipated proce-
dure. An understanding of the acute and chronic complica-
tions of diabetes, along with a preemptive strategy, provides 
a successful outcome. The operation should be scheduled 
early in the morning. Generally, oral hypoglycemic agents are 
stopped the day before surgery. Short-acting insulin medica-
tions should be avoided on the morning of surgery to prevent 
dangerous hypoglycemia. For short ambulatory procedures, 
long-acting insulin preparations such as glargine may be 
continued. For major procedures requiring hospital admis-
sion, cessation of the long-acting insulin 1 to 2 days before 
surgery and administration of a short-acting insulin may be 
advocated.

When discussing diabetes, the term “treatment” was not 
advocated because the underlying disease was not altered 
with any of these medications. In 2000, new clinical trials on 
islet cell transplantation have had promising results. Multiple 
cadaveric islets were prepared and transplanted in recipient 
patient’s liver. In the same year, a study by Shapiro and asso-
ciates consisting of seven patients resulted in 100% success 
rate with total independence from exogenous insulin.

This patient was scheduled for extraction of the left and 
right mandibular and maxillary third molars using intrave-
nous sedation. The patient was instructed to take nothing by 
mouth after midnight and was scheduled for an early morning 
appointment. He was instructed to continue taking glargine 
but to withhold lispro insulin in the morning.

On the morning of surgery, the patient appeared to be 
jittery and nervous. His skin was slightly clammy, and his 
palms were sweaty (sympathetic response to hypoglycemia). 
He was found to be tachycardic with heart rate of 120  bpm 
and a blood pressure of 120/80  mm  Hg. On placement of the 
intravenous catheter, the patient became less responsive (neu-
rological effect of hypoglycemia). Based on the patient’s 
history and clinical observations, the diagnosis of hypoglyce-
mia was made and 1 ampule of 50% (25  g) dextrose was 
administered. A simultaneous Accu-Chek reading confi rmed 
a blood glucose level of 55  mg/dl (hypoglycemia). Within 
minutes, the patient became more responsive and the heart 
rate decreased to 80  bpm. Retrospectively, it was found that 
the patient had misunderstood the preoperative instructions 
and, while he had refrained from breakfast in the morning, 
he had continued his routine insulin injections just before 
arriving to the offi ce. The surgery was completed without any 
perioperative complications.

COMPLICATIONS

The complications of diabetes mellitus can be divided into 
acute and chronic categories. Acute complications primarily 
include diabetic ketoacidosis (discussed later in this chapter), 
nonketotic hyperosmolar syndrome, and hypoglycemia. 
Chronic complications are predominantly related to the long-
term effects of hyperglycemia on the vasculature and can be 
divided into microvascular (retinopathy, nephropathy, neu-
ropathy) and macrovascular disease (accelerated atheroscle-
rosis, coronary artery disease, myocardial infarction).

Table 14-6.  Some Commonly Available Insulin Preparations

Preparation Onset Peak Effect (hr) Duration of Action (hr)

Lispro (Humalog) 5  min-0.25  hr 0.5-1     2-4
Novolog 5  min-0.25  hr 0.5-1     2-4
Regular insulin (Humulin R, Novolin R) 0.5  hr 2-5    8-12
NPH (Humulin N, Novolin N) 1-2.5  hrs    8-14 16-24
Lente 1-2.5  hrs    8-12 16-24
Protamine zinc (Ultralente) 4-6  hrs 10-18 >32      
Glargine (Lantus) 2-3  hrs  7-12 24-48
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The symptoms of hypoglycemia may be confused with 
those of cerebrovascular events, vasovagal syndrome, or a 
variety of disorders considered in the differential diagnosis 
of a delirious patient (hypoxia, infection, metabolic abnor-
malities, myocardial infarction, and medication overdose and 
withdrawal). Hypoglycemia is defi ned as a blood glucose 
level of less than 60  mg/dl. The symptoms may be divided 
into those that are neurological and those that are secondary 
to increased adrenergic (sympathetic) outfl ow. Neurological 
symptoms consist of visual disturbances, paresthesias, leth-
argy, irritability, delirium, confusion, seizures, and coma. 
The adrenergic symptoms consist of nausea, anxiety, weak-
ness, sweating, and tremors. In a previously undiagnosed 
patient, the differential diagnosis should include primary or 
secondary hyperinsulinemia (insulinoma). Other important 
considerations include sepsis, malnutrition, and liver failure. 
The most common reason for hypoglycemia in a diabetic 
patient is insulin mismanagement. Patients with renal failure 
are more prone to hypoglycemia because a small fraction of 
gluconeogenesis is conducted by the kidneys. Treatment of 
hypoglycemia in an awake patient consists of oral glucose 
administration (such as orange juice). If the patient has intra-
venous access, dextrose 10% or 50% in water (D10W or D50W) 
is acceptable. In the unconscious patient with no intravenous 
access, 1  mg of glucagon IM/SC can be administered. Diazox-
ide, octerotide, and hydrocortisone are other alternatives. Dia-
betic ketoacidosis and nonketotic hyperosmolar coma are 
discussed elsewhere in this book. It is important to treat any 
suspicion of hypoglycemia rapidly, because hyperglycemia in 
a misdiagnosed patient does not have any immediate emer-
gent complications; however, untreated undiagnosed hypogly-
cemia may be devastating.

It is commonly known that patients with diabetes mellitus 
are more susceptible to infections. However, these patients are 
not necessarily more prone to infection but, rather, once 
infected, they do not respond as effectively compared with 
healthy individuals. It is thought that various steps in neutro-
phil function are altered, including leukocyte adherence, che-
motaxis, and phagocytosis. The antioxidants, which are 
involved in the bactericidal activity, may also be altered. The 
defects in neutrophil function are at least partially reversible 
by strict glycemic control (blood glucose between 80 and 
110  mg/dl). However, it is hypothesized that the pathophysiol-
ogy of the immunological defects in diabetes mellitus is not 
exclusively related to glycemic control.

DISCUSSION

Diabetes mellitus is a prevalent and destructive endocrine 
disorder that may affect any organ in the body. More than 216 
million people are affected worldwide, with approximately 16 
million affected in the United States. It is the leading cause 
of blindness, nontraumatic leg amputation, and end-stage 
renal disease. It is also implicated as a risk factor in cardiac, 
cerebral, and vascular disease processes. The most common 
type, non–ketone-induced diabetes mellitus, is on the rise, 
correlating with the increased incidence of obesity in the 

United States. Mokdad and colleagues in 2001 randomly 
selected a cohort of 200,000 adult patients and observed the 
prevalence of diabetes to be 7.9%, an increase from 7.3% in 
2000. The prevalence of obesity defi ned as a body mass index 
greater than 30  kg/m2 was 20.9%, an increase of 5.6% from 
the previous year.

Insulin is an anabolic hormone produced by the beta cells 
of the pancreas. Its production is stimulated by elevated blood 
glucose, causing the subsequent effects of glucose uptake by 
cells, promotion of triglyceride synthesis and storage, inhibi-
tion of ketogenesis, and activation of various enzymes (such 
as glycogen synthase, HMG-CoA reductase, lipid lipases), 
while inhibiting catabolic pathways such as gluconeogenesis 
and ketogenesis (Figure 14-5). The counterregulatory hor-
mones are cortisol, epinephrine, growth hormone, and glyco-
gen. The hyperglycemia seen in diabetes is not only due to 
the lack of insulin butalso due to the imbalance between 
insulin and its counterregulatory hormones.

Diabetes is a disorder resulting from defi ciency or defects 
in insulin action. The pathophysiology is related to defects in 
the production (type 1 diabetes, juvenile-onset diabetes, keto-
acidosis-prone diabetics), defects at the site of action (type 2 
diabetes, adult-onset diabetes, non–ketoacidosis-prone dia-
betics), as a part of another disease (type 3 or secondary 
diabetes including a wide variety of diseases such as Cushing 
disease, hemochromatosis, cystic fi brosis), or gestational dia-
betes (type 4).

Symptoms of diabetes, although unique, are variable in 
onset of presentation based on the type of diabetes. Type 1 
diabetes mellitus commonly presents with acute symptoms, 
whereas type 2 diabetes mellitus may go undiagnosed for 
many years. Presenting symptoms of type 3 diabetes are vari-
able, based on the primary disease. Type 4 diabetics usually 
present at 24 to 28 weeks of gestation. Symptoms, regardless 
of diabetic subtype, consist of polyuria, weight loss, increased 
appetite, fatigue, blurred vision, and thirst. The initial diag-
nosis is often made due to symptoms arising from oral or 
vaginal candidiasis and diabetic ketoacidosis.

The diagnosis of diabetes mellitus is based on objective 
blood tests, distinguishing between three categories of 
patients:
1. Patients with diabetes mellitus
2. Patients with impaired fasting glucose
3. Patients with normal glucose metabolism
Patients with impaired fasting glucose are more prone than is 
the general population to develop diabetes. Diabetes is diag-
nosed when fasting blood glucose is greater than 126  mg/dl, 
a random blood glucose is greater than 200  mg/dl, or a 2-hour 
postprandial blood glucose is greater than 200  mg/dl after 
consumption of an oral glucose load of 75  g.

Diabetes is a costly disease that until recently had 
only symptomatic treatment. A patient’s compliance with 
daily injections and diabetic diets is frequently diffi cult 
to control, especially in the unmotivated patient. Islet cell 
transplantation for type 1 diabetes shows promise, provid-
ing an alternative with the potential for more defi nitive 
treatment.
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Diabetic Ketoacidosis

Mehran Mehrabi, Maj. USAF, DC, and Shahrokh C. Bagheri, DMD, MD

CC

A 17-year-old diabetic female patient presents to the oral and 
maxillofacial surgery clinic 5 days after extraction of her four 
third molars complaining of “nausea and vomiting.”

HPI

The patient reports a history of poor oral intake and frequent 
emesis (vomiting) for the past 3 days. She has been feeling 
progressively more fatigued with general malaise (secondary 
to dehydration). Because she has not been able to eat or drink 
regularly, she decided to discontinue all her insulin injections 
(lack of insulin is the key etiology in the development of 
diabetic ketoacidosis).

She also complains of blurry vision (secondary to volume 
depletion), vague abdominal pain (metabolic acidosis will 
result in gastric distention and blockage), cramping of her 
extremities (secondary to hypokalemia and dehydration com-
monly associated with diabetic ketoacidosis), an elevated 
temperature (secondary to development of infection and 
dehydration), and swelling of the left mandible that has pro-
gressively exacerbated over the past 48 hours. She reported 
an increase in the frequency of urination (polyuria) in the 
fi rst few postoperative days but has not voided for the past 
day (initial osmotic diuresis causing dehydration). At fi rst, 
her mother was not concerned with a developing infection 
because her mouth actually smelled “fruity” (acetone breath 
odor secondary to elevated plasma ketones). She became 
anxious when her daughter appeared progressively sleepy 
(stupor and coma can be caused by rapid increases in blood 
osmolarity causing water to be drawn out of the central 
nervous system, resulting in cellular dehydration and changes 
in consciousness). The on-call surgeon was contacted the 
night earlier and attributed the nausea and vomiting to exces-
sive narcotic intake. The swelling was assessed via telephone 
to appropriately correspond to postsurgical edema. She was 
prescribed promethazine and advised to see the treating 
surgeon the next day (any suspicion of diabetic ketoacidosis 
should prompt evaluation in the emergency department as 
soon as possible. Unrecognized diabetic ketoacidosis can be 
deleterious).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient had diabetes mellitus type 1 diagnosed at age 14. 
She takes regular insulin (short-acting insulin) and NPH 
(intermediate-acting insulin) twice a day under the care of an 

endocrinologist. She denies the use of alcohol, tobacco, and 
recreational drugs.

EXAMINATION

General. The patient is an intermittently nonresponsive girl 
who does not follow commands (altered mental status). She 
is breathing without obstruction, but it is deep and slow 
(Kussmaul breathing).

Vital signs. Her blood pressure is 101/50  mm  Hg (hypo-
tension), heart rate 114  bpm (tachycardia), respirations 8 per 
minute, and temperature 38.8°C (afebrile).

Orthostatics. On going from the supine to the standing 
position, the heart rate increases to 140  bpm, and blood pres-
sure decreased to 80/40  mm  Hg (a rise in heart rate to greater 
than 30 and/or a decrease in systolic blood pressure to greater 
than 20 or diastolic blood pressure greater than 10 is an indi-
cation of severe volume depletion).

Maxillofacial. The patient has signifi cant tenderness 
(dolor), edema (tumor), and erythema (rubor) of the left lower 
face. Her face is warm (calor) to touch (cardinal signs of 
infl ammation). Fluctuance is palpated over the angle of the 
mandible. She is unable to open her mouth more than 10  mm 
(trismus, suggestive of masticator space infection). The patient 
is able to maintain her secretions (drooling would be indica-
tive of signifi cant oropharyngeal swelling or dysphagia).

Intraoral. Examination reveals purulence around the 
extraction socket of the left mandibular third molar, with sur-
rounding gingival edema and erythema. The fl oor of the mouth 
is soft and not raised. There is moderate swelling of the left 
lateral pharyngeal wall with slight deviation of the uvula 
(indicative of left lateral pharyngeal spread of infection).

Cardiovascular. The patient has sinus tachycardia with 
intermittent pause correlating to premature ventricular con-
tractions (electrolyte abnormalities such as hyperkalemia will 
result in abnormal heart rhythms).

Pulmonary. His chest is bilaterally clear to auscultation 
with deep breathing.

Abdominal. The abdomen demonstrates generalized pain 
on palpation but is otherwise nontender and nondistended.

IMAGING

A panoramic radiograph and a CT scan of the head and neck 
may be indicated to evaluate the spread of infection in the 
parapharyngeal and masticator spaces and for evaluation of 
the airway. In patients with compromised renal function as 
determined by an elevated creatinine level, contrast CT is 
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contraindicated. Noncontrast CT, although less valuable at 
demonstrating soft tissue spread of infection, can still be of 
value.

LABS

A full set of laboratory studies (complete blood count, elec-
trolytes, and urinalysis) is essential in the management of 
diabetic ketoacidosis. The following laboratory study results 
were obtained for this patient:
• Hemogram: white blood cell count of 18.2 cells/μl with 

a differential of 70% neutrophils, 20% bands, 8% 
lymphocytes, 1% monocytes, and 1% eosinophils 
(elevated neutrophil count is indicative of acute 
infl ammation); hemoglobin and hematocrit of 15  mg/dl 
and 45 %, respectively (volume depletion will result in 
overestimation of hemoglobin and hematocrit); platelet 
count within normal limits

• Basic metabolic panel: Na+ of 150  mEq/dl (elevated 
secondary to dehydration), K+ of 6.5  mEq/dl (elevated 
secondary to acidosis causing transcellular shift of K+ 
into the extracellular space in exchange for H+ ions), 
Cl− of 95  mEq/dl (normal chloride is consistent with an 
anion gap metabolic acidosis), bicarbonate of 10  mEq/dl 
(a low bicarbonate is indicative of metabolic acidosis), 
blood urea nitrogen of 60  mEq/dl, creatinine of 3.0  mEq/
dl (blood urea nitrogen and creatinine are both elevated 
secondary to decreased intravascular volume: prerenal 
azotemia), glucose of 550  mg/dl (primarily secondary to 
the lack of insulin)

• Arterial blood gas analysis: pH of 7.01, Pco2 of 
25  mm  Hg, Po2 of 90  mm  Hg on Fio2 of 40%(a pH of 
7.01 is a strong acidemia. These fi ndings, along with a 
low Pco2, are indicative of metabolic acidosis with 
respiratory compensation)

• Urine analysis: positive ketones, +3 glucosuria (the 
proximal convoluted tubules ability to reabsorb glucose 
is maximized at a blood glucose of 180 to 200  mg/dl 
after which glucose is spilled into urine, causing osmotic 
diuresis); +2 proteinuria (glomeruli damage in diabetic 
nephropathy will result in protein wasting and nephrotic 
syndrome; microproteinurea is an indicative of diabetic 
nephropathy and may be avoided or delayed by daily 
intake of ACE inhibitors)

• Urine dipstick test: +4 for nitroprusside (indicative of 
acetoacetate and acetone [ketones] in the urine)

Electrocardiogram

The electrocardiogram shows widened QRS and peaked T 
waves (secondary to hyperkalemia) and occasional premature 
ventricular contractions.

ASSESSMENT

Diabetic ketoacidosis secondary to parapharyngeal and 
masticator space infection (infection is the leading cause of 
diabetic ketoacidosis)

TREATMENT

Treatment generally begins with the assessment of the 
ABCs—airway, breathing, and circulation. Intravenous fl uid 
(start with normal saline and subsequently switch to D5

1/2NS 
[5% dextrose in 0.45% normal saline]) is the fi rst line of 
treatment. This will address dehydration and decrease the 
plasma glucose by dilution. Any indication of cardiac insta-
bility (peak T waves, wide QRS, and premature ventricular 
contractions) due to hyperkalemia should be treated fi rst with 
calcium gluconate. This is followed by an intravenous insulin 
drip to gradually decrease serum glucose, as well as osmolar-
ity (osmoles of solute per liter of solution). The difference 
between the measured osmolarity and calculated osmolarity 
(2Na + glucose/18 + blood urea nitrogen/2.8 + ethanol/4.6) 
is called the osmolal gap; this would be elevated due to the 
high ketones or other anions (which are unmeasured anions 
and therefore the cause of an anion gap metabolic acidosis). 
A rapid reduction in osmolarity will result in cerebral edema 
and should be avoided. The combination of hydration and 
insulin will decrease potassium. Urine output is carefully 
monitored for evaluation of fl uid status. With correction of 
acidosis, the serum potassium may precipitously decrease, 
requiring careful monitoring and supplementation (insulin 
causes transfer of hydrogen ions from the extracellular space 
to the intracellular space). Other electrolytes to consider are 
magnesium and phosphate, both which may need to be replen-
ished. Patients commonly have defi ciencies of the B-complex 
vitamins (due to malnutrition), particularly thiamine, which 
should be corrected. Bicarbonate is rarely recommended for 
the treatment of acidosis (high risk for development of cere-
bral edema). It is generally reserved for patients with a pH 
less than 7.0.

This patient was admitted to the hospital and started 
on intravenous normal saline. Calcium gluconate was admin-
istered to maintain cardiac stability. The patient was started 
on a regular insulin drip with frequent blood glucose checks 
to adjust the dose. The potassium level was evaluated inter-
mittently and supplemented as needed. When the blood 
glucose was measured below 200  mg/dl, dextrose supplemen-
tation was used to prevent dangerous hypoglycemia. The 
insulin drip was continued until resolution of the metabolic 
acidosis. The patient was empirically started on ampicillin-
sulbactam (combination of β-lactam and β-lactamase 
inhibitor) and was taken to the operating room for surgical 
drainage of the infection. The intravenous fl uid was changed 
to D5

1/2NS when the patient was deemed hemodynamically 
stable. Urine output improved, metabolic acidosis and pseu-
dohyperkalemia (elevated plasma potassium despite total 
body depletion secondary to shift of potassium from the intra-
cellular space due to high H+ concentration) resolved, and the 
patient was transferred to the ward. An American Diabetic 
Association 1800-kcal diet was initiated. The patient remained 
afebrile, with normalization of his white blood cell count, 
electrolytes, and urine analysis. He was subsequently dis-
charged to home care on a 10-day regimen of amoxicillin with 
clavulinic acid.
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COMPLICATIONS

Complications of diabetes can be divided into acute and 
chronic. The acute complications include hypoglycemia (see 
the section on Diabetes Mellitus earlier in this chapter), dia-
betic ketoacidosis, and the hyperosmolar hyperglycemic syn-
drome. Chronic complications include microvascular and 
macrovascular disease. Patients with diabetic ketoacidosis 
generally present with metabolic acidosis with blood glucose 
below 500  mg/dl, whereas patients with nonketotic hypergly-
cemia coma present with a blood glucose level of over 1000  mg/
dl with no acidosis. The pathophysiology of both disorders is 
related to the physiological response to stress. Infection (which 
is the most common cause of diabetic ketoacidosis), trauma, 
ischemia (cerebrovascular accident, myocardial infarction), or 
volume depletion can induce signals to increase catechol-
amines, cortisol, growth hormone, and glucagon (insulin 
counterregulatory hormones that increase gluconeogenesis) 
and cause an imbalance of glucose metabolism. These stress 
hormones increase blood glucose and osmolarity while 
decreasing cellular insulin. The lack of insulin results in 
ketone production by the liver and the development of an anion 
gap metabolic acidosis. Diabetic ketoacidosis also presents 
with nausea, vomiting, abdominal pain, polyurea, polydipsia, 
weight loss, diplopia, delirium, or coma. Objective laboratory 
studies reveal a metabolic acidosis, pseudohyperkalemia, glu-
cosuria, and both serum and urine β-hydroxybuterate and 
acetoacetate (ketones). Due to the rapid onset of acidosis and 
good renal clearance in the younger patient population with 
type 1 diabetes, the blood glucose level rarely exceeds 800  mg/dl.

Diabetic ketoacidosis is the most commonly observed 
acute complication of type 1 diabetes. Patients with type 2 
diabetes may also develop diabetic ketoacidosis, but this is 
not common. The second most common cause of diabetic 
ketoacidosis is patient noncompliance with insulin.

As demonstrated by the Diabetes Control Clinical Trial 
(DCCT) strict glycemic control is the single most important 
factor in preventing and/or delaying the long-term complica-
tions of diabetes. However, patients will also need appropriate 
blood pressure and serum cholesterol management to reduce 
the associated cardiovascular risk factors. ACE inhibitors are 
particularly benefi cial in diabetic persons—not only for blood 
pressure control but also for their ability to delay diabetic 
nephropathy. Patients may also benefi t from cholesterol-
lowering medications such as the HMG CoA reductase inhib-
itors to achieve low-density lipoprotein levels of less than 
110  mg/dl. Yearly ophthalmological examinations should be 
conducted for early diagnosis and management of diabetic 
retinopathy. Routine foot care is essential for the detection of 
foot ulcers secondary to diabetic peripheral neuropathy. A 
low-fat diet, exercise, and weight loss have been show, to 
decrease the severity of insulin resistance in type 2 diabetes.

DISCUSSION

The diagnosis of diabetic ketoacidosis is based on history, 
clinical examination, and laboratory fi ndings. The work-up 

should included serum glucose and electrolytes, anion gap, 
blood urea nitrogen, creatinine, urine analysis including 
ketones, electrocardiogram, complete blood count, arterial 
blood gas, HbA1c levels, and any tests required to determine 
the underlying cause.

The differential diagnosis of a patient with ketosis also 
includes alcoholism and starvation, but only diabetic keto-
acidosis presents with hyperglycemia. The excess anions 
(ketones) in diabetic ketoacidosis cause an anion gap 
metabolic acidosis (gap acidosis) (discussed in Diabetes 
Mellitus). The differential diagnosis includes methanol 
toxicity, uremia, diabetic ketoacidosis, paraldehyde ingestion, 
isoniazide toxicity, Isopropyl alcohol toxicity, lactic acidosis, 
ethylene glycol toxicity, and salicylate toxicity. However, only 
diabetic ketoacidosis will produce hyperglycemia. The symp-
toms of diabetic ketoacidosis can arise rapidly (within 24 
hours), manifesting as polyurea, polyphagia, polydipsia, 
weakness and fatigue, as well as nausea and vomiting, 
along with vague abdominal pain. Mental status may range 
from normal to profound coma. As dehydration becomes 
pronounced, the hypovolumic polyurea will not be as 
prominent.

Acidosis will result in a shift of potassium ions from the 
intracellular to the extracellular compartments. This causes 
elevation of the plasma potassium concentration. However, 
with the glucose-driven osmotic diuresis, potassium is 
excreted by the kidneys, causing depletion of total body 
potassium despite elevated plasma levels. Hence, the term 
pseudohyperkalemia (seen in over one third of patients with 
diabetic ketoacidosis). With the correction of acidosis, the 
extracellular potassium shifts back to the intracellular space, 
causing signifi cant lowering of plasma potassium. The plasma 
potassium needs to be repleted as the acidosis is corrected to 
avoid life-threatening hypokalemia.

Another acute complication of diabetes is hyperosmolar 
hyperglycemic syndrome, which has a less insidious onset 
compared with diabetic ketoacidosis. It generally begins with 
mild hyperglycemia, which is compensated by glycosourea. 
As hyperglycemia worsens, osmotic diuresis will waste more 
glucose through urine. If the patient maintains adequate 
hydration, the kidneys will continue to excrete the excess 
glucose. As the patient becomes confused or incapacitated, 
oral hydration decreases, and the kidneys’ ability to excrete 
glucose is diminished, exacerbating hyperglycemia and 
causing the mental status changes. During treatment, the 
plasma glucose level should be reduced no faster than 75 to 
100  mg/dl/hr. A more rapid decline could cause brain 
edema.

Chronic complications of diabetes consist of microvascu-
lar and macrovascular disease. Microvascular disease, includ-
ing nephropathy, neuropathy, and retinopathy, is seen in both 
forms of diabetes. Type 2 diabetes is the leading cause of 
end-stage renal disease. The earliest sign of renal failure is 
microalbuminuria (greater than 50  mg/day); however, a 
routine urine dipstick will not be positive at this level. Frank 
proteinuria (nephrotic syndrome) may occur up to 15 years 
after the initial diagnosis of diabetes. Tight glycemic control, 
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blood pressure control, and a diet low in protein may delay 
the onset of renal disease. Diabetic retinopathy is the leading 
cause of blindness. Retinopathy may manifest as either isch-
emic or proliferative (more severe). Following the onset of 
proliferative retinopathy, blindness will occur in about 5 
years. Some preventive modalities with the use of a laser are 
available. Diabetic neuropathy has a broad range of presenta-
tions but can be categorized into three:
1. Distal sensory polyneuropathy resulting in decreased 

vibratory and other sensory stimuli; can result in minor 
trauma to the feet that may go unnoticed for signifi cant 
periods of time

2. Diabetic mononeuropathy presents as neuropathy of a 
large peripheral nerve such as the radial or ulnar nerves or a 
cranial nerve (most commonly cranial nerves VI or VII)

3. Autonomic neuropathy, which can be responsible for silent 
ischemia (see the section on Acute Myocardial Infarction), 
diabetic gastroparesis, neurogenic bladder, and erectile 
dysfunction

The macrovascular diseases present due to the increased risk 
factors for CAD seen in diabetes secondary to accelerated 
atherosclerosis from elevated triglycerides and hypercholes-
terolemia (and low high-density lipoprotein). The nephropa-
thy along with other microvascular diseases predisposes to 
hypertension. Neuropathy and autonomic dysfunction may 
result in an unusual presentation of myocardial infarction 
(silent myocardial infarction), causing a delay in diagnosis 
and treatment.
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Acute Myocardial Infarction

Joyce T. Lee, DDS, MD, and Shahrokh C. Bagheri, DMD, MD

CC

A 57-year-old man with a history of hypertension, coronary 
artery disease, and hypercholesterolemia is referred to your 
offi ce for evaluation of a biopsy-proved mandibular dentiger-
ous cyst.

Perioperative cardiovascular risk assessment includes rec-
ognition of the following risk factors: advanced age, seden-
tary lifestyle, male gender, tobacco use, a history of previous 
myocardial infarction or pathological Q waves seen on an 
electrocardiogram, hypertension, diabetes mellitus (particu-
larly type 1), hypercholesterolemia, history of cerebrovascu-
lar accidents, a positive family history of heart disease, and 
morbid obesity (risk factors are categorized into major, inter-
mediate, and minor).

HPI

The patient is diagnosed with a small dentigerous cyst of the 
posterior mandible.

The preoperative assessment for patients includes inquiry 
into the patient’s ability to perform daily activities that refl ect 
the status of cardiopulmonary function. This includes any 
history of dyspnea (shortness of breath) on walking up a fl ight 
of stairs, orthopnea (inability to sleep or lie prone without 
becoming short of breath), paroxysmal nocturnal dyspnea 
(spontaneous shortness of breath during sleep periods), 
history of pedal edema, and a sedentary lifestyle. Unstable or 
unexplained symptoms and recent signifi cant health events 
are good indicators for additional preoperative questioning 
and testing.

Risk assessment is not exclusive for patients with known 
cardiac disease because a signifi cant number of patients have 
undiagnosed CAD. The guidelines published by the Ameri-
can College of Cardiology/American Heart Association 
outline the algorithm for cardiovascular risk assessment for 
individuals at risk for noncardiac surgery.

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient has a history of hypertension, angina, CAD, and 
hypercholesterolemia (risk factors for myocardial infarction) 
for which he has been on medications for the past 15 years 
(there are three types of angina: stable angina, unstable 
angina, and Prinzmetal angina). He denies any history of 
previous myocardial infarction, cerebrovascular accidents, or 
any recent hospitalizations (the American Heart Association 
recommends deferring any elective surgery within 6 months 

of an acute myocardial infarction [AMI]). His last physical 
examination was 1 year ago, at which time several minor 
adjustments were made to his medications. His past sur-
gical history includes an appendectomy and cholecystectomy 
under general anesthesia without any perioperative complica-
tions (a positive history of adverse events to anesthesia is 
signifi cant in assessing future risk of surgery under general 
anesthesia). His medications include amlodipine (calcium 
channel blocker), furosemide (loop diuretic), K-Dur (potas-
sium chloride), Atorvastatin (cholesterol-lowering medica-
tion: HMG-CoA reductase inhibitor), and nitroglycerin 
(vasodilator) tablets as necessary for angina. He has smoked 
one pack per day for the past 20 years and admits to a sed-
entary lifestyle but has no symptoms of depression (depres-
sion is a common comorbid condition in patients with 
CAD and a well-documented risk factor for recurrent cardiac 
events and mortality). His family history is signifi cant for his 
father who died from a massive AMI at the age of 50 (risk 
factor).

EXAMINATION

General. The patient is a moderately obese man in no dis-
tress.

Vitals. Vital signs are normal except for a baseline blood 
pressure of 155/88  mm  Hg (moderate hypertension).

Maxillofacial. There is minimal expansion of the buccal 
cortex of the left posterior mandible.

Cardiovascular.
1. Inspection: The chest wall appears normal. The point of 

maximum impulse is located at the normal position along 
the midclavicular line at the fi fth intercostal space (later-
alization of the point of maximum impulse would be 
indicative of ventricular hypertrophy).

2. Auscultation: No audible bruits are heard using the bell of 
the stethoscope. This portion of the examination includes 
auscultation for bruits at the neck (carotid), mid abdomen 
(aorta), and lateral abdomen (renal). Audible bruits would 
be indicative of atherosclerotic plaques suggestive of sys-
temic atherosclerosis.

  Auscultation of the heart reveals a regular rate and 
rhythm, no murmurs, normal S1 and S2 (splitting of S2 is 
considered pathological) with no S3 or S4 noted (S3 is 
caused by left ventricular volume overloading or dilation, 
whereas S4 is caused by poor compliance and stiffness of 
the left ventricles. S3 is seen with heart failure).

3. Jugular venous pressure: This is within normal limits at 
3  cm above the sternal angle. Jugular venous distention is 
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a sign of venous hypertension most commonly secondary 
to right-sided heart failure.

4. Peripheral pulses and extremities: Findings are 2+ distal 
upper and lower extremities. Peripheral pulses are inspected 
for symmetry and strength (pulsus alternans denotes an 
alternating strong and weak pulse, signifying heart failure). 
There is no edema of the extremities (sign of heart failure) 
or clubbing of the nail beds (seen with chronic pulmonary 
disease).

5. Fundoscopic: Examination reveals bilateral retinal plaques 
(secondary to atherosclerosis) and arteriovenous nicking 
(secondary to hypertension). Examination of the retina is 
an important part of a complete cardiovascular examina-
tion because it allows direct visualization of the microvas-
culature.
Pulmonary. The chest is bilaterally clear to auscultation. 

With left-sided heart failure, blood backs into the pulmonary 
circulation and causes “congestion” and fl uid leaking out of 
the pulmonary capillaries into the interstitium, leading to 
pulmonary edema (“wet lungs”), which would be detected as 
rales or crackles on auscultation of the lungs.

IMAGING

Other than a panoramic radiograph, no other routine radio-
graphic imaging studies are indicated for excision of a cyst 
under intravenous sedation. A preoperative chest radiograph 
may be obtained in select patients based on the history and 
physical examination fi ndings.

The panoramic radiograph demonstrates a 2 × 2-cm uni-
locular radiolucency of the posterior mandible consistent with 
a dentigerous cyst.

LABS

The preoperative laboratory tests for the evaluation of a 
patient with signifi cant cardiovascular disease should be done 
in conjunction with the treating cardiologist.

Ejection fraction is the percentage of the stroke volume 
that is expelled from the left ventricle with systole and can be 
estimated using echocardiography. Although this is not rou-
tinely ordered, it is the most pertinent preoperative test in 
terms of assessing a patient’s cardiac function. A normal ejec-
tion fraction ranges between 55% and 70%.

A variety of stress tests in conjunction with electrocar-
diographic monitoring may also be performed to further 
stratify cardiac function in higher-risk patients. The cardio-
vascular system is tested, or “stressed,” by physical activity 
as the patient walks on a treadmill or pharmacologically 
using sympathomimetic agents (such as Persantine or dobu-
tamine) in an attempt to test for myocardial ischemia. Deter-
mination of cardiac tolerance and risk stratifi cation is based 
on symptoms and the present electrocardiographic fi ndings 
such as fl ipped T waves or ST-segment depression or 
elevation.

Echocardiography is another diagnostic test that may be 
performed either transesophageally (more accurate) or trans-

thoracically to assess cardiac structural abnormalities such 
myocardial wall motion and dynamic valvular function. 
Several physiological parameters such as degree of valvular 
insuffi ciency or stenosis, ejection fraction, and stroke volume 
can be estimated from echocardiography. Cardiac catheter-
ization is the “gold standard” test for evaluation of cardiac 
function. However, this is not routinely recommended for 
preoperative assessment given the invasive nature of this 
procedure.

Evaluation of blood cholesterol levels is also important for 
assessment of future risks of cardiovascular events. The 
American Heart Association recommends targeting high-
density lipoprotein cholesterol to over 45  mg/dl while limit-
ing low-density lipoproteins to below 120  mg/dl. However, 
the target low-density lipoprotein level may vary depending 
on the patient’s comorbidities.

For this patient, his most recent testing was done at his last 
physical examination several months ago. A cardiac stress test 
revealed an ejection fraction of 60%. His total cholesterol was 
250  mg/dl, high-density lipoprotein 27  mg/dl, low-density 
lipoprotein 175  mg/dl, and total plasma triglyceride 375  mg/
dl. The basic metabolic profi le was within normal limits 
(levels of potassium must be monitored in the hypertensive 
person on diuretics). A treadmill cardiac stress test did not 
reveal any signs of myocardial ischemia at a target heart rate 
of 90%.

His 12-lead electrocardiogram revealed no abnormalities. 
Electrocardiography is an invaluable tool in providing infor-
mation on cardiac conduction, vascular resistance, chamber 
enlargement, electrolyte disturbances, drug toxicities, myo-
cardial ischemia, infarction, and pulmonary emboli. Eleva-
tion of the ST segment is strongly suspicious of myocardial 
injury, whereas ST depression is suggestive of myocardial 
ischemia.

ASSESSMENT

A 57-year-old man with a history of heart disease, hyper-
tension, and hypercholesterolemia, requiring outpatient 
removal of a dentigerous cyst under intravenous sedation 
anesthesia

The treating cardiologist was contacted for perioperative 
risk assessment for an elective low risk surgery, and he strat-
ifi ed the patient as low risk for surgery with no specifi c rec-
ommendations. A medical clearance for surgery serves to 
assess the patient’s risk of morbidity and mortality in the 
perioperative period. There is insuffi cient evidence to support 
the use of β-blockers for patients undergoing low-risk proce-
dures; however, they are frequently used for intermediate- 
and high-risk patients.

TREATMENT

After discussion of the risks, benefi ts, and alternatives, the 
patient elected to proceed with the procedure. He was 
instructed to withhold all his morning medications with the 
exception of his blood pressure pills, which are to be taken 
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with a small sip of water. The patient was also counseled on 
the benefi ts of tobacco cessation and dietary and exercise 
habits.

Surgery was carried out with the patient monitored using 
the ASA I standards for outpatient procedures (ASA I moni-
toring includes electrocardiogram, blood pressure, heart rate, 
and pulse oximeter monitoring). Intravenous anesthesia was 
planned using a combination of Versed and Fentanyl. Five 
minutes into the procedure, the electrocardiogram shows 
multiple unifocal premature ventricular contractions at the 
rate about 10/min. The patient’s oxygen saturation declined 
from 98% on room air to 92% with 4  L/min oxygen fl ow via 
a nasal cannula. His oxygen fl ow was increased to 8  L/min 
with improvement of the oxygen saturation to 97%. The 
patient then suddenly became noticeably agitated, tachypneic 
with shallow breaths, and tachycardic with a heart rate of 
135  bpm (agitation can be a sign of hypoxia). The procedure 
was aborted, and all intravenous anesthetics were halted. His 
blood pressure now measured at 90/45  mm  Hg (hypotension). 
His condition continued to deteriorate with ST-segment eleva-
tion and multifocal premature ventricular contractions on the 
electrocardiogram. He remained tachycardic with persistent 
hypotension. The patient is now emerging from anesthesia 
and complains of chest tightness while putting his fi st over 
this chest (a positive Levine sign is when the patient places 
his or his hand over the sternal region due to the dull, aching, 
squeezing discomfort from an AMI). A diagnosis of AMI was 
suspected and the emergency medical services system was 
immediately activated. The emergency medical services per-
sonnel arrived within minutes and transported the patient to 
a local hospital.

A suspected AMI should be managed with use of the 
American Heart Association adult advanced cardiovascular 
life support (ACLS) algorithm for ischemic chest pain. Imme-
diate treatment should include administration of supplemental 
oxygen (to increase oxygen delivery), along with 160 to 
325  mg of aspirin (to inhibit platelet function and clot propa-
gation). Sublingual nitroglycerin (vasodilator) is administered 
to increase coronary blood fl ow, which would reduce cardiac 
ischemia and therefore pain. If chest pain is not resolved, 
morphine should be administered intravenously. The mne-
monic MONA (morphine, oxygen, nitroglycerin, and aspirin) 
outlines this treatment. Simultaneous to these measures, vital 
signs and oxygen saturation should be monitored. Intravenous 
access should to be initiated immediately for access to drug 
delivery. A 12-lead electrocardiogram, serum cardiac markers, 
serum electrolytes and coagulation studies, and a portable 
chest radiograph should be obtained as soon as possible. The 
decision to treat the patient with pharmacological agents 
(such as heparin, glycoprotein IIb/IIIa receptor inhibitors, 
intravenous nitroglycerin, or β-blockers) is determined by the 
electrocardiogram fi ndings along with the continuous clinical 
assessment. Rapid assessment by trained personnel to deter-
mine the need for cardiac catheterization (percutaneous 
coronary intervention), subsequent coronary artery bypass 
graft surgery, or fi brinolytic therapy for revascularization is 
essential.

COMPLICATIONS

The most feared complication of an AMI is sudden death 
(most commonly due to ventricular fi brillation or myocardial 
rupture). The immediate- and long-term sequelae of an AMI 
is related to the extent and location of the necrotic myocardial 
tissue. Subsequent infl ammatory and electrical conduction 
abnormalities that lead to mechanical dysfunction of the heart 
can be variable in both chronology and severity.

Cardiac arrhythmias are commonly seen during an AMI. 
Infarction of specialized myocardial tissue such as the sino-
atrial node, atrioventricular node, or bundle branches can lead 
to a variety of arrhythmias and conduction blocks. Ventricu-
lar fi brillation is a nonperfusing rhythm that needs to be 
rapidly identifi ed and treated via the ACLS protocol.

Impaired myocardial function can cause failure of the 
heart to adequately pump blood into the systemic circulation, 
with subsequent congestion of blood into the pulmonary cir-
culation, resulting in CHF (see Congestive Heart Failure 
earlier in this chapter). AMI may also lead to cardiogenic 
shock, which is defi ned as tissue hypoperfusion secondary 
to heart failure resulting in decreased cardiac output and 
hypotension.

Ischemia or necrosis of specifi c anatomical locations may 
result in mechanical dysfunctions such as rupture of the pap-
illary muscles, ventricular septal perforation, or rupture of the 
ventricular free wall and subsequent cardiac tamponade 
(usually resulting in death). Other long-term complications 
include pericarditis (infl ammation of the pericardium) and 
thromboembolic events originating within the cardiac 
chamber secondary to endothelial injury, stasis of blood, and 
turbulent fl ow.

DISCUSSION

The prevalence of cardiovascular diseases in the United States 
is between 20% and 25%, accounting for nearly 40% of 
fatalities from all causes. It is estimated that cardiac deaths 
and myocardial infarction occur in 0.2% (50,000 deaths) of 
all cases of surgery under general anesthesia annually. As the 
baby boomer population ages and the number of patients 
undergoing elective surgery increases, perioperative cardio-
vascular evaluation should be performed meticulously in 
patients at risk.

The etiologies of myocardial infarction span a broad range 
of pathological processes including atherosclerosis with 
thromboembolic events, vascular syndromes, coronary aneu-
rysms, primary and drug-induced coronary spasms (cocaine), 
severe conditions of oxygen demand (aortic stenosis), and 
hyperviscosity states (polycythemia vera). Signs and symp-
toms of AMI are not always evident. Approximately 20% of 
patients who sustained AMI are asymptomatic with retrospec-
tive positive electrocardiographic fi ndings. This is particularly 
signifi cant in the diabetic patient, who may not experience 
painful symptoms due to underlying peripheral neuropathy.

Recent studies have provided evidence that the use of β-
blockers reduces the morbidity and mortality in patients with 
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heart failure due to left ventricular systolic dysfunction. By 
reducing the sympathetic drive and hence workload to the 
myocardium, β-blockers have been shown to reduce the rate 
of reinfarction and recurrent ischemia. In addition, ACE 
inhibitors have recently been proven to increase survival in 
patients with AMI.

With progressive ischemia and subsequent myocardial 
infarction, the electrocardiographic fi ndings include T-wave 
inversions (ischemia), ST-segment elevation (suggestive of 
acute myocardial infarct), ST-segment depression (nontrans-
mural infarct or ischemia), and the development of Q waves 
(indicative of myocardial infarction). The leads in which 
these changes occur correspond to the area of cardiac injury. 
On a 12-lead electrocardiogram, leads V1 through V6 are 
designated as the precordial chest leads and leads I, II, III, 
aVL, aVR, and aVF are the limb leads. An inferior infarct 
commonly presents with abnormalities in leads II, II, and 
aVF, while fi ndings on leads V1 through V6 represent injury 
to the anterior wall.

Cardiac enzymes are plasma diagnostic markers released 
during myocardial necrosis. Based on the onset of injury, 
concentration, and metabolic half-life of the enzymes released, 
myocardial cell necrosis can be confi rmed. In addition, the 
approximate time of infarction can be predicted. Several 
enzymes are used, including creatine kinase, creatine phos-
phokinase, creatine kinase–myocardial band, myoglobin, 
lactate dehydrogenase, aspartate aminotransferase, and tro-
ponin I or T. Creatine kinase, creatine phosphokinase, myo-
globin, and lactate dehydrogenase are not specifi c to 
myocardial tissue and can be elevated from other etiologies, 
The creatine kinase–myocardial band enzymes can also be 
found in skeletal muscles and are not as cardiac specifi c for 
myocardial tissue as initially expected. Troponins T and I are 
currently the markers of choice for determining acute cardiac 
injury because they have absolute cardiac specifi city and are 
much more sensitive than the creatine kinase–myocardial 

band enzyme. Troponin levels can be detected as soon as 12 
hours postinjury and remain elevated until 10 to 12 days later. 
Myocardial muscle creatinine kinase isozymes typically peak 
at 24 hours with a return to normal range in the 48- to 72-hour 
period. Other enzymes changes include elevation of aspartate 
aminotransferase at a 48-hour period with a return to normal 
in 4 to 5 days, and lactate dehydrogenase that typically peaks 
at day 5 with a return to normal by days 7 to 10.

In summary, in the event of an AMI in the offi ce setting, 
early detection of symptoms is critical. Defi brillation for indi-
cated arrhythmias, symptomatic management with morphine, 
oxygen, nitroglycerin, and aspirin are essential and must be 
provided swiftly. Current antithrombolytic therapy and/or 
cardiac catheterization in the hospital setting can signifi cantly 
increase patient survival.
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Hypertension

Mehran Mehrabi, Maj. USAF, DC, and Chris Jo, DMD

CC

A 40-year-old African American man presents to the offi ce 
complaining that, “my wisdom teeth are hurting” (essential 
hypertension is most commonly diagnosed during the third 
to fi fth decades of life and has a higher prevalence in African 
American males).

HPI

The patient complains of a 2-week history of bilateral poste-
rior mandibular pain associated with his lower third molars. 
He initially self-treated himself with ibuprofen, which pro-
vided temporary relief. On triage of the patient, his blood 
pressure is elevated, which he attributes to the dental pain. 
He states that he has never seen a primary care physician 
and denies any history of hypertension. He denies headache, 
dizziness, blurred vision, chest pain, lower extremity edema, 
and shortness of breath (signs of potential end organ 
damage).

PMHX/PDHX/MEDICATIONS/ALLERGIES/SH/FH

The patient describes himself as “healthy as a horse” (hyper-
tension is an asymptomatic disease) but physically out of 
shape due to lack of exercise. He does not take any medica-
tions at this time. He smokes one pack of cigarettes daily and 
has consumed two alcoholic beverages daily for the last 10 
years (smoking, alcohol, and sedentary lifestyle increase the 
risk of hypertension and CAD). He is single and his typical 
diet consists of fast foods (a diet high in sodium, saturated 
fat, and simple sugars). His family history is signifi cant for 
sudden death of his father at the age of 44 secondary to heart 
attack (family history of myocardial infarction is signifi cant 
when paternal age is less than 45 and maternal age is less than 
55). His father also was known to be a diabetic for the last 6 
years (family history of diabetes and CAD are nonpreventable 
risk factors, whereas obesity, smoking, and excessive alcohol 
consumption are preventable risk factors for cardiovascular 
disease).

EXAMINATION

General. The patient is alert and oriented, calm, and coop-
erative and follows command well. He appears to be in no 
apparent distress. He weighs 240 pounds and is 5 feet 7 inches 
tall (a body mass index of 37.6  kg/m2 consistent with class II 
obesity).

Vital signs. His blood pressure is 185/104  mm  Hg in the 
right arm sitting and 181/101  mm  Hg in the left arm sitting 
(while an interarm blood pressure difference of about 
10  mm  Hg may be normal, a greater difference may be con-
sistent with aortic dissection), heart rate 80  bpm, respirations 
16 per minute, temperature 37.4°C, and visual analog scale 
for pain at 2 of 10 (severe pain may cause an acute increase 
in blood pressure).

Maxillofacial. There is no facial edema, erythema, or 
induration. Neck examination is benign with no evidence 
of masses or lymphadenopathy. The jugular venous dis-
tention is undetectable (a jugular venous pressure greater 
than 3  cm or a measured central venous pressure greater 
than 8 is consistent with right ventricular failure. The most 
common cause of right ventricular failure is left ventricular 
failure).

Intraoral. Examination is consistent with pericoronitis 
associated with partial bony impacted lower third molars.

Fundoscopic. Examination demonstrates arteriovenous 
nicking and an arteriolar light refl ex (“copper wiring”), with 
no evidence of retinal necrosis or disc edema. Fundoscopic 
examination provides a direct examination of vasculature. 
The retinal vessels share similar pathophysiology as cerebral 
and coronary blood vessels. The initial changes seen with 
hypertension include vasoconstriction followed by hyaline 
degeneration. As blood pressure increases, one may see the 
arterial narrowing (atrioventricular nicking) and arteriolar 
light refl ex (copper wiring). In uncontrolled hypertension, 
there is a breakdown of the blood–retina barrier and presen-
tation of hemorrhage and areas of infarction (cotton-wool 
spots).

Cardiovascular. There are no carotid, femoral, or renal 
bruits present (indicative of peripheral vascular disease). On 
palpation of the heart, the apical impulse is palpated at the 
fi fth intercostal space and the midclavicular line (normal 
position). It is enlarged at 4  cm (normal is 2 to 3  cm), sus-
tained and strong in intensity (indicative of ventricular hyper-
trophy). On auscultation, there is an S1 (fi rst heart sound) and 
S2 (second heart sound) as well as S4 gallop (pathological 
heart sound during late diastolic period produced by atrium 
pushing on inelastic myocardium), just before S1 (S3, which 
may present in patients with CHF that may be secondary to 
uncontrolled hypertension, is heard shortly after an S2). The 
rhythm is regular (irregularly irregular rhythm can be due to 
atrial fi brillation caused by hypertension). There is no murmur 
or rub on auscultation. Peripheral pulses are bounding, with 
rapid upstroke and 2+ intensity, and synchronous with appro-
priate amplitude (delayed femoral pulse compared with 
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radial is consistent with coarctation, a congenital cause of 
hypertension).

Pulmonary. The chest is clear to auscultation bilaterally. 
There are no crackles or wheezing (cardiogenic wheeze is 
produced by pulmonary edema in acute CHF).

Abdomen. The patient is obese and has no evidence of 
surgical scars or striae (present in hypercortisolism secondary 
to adrenal tumor, pituitary tumor, or paraneoplastic syn-
dromes). Bowl sounds are present on auscultation. The 
abdomen is soft and nontender to palpation. The kidneys are 
nonpalpable (persons with enlarged kidneys, such as seen in 
polycystic kidney disease, may present with hypertension). 
The liver is 10  cm at the midclavicular line (normal is 10 to 
12  cm). The aorta is palpable and is not enlarged (if enlarged, 
would be suggestive of an acute abdominal aneurysm).

IMAGING

The panoramic radiograph is the study of choice when evalu-
ating third molars. In the setting of controlled hypertension, 
no additional radiographs are required for minor surgical 
procedures. On evaluation of hypertensive urgency or emer-
gency at the emergency department, additional studies are 
required and may include a chest radiograph (to evaluate for 
cardiogenic pulmonary edema and cardiomegaly), electrocar-
diogram (to rule out AMI), and/or head CT (to rule out 
intracerebral hemorrhage), based on clinical history and 
fi ndings a preoperative electrocardiogram is warranted for 
patients undergoing general anesthesia with risk factors for 
cardiovascular disease (hypertension, diabetes, smoking, 
hypercholesterolemia, and age above 45 in males and 55 in 
females).

LABS

Laboratory studies are obtained based on the patient’s medical 
history. For the patient with hypertension who presents for 
minor surgical procedures, no laboratory studies are indi-
cated. Several laboratory parameters may measured by the 
primary care physician or preoperatively to detect secondary 
causes of hypertension: plasma sodium (rennin-producing 
tumors, renal disease), potassium (renal or adrenal disease), 
creatinine (renal disease), urine vanillylmandelic acid (pheo-
chromocytoma), serum cortisol, or thyroid-stimulating 
hormone, which are all markers of potential causes of second-
ary hypertension. An astute clinician uses the patient’s history 
and physical examination to develop a differential diagnosis. 

Radiographic, laboratory, and other tests are used to assess 
the validity of specifi c diagnoses.

ASSESSMENT

Partial bony impacted lower third molars with pericoronitis 
complicated by elevated blood pressure

The diagnosis of hypertension requires additional blood 
pressure readings. If these readings are confi rmed in subse-
quent evaluations, the patient would classify as having stage 
II hypertension.

According to the seventh report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure (JNC-7), a normal systolic blood 
pressure is less than 120  mm  Hg and a normal diastolic blood 
pressure is less than 80  mm  Hg. The blood pressure may be 
considered normal, prehypertensive, stage I hypertension, or 
stage II hypertension (Table 14-7). The effects on the end 
organs such as heart, brain, kidney, or eyes are in a linear 
relationship.

TREATMENT

Management of the hypertensive patient begins with an accu-
rate diagnosis. Blood pressure is determined by cardiac output 
(stroke volume multiplied by heart rate) and total peripheral 
resistance. It is measured with the patient in a sitting position 
with the arm at the level of the heart. Patients should avoid 
smoking and caffeine 30 minutes and 1 hour, respectively, 
before a blood pressure reading is made. Note that a large cuff 
will produce an erroneously low reading, and a small cuff 
will produce an erroneously high blood pressure. The blood 
pressure can be measured in both arms. A difference greater 
than 10  mm  Hg may be suggestive of aortic dissection. The 
most common site for measurement of blood pressure is the 
brachial artery. The cuff is applied to the arm. It is tightened 
as the radial pulse is palpated, and the pressure is raised until 
it is 30  mm  Hg above where the radial pulse disappears. This 
technique will ensure that an auscultatory gap (a period of 
silence as the blood pressure cuff pressure decreases) will not 
result in an erroneously low reading. Measurements are 
repeated two or three times in different settings before the 
diagnosis of hypertension is made.

A blood pressure reading should be obtained before surgi-
cal procedures, even in the absence of symptoms or a positive 
medical history. Contraindications to surgery in a hyperten-
sive patient are not based on actual blood pressure but rather 

Table 14-7.   Classifi cation of Blood Pressure for Adults

Blood  Prehypertension Stage I Hypertension Stage II Hypertension
Pressure Normal (mm  Hg) (mm  Hg) (mm  Hg) (mm  Hg)

Systolic  <120 120-139 140-159 >160
Diastolic <80 80-89 90-99 >100
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based on clinical judgment in assessing risks and benefi ts of 
surgical or nonsurgical interventions. Elective procedures 
should be deferred with a sudden unexplained rise in blood 
pressure. When a hypertensive patient presents with symp-
toms of hypertensive emergency (diplopia, dizziness, head-
aches, shortness of breath, sudden leg swelling, chest pain), 
elective surgery is deferred, and the patient should be referred 
to the emergency department for further work-up and 
management.

Consultation with the primary care physician is valuable 
when possible, but may not always be feasible. If there is no 
surgical emergency, temporary analgesia may be achieved 
with long-acting local anesthesia and analgesic medications. 
When treating an urgent surgical problem in a hypertensive 
patient, one may choose local anesthesia offi ce sedation, or 
hospital-based general anesthesia depending on the clinician’s 
training and comfort, location of practice, and facility’s 
monitoring capability.

When patients with a history of hypertension present for 
offi ce intravenous sedation, they should continue with their 
daily antihypertensive medications. Abrupt withdrawal of 
certain antihypertensive medications such as clonidine or β-
blockers may result in hypertensive urgencies (rebound hyper-
tension). General anesthetic medications that may result in 
hypertension such as ketamine (sympathomimetic effects) 
should be avoided or used cautiously. Local anesthetics with 
vasoconstrictors should be used cautiously and sparingly. 
Most dental literature recommends limiting epinephrine to 
0.04  mg in patients with cardiovascular disease; however, this 
is a subject of controversy. A recent report, published by the 
Agency for Healthcare Research and Quality, evaluated the 
use of local anesthesia for dental extractions with and without 
epinephrine in hypertensive and normotensive individuals. 
The difference in systolic blood pressure and heart rate when 
using epinephrine versus no epinephrine was 4  mm  Hg and 
6  bpm, respectively, in hypertensive patients when using up 
to 2 carpules (1.8  ml each) of anesthetic agents.

The cause of intraoperative hypertensive episodes needs to 
be rapidly assessed and appropriately managed. Hypertension 
may be due to hypoxia, hypercarbia, anxiety, pain, full 
bladder, prior medications, or idiopathic (primary hyperten-
sion). Common intravenous antihypertensives used in ambu-
latory surgery are β-blockers and hydralazine. β-Blockers 
such as esmolol (short acting) and labetalol (longer acting) 
decrease blood pressure and heart rate, while hydralazine will 
decrease blood pressure with concurrent refl ex tachycardia. It 
is extremely important not to treat numbers but evaluate the 
patient as a whole: the patient’s age and past medical history 
and family history (age, race, family history of hypertension), 
social history (cocaine, methamphetamine, methoxymethyl 
methamphetamine abuse), initial blood pressure (baseline), 
type of procedure, medications used (ketamine), respiratory 
rate (pain), heart rate, and temperature (malignant hyperther-
mia) should be considered.

During general anesthesia, patients on hypertensive medi-
cations may also be susceptible to episodes of hypotension. 
Propofol administered as a bolus can lower the systolic blood 

pressure up to 30  mm  Hg, which can be exaggerated in 
patients with hypertension. Inhalation general anesthetics 
may also precipitously lower mean arterial pressures (due to 
vasodilation). Hypotension most commonly responds well to 
bolus fl uid administration. If the patient is not responsive 
to conservative fl uid treatment, a vasopressor agent may be 
required. The choice in vasopressor agent depends on both 
the blood pressure and heart rate. In the hypotensive and 
bradycardic patient, vasogenic stimulators that cause a refl ex 
bradycardia should be avoided (phenylephrine). Ephedrine 
should be used for the hypotensive and bradycardic patient 
unresponsive to intravenous fl uid bolus and a decreased the 
level of anesthesia. Phenylephrine is ideal for the hypotensive 
and tachycardic patients.

Patients (particularly elderly) who are admitted to the 
hospital are at an increased risk of hypotension than hyper-
tension. This may be due to hospitals’ low sodium diet, con-
current medications, narcotic use, or lack of physical activity. 
Therefore, hypertensive medications such as diuretics, ACE 
inhibitors, angiotensin receptor blockers, α-blockers, or 
calcium channel blockers should be prescribed when the 
blood pressure is elevated. β-Blockers should be continued 
not only for their cardioprotective effect but also for possible 
rebound tachycardia (perioperative administration of β-block-
ers has been shown to decrease anesthetic complications). 
Rebound hypertension also is commonly seen with clonidine, 
but this medication is now rarely used. When patients are 
discharged from the hospital or offi ce, they should continue 
their prior antihypertensive medication regimen.

This patient was started on penicillin, analgesic medica-
tions, and chlorhexidine mouthwash. He was referred to his 
primary care physician for evaluation and management of his 
blood pressure. Three subsequent blood pressure readings in 
the physician offi ce, as well as automatic blood pressure 
monitor at the local pharmacy, refl ected a systolic blood pres-
sure of 175 to 185  mm  Hg and a diastolic blood pressure of 
95 to 105  mm  Hg. The patient was instructed to restrict 
sodium and alcohol intake, to quit smoking, and to start 
aerobic exercises. However, the patient remained hyperten-
sive at 150/90  mm  Hg. He was subsequently placed on hydro-
chlorothiazide (diuretics are considered fi rst-line therapy). At 
follow-up, his blood pressure was 130/82  mm  Hg. After his 
blood pressure was stabilized, the patient was scheduled for 
surgical extraction of the lower third molars using intravenous 
sedation. He was instructed to continue his hydrochlorothia-
zide (antihypertensive medications should be continued in the 
perioperative period). His blood pressure remained stable 
throughout the procedure.

COMPLICATIONS

Hypertensive urgency is hypertension with a blood pressure 
above 210/120  mm  Hg in an asymptomatic patient. Patients 
are admitted to the emergency department, and the blood 
pressure is gradually lowered with oral medications (oral 
sublingual nifedepine, felodipine, captopril and furosemide). 
The blood pressure should not be abruptly reduced to less 
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than 160/110  mm  Hg, due to the risk of cerebral and myocar-
dial hypoperfusion.

Hypertensive emergency is hypertension with evidence of 
end organ damage (brain, heart, kidneys, eyes) such as retinal 
hemorrhages and exudates, papilledema, renal failure (malig-
nant nephrosclerosis), neurological symptoms (headache, 
weakness, or neurosensory defi cit), and cardiac symptoms 
such as chest pain. Intravenous medications such as nitroprus-
side (0.25 to 0.5  μg/kg/min up to 8 to 10  μg/kg/min), Nicar-
dipine (5 to 15  mg/hr) or labetalol (0.5 to 2  mg/min) may be 
used to control blood pressure. Note that nitroprusside may 
result in cyanide toxicity, which may be treated with sodium 
thiosulfate. Nonintravenous routes such as oral, nasal, or 
transcutaneous can be used, but they are not as titratable. A 
rapid decline in blood pressure can be as harmful as a rapid 
rise. Close monitoring of vital sign is more critical than the 
route of administration.

Chronic complications of hypertension include CAD, 
CHF, cerebrovascular accident, renal disease, ophthalmo-
logical disease, and others. Treatment of hypertension sig-
nifi cantly reduces the risk of CAD, myocardial infarction, 
heart failure, and cerebrovascular accidents.

Antihypertensive medications can cause various side 
effects or complications, including orthostatic hypotension 
(especially in the elderly population), resulting in syncope 
and ground-level falls.

DISCUSSION

Hypertension is a frequently referred to as a “silent killer” 
and is a common disorder. In the United States, it is most 
prevalent among African Americans followed by Hispanics 
and whites. The incidence of hypertension increases with 
age and excess body weight. Other risk factors include 
genetics (hypertension is twice more common when one 
or both parents have hypertension), alcohol consumption, 
tobacco use, and male gender. Other factors such as salt 
intake or type A personality has not been shown to be risk 
factors for the development of hypertension. However, a low-
salt diet decreases blood pressure in hypertensive patients, 
whereas a high-salt diet makes hypertension more resistant to 
therapy.

Hypertension may be divided into primary or essential 
(95%) and secondary (5%) categories. Although secon-
dary hypertension is less common, diagnosis is important 
because frequently a cure rather than treatment is possible. 
Essential (idiopathic) hypertension is generally diagnosed 
before age 30 or after the age 50, whereas secondary 
hypertension is most commonly identifi ed between ages 30 
and 50. Secondary hypertension tends to be more severe 
and less susceptible to routine treatment used for essential 
hypertension.

Secondary hypertension includes a variety of hormonal or 
structural defects. Elevation of steroid levels (primary adrenal 
tumor, secondary pituitary tumor, or tertiary paraneoplastic 
syndrome), calcium (hyperparathyroidism), and hypothyr-
oidism (and hyperthyroid crisis) are common hormonal 

etiologies. The structural defect such as coarctation of the 
aorta or renal artery stenosis and intracranial hypertension 
may also cause systemic hypertension.

Treatment should be considered when two or three con-
secutive blood pressure readings are found to be above 
140/80  mm  Hg. Conservative treatment such as weight reduc-
tion, low-salt (sodium) diet, aerobic exercises, and secession 
of alcohol and tobacco products can be benefi cial in prevent-
ing medical therapy. Two landmark studies evaluated the 
effect of diet on hypertension.

In the Treatment of Mild Hypertension Study (TOMHS), 
902 patients with diastolic blood pressure of 90 to 100  mm  Hg 
underwent a sodium and alcohol restriction, weight reduction 
and increase physical activity with improvement of systolic 
and diastolic blood pressures of 8.6  mm  Hg compared with 
the placebo group. The Dietary Approach to Stop Hyper-
tension (DASH) consisted of 459 hypertensive patients 
with blood pressures less than 160/90  mg Hg who were 
placed on a diet consisting of fruits and vegetables and low 
saturated fats. Blood pressure was reduced by 5.5/3.0  mm  Hg 
in normotensive patients and by 11.4/5.5  mm  Hg in hyper-
tensive patients. This was followed by DASH/low-sodium 
trial illustrating an additive affect. The blood pressure 
reduction with a low-sodium diet works independent of a 
healthy diet low in saturated fats and high in fruits and 
vegetables.

Various studies such as the Medical Research Council 
(MRC) trial (showing the cardioprotective effect of β-
blockers over thiazide diuretics in patients with CAD), 
Captopril Prevention Project (CAPPP study, showing the ben-
efi ts of ACE inhibitors in diabetics), U.K. Prospective Diabe-
tes Study, STOP Hypertension Trial, Heart Outcomes 
Prevention Evaluation (HOPE), Losartan Intervention for 
Endpoint Reduction (LIFE), and Australian National Blood 
Pressure (ANBP) studies have examined various initial 
therapies.

The JNC-7 recommendations are based on the Antihyper-
tensive and Lipid-Lowering Treatment to Prevent Heart 
Attack Trial (ALL HAT). This study was a randomized 
examination of 45,000 patients with hypertension and one 
other risk factor such as left ventricular hypertrophy, diabetes, 
cerebrovascular accident, etc. The current recommendation is 
for initiating a low-dose hydrochlorothiazide (a sodium potas-
sium channel blocker at the distal tubule of kidneys) as fi rst-
line antihypertensive therapy (higher doses may produce 
hypokalemia, hypertriglyceridemia, hyperglycemia, and 
gout).

A β-blocker may be a better choice in patients with CAD 
due to its post–myocardial infarction cardioprotective effect. 
Also, it may be the drug of choice in patients with migraine-
type headaches, glaucoma, angina pectoris, essential tremor, 
and resting tachycardia. Sudden cessation of this medication 
can produce a withdraw reaction and should be avoided. ACE 
inhibitors prevent the formation of angiotensin II as well as 
aldosterone. They are commonly considered as the initial 
therapy in diabetic patients with microproteinuria and may 
benefi t in post–myocardial infarction cardioprotection com-
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parable to that of β-blockers. ACE inhibitors are contraindi-
cated in patients who develop angioneurotic edema, 
hyperkalemia, and, rarely, neutropenia following its adminis-
tration. A dry cough is a side effect of ACE inhibitors most 
likely due to the buildup of bradykinins and is best treated by 
changing to another class of medication. Angiotensin receptor 
blockers are an alternative to ACE inhibitors in certain 
patients.

Calcium channel blockers are potent vasodilators; in 
general, they are not recommended for initial therapy. Their 
use in patients with CHF increases mortality. They also exac-
erbate the refl ux in patients known to have gastroesophageal 
refl ux disorder. The α-blockers such as prazosin, doxazosin, 
and terazosin are not fi rst-line medications. They produce 
syncope, headache, and weakness. They may be indicated in 
patients with benign prostatic hypertrophy. Antihypertensive 
medications considered safe during pregnancy include meth-
yldopa and hydralazine, which generally are not considered 
in nonpregnant patients.

Other antihypertensive medications such as clonidine 
(central α2-agonist), trimethaphan (ganglionic blocker), and 
phentalamine and pheynoxybenzamine (competitive and non-
competitive α1- and α2-blockers) are rarely used except for 
specifi c indications.

Hypertension is a common asymptomatic disease; if not 
treated, it may result in various end organ injuries. CAD, 
CHF, cerebrovascular accidents, end-stage renal disease, 
retinal disease, and peripheral vascular disease are examples 
of complications. A dental offi ce is more frequently visited 
than a primary care physician’s offi ce for “otherwise healthy” 
individuals and may be the fi rst place that a patient’s blood 
pressure is evaluated. Nonpharmacological therapy such as 
weight reduction, diet modifi cation, exercise, and alcohol and 
tobacco cessation is an inexpensive and effective way of 
reducing blood pressure with few side effects. When pharma-
cological therapy is indicated, a compromise should be made 
regarding the most acceptable side effects in order to prevent 
complications and achieve patient compliance.
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Appendix A: Abbreviations

AAOMS American Association of Oral and 
Maxillofacial Surgeons

ABC airway-breathing-circulation
AC activated charcoal
ACC acinic cell carcinoma
ACE angiotensin-converting enzyme
ACLS advanced cardiac life support
AdCC adenoid cystic carcinoma
ADR adverse drug reaction
AHA American Heart Association
AHG acute herpetic gingivostomatitis
AHI apnea-hypopnea index
AIDS acquired immunodefi ciency syndrome
ALT alanine aminotransferase
AMI acute myocardial infarction
AMPLE allergies–medications–past medical history/

pregnancy–last meal–environment/events 
surrounding trauma

ANB A point–nasion–B point (angle)
ANS anterior nasal spine
ANUP acute necrotizing ulcerative 

periodontitis
ARB angiotensin receptor blockers
ARF acute renal failure
AS Apert syndrome
ASA American Society Of Anesthesiology
ASP acute suppurative parotitis
AST asparate aminotransferase
ATLS advanced trauma life support
ATN acute tubular necrosis
AVPU awake–responds to voice–responds to pain–

unresponsive
AWS alcohol withdrawal syndrome

BAL blood alcohol level
BMI body mass index
BMP basic metabolic panel
BP blood pressure
bpm beats per minute
BRONJ bisphosphonate related osteonecrosis of the 

jaws
BUN blood urea and nitrogen

C centigrade
CAD coronary artery disease
CAD-CAMC computer-assisted design — computer-

assisted manufacturing
CBC complete blood count
CC chief complaint
CPP cerebral perfusion pressure
CHF congestive heart failure

CHI closed head injury
CL cleft lip
CLP cleft lip and palate
CMP complete metabolic panel
CMV cytomegalovirus
CN cranial nerve
CNS central nervous system
Co condylion
COPD chronic obstructive pulmonary disease
CP cleft palate
CRI chronic renal insuffi ciency
CRP chronic recurrent parotitis
CSF cerebrospinal fl uid
CT computed tomography
CTX c-telopeptide
CVA cerebrovascular accident
CVS cardiovascular system
CXR chest x-ray

D5½NS 5% dextrose in half normal saline
DC dentigerous cyst
DDAVP 1-desamino-8-d-arginine vasopressin
DKA diabetic ketoacidosis
DT delerium tremens
DVT deep venous thrombosis

EBV Epstein-Barr virus
ED emergency department
EEG electroencephalogram
EF ejection fraction
EKG electrocardiogram
ELISA enzyme-linked immunosorbent assay
EMG electromyogram
EMS emergency medical services
EOG electro-oculogram
ESRD end-stage renal disease

FDG fl uorodeoxyglucose
FENa fractional excretion of sodium
FEV1 forced expiratory volume in 1 second
FH family history
FH Frankfurt horizontal
Fio2 fraction of inspired percent oxygen 

concentration
FISS Facial Injury Severity Scale
FNA fi ne needle aspiration

GCS Glasgow Coma Scale
GFR glomerular fi ltration rate
GGT γ-glutamyl transpeptidase
GI gastrointestinal
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HAART highly active antiretroviral therapy
HDL high-density lipoprotein
HF heart failure
HFM hemifacial microsomia
HIV human immunodefi ciency virus
HPI history of present illness
HR heart rate
hr hours
HRT hormone replacement therapy
HSV herpes simplex virus
HUS hemolytic uremic syndrome

I&D incision and drainage
IAN inferior alveolar nerve
ICD intercanthal distance
ICP intracranial pressure
ICU intensive care unit
IM intramuscular
IMF intermaxillary fi xation
INR international normalized ratio
ITP idiopathic thrombocytopenic purpura
IV intravenous

JVD jugular venous distention

KOH potassium hydroxide
KS Kaposi’s sarcoma

LAD lymphadenopathy
LDH lactate dehydrogenase
LDL low-density lipoprotein
LFM lowering the fl oor of the mouth
LN lingual nerve
LOC loss of consciousness

MAP mean arterial pressure
Me menton
MECa mucoepidermoid carcinoma
mEq/L milliequivalents per liter
mg milligram
MI myocardial infarction
MIO maximal interincisal opening
MMA maxillomandibular advancement
MP mandibular plane
MRI magnetic resonance imaging
MRSA methicillin-resistant Staphylococcus 

aureus
MVA motor vehicle accident
MVC motor vehicle collision

NAC N-acetylcystine
NAD no apparent distress
NG nasogastric
NOE nasal orbital ethmoid
NPO nothing by mouth (Greek)
NSAID nonsteroidal antiinfl ammatory drug
NSC nonsyndromic craniosynostosis

NSP nonsuppurative parotitis
NT/ND nontender nondistended

OD right eye (ocular dexter)
OG orogastric
OKC odontogenic keratocyst
OMFS oral and maxillofacial surgery
ONJ osteonecrosis of the jaws
OR operating room
ORIF open reduction with internal fi xation
ORN osteoradionecrosis
OS left eye (ocular sinister)
OSA obstructive sleep apnea
OSAS obstructive sleep apnea syndrome

PAS posterior airway space
PCP primary care physician
PDHx past dental history
PERRLA pupils are equal, round, and reactive to 

light and accommodation
PET positron emission tomography
Pg pogonion
PMHx past medical history
PND paroxysmal nocturnal dyspnea
PNI perineural invasion
PO by mouth (Greek)
POBHx past obstetric history
PRN as needed (Greek)
PRP platelet-rich plasma
PSG polysomnograph
PT prothrombin time
PTT partial thromboplastin time
PVC premature ventricular contraction
PVL proliferative verrucous leukoplakia

q8  h every 8 hours

RDI respiratory distress index
RFFF radial forearm free fl ap
RR respirations
RRR regular rate and rhythm

SAH subarachnoid hemorrhage
Sao2 oxygen saturation
SCCa squamous cell carcinoma
SH social history
SMAS superfi cial musculoaponeurotic system
SMV submentovertex
SNA sella–nasion–A point (angle)
SNB sella–nasion–B point (angle)
STAT immediate (Latin)
STSG split-thickness skin graft

T temperature
TMD temporomandibular dysfunction
TMJ temporomandibular joint
TTP thrombotic thrombocytopenic purpura
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UA urinalysis
UDS urine drug screen
UPP uvulopalatoplasty
UPPP uvulopalatopharyngoplasty

V1 fi rst division of the trigeminal nerve
V2 second division of the trigeminal nerve
V3 third division of the trigeminal nerve
VA visual acuity
VAS visual analog scale
VC verrucous carcinoma
VPI velopharyngeal incompetence

VSS AF vital signs stable and afebrile
vWF von Willebrand factor

WBC white blood cell
WD/WN well-developed and well-nourished
WNL within normal limits

ZF zygomaticofrontal
ZM zygomaticomaxillary
ZMC zygomaticomaxillary complex
ZS zygomaticosphenoid
ZT zygomaticotemporal
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Appendix B: Normal Laboratory Test References for Adults

Type of Test Test Result (Normal)

Blood

acid phosphatate 0.11-0.60  U/L
AIDS serology no evidence of HIV antigen or antibodies
AIDS T-lymphocyte marker (CD4 count) total CD4 count >1,000 cells/mm3

alanine aminotransferase (ALT) 8-20  U/L (elderly and infants higher than adults)
alkaline phosphatase (ALP) 42-128  U/L
ammonia level 15-110  μg/dl
aspartate aminotransferase (AST) 8-20  U/L (females slightly lower than males)
bilirubin, total 0.1-1.0  mg/dl
bilirubin, indirect 0.2-0.8  mg/dl
bilirubin, direct 0.1-1.3  mg/dl
bleeding time (BT) 1-9  min (Ivy method) (critical value >12  min)
blood culture and sensitivity negative
blood gas
 pH 7.35-7.45
 Pco2 35-45  mm  Hg
 HCO3

− 21-28  mEq/L
 Po2 80-100  mm  Hg
 O2 saturation 95-100%
calcium 9.0-10.5  mg/dl
chloride 90-110  mEq/L
cholesterol <200  mg/dl
complete blood count see individual components (white blood cells,
  hemoglobin, hematocrit, platelets)
C-reactive protein <0.8  mg/dl
creatine phosphokinase (CPK) male 12-50  U/ml; female 10-55  U/ml
creatinine male 0.6-1.2  mg/dl; female 0.5-1.1  mg/dl
D-dimer test negative (no D-dimer fragments)
erythrocyte sedimentation rate (ESR) male: ≤15  mm/hr, female ≤20  mm/hr
ethanol (blood alcohol level) none
ferritin male 12-300  ng/dl, female 10-50  ng/dl
γ-glutamyl transpeptidase (GGT) 8-38  U/L
glucose 70-105  mg/dl (also depends on fasting status)
glycosylated hemoglobin (A1c) 4-8%
hematocrit male 42-52%, female 37-47%
hemoglobin male 14-18  g/dl, female 12-16  g/dl
human chorionic gonadotropin (pregnancy test) negative, unless pregnancy or pathology
lactate dehydrogenase 45-90  U/L
magnesium 1.2-2.0  mEq/L
myoglobin 0.85  ng/ml
osmolality 285-295  mOsm/kg
oximetry (pulse oximetry) >95%
partial thromboplastin time (PTT) 30-40  sec
phosphorus 3.0-4.5  mg/dl
platelet count 150,000-400,000/mm3

potassium 3.5-5.0  mEq/L
prealbumin 15-36  mg/dl
protein 6.4-8.3  g/dl
 albumin 3.5-5.0  g/dl
prothrombin time (PT) 11.0-12.5  sec
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red blood cell (RBC) count male 4.7-6.1 million/mm3, female 4.2-5.4 million/mm3

reticulocyte count 0.5-2%
sodium 136-145  mEq/L
thyroid-stimulating hormone 2-10  μU/ml
blood urea nitrogen (BUN) 10-20  mg/dl
uric acid male 2.1-8.5  mg/dl, female 2.0-6.6  mg/dl
white blood cell (WBC) count and differential count
 white blood cells 5,000-10,000/mm3

 neutrophils 55-70%
 lynphocytes 20-40%
 monocytes 2-8%
 eosinophils 1-4%
 basophils 0.5-1.0%

Urine

bilirubin no bilirubin in urine
calcium, urine (24  hr) vary with diet; normal diet 100-300  mg/day
chloride, urine (24  hr) 110-250  mEq/day
osmolality 12-14-hour fl uid restriction: >850  mOsm/kg H2O
potassium (24  hr) 25-120  mEq/L/day
sodium (24  hr) 40-220  mEq/L/day (varies greatly with dietary intake)
urinalysis (UA)
 appearance clear
 color amber yellow
 odor aromatic
 pH 4.6-8.0 (average, 6.0)
 protein none or ≤8  mg/dl
 specifi c gravity 1.005-1.030
 leukocyte esterase negative
 nitrites negative
 ketones negative
 crystals negative
 casts none present
 glucose negative (<0.5  g/day)
 white blood cells 0-4 cells/low-power fi eld
 white blood cell casts negative
 red blood cells ≤2/low-power fi eld
 red blood cell casts none
vanillylmandelic acid 2-7  mg/24  hr
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Numbers
3TC (Epivir), 370-371, 371t

A
A-M-P-L-E histories, 185-186
AA (Alcoholics Anonymous), 387-388
AAOMS (American Association of Oral 

and Maxillofacial Surgeons) Third 
Molar Clinical Trials, 89-91

AAP (American Academy of Pediatrics), 
342

ABC (Ziagen), 370-371, 371t
ABCs (airway-breathing-circulation), 52-

53, 52b, 56
Abscess (buccal space). See Buccal space 

abscess.
Acarbose, 394
Accelerated atherosclerosis, 394-395
ACCs (acinic cell carcinomas), 260-262, 

261f
allergy- and medication-related impacts 

on, 260
assessments of, 261
CCs and, 260
complications of, 261-262
examinations for, 260
histories and, 260
imaging techniques for, 260
labs for, 260
treatments for, 261, 261f

Accu-Check devices, 393-396
ACE (angiotensin-converting enzyme) 

inhibitors, 366, 373, 399, 
407-409

Acetaminophen toxicity. See Acute 
acetaminophen toxicity.

Acinic cell carcinomas. See ACCs (acinic 
cell carcinomas).

ACLS (advanced cardiovascular life 
support), 403

Acquired immunodefi ciency syndrome. 
See AIDS (acquired 
immunodefi ciency syndrome).

Actinomycosis spp., 126b
Acute acetaminophen toxicity, 32-35, 33f, 

35f
allergy- and medication-related impacts 

on, 32
assessments of, 33
CCs and, 32
complications of, 33-34
examinations for, 32
histories and, 32
imaging techniques for, 32, 33f, 

35f
labs for, 32-33

Acute asthmatic attacks, 389-392, 391f
allergy- and medication-related impacts 

on, 389
assessments of, 390
CCs and, 389
complications of, 390-391, 391f
examinations for, 389
FEVs, 389-392
histories and, 389
imaging techniques for, 390
labs for, 389-390
treatments for, 390

Acute herpetic gingivostomatitis, 114-116, 
115f

allergy- and medication-related impacts 
on, 114

assessments of, 114
CCs and, 114
complications of, 115
examinations for, 114
histories and, 114
imaging techniques for, 114
labs for, 114
treatments for, 114-115, 115f

Acute myocardial infarction. See AMI 
(acute myocardial infarction).

Acute necrotizing gingivitis, 372
Acute respiratory distress syndrome. See 

ARDS (acute respiratory distress 
syndrome).

Acute suppurative parotitis, 124-126, 
125f, 126b

allergy- and medication-related impacts 
on, 124

assessments of, 125, 125f, 126b
CCs and, 124
classifi cations of, 126b
complications of, 125
histories and, 124
imaging techniques for, 124, 125f
labs for, 124-125
treatments for, 125

Acyclovir, 370-371
ADCCs (adenoid cystic carcinomas), 257-

259, 258f
allergy- and medication-related impacts 

on, 257
assessments of, 258
biopsies of, 258, 258f
CCs and, 257
complications of, 258
examinations for, 257
histories and, 257
imaging techniques for, 257
labs for, 257-258
treatments for, 258

Adenoid cystic carcinomas. See ADCCs 
(adenoid cystic carcinomas).

Adenomas (pleomorphic). See 
Pleomorphic adenomas.

Adenomatoid odontogenic tumors, 18b
Advance cardiovascular life support. See 

ACLS (advanced cardiovascular 
life support).

Advancement, mandibular. See 
Distraction osteogenesis and 
mandibular advancement.

Adynamic ileus, 300
Afrin, 105
Agency for Healthcare Research and 

Quality, 407
Agenerase, 370-371, 371t
AHA (American Heart Association), 401-

403
AIDS (acquired immunodefi ciency 

syndrome), 369-372, 370t, 372f
allergy- and medication-related impacts 

on, 369
assessments of, 370
CCs for, 369
complications of, 371
histories and, 369
imaging techniques for, 369-370
labs for, 370
treatments for, 370-371, 370t

Airways, 60-63, 61f, 391, 391f
airway-breathing-circulation. See ABCs 

(airway-breathing-circulation).
embarrassment, 60-63
emergent surgical, 60-63, 61f

allergy- and medication-related 
impacts on, 60

assessments of, 61
CCs and, 60
complications of, 62
examinations for, 60
histories and, 60
imaging techniques for, 60
labs for, 60-61
treatments for, 61-62

resistance, 391, 391f
Akinosi technique, 56-57
Albuterol, 23, 389
Alcohol use and abuse, 51, 376-378, 385-

388, 405
Alcoholics Anonymous. See AA 

(Alcoholics Anonymous).
ALL HAT (Antihypertensive and 

Lipid-Lowering Treatment to 
Prevent Heart Attack Trial), 
408-409

Allen test, 280

Note: Page numbers followed by “f” refer to illustrations, page numbers followed by “t” refer to tables; page numbers followed by “b” refer to boxes
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Allergy- and medication-related impacts. 
See also under individual topics.

on anesthesia, 46, 48, 51, 55, 58, 60
emergent surgical airways and, 60
laryngospasm and, 46
local (inadequate), 55
MH and, 58
pregnant patients and, 48
respiratory depression, 51

on dentoalveolar surgery, 90, 94, 96, 
99, 103

alveolar osteitis, 94
displaced root fragments, 103
impacted maxillary canines, 96
lingual nerve injuries, 99
third-molar odontectomy, 90

drug names and classes. See Drug 
names and classes.

on facial cosmetic surgery, 304, 307, 
311, 317, 322, 328, 331

blepharoplasty, 317
Botox injections, 331
cervicofacial rhytidectomy, 311
endoscopic brow-lifts, 328
genioplasty, 322
lip augmentation, 304
rhinoplasty, 307

on infections, 66, 73, 76, 79, 85
buccal space abscess, 73
lateral pharyngeal and masticator 

space, 79
Ludwig’s angina and, 66
osteomyelitis and, 85
vestibular space, 76

on medical conditions, 364, 369, 373, 
376, 379, 382, 389, 401, 405

acute asthmatic attacks, 389
AIDS, 369
AMI, 401
AWS and DT, 385
CHF, 364
Coumadin oral anticoagulant 

therapy, 382
DKA, 397
DM, 393
ESRD, 373
HTN, 405
liver disease, 376
vWD, 379

on oral cancer, 254, 257, 260
ACCs, 260
ADCCs, 257
MECa, 254
SCCa, 245
VCs, 251

on orthognathic surgery, 206, 211, 218, 
223

distraction osteogenesis and 
mandibular advancement, 223

mandibular, 206
maxillary, 211
maxillomandibular, 218

on pathology (head and neck), 108, 112, 
114, 117, 120, 124, 127, 129, 133, 136

acute herpetic gingivostomatitis, 114

Allergy- and medication-related 
impacts—cont’d

on pathology (head and neck)—cont’d
acute suppurative parotitis, 124
aphthous ulcers, 117
fi bromas, 112
mucoceles, 127
neck mass presentations, 129
oral leukoplakias, 133
osteoradionecrosis, 136
pleomorphic adenomas, 108
sialolithiasis, 120

on pharmacology and 
pharmacotherapy, 22, 26, 29, 32, 
36, 41

acute acetaminophen toxicity, 32
antibiotic-associated colitis, 26
BRONJ, 41
drug-seeking behaviors, 29
opioid side effects, 36
penicillin allergy and anaphylaxis, 22

on radiology and radiograph 
interpretation, 2, 7, 10, 13, 16

ameloblastomas, 10
DCs, 7
OKCs, 2
ossifying fi bromas, 16
periapical cysts, 13

on reconstructive surgery, 264, 267, 
270, 275, 278, 284, 289, 295

free fi bula fl aps, 289
iliac crest bone grafts, 295
mandibular implants, 264
mandibular vestibuloplasty, 275
maxillary posterior fi xed partial 

dentures, 267
pectoralis major myocutaneous fl aps, 

284
RFFFs, 278
sinus lifts, 270

on syndromes (head and neck), 336, 
342, 358

AS, 346
CL and CLP, 336
CS, 350
HFM, 353
NSC, 342
OSAS, 358

on TMJ disorders, 228, 231, 235, 239
ankylosis, 239
DJD, 235
internal TMJ derangement, 231
MPD syndrome, 228

on trauma, 145, 150, 155, 158, 161, 165, 
169, 174, 185, 190, 197

combined mandibular parasymphysis 
and angle fractures, 150

frontal sinus fractures, 165
Le Fort I fractures, 174
Le Fort II fractures, 180
Le Fort III fractures, 185
nasal fractures, 161
NOE fractures, 169
orbital fl oor fractures, 190
panfacial fractures, 197

Allergy- and medication-related 
impacts—cont’d

on trauma—cont’d
subcondyle mandibular fractures, 145
ZMC fractures, 155
zygomatic arch fractures, 158

AlloDerm, 305
Allodynia, 99
Allogenic vs. alloplastic bone graft 

materials, 271-273, 272f
Alpha/beta blockers, 366
Alpha-glycosidase inhibitors, 394
Alpha-hemolytic Streptococcus, 270
ALS (amyotrophic lateral sclerosis), 331
Alveolar osteitis (dry socket), 94-95, 95b

allergy- and medication-related impacts 
on, 94

assessments of, 94
CCs and, 94
complications of, 95
examinations for, 94
histories and, 94
imaging techniques for, 94
labs for, 94
risk factors for, 95b
third molar odontectomy and, 92
treatments for, 94-95

Ameloblastic fi bro-odontomas, 18b
Ameloblastic fi bromas, 4b
Ameloblastomas, 4b, 10-12, 11f

allergy- and medication-related impacts 
on, 10

assessments of, 11
biopsies of, 11
CCs and, 10
complications of, 11-12
differential diagnoses of, 10-11
examinations for, 10
histories and, 10
imaging techniques for, 10, 11f
labs for, 10
radiolucent lesions, 10-12, 11f
treatments for, 11

American Academy of Pediatrics. See AAP 
(American Academy of Pediatrics).

American Association of Oral and 
Maxillofacial Surgeons. See 
AAOMS (American Association of 
Oral and Maxillofacial Surgeons) 
Third Molar Clinical Trials.

American College of Cardiology, 401
American Heart Association. See AHA 

(American Heart Association).
American Joint Commission on Cancer 

guidelines, 259
American Society Anesthesiologists. See 

ASA (American Society 
Anesthesiologists).

AMI (acute myocardial infarction), 401-
404

allergy- and medication-related impacts 
on, 401

assessments of, 402
CCs and, 401
complications of, 403
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AMI (acute myocardial infarction)—cont’d
examinations for, 401-402
histories and, 401
imaging techniques for, 402
labs for, 402
treatments for, 402-403

Amicar, 380-381
Amlodipine, 401
Amoxicillin, 268
Ampicillin/sulbactam (Unasyn), 69, 82-83
Amprenavir (Agenerase), 370-371, 371t
Amyloidosis, 366
Amyotrophic lateral sclerosis. See ALS 

(amyotrophic lateral sclerosis).
Anaphylaxis and penicillin allergy. See 

Penicillins.
Anatomical neck masses, 132b
ANBP (Australian National Blood 

Pressure) studies, 408-409
Anemia (iron defi ciency), 49
Anesthesia, 45-64

emergent surgical airways and, 60-63, 
61f

allergy- and medication-related 
impacts on, 60

assessments of, 61
CCs and, 60
complications of, 62
examinations for, 60
histories and, 60
imaging techniques for, 60
labs for, 60-61
treatments for, 61-62

laryngospasm and, 46-47, 47f
allergy- and medication-related 

impacts on, 46
assessments of, 46
CCs for, 46
complications of, 47
examinations for, 46
histories and, 46
imaging techniques for, 46
labs for, 46
treatments for, 46-47

local (inadequate), 55-57, 56t
ABCs and, 56
allergy- and medication-related 

impacts on, 55
assessments of, 55
CCs and, 55
complications of, 56
examinations for, 55
histories and, 55
imaging techniques for, 55
infections and, 55-57
labs for, 55
treatments for, 55

MH and, 58-59, 59b
allergy- and medication-related 

impacts on, 58
assessments of, 58
CCs and, 58
complications of, 58-59
examinations for, 58
histories and, 58

Anesthesia—cont’d
MH and—cont’d

imaging techniques for, 58
labs for, 58
ORIF and, 58-59
treatments for, 58, 59b

pregnant patients and, 48-50
allergy- and medication-related 

impacts on, 48
assessments of, 49
CCs and, 48
complications of, 50
examinations for, 48
histories and, 48
imaging techniques for, 48-49
labs for, 49
treatments for, 49-50

respiratory depression, 51-54, 52b, 52t
ABCs and, 52b
allergy- and medication-related 

impacts on, 51
assessments of, 52
blepharoplasty and, 51-54
CCs and, 51
complications of, 53
examinations for, 51
histories and, 51, 52t
imaging techniques for, 51
risk classifi cation for, 51, 52t
treatments for, 52-53

Aneurysmal bone cysts, 4b
Angina (Ludwig’s). See Ludwig’s angina.
Angle-mandibular parasymphysis fracture 

combinations, 150-154, 151f-153f
Ankylosis, 239-242, 240f

allergy- and medication-related impacts 
on, 239

assessments of, 239
CCs and, 239
complications of, 241
examinations for, 239
histories and, 239
imaging techniques for, 239, 240f
labs for, 239-240
treatments for, 240-241, 240f

Anoxic brain injuries, 47, 62
Antacids (oral), 49
Anterior compartment neck dissections, 

248
Anterior iliac crest bone graft harvesting 

technique, 298-299. See also Iliac 
crest bone grafts (mandibular 
reconstruction).

Anterior plagiocephaly, 345
Antiarrhythmic agents, 58
Antibiotic-associated colitis, 26-28, 28b

allergy- and medication-related impacts 
on, 26

assessments of, 27
CCs and, 26
complications of, 27-28
examinations for, 26
histories and, 26
imaging techniques for, 26
labs for, 26-27, 27b

Antibiotic-associated colitis—cont’d
risk factors for, 28b
treatments for, 27

Antibiotics, 49-50, 65-68, 94-95, 270, 
370-371. See also Infections.

Anticholinergics, 37-38, 37t, 47, 121-122, 
389

Anticoagulant therapy (oral), 382-384, 
384t. See also Coumadin 
(coumarin) oral anticoagulant 
therapy.

Anticonvulsants, 341
Antiemetic drugs, 37t
Antifi brinolytic agents, 379
Antihistamines, 37-38, 37t
Antihypertensive and Lipid-Lowering 

Treatment to Prevent Heart Attack 
Trial. See ALL HAT 
(Antihypertensive and Lipid-
Lowering Treatment to Prevent 
Heart Attack Trial).

Antihypertensives, 407-409
Antiphospholipid syndrome, 371
Antiserotonins, 37-38, 37t
Anxiolysis, 53-54
Anxiolytics, 56-57
Anzemet, 37-38, 37t
Apert syndrome. See AS (Apert 

syndrome).
Apertognathia, 218-222
Aphthous ulcers, 117-119, 118b, 118f

allergy- and medication-related impacts 
on, 117

assessments of, 117, 118b, 118f
CCs and, 117
classifi cation of, 118b
complications of, 118
examinations for, 117
histories and, 117
imaging techniques for, 117
labs for, 117
treatments for, 117-118

Apnea, 51-53
ARDS (acute respiratory distress 

syndrome), 50, 292-293, 292b
Arrhythmias, 47
Arterial blood gas analyses, 397
Arteriovenous malformations, 4b
Articaine, 56t
AS (Apert syndrome), 335t, 346-349, 347f

allergy- and medication-related impacts 
on, 346

assessments of, 347
CCs and, 346
complications of, 348
examinations for, 346, 347f
histories and, 346
imaging techniques for, 346-347
labs for, 347
treatments for, 347-348

ASA (American Society 
Anesthesiologists), 206, 390

Aspartate aminotransferase. See AST 
(aspartate aminotransferase).

Aspirin (low-dose), 49, 267, 311
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Assessments. See also under individual 
topics.

of anesthesia, 46, 49, 52, 55, 58, 61
emergent surgical airways and, 61
laryngospasm and, 46
local (inadequate), 55
MH and, 58
pregnant patients and, 49
respiratory depression, 52

of dentoalveolar surgery, 90, 94, 96, 99, 
100b, 100t, 103

alveolar osteitis, 94
displaced root fragments, 103
impacted maxillary canines, 96
lingual nerve injuries, 99, 100b, 100t
third-molar odontectomy, 90

of facial cosmetic surgery, 304, 307-
308, 312, 318, 323, 328, 332

blepharoplasty, 318
Botox injections, 332
cervicofacial rhytidectomy, 312
endoscopic brow-lifts, 328
genioplasty, 323
lip augmentation, 304
rhinoplasty, 307-308

of infections, 67, 74, 76, 81, 81b, 86
buccal space abscess, 74
lateral pharyngeal and masticator 

space, 81, 81b
Ludwig’s angina and, 67
osteomyelitis and, 86
vestibular space, 76

of medical conditions, 370, 377, 379, 
382, 386, 390, 402, 406, 406t

acute asthmatic attacks, 390
AIDS, 370
AMI, 402
AWS and DT, 386
CHF, 365
Coumadin oral anticoagulant 

therapy, 382
DKA, 398
DM, 394
ESRD, 374
HTN, 406, 406t
liver disease, 377
vWD, 379

of oral cancer, 246, 252, 255, 258, 261
ACCs, 261
ADCCs, 258
MECa, 255
SCCa, 246
VCs, 252

of orthognathic surgery, 207, 213, 213b, 
220, 220b, 224

distraction osteogenesis and 
mandibular advancement, 224

mandibular, 207
maxillary, 213, 213b
maxillomandibular, 220, 220b

of pathology (head and neck), 110-114, 
113f, 117, 118b, 118f, 121, 125, 
125f, 126b, 127, 128f, 130, 131f, 
133, 134f, 137

acute herpetic gingivostomatitis, 114

Assessments—cont’d
of pathology (head and neck)—cont’d

acute suppurative parotitis, 125, 
125f, 126b

aphthous ulcers, 117, 118b, 118f
fi bromas, 112, 113f
mucoceles, 127, 128f
neck mass presentations, 130, 131f
oral leukoplakias, 133, 134f
osteoradionecrosis, 137
pleomorphic adenomas, 110-111
sialolithiasis, 121

of pharmacology and pharmacotherapy, 
22-23, 27, 29-30, 33, 36, 41

acute acetaminophen toxicity, 33
antibiotic-associated colitis, 27
BRONJ, 41
drug-seeking behaviors, 29-30
opioid side effects, 36
penicillin allergy and anaphylaxis, 

22-23
of radiology and radiograph 

interpretation, 5, 8, 11, 14, 17-18
ameloblastomas, 11
DCs, 8
OKCs, 5
ossifying fi bromas, 17-18
periapical cysts, 14

of reconstructive surgery, 264, 265b, 
268, 271, 275, 278, 284-285, 289-
290, 295

free fi bula fl aps, 289-290
iliac crest bone grafts, 295
mandibular implants, 264, 265b
mandibular vestibuloplasty, 275
maxillary posterior fi xed partial 

dentures, 268
pectoralis major myocutaneous fl aps, 

284-285
RFFFs, 278
sinus lifts, 271

of syndromes (head and neck), 336-337, 
343, 347, 354, 354t, 355f, 359, 359t

AS, 347
CL and CLP, 336-337
CS, 351, 351b
HFM, 354, 354t, 355f
NSC, 343
OSAS, 359, 359t

of TMJ disorders, 228, 231-232, 232f, 237
DJD, 237
internal TMJ derangement, 231-232, 

232f
MPD syndrome, 228

of trauma, 146, 151-152, 155, 159, 162, 
166-167, 170-171, 175, 175f, 180-
181, 186, 191, 200

combined mandibular parasymphysis 
and angle fractures, 151-152

frontal sinus fractures, 166-167
Le Fort I fractures, 175, 175f
Le Fort II fractures, 180-181
Le Fort III fractures, 186
nasal fractures, 162
NOE fractures, 170-171

Assessments—cont’d
of trauma—cont’d

orbital fl oor fractures, 191
panfacial fractures, 200
subcondyle mandibular fractures, 146
ZMC fractures, 155
zygomatic arch fractures, 159

Associated medical conditions. See 
Medical conditions.

AST (aspartate aminotransferase), 32-33
Asthmatic attacks. See Acute asthmatic 

attacks.
Ativan, 387
Atorvastatin, 382, 401
Atropine, 47
AUDIT questionnaire, 385
Augmentation (lip). See Lip 

augmentation.
Auriculotemporal nerve syndrome, 110b
Australian National Blood Pressure 

studies. See ANBP (Australian 
National Blood Pressure) studies.

Autogenous bone graft materials, 271-
273, 272f

Autonomic neuropathy, 399
AWS (alcohol withdrawal syndrome) and 

DT (delirium tremens), 385-388, 
386b

allergy- and medication-related impacts 
on, 385

assessments of, 386
CAGE questionnaire and, 385-386, 386b
CCs and, 385
complications of, 387-388
examinations for, 385-386, 386b
histories and, 385
imaging techniques for, 386
labs for, 386
treatments for, 386-387

Axonotmesis, 100-101, 100t
Azathioprine, 371
AZT (Retrovir), 370-371, 371t

B
Backward failure, 365
Bacteroides spp., 270-274
Bactrim (sulfamethoxazole/

trimethoprim), 375
Bag-valve-mask ventilation, 47
Barbiturates, 53-54
Bartonella henselae, 126b
Baseline hemoglobin and hematocrit, 17, 

207, 212-213, 224, 336, 351
Basic metabolic panels, 397
Becker’s muscular dystrophy, 47
Benadryl, 37-38, 37t
Benzamides, 37-38, 37t
Benzodiazepines, 50-54, 53, 341, 377, 

386-387
Beta-blockers, 23, 311, 366, 373, 376, 387, 

407-409
Beta-lactams, 23-25, 375
Betamethasone, 37-38, 37t
Betel quid use, 249
Bilateral infraorbital nerve blocks, 304-305
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Biopsies, 3, 5, 8, 11, 13, 17, 108-110, 112, 
127, 132b, 133, 252, 254-255, 258, 
258f, 284, 377

of ADCCs, 258, 258f
of ameloblastomas, 11
of DCs, 8
of fi bromas, 112
FNA, 3, 108-110, 132b
liver disease and, 377
of MECa, 254-255
of mucoceles, 127
of OKCs, 3, 5
of oral leukoplakias, 133
of ossifying fi bromas, 17
of pectoralis major myocutaneous fl aps, 

284
of periapical cysts, 13
of VCs, 252

Bisphosphonate-related osteonecrosis of 
the jaws. See BRONJ 
(bisphosphonate-related 
osteonecrosis of the jaws).

Blair ramus osteotomy, 209-210
Blepharoplasty, 51-54, 317-321

respiratory depression and, 51-54
upper and lower eyelid, 317-321

allergy- and medication-related 
impacts on, 317

assessments of, 318
CCs and, 317
complications of, 319-320
examinations for, 317-318
histories and, 317
imaging techniques for, 318
labs for, 318
treatments for, 318-319, 318f-319f

Blepharoptosis, 333-334
Blocks, regional, 56-57
Blood, 307, 393-396, 402, 406, 406t

cholesterol levels, 402
dyscrasias, 307
glucose meters, 393-396
pressure classifi cation, 406, 406t

BMPs (bone morphogenic proteins), 263
Bone, 4b, 265b, 271-273, 272f

classifi cation, 265b
cysts (aneurysmal vs. traumatic), 4b
graft materials, 271-273, 272f
morphogenic proteins. See BMPs (bone 

morphogenic proteins).
Botox (botulinum toxin A) injections, 

331-334, 332f-333f
allergy- and medication-related impacts 

on, 331
assessments of, 332
CCs and, 331
complications of, 333
examinations for, 331-332, 332f
histories and, 331
imaging techniques for, 332
labs for, 332
treatments for, 332-333

Botryoid odontogenic cysts, 4b
Botulinum toxin A injections. See Botox 

(botulinum toxin A) injections.

Brachycephaly, 345b
Bradycardia, 47
Branchial cleft cysts, 132b
Bronchodilators (anticholinergic), 389
Bronchospasm, 52, 389-392
BRONJ (bisphosphonate-related 

osteonecrosis of the jaws), 18b, 
41-43, 42f

allergy- and medication-related impacts 
on, 41

assessments of, 41
CCs and, 41
complications of, 42
examinations for, 41
histories and, 41
imaging techniques for, 41
labs for, 41
treatments for, 41-42, 42f

Brow-lifts (endoscopic). See Endoscopic 
brow-lifts.

Brown tumors, 4b
Buccal space abscess, 73-75, 74f

allergy- and medication-related impacts 
on, 73

assessments of, 74
CCs and, 73
complications of, 74, 74f
examinations for, 73
histories and, 73
imaging techniques for, 73
labs for, 73-74
treatments for, 74

Bupivacaine (Marcaine), 56t, 214
Butyrophenones, 37-38, 37t

C
C-fl aps, 338
C-osteotomy, 209-210
CAD (coronary artery disease). See CHF 

(congestive heart failure).
Cadaveric acellular dermal collagen 

frameworks, 305
CAGE questionnaire, 385-386, 386b
Calcifi ed ovarian fi bromas, 3b
Calcifying epithelial odontogenic tumors. 

See CEOTs (calcifying epithelial 
odontogenic tumors).

Calcifying odontogenic cysts. See 
COCs (calcifying odontogenic 
cysts).

Calcium channel blockers, 58, 373, 382, 
401

Caldwell-Luc procedure, 104-105
Cancellous marrow grafting, 271-272
Cancer (oral). See Oral Cancer.
Candida spp., 371
Canines (impacted). See Impacted 

maxillary canines (surgical 
exposures).

CAPPP (Captopril Prevention Project) 
study, 408-409

Captopril, 407-409
Captopril Prevention Project study. See 

CAPPP (Captopril Prevention 
Project) study.

Carcinomas, 243-262. See also Oral 
cancer.

ACCs, 260-262, 261f
ADCCs, 257-259, 258f
intraosseous mucoepidermoid, 4b
MECa, 254-256, 255f
NBCCS, 2-6, 3b
SCCa, 244b, 245-250, 246f-247f, 247b, 

249f
VCs, 251-253

Cardiac arrest (hyperkalemic), 47
Cardiac arrhythmias, 47
Cardiac catheterization, 402
Cardiac fi bromas, 3b
Cardiogenic shock, 403
Cardiomyopathy, 366
Cardiovascular collapse, 53
Carnoy’s solution, 5
Carotid artery rupture, 292-293, 292b
Carpenter syndrome, 344-345
Catecholamine, 55
Causative pathogens. See Pathogens.
CBCs (complete blood cell counts), 49, 

60-61, 67, 73, 108-110, 124-125, 
165, 186, 254, 257, 260, 278, 289, 
346-347, 359, 373, 377, 382

AS and, 346-347
acute suppurative parotitis and, 124-

125
buccal space abscess and, 73
carcinomas and, 254, 257, 260

ACCs, 260
AdCC, 257
MECa, 254

emergent surgical airways and, 60-61
ESRD and, 373
fl aps and, 278, 289

free fi bula, 289
RFFF, 278

fractures and, 165, 186
frontal sinus, 165
Le Fort III, 186

liver disease and, 377
Ludwig’s angina and, 67
oral anticoagulation therapy and, 382
OSAS and, 359
pleomorphic adenomas and, 108-110
pregnant patients and, 49

CCs (chief complaints). See also under 
individual topics.

anesthesia and, 46, 48, 51, 55-57, 56t, 
58, 60

emergent surgical airways and, 60
laryngospasm and, 46
local (inadequate), 55-57, 56t
MH and, 58
pregnant patients and, 48
respiratory depression, 51

dentoalveolar surgery and, 90, 94, 96, 
99, 103

alveolar osteitis, 94
displaced root fragments, 103
impacted maxillary canines, 96
lingual nerve injuries, 99
third-molar odontectomy, 90
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CCs (chief complaints)—cont’d
facial cosmetic surgery and, 304, 307, 

311, 317, 322, 328, 331
blepharoplasty, 317
Botox injections, 331
cervicofacial rhytidectomy, 311
endoscopic brow-lifts, 328
genioplasty, 322
lip augmentation, 304
rhinoplasty, 307

infections and, 66, 73, 76, 79, 85
buccal space abscess, 73
lateral pharyngeal and masticator 

space, 79
Ludwig’s angina and, 66
osteomyelitis and, 85
vestibular space, 76

medical conditions and, 364-368, 369, 
373, 376, 379, 382, 385, 389, 393, 
397, 401, 405

acute asthmatic attacks, 389
AIDS, 369
AMI, 401
AWS and DT, 385
CHF, 364-368
Coumadin oral anticoagulant 

therapy, 382
DKA, 397
DM, 393
ESRD, 373
HTN, 405
liver disease, 376
vWD, 379

oral cancer and, 245, 251, 254, 257, 260
ACCs, 260
ADCCs, 257
MECa, 254
SCCa, 245
VCs, 251

orthognathic surgery and, 206, 211, 
218, 223

distraction osteogenesis and 
mandibular advancement, 223

mandibular, 206
maxillary, 211
maxillomandibular, 218

pathology (head and neck) and, 108, 114, 
117, 120, 124, 127, 129, 133, 136

acute herpetic gingivostomatitis, 114
acute suppurative parotitis, 124
aphthous ulcers, 117
mucoceles, 127
neck mass presentations, 129
oral leukoplakias, 133
osteoradionecrosis, 136
pleomorphic adenomas, 108
sialolithiasis, 120

pharmacology and pharmacotherapy, 
22, 26, 29, 32, 36, 41

acute acetaminophen toxicity, 32
antibiotic-associated colitis, 26
BRONJ, 41
drug-seeking behaviors, 29
opioid side effects, 36
penicillin allergy and anaphylaxis, 22

CCs (chief complaints)—cont’d
radiology and radiograph interpretation, 

2, 7, 10, 13, 16
ameloblastomas, 10
DCs, 7
OKCs, 2
ossifying fi bromas, 16
periapical cysts, 13

reconstructive surgery and, 264, 267, 
270, 275, 284, 289, 295

Free fi bula fl aps, 289
iliac crest bone grafts, 295
mandibular implants, 264
mandibular vestibuloplasty, 275
maxillary posterior fi xed partial 

dentures, 267
pectoralis major myocutaneous fl aps, 

284
RFFFs, 278
sinus lifts, 270

syndromes (head and neck) and, 336, 
342, 346, 350, 353, 358

AS, 346
CL and CLP, 336
CS, 350
HFM, 353
NSC, 342
OSAS, 358

TMJ disorders and, 228, 231, 235, 239
ankylosis, 239
DJD, 235
internal TMJ derangement, 231
MPD syndrome, 228

trauma and, 145, 150, 155, 158, 161, 
165, 169, 174, 179, 185, 190, 197

combined mandibular parasymphysis 
and angle fractures, 150

frontal sinus fractures, 165
Le Fort I fractures, 174
Le Fort II fractures, 179
Le Fort III fractures, 185
nasal fractures, 161
NOE fractures, 169
orbital fl oor fractures, 190
panfacial fractures, 197
subcondyle mandibular fractures, 

145
ZMC fractures, 155
zygomatic arch fractures, 158

CD4 receptors, 360-372
CDC (Centers for Disease control and 

Prevention), 27-28
Cefoxitin, 69
Celestone, 37-38, 37t
Cementifying fi bromas, 19
Cemento-osseous dysplasias, 18b
Cementoblastoma, 18b
Central giant cell tumors, 4b
CEOTs (calcifying epithelial odontogenic 

tumors), 4b
Cephalograms and cephalometric 

analyses, 60, 212-213, 213b, 213f, 
219-224, 220b, 322, 365

apertognathia and, 219-220
distraction osteogenesis and, 223-224

Cephalograms and cephalometric 
analyses—cont’d

genioplasty and, 322
maxillary orthognathic surgery and, 

212-213, 212f
Cephalosporins, 49, 375
Cerebral anoxia, 53
Cerebral herniation, 335t
Cerebrovascular accidents. See CVAs 

(cerebrovascular accidents).
Cervical caries, 372
Cervical hematomas, 292-293, 292b
Cervicofacial rhytidectomy (facelifts), 

311-316, 312f-313f
allergy- and medication-related impacts 

on, 311
assessments of, 312
CCs and, 311
complications of, 313-315
examinations for, 311-312, 312f
histories and, 311
imaging techniques for, 312
labs for, 312
treatments for, 312-313, 312f-313f

Chemoradiation protocols, 284
Cherubism, 4b
Chest examinations. See Examinations.
Chest radiographs, 46, 257, 365, 369-370, 

406. See also Imaging techniques.
AdCC and, 257
AIDS and, 369-370
CHF and, 365
HTN and, 406
laryngospasm and, 46

Chest wall rigidity, 52-53
CHF (congestive heart failure), 364-368, 

367f
allergy- and medication-related impacts 

on, 364
assessments of, 365
CCs for, 364-368
classifi cation of, 366-367
complications of, 366
examinations for, 364-365
free fi bula fl aps and, 292-293, 292b
histories and, 364
imaging techniques for, 365
labs for, 365
treatments for, 365-366

Chief complaints. See CCs (chief 
complaints).

Chlordiazepoxide (Librium), 377, 387
Chlorhexidine mouth rinse, 265-268
Cholesterol levels, 402
Chronic recurrent parotitis. See CRP 

(chronic recurrent parotitis).
Cierny-Mader staging system, 86
Cigarette smoking and tobacco use, 95, 

136, 245, 270, 278, 307, 341, 364, 
382, 389, 401, 405

acute asthmatic attacks and, 389
alveolar osteitis and, 95
AMI and, 401
CHF and, 364
CL and CLP and, 341
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Cigarette smoking and tobacco use—cont’d
HTN and, 405
oral anticoagulation therapy and, 382
osteoradionecrosis and, 136
RFFF and, 278
rhinoplasty and, 307
SCCa and, 245
sinus lifts and, 270

Cirrhosis (alcoholic), 371, 376-378
CL (cleft lip) and CLP (cleft lip and 

palate), 336-341, 337t, 339f
allergy- and medication-related impacts 

on, 336
assessments of, 336-337
CCs and, 336
complications of, 339-340
examinations for, 334-336
histories and, 336
imaging techniques for, 336
labs for, 336
management sequence for, 337t
treatments for, 337-339, 337t, 339f

Clarithromycin, 370-371
Clark’s rule, 346-347
Classifi cations, 51, 52t, 100t, 118b, 132b, 

170-171, 200, 265b, 312, 345t, 354t, 
356-357, 359t, 366-367, 406, 406t

aphthous ulcers, 118b
blood pressure, 406, 406t
bone, 265b
CHF, 366-367
Dedo’s, 312
HFM, 354t
Kaban, 356-357
lingual nerve injury, 100t
neck mass, 132b
NOE fracture, 170-171
NSC, 345t
OMENS, 354t
OSAS, 359t
panfacial fracture, 200
respiratory depression risk, 51, 52t

Cleft lip and palate. See CL (cleft lip) and 
CLP (cleft lip and palate).

Clindamycin, 69, 82-83, 374
Clinical neurosensory performance levels, 

99, 100b
Clinical trials, 90-91, 366, 408-409

AAOMS Third Molar Clinical Trials, 
90-91

ALL HAT, 408-409
ANBP studies, 408-409
CAPPP study, 408-409
DASH trial, 408-409
DCCT, 399
HOPE trial, 408-409
LIFE trial, 408-409
MRC trial, 408-409
PROVED, 366
RADIANCE trials, 366
STOP Hypertension Trial, 408-409
TOMHS, 408-409
U.K. Prospective Diabetes Study, 408-409

Clobetasol propionate, 118
Clopidogrel, 267-268, 371

Closed vs. open surgical techniques, 96-
97, 147t

Clostridium spp., 26-28, 87-88, 334
Clostridium botulinum, 334
Clostridium diffi cile, 26-28, 87-88

Cloverleaf skull, 335t
CMPs (complete metabolic panels), 246, 

278
Coagulation studies, 165, 186, 312, 373, 

377, 382
cervicofacial rhytidectomy and, 312
ESRD and, 373
frontal sinus fractures, 165
Le Fort III fractures, 186
liver disease and, 377
oral anticoagulation therapy and, 382

Coagulopathies, 304, 376-378
Cocaine, 407
COCs (calcifying odontogenic cysts), 4b
Codeine/acetaminophen, 49
COGS analyses, 223-224. See also 

Cephalograms and cephalometric 
analyses.

Colitis (antibiotic-associated). See 
Antibiotic-associated colitis.

Combined mandibular parasymphysis and 
angle fractures, 150-154, 151f-153f

allergy- and medication-related impacts 
on, 150

assessments of, 151-152
CCs and, 150
complications of, 152-153
examinations for, 150
histories and, 150
imaging techniques for, 150-151, 151f, 

153f
labs for, 151
treatments for, 152, 153f

Complaints (chief). See CCs (chief 
complaints).

Complete blood cell counts. See CBCs 
(complete blood cell counts).

Complete metabolic panels. See CMPs 
(complete metabolic panels).

Complications. See also under individual 
topics.

of anesthesia, 47, 50, 53, 58-59, 62
emergent surgical airways and, 62
laryngospasm and, 47
local (inadequate), 56
MH and, 58-59
pregnant patients and, 50
respiratory depression and, 53

of dentoalveolar surgery, 91-92, 95, 97, 
100-101, 104, 104b

alveolar osteitis, 95
displaced root fragments, 104, 104b
impacted maxillary canines, 97
lingual nerve injuries, 100-101
third-molar odontectomy, 91-92

of facial cosmetic surgery, 305, 313-315, 
319-320, 324-326, 329, 333

blepharoplasty, 319-320
Botox injections, 333
cervicofacial rhytidectomy, 313-315

Complications—cont’d
of facial cosmetic surgery—cont’d

endoscopic brow-lifts, 329
genioplasty, 324-326
lip augmentation, 305

of infections, 69-70, 70f, 74, 74f, 77, 
83, 87-88

buccal space abscess, 74, 74f
lateral pharyngeal and masticator 

space, 83
Ludwig’s angina and, 69-70, 70f
osteomyelitis and, 87-88
vestibular space, 77

of medical conditions, 366, 371, 377-378, 
380, 383, 384t, 390-391, 391f, 
394-395, 403, 407

acute asthmatic attacks, 390-391, 391f
AIDS, 371
AMI, 403
AWS and DT, 387-388
CHF, 366
Coumadin oral anticoagulant 

therapy, 383, 384t
DKA, 399
DM, 394-395
ESRD, 374-375, 374t
HTN, 407
liver disease, 377-378
vWD, 380

of oral cancer, 248, 252, 255, 258, 261-
262

ACCs, 261-262
ADCCs, 258
MECa, 255
SCCa, 248
VCs, 252

of orthognathic surgery, 208-209, 214, 
216b, 221-222, 226

distraction osteogenesis and 
mandibular advancement, 226

mandibular, 208-209
maxillary, 214, 216b
maxillomandibular, 221-222

of pathology (head and neck), 110, 
110b, 115, 118, 122, 125, 127-128, 
130-131, 134, 138

acute herpetic gingivostomatitis, 115
acute suppurative parotitis, 125
aphthous ulcers, 118
fi bromas, 112-113
mucoceles, 127-128
neck mass presentations, 130-131
oral leukoplakias, 134
osteoradionecrosis, 138
pleomorphic adenomas, 110, 110b
sialolithiasis, 122

of pharmacology and pharmacotherapy, 
27-28, 31, 33-34, 37-39, 37t, 39t, 42

acute acetaminophen toxicity, 33-34
antibiotic-associated colitis, 27-28
BRONJ, 42
drug-seeking behaviors, 31
opioid side effects, 37-39, 37t, 39t
penicillin allergy and anaphylaxis, 

23-24, 24b
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Complications—cont’d
of radiology and radiograph 

interpretation, 5, 9, 11-12, 14-15, 19
ameloblastomas, 11-12
DCs, 9
OKCs, 5
ossifying fi bromas, 19
periapical cysts, 14-15

of reconstructive surgery, 265-266, 
268-269, 273-274, 276-277, 281, 
285, 290, 292b, 299-300, 301f

free fi bula fl aps, 290, 292b
iliac crest bone grafts, 299-300, 301f
mandibular implants, 265-266
mandibular vestibuloplasty, 276-277
maxillary posterior fi xed partial 

dentures, 268-269
pectoralis major myocutaneous fl aps, 

285
RFFFs, 281
sinus lifts, 273-274

of syndromes (head and neck), 339-340, 
343, 344b, 348, 351, 356, 360-361

AS, 348
CL and CLP, 339-340
CS, 351
HFM, 356
NSC, 343, 344b
OSAS, 360-361

of TMJ disorders, 229, 233, 237, 241
ankylosis, 241
DJD, 237
internal TMJ derangement, 233
MPD syndrome, 229

of trauma, 146-147, 152-153, 156-157, 
160, 163, 166-167, 172, 176-177, 
181-183, 188, 188f, 192-194, 202

combined mandibular parasymphysis 
and angle fractures, 152-153

frontal sinus fractures, 166-167
Le Fort I fractures, 176-177
Le Fort II fractures, 181-183
Le Fort III fractures, 188, 188f
nasal fractures, 163
NOE fractures, 172
orbital fl oor fractures, 192-194
panfacial fractures, 202
subcondyle mandibular fractures, 

146-147
ZMC fractures, 156-157
zygomatic arch fractures, 160

Computed tomography. See CT 
(computed tomography) scans.

Conditions (related medical). See Medical 
conditions.

Condylar resorption, 209
Congenital neck lesions, 132b
Congestive heart failure. See CHF 

(congestive heart failure).
Conscious sedation, 53-54. See also 

Anesthesia.
Continuous bag-valve-mask ventilation, 

47
Contraceptives (oral), 94-95
Corneal abrasion, 319-320

Coronary artery disease. See CHF 
(congestive heart failure).

Corticosteroids, 118, 341, 389, 390-391
Cosmetic surgery (facial), 303-334. See 

also Facial cosmetic surgery.
blepharoplasty, 317-321
Botox injections, 331-334, 332f-333f
cervicofacial rhytidectomy, 311-316, 

312f-313f
endoscopic brow-lifts, 328-330, 329f
genioplasty, 322-327, 323f, 324t, 325f-

326f
lip augmentation, 304-306, 305f
rhinoplasty, 307-310, 308f-310f

Cottle tests, 358-359
Coumadin (coumarin) oral anticoagulant 

therapy, 382-384, 384t
allergy- and medication-related impacts 

on, 382
assessments of, 382
CCs and, 382
complications of, 383, 384t
examinations for, 382
histories and, 382
imaging techniques for, 382
labs for, 382
thromboembolism risks and, 383, 384t
treatments for, 382-383

COX (cyclooxygenase) inhibitors, 267
Coxsackievirus, 126b
Craniosynostosis, 336
Cricothyroidotomy, 61-62
Crixivan, 370-371, 371t
Crohn disease, 117
Crouzon syndrome. See CS (Crouzon 

syndrome).
Crowning sounds, 46
CRP (chronic recurrent parotitis), 126b
Cryoprecipitate, 379
Cryptococcosis, 272f, 372
CS (Crouzon syndrome), 335t, 350-352, 

351b
allergy- and medication-related impacts 

on, 350
assessments of, 351, 351b
CCs for, 350
complications of, 351
examinations for, 350
histories and, 350
imaging techniques for, 351
labs for, 351
treatments for, 351

CT (computed tomography) scans. See 
also Imaging techniques.

AS and, 346-347
acute suppurative parotitis and, 124-125
ameloblastomas and, 10-11
AWS and DT, 386
buccal space abscess and, 73
carcinomas and, 246, 254, 257

AdCC, 257
MECa, 254
SCCa, 246

CHF and, 365
CL and CLP, 336

CT (computed tomography) scans—cont’d
CS and, 351
DCs and, 7-8
displaced root fragments and, 105
distraction osteogenesis and, 223-224
DKA and, 397
emergent surgical airways and, 60
fl aps and, 284, 289-290, 290f

free fi bula, 289-290, 290f
pectoralis major myocutaneous, 284

fractures and, 145, 150-151, 155-156, 
158-159, 165, 170, 174, 179-180, 
186

combined mandibular parasymphysis 
and angle, 150-151

frontal sinus, 165
Le Fort I, 174
Le Fort II, 179-180
Le Fort III, 186
NOE, 170
subcondyle mandibular, 145
ZMC, 155-156
zygomatic arch, 158-159

HFM and, 353-354, 354f
iliac crest bone grafts and, 295
impacted maxillary canines and, 96
Ludwig’s angina and, 67
mandibular implants and, 264
maxillary posterior fi xed partial 

dentures and, 267-268
neck masses, 129
OKCs and, 2-3, 3
ossifying fi bromas, 16-17
periapical cysts and, 13
pleomorphic adenomas and, 108-109
pregnant patients and, 48-49
sialolithiasis and, 120-121
sinus lift and, 270-271, 271f
surgical exposures and, 96
VC and, 251

CVAS (cerebrovascular accidents), 292-
293, 292b, 408

CXCR4 chemokine coreceptors, 371-372
Cyanosis, 51, 63
Cyclic neutropenia, 117
Cyclizine, 37-38, 37t
Cyclooxygenase inhibitors. See COX 

(cyclooxygenase) inhibitors.
Cyclosporine, 371
Cysts, 2-15, 4b, 8b, 8f-9f, 18b, 126b, 132b

bone (aneurysmal vs. traumatic), 4b
botryoid odontogenic, 4b
branchial cleft, 132b
COCs, 4b
DCs, 7-9, 8b, 8f-9f
dermoid, 132b
Gorlin, 18b
lateral periodontal, 4b
lymphomesenteric, 3b
odontogenic, 4b, 18b
OKCs, 2-6, 3b-4b, 3f
periapical, 13-15, 14b, 14f
periapical cysts, 13-15
thyroglossal duct, 132b

Cytomegalovirus, 126b
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D
D4T (Zerit), 370-371, 371t
Dalpont modifi cation, 209-210
Dantrolene, 58, 59b
DASH (Dietary Approach to Stop 

Hypertension) trial, 408-409
DCCT (Diabetes Control Clinical Trial), 

399
DCs (dentigerous cysts), 7-9, 8b, 8f-9f

allergy- and medication-related impacts 
on, 7

assessments for, 8
biopsies of, 8
CCs and, 7
complications of, 9
differential diagnoses for, 8, 8b, 9f
examinations for, 7
histories and, 7
imaging techniques for, 7, 8b
labs for, 7, 9f
treatments for, 9
unilocular lesions, 7-9, 8b, 8f-9f

DDC (Hivid), 370-371, 371t
DDI (Videx), 370-371, 371t
DDVAP (Desmopressin), 379-381
Debridement, 69, 266
Decadron, 37-38, 37t
Decongestants, 270
Dedo’s classifi cation, 312
Deep sedation, 53-54. See also 

Anesthesia.
Deep vein thrombosis. See DVT (deep 

vein thrombosis).
Defi nitive nasolabial repairs, 337-338, 337t
Degenerative joint disease. See DJD 

(degenerative joint disease).
Delavirdine (Rescriptor), 370-371, 371t
Demerol, 49. See also Meperidine.
Dental examinations. See Examinations.
Dentigerous cysts. See DCs (dentigerous 

cysts).
Dentoalveolar surgery, 89-106

alveolar osteitis, 94-95, 95b
allergy- and medication-related 

impacts on, 94
assessments of, 94
CCs and, 94
complications of, 95
examinations for, 94
histories and, 94
imaging techniques for, 94
labs for, 94
risk factors for, 95b
treatments for, 94-95

displaced root fragments, 103-105, 104b
allergy- and medication-related 

impacts on, 103
assessments of, 103
CCs and, 103
complications of, 104, 104b
examinations for, 103
histories and, 103
imaging techniques for, 103
labs for, 103
treatments for, 103-104

Dentoalveolar surgery—cont’d
impacted maxillary canines, 96-98, 97f

allergy- and medication-related 
impacts on, 96

assessments of, 96
CCs and, 96
complications of, 97
examinations for, 96
histories and, 96
imaging techniques for, 96, 97f
labs for, 96
treatments for, 96-97

lingual nerve injuries, 99-102, 100b, 
100t, 101f

allergy- and medication-related 
impacts on, 99

assessments of, 99, 100b, 100t
CCs and, 99
classifi cation of, 100t
clinical neurosensory performance 

levels and, 100b
complications of, 100-101
examinations for, 99
histories and, 99
imaging techniques for, 99
labs for, 99
treatments for, 99-100, 101f

third-molar odontectomy, 90-93, 91b, 91f
allergy- and medication-related 

impacts on, 90
assessments of, 90
CCs and, 90
complications of, 91-92
examinations for, 90
histories, 90
imaging techniques for, 90, 91b, 91f
labs for, 90
Rood’s radiograph predictors and, 91f
treatments for, 90-91

Dentofacial orthopedics, 337-338, 337t
Depolarizing neuromuscular blocking 

agents, 46-47
Dermalogen, 305
Dermoid cysts, 132b
Desmopressin, 379-381
Dexamethasone, 37-38, 37t, 390
Dexamethasone elixir, 118
Diabetes mellitus. See DM (diabetes 

mellitus).
Diabetic ketoacidosis. See DKA (diabetic 

ketoacidosis).
Diagnostic laboratory tests. See Labs.
Diazepam (Valium), 53-54, 387
Diazoxide, 395
Dicumarol, 383-384
Dietary Approach to Stop Hypertension 

trial. See DASH (Dietary 
Approach to Stop Hypertension) 
trial.

Differential diagnoses, 3-17, 24, 110-113, 
129-132, 252-254

for ameloblastomas, 10-11
for DCs, 8, 8b, 9f
for fi bromas, 112, 113b
for MECa, 254

Differential diagnoses—cont’d
for neck masses, 129-132, 130f-131f, 

132b
for OKCs, 3, 3b-4b
for oral leukoplakias, 133
for ossifying fi bromas, 17, 17b
for penicillin allergy and anaphylaxis, 

24b
for periapical cysts, 13, 14b
for pleomorphic adenomas, 110, 110b
for VCs, 252

Digoxin, 366
Dimenhydrinate, 37-38, 37t
Dimentabs, 37-38, 37t
Displaced root fragments, 103-105, 104b

allergy- and medication-related impacts 
on, 103

assessments of, 103
CCs and, 103
complications of, 104, 104b
examinations for, 103
histories and, 103
imaging techniques for, 103
labs for, 103
treatments for, 103-104

Dissociative agents, 390-391
Distal sensory neuropathy, 399
Distraction osteogenesis and mandibular 

advancement, 223-226, 224f-225f
allergy- and medication-related impacts 

on, 223
assessments of, 224
CCs and, 223
complications of, 226
examinations for, 223
histories and, 223
imaging techniques for, 223-224, 224f-

225f
labs for, 224
sinus lift and, 271-272
treatments for, 224-225, 225f

Diuretics, 311, 364-366, 373-376, 401-409
loop, 366, 373, 376, 401
potassium-sparing, 366, 376
thiazide, 311, 364, 408-409

DJD (degenerative joint disease), 235-
238, 236f

allergy- and medication-related impacts 
on, 235

assessments of, 237
CCs and, 235
complications of, 237
examinations for, 235
histories and, 235
imaging techniques for, 235-236, 236f
labs for, 236
OA and, 237
treatments for, 237

DKA (diabetic ketoacidosis), 397-400
allergy- and medication-related impacts 

on, 397
assessments of, 398
CCs and, 397
complications of, 399
examinations for, 397
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DKA (diabetic ketoacidosis)—cont’d
histories and, 397
imaging techniques for, 397-398
labs for, 398
treatments for, 398

DM (diabetes mellitus), 392-396, 394t, 396f
allergy- and medication-related impacts 

on, 393
alveolar osteitis and, 95
assessments of, 394
CCs and, 393
complications of, 394-395
DKA and, 397-400
examinations for, 393
free fi bula fl aps and, 289
histories and, 393
imaging techniques for, 393
labs for, 393
mandibular implants and, 264
sialolithiasis and, 120. See also 

Sialolithiasis.
treatments for, 394, 394t, 396f

Doppler ultrasound, duplex, 50
Dramamine, 37-38, 37t
Droleptan, 37-38, 37t
Drug abuse, 51
Drug names and classes. See also 

Pharmacology and 
pharmacotherapy.

ACE inhibitors, 366, 373, 399, 407-409
acetaminophen, 32-35
acyclovir, 370-371
albuterol, 23, 389
alpha/beta blockers, 366
amlodipine, 401
amoxicillin, 268
ampicillin/sulbactam (Unasyn), 69, 82-

83
amprenavir (Agenerase), 370-371, 371t
antibiotics, 65-68, 94-95, 270, 370-371. 

See also Infections.
anticholinergics, 37-38, 37t, 121-122, 

389
anticonvulsants, 341
antifi brinolytic agents, 379
antihistamines, 37-38, 37t
antihypertensives, 407-409
antiserotonins, 37-38, 37t
aspirin (low-dose), 267, 311
atorvastatin, 382, 401
Bactrim (sulfamethoxazole/

trimethoprim), 375
barbiturates, 53-54
benzamides, 37-38, 37t
benzodiazepines, 341, 377, 386-387
beta-blockers, 23, 311, 366, 373, 376, 

387, 407-409
beta-lactams, 23-25, 375
betamethasone, 37-38, 37t
Botox injections, 331-334, 332f-333f
bronchodilators (anticholinergic), 389
bupivacaine (Marcaine), 56t, 214
butyrophenones, 37-38, 37t
calcium channel blockers, 373, 382, 401
captopril, 407, 408-409

Drug names and classes—cont’d
cefoxitin, 69
cephalosporins, 375
chemoradiation protocols, 284
chlordiazepoxide (Librium), 377, 387
chlorhexidine mouth rinse, 265-268
clarithromycin, 370-371
clindamycin, 69, 82-83, 374
clobetasol propionate ointment, 118
clopidogrel, 267-268, 371
corticosteroids, 118, 341, 390-391
coumarin anticoagulants, 382-384
COX inhibitors, 267
cryoprecipitate, 379
cyclizine, 37-38, 37t
DDVAP (Desmopressin), 379-381
decongestants, 270
delavirdine (Rescriptor), 370-371, 371t
depolarizing neuromuscular blocking 

agents, 46-47
dexamethasone, 37-38, 37t, 390
dexamethasone elixir, 118
diazepam (Valium), 53-54, 387
dicumarol, 383-384
Digoxin, 366
dimenhydrinate, 37-38, 37t
diphenhydramine, 23, 37-38, 37t, 390
dissociative agents, 390-391
diuretics, 364-366, 375, 407-409
droperidol, 37-38, 37t
efavirenz (Sustiva), 370-371, 371t
ephedrine, 407-409
epinephrine, 91, 214
Epivir (3TC), 370-371, 371t
eplerenone, 366
estrogen therapy, 379
eugenol-based packings, 94-95
famcyclovir, 370-371
felodipine, 373, 382, 407
fentanyl, 50, 91
fi brin sealants, 379
fi brinolytic therapy, 380-381
fl uocinonide, 118
folic acid supplements, 377
furosemide, 373, 401-407
glargine (Lantus), 393-396, 394t
glucagon, 23
granisetron, 37-38, 37t
HAART, 370-372, 371t
haloperidol, 37-38, 37t
heparin, 371, 384t
Hivid (DDC), 370-371, 371t
HMG-CoA reductase inhibitors, 267, 

382, 399-401
hydralazine, 407
hydrochlorothiazide, 407-409
hydrocodone, 50, 374
indinovior (Crixivan), 370-371, 371t
insulin, 373, 393-396, 394t
interferon-alpha, 371
invirase/fortovase (Saquinavir), 370-371, 

371t
iodoform/eugenol-based packings, 94-95
ipratropium bromide, 389-390
K-Dur, 401

Drug names and classes—cont’d
Kayexalate, 374
ketamine, 390-391, 407
ketorolac (Toradol), 50
Lasix, 366
lente, 394, 394t
lidocaine, 47, 56-57, 56t
lispro (Humalog), 393-396, 394t
LMWH, 384t
loop diuretics, 366, 373, 376, 401
lopinavir/ritonavir (Kaletra), 370-371, 

371t
Lopressor HCT, 311
lorazepam (Ativan), 387
losartan, 373, 407-409
macrolide antibiotics, 370-371
methylprednisolone, 389
metoprolol, 373
metronidazole, 27-28, 69
midazolam, 91
mitomycin, 371
mivacurium, 46-47
morphine, 50, 374
nelfi navir (Viracept), 370-371, 371t
nevirapine (Viramune), 370-371, 371t
nifedipine, 407
nitroglycerin, 401
nonucleoside reverse transcriptase 

inhibitors, 370-371, 371t
normeperidine, 50
NovoLog, 394, 394t
NPH (Humulin N/Novolin N), 394, 394t
NSAIDs, 29, 50, 375, 389
nucleoside reverse transcriptase 

inhibitors, 370-371, 371t
ondansetron, 37-38, 37t
opioids, 36-40, 50
oral contraceptives, 94-95
orazepam (Serax), 387
oxycodone, 50
oxymetazoline (Afrin), 105
penicillins, 22-25, 69, 82-83, 375, 407
phenothiazines, 37-38, 37t
phenylephrine, 23, 407
piperacillin/tazobactam, 49, 69
potassium chloride, 401
potassium-sparing diuretics, 366, 376
prednisone, 118
propranolol, 376
protamine zinc (Ultralente), 394, 394t
protease inhibitors, 370-371, 371t
pseudoephedrine, 105
quinine, 371
rapacurium, 46-47
regular insulin (Humulin R/Novolin 

R), 394, 394t
Retrovir (AZT), 370-371, 371t
Ritonavir (Norvir), 370-371, 371t
rocuronium, 46-47
scopolamine, 37-38, 37t
sedative-hypnotics, 31
spironolactone, 366, 376
steroids, 37-38, 37t
stimulants, 31
succinylcholine, 46-47
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Drug names and classes—cont’d
systemic corticosteroids, 389
tacrolimus/FK-506, 371
thalidomide, 118, 356
thiamin, 377
thiazide diuretics, 311, 408-409
thrombin sealants, 379
ticarcillin clavulanate, 69
ticlopidine, 371
tranexamic acid (Amicar), 380-381
triamcinolone, 118
trimethoprim/sulfamethoxazole, 370-

371
vasoconstrictors, 407
vasodilator agents, 365, 401
Videx (DDI), 370-371, 371t
vWF replacement therapy, 379
warfarin (Coumadin), 382-384. See 

also Coumadin (coumarin) oral 
anticoagulant therapy.

Zerit (D4T), 370-371, 371t
Ziagen (ABC), 370-371, 371t

Drug-seeking behaviors, 29-31
assessments of, 29-30
CCs and, 29
complications of, 31
examinations for, 29
histories and, 29
imaging techniques for, 29
labs for, 29
treatments for, 30-31

Dry eye syndrome, 320
Dry socket (alveolar osteitis), 94-95, 

95b
allergy- and medication-related impacts 

on, 94
assessments of, 94
CCs and, 94
complications of, 95
examinations for, 94
histories and, 94
imaging techniques for, 94
labs for, 94
risk factors for, 95b
treatments for, 94-95

DSM-IV (Diagnostic and Statistical 
Manual of Mental Disorders, 
Fourth Edition), 385

DT (delirium tremens). See AWS (alcohol 
withdrawal syndrome) and DT 
(delirium tremens).

Duchenne’s muscular dystrophy, 47
Duplex Doppler ultrasound, 50
Dural lacerations, 344-345, 344b
DVT (deep vein thrombosis), 48-50, 292-

293, 292b, 383-384, 384t
Dysesthesia, 99
Dysphagia, 60
Dysphonia, 60

E
Eaton-Lambert syndrome, 331
Echocardiography, 365, 402
Eclampsia, 50
ED (erectile dysfunction), 399

Efavirenz (Sustiva), 370-371, 371t
Eikenella corrodens, 82-83, 86-87
EKGs (electrocardiograms), 46, 51, 365, 

397, 402
Electrolyte disturbances, 378
ELISAs (enzyme-linked immunosorbent 

assays), 26-28
Embolism (pulmonary). See PE 

(pulmonary embolism).
Emergent surgical airways, 60-63, 61f

allergy- and medication-related impacts 
on, 60

assessments of, 61
CCs and, 60
complications of, 62
examinations for, 60
histories and, 60
imaging techniques for, 60
labs for, 60-61
respiratory depression and, 52-53
treatments for, 61-62

End-stage renal disease. See ESRD (end-
stage renal disease).

Endocarditis, 366
Endoscopic brow-lifts, 328-330, 

329f
allergy- and medication-related impacts 

on, 328
assessments of, 328
CCs and, 328
complications of, 329
examinations for, 328
histories and, 328
imaging techniques for, 328
labs for, 328
treatments for, 328-329, 329f

Endoscopic nasopharyngoscopy, 
358-359

Endotracheal tubes, 63
Enhancement (lip). See Lip augmentation.
Enlarged head circumference, 3b
Ephedrine, 407-409
Epinephrine, 50, 55, 56t, 91, 214
Epistaxis, 307
Epivir (3TC), 370-371, 371t
Eplerenone, 366
Epstein-Barr virus, 126b
Erectile dysfunction. See ED (erectile 

dysfunction).
Escherichia coli, 371
ESRD (end-stage renal disease), 373-375, 

374t
allergy- and medication-related impacts 

on, 373
assessments of, 374
CCs and, 373
complications of, 374-375, 374t
examinations for, 373
histories and, 373
imaging techniques for, 373
labs for, 373-374
treatments for, 374
uremic syndrome and, 374, 374t

Estrogen therapy, 379
Eugenol-based packings, 94-95

Examinations. See also under individual 
topics.

for anesthesia, 46, 48, 51, 55, 58, 60
emergent surgical airways and, 

60
laryngospasm and, 46
local (inadequate), 55
MH and, 58
pregnant patients and, 48
respiratory depression, 51

for dentoalveolar surgery, 90, 94, 96, 
99, 103

alveolar osteitis, 94
displaced root fragments, 103
impacted maxillary canines, 96
lingual nerve injuries, 99
third-molar odontectomy, 90

for facial cosmetic surgery, 304, 307, 
311-312, 312f, 317-318, 322, 328, 
331-332, 332f

blepharoplasty, 317-318
Botox injections, 331-332, 332f
cervicofacial rhytidectomy, 311-312, 

312f
endoscopic brow-lifts, 328
genioplasty, 322
lip augmentation, 304
rhinoplasty, 307

for infections, 66, 73, 76, 79, 80f, 85
buccal space abscess, 73
lateral pharyngeal and masticator 

space, 79, 80f
Ludwig’s angina and, 66
osteomyelitis and, 85
vestibular space, 76

for medical conditions, 364-365, 373, 
376, 379, 382, 385-386, 386b, 389, 
393, 401-402, 405-406

acute asthmatic attacks, 389
AMI, 401-402
AWS and DT, 385-386, 386b
CHF, 364-365
Coumadin oral anticoagulant 

therapy, 382
DKA, 397
DM, 393
ESRD, 373
HTN, 405-406
liver disease, 376
vWD, 379

for oral cancer, 245-246, 246f, 251, 
252f, 254, 255f, 257, 260

ACCs, 260
ADCCs, 257
MECa, 254, 255f
SCCa, 245-246, 246f
VCs, 251, 252f

for orthognathic surgery, 206, 207f, 
211-212, 212f, 218-219, 219f, 
223

distraction osteogenesis and 
mandibular advancement, 223

mandibular, 206, 207f
maxillary, 211-212, 212f
maxillomandibular, 218-219, 219f
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Examinations—cont’d
for pathology (head and neck), 108, 114, 

117, 120, 124, 127, 129, 133, 136
acute herpetic gingivostomatitis, 114
acute suppurative parotitis, 124
aphthous ulcers, 117
fi bromas, 112
mucoceles, 127
neck mass presentations, 129
oral leukoplakias, 133
osteoradionecrosis, 136
pleomorphic adenomas, 108
sialolithiasis, 120

for pharmacology and 
pharmacotherapy, 22, 26, 29, 32, 
36, 41

acute acetaminophen toxicity, 32
antibiotic-associated colitis, 26
BRONJ, 41
drug-seeking behaviors, 29
opioid side effects, 36
penicillin allergy and anaphylaxis, 

22
for radiology and radiograph 

interpretation, 2, 7, 10, 13, 16
ameloblastomas, 10
DCs, 7
OKCs, 2
ossifying fi bromas, 16
periapical cysts, 13

for reconstructive surgery, 264, 267, 
270, 275, 278, 284, 289, 295

free fi bula fl aps, 289
iliac crest bone grafts, 295
mandibular implants, 264
mandibular vestibuloplasty, 275
maxillary posterior fi xed partial 

dentures, 267
pectoralis major myocutaneous fl aps, 

284
RFFFs, 278
sinus lifts, 270

for syndromes (head and neck), 334-
336, 342, 346, 347f, 353, 358

AS, 346, 347f
CL and CLP, 334-336
CS, 350
HFM, 353
NSC, 342
OSAS, 358

for TMJ disorders, 228, 231, 235, 239
ankylosis, 239
DJD, 235
internal TMJ derangement, 231
MPD syndrome, 228

for trauma, 145, 150, 155, 158, 161, 
165, 169-170, 174, 179, 180f, 185-
186, 190-191, 191f, 197-198

combined mandibular parasymphysis 
and angle fractures, 150

frontal sinus fractures, 165
Le Fort I fractures, 174
Le Fort II fractures, 179, 180f
Le Fort III fractures, 185-186
nasal fractures, 161

Examinations—cont’d
for trauma—cont’d

NOE fractures, 169-170
orbital fl oor fractures, 190-191, 191f
panfacial fractures, 197-198
subcondyle mandibular fractures, 145
ZMC fractures, 155
zygomatic arch fractures, 158

Exposures (surgical), 96-98, 97f
Extended neck dissections, 248
Extremity examinations. See Examinations.
Extrobism, 335t
Eyelid blepharoplasty, 317-321. See also 

Blepharoplasty.
Eyelid ptosis, 319-320

F
Facelifts. See Cervicofacial rhytidectomy 

(facelifts).
Facial cosmetic surgery, 303-334

blepharoplasty, 317-321
allergy- and medication-related 

impacts on, 317
assessments of, 318
CCs and, 317
complications of, 319-320
examinations for, 317-318
histories and, 317
imaging techniques for, 318
labs for, 318
treatments for, 318-319, 318f-319f

Botox injections, 331-334, 332f-333f
allergy- and medication-related 

impacts on, 331
assessments of, 332
CCs and, 331
complications of, 333
examinations for, 331-332, 332f
histories and, 331
imaging techniques for, 332
labs for, 332
treatments for, 332-333

cervicofacial rhytidectomy, 311-316, 
312f-313f

allergy- and medication-related 
impacts on, 311

assessments of, 312
CCs and, 311
complications of, 313-315
examinations for, 311-312, 312f
histories and, 311
imaging techniques for, 312
labs for, 312
treatments for, 312-313, 312f-313f

endoscopic brow-lifts, 328-330, 329f
allergy- and medication-related 

impacts on, 328
assessments of, 328
CCs and, 328
complications of, 329
examinations for, 328
histories and, 328
imaging techniques for, 328
labs for, 328
treatments for, 328-329, 329f

Facial cosmetic surgery—cont’d
genioplasty, 322-327, 323f, 324t, 325f-

326f
allergy- and medication-related 

impacts on, 322
assessments of, 323
CCs and, 322
complications of, 324-326
examinations for, 322
hard tissue movements and, 324t
histories, 322
imaging techniques for, 322-323, 

323f
labs for, 323
soft tissue responses and, 324t
treatments for, 323-324, 323f, 324t, 

325f-326f
lip augmentation, 304-306, 305f

allergy- and medication-related 
impacts on, 304

assessments of, 304
CCs and, 304
complications of, 305
examinations for, 304
histories and, 304
imaging techniques for, 304
labs for, 304
treatments for, 304-305, 305f

rhinoplasty, 307-310, 308f-310f
allergy- and medication-related 

impacts on, 307
assessments of, 307-308
CCs and, 307
complications of, 309-310
examinations for, 307
histories and, 307
imaging techniques for, 307-308
labs for, 308
treatments for, 308-309, 308f-310f

Facial Injury Severity Scale. See FISS 
(Facial Injury Severity Scale).

Famcyclovir, 370-371
Family histories. See Histories (HPI, 

PMHx, PDMx, SH, and FH).
Fascial spaces, 71f
FDA (Food and Drug Administration), 

304-305, 331
Felodipine, 373, 382, 407
Fentanyl, 49-50, 50, 53-54, 91
FEVs (forced expiratory volumes), 389-

392
FH (family histories). See Histories (HPI, 

PMHx, PDMx, SH, and FH).
Fibrin sealants, 379
Fibrinolytic therapy, 380-381
Fibro-osteomas, 19
Fibromas, 112-113, 113b, 113f

allergy- and medication-related impacts 
on, 112

assessments of, 112, 113f
biopsies of, 112
cardiac, 3b
complications of, 112-113
differential diagnoses of, 112, 113b
examinations for, 112

Index-A04574.indd   428 6/27/2007   3:03:45 PM



 Index 429

Fibromas—cont’d
histories and, 112
imaging techniques for, 112
labs for, 112
ossifying, 16-19, 17f-18f, 18b. See also 

Ossifying fi bromas.
treatments for, 112

Fibrous dysplasia, 18b
Fine-needle aspiration biopsies. See FNA 

(fi ne-needle aspiration) biopsies.
FISS (Facial Injury Severity Scale), 143-

144, 144b
Fitzpatrick type I skin, 311
FK-506/tacrolimus, 371
Flaps. See also Reconstructive surgery.

free fi bula, 289-294, 290f-292f, 292b
pectoralis major myocutaneous, 284-

288, 285f-287f
RFFFs, 278-283, 279f-281f

Florid cemento-osseous dysplasias, 18b
Flumazenil, 53-54
Fluocinonide, 118
Flush syndromes, 24b
FNA (fi ne-needle aspiration) biopsies, 3, 

108-110, 132b
Focal cemento-osseous dysplasias, 18b
Folic acid supplements, 377
Forearm free fl aps (radial). See RFFFs 

(radial forearm free fl aps).
Foreign body aspiration, 52-53
Fractures. See also Trauma.

combined mandibular parasymphysis 
and angle, 150-154, 151f-153f

frontal sinus, 165-168, 166f-167f
Le Fort I, 174-178, 175f
Le Fort II, 179-184, 180f, 182f
Le Fort III, 185-189, 187f-188f
levels of, 188, 188f
nasal, 161-164, 162f-163f
NOE, 169-173, 170f-171f
orbital fl oor, 190-196, 191f-193f
panfacial, 197-203, 199f
subcondyle mandibular, 145-149, 146f, 

147t
ZMC, 155-157, 156f
zygomatic arch, 158-160, 159f

Fragments (displaced root). See Displaced 
root fragments.

Frank-Starling mechanism, 365-366
FRCs (functional residual capacities), 54
Free fl aps, 289-294, 290f-292f, 292b

free fi bula fl aps, 289-294, 290f-292f, 
292b

allergy- and medication-related 
impacts on, 289

assessments of, 289-290
CCs and, 289
complications of, 290, 292b
examinations for, 289
histories and, 289
imaging techniques for, 289-290, 290f
labs for, 290
treatments for, 290, 292f-293f

radial forearm. See RFFFs (radial 
forearm free fl aps).

Frey syndrome, 110b
Frontal facial photographs, 304
Frontal sinus fractures, 165-168, 

166f-167f
allergy- and medication-related impacts 

on, 165
assessments of, 166-167
CCs and, 165
complications of, 166-167
examinations of, 165
histories and, 165
imaging techniques for, 165-166, 166f
labs for, 166
treatments for, 166, 167f

Functional residual capacities. See FRCs 
(functional residual capacities).

Fungal infections, 372
Furlow double-opposing Z-plasty 

technique, 338-339
Furosemide, 373, 401-407
Fusobacterium spp., 86-87

G
GABA receptors, 53-54, 386-388
Gap acidosis, 399
Gardner syndrome, 18b
GCS (Glasgow Coma Scale), 143-144, 

144b
General anesthesia, 53-54. See also 

Anesthesia.
General examinations. See Examinations.
Genioplasty, 322-327, 323f, 324t, 325f-

326f
allergy- and medication-related impacts 

on, 322
assessments of, 323
CCs and, 322
complications of, 324-326
examinations for, 322
hard tissue movements and, 324t
histories, 322
imaging techniques for, 322-323, 323f
labs for, 323
soft tissue responses and, 324t
treatments for, 323-324, 323f, 324t, 

325f-326f
Ghost cells, 18b
Gigantiform cementoma, 18b
Gingivostomatitis. See Acute herpetic 

gingivostomatitis.
Glargine (Lantus), 393-396, 394t
Glasgow Coma Scale. See GCS (Glasgow 

Coma Scale).
Glitinides, 394
Glossoptosis, 60
Glucagon, 23
Glucophage, 394
Glyburide, 394
Glypizide, 394
Go low and go slow precautions, 54
Gore-Tex, 324
Gorlin cysts, 18b
Gow-Gates technique, 56-57
Grafts, 295-302, 296f-299f, 301f
Granisetron, 37-38, 37t

Graves ophthalmopathy, 317
Ground-glass patterns, 373
Gummy smile, 223

H
HAART (highly-active antiretroviral 

therapy), 370-372, 371t
Haemophilus infl uenzae, 85-88, 105, 270-

274
Haldol, 37-38, 37t
Halogenated inhaled anesthetics, 58
Haloperidol, 37-38, 37t
Hard tissue, 322-326, 324t

movements, 324t
replacement polymer, 324

Harlequin eye, 345
Head and neck. See also under individual 

topics.
pathology, 107-142
syndromes, 335-362

Heart failure. See CHF (congestive heart 
failure).

Heart Outcomes Prevention Evaluation 
trial. See HOPE (Heart Outcomes 
Prevention Evaluation) trial.

Helicobacter pylori, 118
Hematomas, 333-334
Hemifacial microsomia. See HFM 

(hemifacial microsomia).
Hemoglobin and hematocrit (baseline), 

16-17, 207, 212-213, 224, 336, 
351

Hemograms, 397
Hemolytic uremic syndrome, 371
Hemophilia, 264
Heparin, 50, 371, 384t
Hepatitis B and C viruses, 370
Hepatopulmonary syndrome, 378
Hepatorenal syndrome. See HRS 

(hepatorenal syndrome).
Herpes simplex virus. See HSV (herpes 

simplex virus).
Herpetic gingivostomatitis (acute). See 

Acute herpetic gingivostomatitis.
Herpetiform ulcers, 118b
HFM (hemifacial microsomia), 353-357, 

354f-355f, 354t, 357t
allergy- and medication-related impacts 

on, 353
anomaly ranges of, 357t
assessments of, 354, 354t, 355f
CCs and, 353
complications of, 356
examinations for, 353
histories and, 353
imaging techniques for, 353-354, 354f
labs for, 354
OMENS classifi cation of, 354t
treatments for, 354-356, 356t

HHV8 (human herpesvirus 8), 372
High-density polyethylene, 324
Highly-active antiretroviral therapy. See 

HAART (highly-active 
antiretroviral therapy).

Histoplasmosis, 372
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Histories (HPI, PMHx, PDMx, SH, and 
FH). See also under individual 
topics.

A-M-P-L-E, 185-186
anesthesia and, 46, 48, 51, 52t, 55, 58, 

60
emergent surgical airways and, 60
laryngospasm and, 46
local (inadequate), 55
MH and, 58
pregnant patients and, 48
respiratory depression, 51, 52t

dentoalveolar surgery and, 90, 94, 96, 
99, 103

alveolar osteitis, 94
displaced root fragments, 103
impacted maxillary canines, 96
lingual nerve injuries, 99
third-molar odontectomy, 90

facial cosmetic surgery and, 304, 307, 
311, 317, 322, 328, 331

blepharoplasty, 317
Botox injections, 331
cervicofacial rhytidectomy, 311
endoscopic brow-lifts, 328
genioplasty, 322
lip augmentation, 304
rhinoplasty, 307

infections and, 66, 73, 76, 79, 85
buccal space abscess, 73
lateral pharyngeal and masticator 

space, 79
Ludwig’s angina and, 66
osteomyelitis and, 85
vestibular space, 76

medical conditions and, 364, 369, 373, 
376, 379, 382, 385, 389, 393, 397, 
401, 405

acute asthmatic attacks, 389
AIDS, 369
AMI, 401
AWS and DT, 385
CHF, 364
Coumadin oral anticoagulant 

therapy, 382
DKA, 397
DM, 393
ESRD, 373
HTN, 405
liver disease, 376
vWD, 379

oral cancer and, 245, 251, 254, 257
ACCs, 260
ADCCs, 257
MECa, 254
SCCa, 245
VCs, 251

orthognathic surgery and, 206, 211, 
218, 223

distraction osteogenesis and 
mandibular advancement, 
223

mandibular, 206
maxillary, 211
maxillomandibular, 218

Histories (HPI, PMHx, PDMx, SH, and 
FH)—cont’d

pathology (head and neck) and, 108, 
112, 114, 117, 120, 124, 127, 129, 
133, 136

acute herpetic gingivostomatitis, 114
acute suppurative parotitis, 124
aphthous ulcers, 117
fi bromas, 112
mucoceles, 127
neck mass presentations, 129
oral leukoplakias, 133
osteoradionecrosis, 136
pleomorphic adenomas, 108
sialolithiasis, 120

pharmacology and pharmacotherapy, 
22, 26, 29, 32, 36, 41

acute acetaminophen toxicity, 32
antibiotic-associated colitis, 26
BRONJ, 41
drug-seeking behaviors, 29
opioid side effects, 36
penicillin allergy and anaphylaxis, 22

radiology and radiograph interpretation, 
2, 7, 10, 13, 16

ameloblastomas, 10
DCs, 7
OKCs, 2
ossifying fi bromas, 16
periapical cysts, 13

reconstructive surgery and, 264, 267, 
270, 275, 278, 284, 289, 295

free fi bula fl aps, 289
iliac crest bone grafts, 295
mandibular implants, 264
mandibular vestibuloplasty, 275
maxillary posterior fi xed partial 

dentures, 267
pectoralis major myocutaneous fl aps, 

284
RFFFs, 278
sinus lifts, 270

syndromes (head and neck) and, 336, 
342, 346, 350, 353, 358

AS, 346
CL and CLP, 336
CS, 350
HFM, 353
NSC, 342
OSAS, 358

TMJ disorders and, 228, 231, 235, 239
ankylosis, 239
DJD, 235
internal TMJ derangement, 231
MPD syndrome, 228

trauma and, 145, 150, 155, 158, 161, 
165, 169, 174, 179, 190, 197

combined mandibular parasymphysis 
and angle fractures, 150

frontal sinus fractures, 165
Le Fort I fractures, 174
Le Fort II fractures, 179
nasal fractures, 161
NOE fractures, 169
orbital fl oor fractures, 190

Histories (HPI, PMHx, PDMx, SH, and 
FH)—cont’d

trauma and—cont’d
panfacial fractures, 197
subcondyle mandibular fractures, 145
ZMC fractures, 155
zygomatic arch fractures, 158

HIV (human immunodefi ciency virus), 
366, 369-372, 370t, 372t

AIDS and, 369-372, 370t, 372t
CHF and, 366

Hivid (DDC), 370-371, 371t
HMG-CoA reductase inhibitors, 267, 364, 

382, 399-401
Holyoke’s criteria, 67
Homen’s sign, 50
HOPE (Heart Outcomes Prevention 

Evaluation) trial, 408-409
Horizontal microgenia, 322. See also 

Genioplasty.
Horizontal vs. vertical transmission, 371-

372
HPI (history of present illness). See 

Histories (HPI, PMHx, PDMx, 
SH, and FH).

HRS (hepatorenal syndrome), 376-378
HSV (herpes simplex virus), 114-116
HTN (hypertension), 53, 60, 405-409, 406t

allergy- and medication-related impacts 
on, 405

assessments of, 406, 406t
blood pressure classifi cation, 406, 406t
CCs and, 405
CHF and, 366
complications of, 407
ESRD and, 374
examinations for, 405-406
histories and, 405
imaging techniques for, 406
labs for, 406
treatments for, 406-407

Humalog, 393-396, 394t
Human herpesvirus 8. See HHV8 (human 

herpesvirus 8).
Human immunodefi ciency virus. See HIV 

(human immunodefi ciency virus).
Human papillomavirus, 372
Humulin, 393-396, 394t

Humulin N/Novolin N, 394, 394t
Humulin R/Novolin R, 394, 394t

Hyaluronic acid, 305
Hyder bars, 289
Hydralazine, 407
Hydrocephalus, 335t
Hydrochlorothiazide, 364, 407-409
Hydrocodone, 49-50, 50, 374
Hydrocortisone, 395
Hydroxyapatite, 324
Hyoid myotomy and suspension, 361
Hypercalcemia, 58
Hypercarbia, 53, 63
Hypercholesteremia, 364, 401, 406
Hyperglycemia, 374, 393
Hyperkalemia, 58-59, 59b, 374-375
Hyperkalemic cardiac arrest, 47
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Hyperosmolar hyperglycemic syndrome, 
399

Hyperparathyroidism, 4b
Hyperplasia and hypoplasia, 205-226. See 

also Orthognathic surgery.
apertognathia and, 211-222, 219f, 220b, 

221f-222f
distraction osteogenesis and, 211-222, 

219f, 220b, 221f-222f
mandibular orthognathic surgery, 206-

210, 206f-208f
maxillary orthognathic surgery, 211-

217, 212f, 213b, 215f, 216b
maxillary orthognathic surgery and, 

211-217, 212f, 213b, 215f, 216b
Hypertension. See HTN (hypertension).
Hypertensive emergencies, 408
Hyperthermia (malignant). See MH 

(malignant hyperthermia).
Hyperthyroid crisis, 408
Hyperthyroidism, 408
Hypnotics, 51
Hypoglycemia, 393-398
Hypogonadism, 3b
Hypokalemia, 376-377
Hypomagnesemia, 376-377
Hypoplasia. See Hyperplasia and 

hypoplasia.
Hypopnea, 52-53
Hypotension (severe), 53
Hypothesia, 104-105
Hypothyroidism, 408
Hypoxemia, 51-53

I
Ibuprofen, 49
Idiopathic xerostomia, 372
Iliac crest bone grafts (mandibular 

reconstruction), 295-302, 296f-
299f, 301f

allergy- and medication-related impacts 
on, 295

assessments of, 295
CCs and, 295
complications of, 299-300, 301f
examinations for, 295
histories and, 295
imaging techniques for, 295, 301f
labs for, 295
treatments of, 295-299, 296f-299f

Imaging techniques. See also under 
individual topics.

for anesthesia, 46, 48-49, 51, 55, 58, 60
emergent surgical airways and, 60
laryngospasm and, 46
local (inadequate), 55
MH and, 58
pregnant patients and, 48-49
respiratory depression, 51

CT scans. See CT (computed 
tomography) scans.

for dentoalveolar surgery, 90, 91b, 91f, 
94, 96, 97f, 99, 103

alveolar osteitis, 94
displaced root fragments, 103

Imaging techniques—cont’d
for dentoalveolar surgery—cont’d

impacted maxillary canines, 96, 97f
lingual nerve injuries, 99
third-molar odontectomy, 90, 91b, 91f

for facial cosmetic surgery, 304, 307-
308, 312, 318, 322-323, 323f, 332

blepharoplasty, 318
Botox injections, 332
cervicofacial rhytidectomy, 312
endoscopic brow-lifts, 328
genioplasty, 322-323, 323f
lip augmentation, 304
rhinoplasty, 307-308

for infections, 66-67, 67f-68f, 76, 79-
80, 81f, 85-86, 86f, 88f

buccal space abscess, 73
lateral pharyngeal and masticator 

space, 79-80, 81f
Ludwig’s angina and, 66-67, 67f-68f
osteomyelitis and, 85-86, 86f, 88f
vestibular space, 76

for medical conditions, 365, 369-370, 
373, 377, 379, 382, 386, 390, 393, 
397-398, 402, 406

acute asthmatic attacks, 390
AIDS, 369-370
AMI, 402
AWS and DT, 386
CHF, 365
Coumadin oral anticoagulant 

therapy, 382
DKA, 397-398
DM, 393
ESRD, 373
HTN, 406
liver disease, 377
vWD, 379

MRI. See MRI (magnetic resonance 
imaging).

for oral cancer, 246, 251, 254, 257, 260
ACCs, 260
ADCCs, 257
MECa, 254
SCCa, 246
VCs, 251

for orthognathic surgery, 206-207, 207f, 
212, 212f, 215f, 219-220, 219f, 
221f-222f, 223-224, 224f-225f

distraction osteogenesis and 
mandibular advancement, 223-
224, 224f-225f

mandibular, 206-207, 207f
maxillary, 212, 212f, 215f
maxillomandibular, 219-220, 219f, 

221f-222f
panoramic radiographs. See Panoramic 

radiographs.
for pathology (head and neck), 108-109, 

109f, 112, 114, 117, 120-121, 121f, 
124, 125f, 127, 129, 130f, 133, 
136-137, 136f

acute herpetic gingivostomatitis, 114
acute suppurative parotitis, 124, 125f
aphthous ulcers, 117

Imaging techniques—cont’d
for pathology (head and neck)—cont’d

fi bromas, 112
mucoceles, 127
neck mass presentations, 129, 130f
oral leukoplakias, 133
osteoradionecrosis, 136-137, 136f
pleomorphic adenomas, 108-109, 

109f
sialolithiasis, 120-121, 121f

PET. See PET (positron emission 
tomography).

for pharmacology and 
pharmacotherapy, 22, 26, 29, 32, 
36, 41

acute acetaminophen toxicity, 32
antibiotic-associated colitis, 26
BRONJ, 41
drug-seeking behaviors, 29
opioid side effects, 36
penicillin allergy and anaphylaxis, 

22
for radiology and radiograph 

interpretation, 2-3, 3f, 7, 8b, 10, 
11f, 13, 14f, 16-17, 17f

ameloblastomas, 10, 11f
DCs, 7, 8b
OKCs, 2-3, 3f
ossifying fi bromas, 16-17, 17f
periapical cysts, 13, 14f

for reconstructive surgery, 264, 265b, 
265f, 267-268, 268f, 270-271, 271f, 
275, 278, 284, 289-290, 290f, 295, 
301f

free fi bula fl aps, 289-290, 290f
iliac crest bone grafts, 295, 301f
mandibular implants, 264, 265b, 

265f
mandibular vestibuloplasty, 275
maxillary posterior fi xed partial 

dentures, 267-268, 268f
pectoralis major myocutaneous fl aps, 

284
RFFFs, 278
sinus lifts, 270-271, 271f

for syndromes (head and neck), 336, 
342-343, 346-347, 351, 353-354, 
354f, 359

AS, 346-347
CL and CLP, 336
CS, 351
HFM, 353-354, 354f
NSC, 342-343
OSAS, 359

for TMJ disorders, 228, 231, 235-236, 
236f, 239, 240f

ankylosis, 239, 240f
DJD, 235-236, 236f
internal TMJ derangement, 231
MPD syndrome, 228

for trauma, 145, 146f, 150-151, 151f, 
153f, 155, 156f, 158-159, 159f, 161-
162, 162f, 165-166, 166f, 170, 
170f, 174, 175f, 179-180, 180f, 
182f, 186, 191, 191f, 198-200, 199f
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Imaging techniques—cont’d
for trauma—cont’d

combined mandibular parasymphysis 
and angle fractures, 150-151, 151f, 
153f

frontal sinus fractures, 165-166, 166f
Le Fort I fractures, 174, 175f
Le Fort II fractures, 179-180, 180f, 

182f
Le Fort III fractures, 186
nasal fractures, 161-162, 162f
NOE fractures, 170, 170f
orbital fl oor fractures, 191, 191f
panfacial fractures, 198-200, 199f
subcondyle mandibular fractures, 

145, 146f
ZMC fractures, 155, 156f
zygomatic arch fractures, 158-159, 

159f
Immunosuppression, 264
Impacted maxillary canines (surgical 

exposures), 96-98, 97f
allergy- and medication-related impacts 

on, 96
assessments of, 96
CCs and, 96
complications of, 97
examinations for, 96
histories and, 96
imaging techniques for, 96, 97f
labs for, 96
treatments for, 96-97

Implants, 264-266, 270-274
mandibular, 264-266, 265b, 265f-266f
sinus lifts for, 270-274, 271f-273f

Inadequate local anesthesia. See Local 
anesthesia (inadequate).

Inapsine, 37-38, 37t
Indinovior (Crixivan), 370-371, 371t
Infections, 65-88

buccal space abscess, 73-75, 74f
allergy- and medication-related 

impacts on, 73
assessments of, 74
CCs and, 73
complications of, 74, 74f
examinations for, 73
histories and, 73
imaging techniques for, 73
labs for, 73-74
treatments for, 74

lateral pharyngeal and masticator 
space, 79-84, 80f-82f, 81b, 82t-83t

allergy- and medication-related 
impacts on, 79

assessments of, 81, 81b
boundaries of, 84t
CCs and, 79
complications of, 83
examinations for, 79, 80f
histories and, 79
imaging techniques for, 79-80, 81f
labs for, 80-81
risk factors for, 81b
treatments for, 81-83, 82f, 82t

Infections—cont’d
local inadequate anesthesia and, 55-57. 

See also Local anesthesia 
(inadequate).

Ludwig’s angina and, 66-72, 67f-68f, 
70f-71f

allergy- and medication-related 
impacts on, 66

assessments of, 67
CCs and, 66
complications of, 69-70, 70f
examinations for, 66
fascial spaces and, 71f
histories and, 66
imaging techniques for, 66-67, 67f-

68f
labs and, 67
treatments for, 67-69

osteomyelitis and, 85-88, 86f, 88f
allergy- and medication-related 

impacts on, 85
assessments of, 86
CCs and, 85
complications of, 87-88
examinations for, 85
histories and, 85
imaging techniques for, 85-86, 86f, 

88f
labs for, 86
treatments for, 86-87

vestibular space, 76-78, 77f
allergy- and medication-related 

impacts on, 76
assessments of, 76
CCs and, 76
complications of, 77
examinations for, 76
histories and, 76
imaging techniques for, 76
labs for, 76
treatments for, 76-77, 77f

Injections (botulinum toxin A). See 
Botox (botulinum toxin A) 
injections.

Insulin, 373, 393-396, 394t
Interferon-alpha, 371
Internal TMJ derangement, 231-234, 232f. 

See also TMJ (temporomandibular 
joint) disorders.

allergy- and medication-related impacts 
on, 231

assessments of, 231-232, 232f
CCs and, 231
complications of, 233
examinations for, 231
histories and, 231
imaging techniques for, 231
labs for, 231
treatments for, 232-233

Interpretation of radiographs. See 
Radiology and radiograph 
interpretation.

Intrabony vascular malformations, 4b
Intraoperative laryngospasm. See 

Laryngospasm.

Intraoral examinations. See Examinations.
Intraoral vertical ramus osteotomy, 209-

210
Intraosseous mucoepidermoid 

carcinomas, 4b
Inverted L-osteotomy, 209-210
Invirase/fortovase (Saquinavir), 370-371, 

371t
Iodoform/eugenol-based packings, 

94-95
Ipratropium bromide, 389-390
Iron defi ciency anemia, 49
Ischemic heart disease, 366

J
Jaw-thrust maneuvers, 46-47
Jet insuffl ation (needle 

cricothyroidotomy), 61-62
JNC-7 (Joint National Committee on 

Prevention, Detection, evaluation, 
and Treatment of High Blood 
Plessure), 406

K
K-Dur, 401
Kaban classifi cation, 356-357
Kaletra, 370-371, 371t
Kaposi sarcoma, 372
Kayexalate, 374
Keratoconjunctivitis sicca, 320
Keratocysts (odontogenic). See OKCs 

(odontogenic keratocysts).
Ketamine, 390-391, 407
Ketorolac, 50
Ketorolac (Toradol), 50
Killian incisions, 308-309
Klebsiella spp., 85
Kyphoscoliosis, 3b

L
L-osteotomy (inverted), 209-210
Labs. See also under individual topics.

for anesthesia, 46, 49, 55, 58, 60-61
emergent surgical airways and, 60-

61
laryngospasm and, 46
local (inadequate), 55
MH and, 58
pregnant patients and, 49

for dentoalveolar surgery, 90, 94, 96, 
99, 103

alveolar osteitis, 94
displaced root fragments, 103
impacted maxillary canines, 96
lingual nerve injuries, 99
third-molar odontectomy, 90

for facial cosmetic surgery, 304, 308, 
312, 318, 323, 328, 332

blepharoplasty, 318
Botox injections, 332
cervicofacial rhytidectomy, 312
endoscopic brow-lifts, 328
genioplasty, 323
lip augmentation, 304
rhinoplasty, 308

Index-A04574.indd   432 6/27/2007   3:03:45 PM



 Index 433

Labs—cont’d
for infections, 67, 73-74, 76, 80-81, 86

buccal space abscess, 73-74
lateral pharyngeal and masticator 

space, 80-81
Ludwig’s angina and, 67
osteomyelitis and, 86
vestibular space, 76

for medical conditions, 365, 370, 
373-374, 376-377, 379, 382, 386, 
389-390, 398, 402, 406

acute asthmatic attacks, 389-390
AIDS, 370
AMI, 402
AWS and DT, 386
CHF, 365
Coumadin oral anticoagulant 

therapy, 382
DKA, 398
DM, 393
ESRD, 373-374
HTN, 406
liver disease, 376-377
vWD, 379

normal test references (adults), 
414-415

for oral cancer, 246, 251-252, 254, 257-
258, 260

ACCs, 260
ADCCs, 257-258
MECa, 254
SCCa, 246
VCs, 251-252

for orthognathic surgery, 207, 212-213, 
220, 224

distraction osteogenesis and 
mandibular advancement, 224

mandibular, 207
maxillary, 212-213
maxillomandibular, 220

for pathology (head and neck), 110, 
112, 114, 117, 121, 124-125, 127, 
129, 133, 137

acute herpetic gingivostomatitis, 
114

acute suppurative parotitis, 124-125
aphthous ulcers, 117
fi bromas, 112
mucoceles, 127
neck mass presentations, 129
oral leukoplakias, 133
osteoradionecrosis, 137
pleomorphic adenomas, 110
sialolithiasis, 121

for pharmacology and 
pharmacotherapy, 22-23, 26-27, 
27b, 29, 32-33, 36, 41

acute acetaminophen toxicity, 32-33
antibiotic-associated colitis, 26-27, 

27b
BRONJ, 41
drug-seeking behaviors, 29
opioid side effects, 36
penicillin allergy and anaphylaxis, 

22-23

Labs—cont’d
for radiology and radiograph 

interpretation, 3, 7, 9f, 10, 13, 17
ameloblastomas, 10
DCs, 7, 9f
OKCs, 3
ossifying fi bromas, 17
periapical cysts, 13

for reconstructive surgery, 264, 268, 
271, 275, 278, 284, 290, 295

free fi bula fl aps, 290
iliac crest bone grafts, 295
mandibular implants, 264
mandibular vestibuloplasty, 275
maxillary posterior fi xed partial 

dentures, 268
pectoralis major myocutaneous fl aps, 

284
RFFFs, 278
sinus lifts, 271

for syndromes (head and neck), 336, 
343, 347, 351, 354, 359

AS, 347
CL and CLP, 336
CS, 351
HFM, 354
NSC, 343
OSAS, 359

for TMJ disorders, 228, 231, 236, 239-
240

ankylosis, 239-240
DJD, 236
internal TMJ derangement, 231
MPD syndrome, 228

for trauma, 145-146, 151, 155, 159, 162, 
166, 170, 174-175, 180, 186, 191, 200

combined mandibular parasymphysis 
and angle fractures, 151

frontal sinus fractures, 166
Le Fort I fractures, 174-175
Le Fort II fractures, 180
Le Fort III fractures, 186
nasal fractures, 162
NOE fractures, 170
orbital fl oor fractures, 191
panfacial fractures, 200
subcondyle mandibular fractures, 

145-146
ZMC fractures, 155
zygomatic arch fractures, 159

LAD (lymphadenopathy), 89
Lagophthalmos abrasion, 319-320
Laryngeal stenosis, 62
Laryngospasm, 46-47, 47f, 52-53

allergy- and medication-related impacts 
on, 46

assessments of, 46
CCs for, 46
complications of, 47
examinations for, 46
histories and, 46
imaging techniques for, 46
labs for, 46
treatments for, 46-47

Lasix, 366

Lateral cephalometric radiographs, 60
Lateral neck dissections, 248
Lateral periodontal cysts, 4b
Lateral pharyngeal and masticator space 

infections, 79-84, 80f-82f, 81b, 
82t-83t

allergy- and medication-related impacts 
on, 79

assessments of, 81, 81b
boundaries of, 84t
CCs and, 79
complications of, 83
examinations for, 79, 80f
histories and, 79
imaging techniques for, 79-80, 81f
labs for, 80-81
risk factors for, 81b
treatments for, 81-83, 82f, 82t

Latex allergies, 390-391
Le Fort fractures, 174-189

Le Fort I, 174-178, 175f
allergy- and medication-related 

impacts on, 174
assessments of, 175, 175f
CCs and, 174
complications of, 176-177
examinations for, 174
histories and, 174
imaging techniques for, 174, 175f
labs for, 174-175
treatments for, 175-176

Le Fort II, 179-184, 180f, 182f
assessments of, 180-181
CCs and, 179
complications of, 181-183
examinations for, 179, 180f
histories and, 179
imaging techniques for, 179-180, 

180f, 182f
labs for, 180
treatments of, 181, 181f

Le Fort III, 185-189, 187f-188f
allergy- and medication-related 

impacts on, 185
assessments of, 186
CCs and, 185
complications of, 188, 188f
examinations for, 185-186
fracture levels and, 188, 188f
imaging techniques for, 186
labs for, 186
treatments for, 187-188, 187f

Left lingual nerve neurotmesis, 99-100, 
100t. See also Lingual nerve injuries.

Lente, 394, 394t
Lenti virus family, 371-372
Leukemia, 371
Leukoplakias (oral). See Oral 

leukoplakias.
LFTs (liver function tests), 31, 124-125, 

373-377
acute acetaminophen toxicity and, 31
acute suppurative parotitis and, 124-125
ESRD and, 373
liver disease and, 377
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Librium, 377, 387
Lidocaine, 47, 56-57, 56t
LIFE (Losartan Intervention for Endpoint 

Reduction) trial, 408-409
Limberg oblique ramus osteotomy, 209-

210
Lingual nerve injuries, 99-102, 100b, 

100t, 101f
allergy- and medication-related impacts 

on, 99
assessments of, 99, 100b, 100t
CCs and, 99
classifi cation of, 100t
complications of, 100-101
examinations for, 99
histories and, 99
imaging techniques for, 99
labs for, 99
treatments for, 99-100, 101f

Lip adhesions, 337-338, 337t
Lip augmentation, 304-306, 305f

allergy- and medication-related impacts 
on, 304

assessments of, 304
CCs and, 304
complications of, 305
examinations for, 304
histories and, 304
imaging techniques for, 304
labs for, 304
treatments for, 304-305, 305f

Lip-switch myotomy, 277
Liposuction, 305
Lispro (Humalog), 393-396, 394t
Liver, 376-378

disease, 376-378
allergy- and medication-related 

impacts on, 376
assessments of, 377
CCs and, 376
complications of, 377-378
examinations for, 376
histories and, 376
imaging techniques for, 377
labs for, 376-377
treatments for, 377

function tests. See LFTs (liver function 
tests).

LMWH (low-molecular-weight heparin), 
384t

Local anesthesia (inadequate), 55-57, 56t. 
See also Anesthesia.

ABCs and, 56
allergy- and medication-related impacts 

on, 55
assessments of, 55
CCs and, 55
commonly used anesthetics (local), 56r
complications of, 56
examinations for, 55
histories and, 55
infections and, 55-57
labs for, 55
treatments for, 55

Loop diuretics, 366, 373, 376, 401

Lopinavir/ritonavir (Kaletra), 370-371, 371t
Lopressor HCT, 311
Lorazepam, 53-54
Lorazepam (Ativan), 387
Losartan, 373, 407-409
Losartan Intervention for Endpoint 

Reduction. See LIFE (Losartan 
Intervention for Endpoint 
Reduction) trial.

Lovastatin, 364
Low-dose aspirin, 267, 311
Low-molecular-weight heparin. See 

LMWH (low-molecular-weight 
heparin).

Lower and upper eyelid blepharoplasty. 
See Blepharoplasty.

Ludwig’s angina, 60-63, 66-72, 67f-68f, 
70f-71f

allergy- and medication-related impacts 
on, 66

assessments of, 67
CCs and, 66
complications of, 69-70, 70f
examinations for, 66
fascial spaces and, 71f
histories and, 66
imaging techniques for, 66-67, 67f-68f
labs and, 67
treatments for, 67-69

Lupus erythematosus, 371
Lymphadenopathy. See LAD 

(lymphadenopathy).
Lymphomesenteric cysts, 3b

M
Macrolide antibiotics, 370-371
Magnetic resonance imaging. See MRI 

(magnetic resonance imaging).
Malignant hyperthermia. See MH 

(malignant hyperthermia).
Malignant salivary gland neoplasms, 109b
Management options. See Treatments.
Mandibular region. See also under 

individual topics.
bone grafts, 295-302, 296f-299f, 301f
fractures (subcondyle), 145-149, 146f, 

147t
implants, 264-266, 265b, 265f-266f

allergy- and medication-related 
impacts on, 264

assessments for, 264, 265b
bone classifi cation and, 265b
CCs and, 264
complications of, 265-266
examinations for, 264
histories and, 264
imaging techniques for, 264, 265b, 

265f
labs for, 264
treatments for, 265, 266f

mandibular advancement. See 
Distraction osteogenesis and 
mandibular advancement.

maxillomandibular orthognathic surgery, 
200b, 218-222, 219f, 221f-222f

Mandibular region—cont’d
orthognathic surgery, 206-210

allergy- and medication-related 
impacts on, 206

assessments of, 207
CCs and, 206
complications of, 208-209
examinations for, 206, 207f
histories and, 206
imaging techniques for, 206-207, 

207f
labs for, 207
treatments for, 207-208, 208f

osteoradionecrosis. See 
Osteoradionecrosis (mandible).

parasymphysis-angle fracture 
combinations, 150-154, 151f-153f

unilocular lesions, 7-9, 8b, 8f-9f
vestibuloplasty, 275-277, 276f-277f

allergy- and medication-related 
impacts on, 275

assessments of, 275
CCs and, 275
complications of, 276-277
examinations for, 275
histories and, 275
imaging techniques for, 275
labs for, 275
treatments for, 275-276, 276f-277f

Marcaine, 56t, 214
Marfanoid build, 3b
Masticator space infections. See Lateral 

pharyngeal and masticator space 
infections.

Maxillary region. See also under 
individual topics.

block anesthesia, 56-57. See also 
Anesthesia.

canines. See Impacted maxillary 
canines (surgical exposures).

maxillomandibular orthognathic 
surgery, 200b, 218-222, 219f, 221f-
222f

orthognathic surgery, 211-217
allergy- and medication-related 

impacts on, 211
assessments of, 213, 213b
CCs for, 211
cephalometric analyses of, 213b
complications of, 214, 216b
examinations for, 211-212, 212f
histories and, 211
imaging techniques for, 212, 212f, 

215f
labs for, 212-213
treatments for, 213-214

posterior fi xed partial dentures, 267-
269, 268f

allergy- and medication-related 
impacts on, 267

assessments of, 268
CCs and, 267
complications of, 268-269
examinations for, 267
histories and, 267

Index-A04574.indd   434 6/27/2007   3:03:45 PM



 Index 435

Maxillary region—cont’d
posterior fi xed partial dentures—cont’d

imaging techniques for, 267-268, 
268f

labs for, 268
treatments for, 268, 268f

Maxillofacial and oral surgery (clinical 
review concepts). See also under 
individual topics.

anesthesia, 45-64
dentoalveolar surgery, 89-106
facial cosmetic surgery, 303-334
infections, 65-88
medical conditions, 335-362
oral cancer, 243-262
orthognathic surgery, 205-226
pathology (head and neck), 107-142
pharmacology and pharmacotherapy, 

21-44
radiology and radiograph interpretation, 

1-20
reconstructive surgery, 263-302
syndromes (head and neck), 335-362
TMJ disorders, 227-242
trauma, 143-204

Maxillomandibular orthognathic surgery, 
200b, 218-222, 219f, 221f-222f

allergy- and medication-related impacts 
on, 218

for apertognathia, 218-222
assessments of, 220, 220b
CCs and, 218
cephalometric analyses for, 220b
complications of, 221-222
examinations for, 218-219, 219f
histories and, 218
imaging techniques for, 219-220, 219f, 

221f-222f
labs for, 220
treatments for, 220-221, 221f-222f

McComb’s technique, 338
MECa (mucoepidermoid carcinomas), 

254-256, 255f
allergy- and medication-related impacts 

on, 254
assessments of, 255
biopsies of, 254-255
CCs and, 254
complications of, 255
differential diagnoses for, 254
examinations for, 254, 255f
histories and, 254
imaging techniques for, 254
labs for, 254
treatments for, 255

Medical conditions, 335-362
acute asthmatic attacks, 389-392, 

391f
allergy- and medical-related impacts 

on, 389
assessments of, 390
CCs and, 389
complications of, 390-391, 391f
examinations for, 389
histories and, 389

Medical conditions—cont’d
acute asthmatic attacks—cont’d

imaging techniques for, 390
labs for, 389-390
treatments for, 390

AIDS, 369-372, 370t, 372f
allergy- and medication-related 

impacts on, 369
assessments of, 370
CCs for, 369
complications of, 371
histories and, 369
imaging techniques for, 369-370
labs for, 370
treatments for, 370-371, 370t

AMI, 401-404
allergy- and medication-related 

impacts on, 401
assessments of, 402
CCs and, 401
complications of, 403
examinations for, 401-402
histories and, 401
imaging techniques for, 402
labs for, 402
treatments for, 402-403

AWS and DT, 385-388, 386b
allergy- and medication-related 

impacts on, 385
assessments of, 386
CAGE questionnaire and, 385-386, 

386b
CCs and, 385
complications of, 387-388
examinations for, 385-386, 386b
histories and, 385
imaging techniques for, 386
labs for, 386
treatments for, 386-387

CHF, 364-368, 367f
allergy- and medication-related 

impacts on, 364
assessments of, 365
CCs for, 364-368
classifi cation of, 366-367
complications of, 366
examinations for, 364-365
histories and, 364
imaging techniques for, 365
labs for, 365
treatments for, 365-366

Coumadin oral anticoagulant therapy, 
382-384, 384t

allergy- and medication-related 
impacts on, 382

assessments of, 382
CCs and, 382
complications of, 383, 384t
examinations for, 382
histories and, 382
imaging techniques for, 382
labs for, 382
thromboembolism risks and, 383, 

384t
treatments for, 382-383

Medical conditions—cont’d
DKA, 397-400

allergy- and medication-related 
impacts on, 397

assessments of, 398
CCs and, 397
complications of, 399
examinations for, 397
histories and, 397
imaging techniques for, 397-398
labs for, 398
treatments for, 398

DM, 392-396, 394t, 396f
allergy- and medication-related 

impacts on, 393
assessments of, 394
CCs and, 393
complications of, 394-395
examinations for, 393
histories and, 393
imaging techniques for, 393
labs for, 393
treatments for, 394, 394t, 396f

ESRD, 373-375, 374t
allergy- and medication-related 

impacts on, 373
assessments of, 374
CCs and, 373
complications of, 374-375, 374t
examinations for, 373
histories and, 373
imaging techniques for, 373
labs for, 373-374
treatments for, 374
uremic syndrome and, 374, 374t

HTN, 405-409, 406t
allergy- and medication-related 

impacts on, 405
assessments of, 406, 406t
blood pressure classifi cation (adult), 

406, 406t
CCs and, 405
complications of, 407
examinations for, 405-406
histories and, 405
imaging techniques for, 406
labs for, 406
treatments for, 406-407

liver disease, 376-378
allergy- and medication-related 

impacts on, 376
assessments of, 377
CCs and, 376
complications of, 377-378
examinations for, 376
histories and, 376
imaging techniques for, 377
labs for, 376-377
treatments for, 377

vWD, 379-381
allergy- and medication-related 

impacts on, 379
assessments of, 379
CCs and, 379
complications of, 380

Index-A04574.indd   435 6/27/2007   3:03:45 PM



436 Index

Medical conditions—cont’d
vWD—cont’d

examinations for, 379
histories and, 379
imaging techniques for, 379
labs for, 379
treatments for, 379-380

Medical Research Council trial. See MRC 
(Medical Research Council) trial.

Medication-related impacts. See Allergy- 
and medication-related impacts.

Medpor, 324
Medulloblastoma, 3b
Meningioma, 3b
Meperidine, 49-50, 53-54
Mepivacaine, 56t
Meresine, 37-38, 37t
Metabolic panels, 397
Metacarpals (short fourth), 3b
Metformin, 394
Methamphetamine, 407
Methemoglobinemia, 51
Methicillin-resistant Staphylococcus 

aureus. See MRSA (methicillin-
resistant Staphylococcus aureus).

Methoxymethyl methamphetamine, 407
Methylprednisolone, 389
Metoclopramide, 49-50
Metoprolol, 373
Metronidazole, 27-28, 69
MH (malignant hyperthermia), 58-59, 59b

anesthesia and, 58-59, 59b. See also 
Anesthesia.

allergy- and medication-related 
impacts on, 58

assessments of, 58
CCs and, 58
complications of, 58-59
examinations for, 58
histories and, 58
imaging techniques for, 58
labs for, 58
ORIF and, 58-59
treatments for, 58, 59b

HTN and, 407
laryngospasm and, 47
respiratory depression and, 51

MI (myocardial infarction). See AMI 
(acute myocardial infarction).

Microsomia (hemifacial). See HFM 
(hemifacial microsomia).

Midazolam, 51, 53-54, 91
Migril, 37-38, 37t
Mikulicz aphthae, 118, 118b. See also 

Aphthous ulcers.
Millard rotation-advancement technique, 

338
Mitomycin, 371
Mivacurium, 46-47
Mixed radiolucent-radiopaque lesions, 16-

19, 17f-18f, 18b. See also 
Ossifying fi bromas.

Modifi ed radical neck dissections, 2467
MONA (morphine, oxygen, nitroglycerin, 

and aspirin), 403

Monomorphic adenomas, 109b
Moraxella catarrhalis, 105, 270-274
Morbid obesity, 401, 405
Morphine, 49-50, 50, 53-54, 374. See also 

MONA (morphine, oxygen, 
nitroglycerin, and aspirin).

MPD (myofascial pain dysfunction) 
syndrome, 228-230

allergy- and medication-related impacts 
on, 228

assessments of, 228
CCs and, 228
complications of, 229
examinations for, 228
histories and, 228
imaging techniques for, 228
labs for, 228
treatments for, 228-229

MRC (Medical Research Council) trial, 
408-409

MRI (magnetic resonance imaging). See 
also Imaging techniques.

ACCs, 260
OKCs and, 3
pleomorphic adenomas and, 108-109
pregnant patients and, 48-49

MRSA (methicillin-resistant 
Staphylococcus aureus), 87-88

MS (multiple sclerosis), 331
Mu-receptors, 53-54
Mucoceles, 127-128, 128f

allergy- and medication-related impacts 
on, 127

assessments of, 127, 128f
biopsies for, 127
biopsies of, 127
CCs and, 127
complications of, 127-128
examinations for, 127
histories and, 127
imaging techniques for, 127
labs for, 127
treatments for, 127

Mucoepidermoid carcinomas. See MECa 
(mucoepidermoid carcinomas).

Müller’s maneuver, 358-359
Multilocular radiolucent lesions, 2-6. See 

also OKCs (odontogenic 
keratocysts).

Multiple sclerosis. See MS (multiple 
sclerosis).

Muscle relaxants, skeletal, 46
Muscular dystrophies, 47
Myalgia (postoperative), 47
Myasthenia gravis, 331
Mycobacterium avium complex infection, 

370-371
Mycobacterium tuberculosis, 126b
Myocardial infarction. See AMI (acute 

myocardial infarction).
Myocutaneous fl aps. See Pectoralis major 

myocutaneous fl aps.
Myofascial pain dysfunction. See MPD 

(myofascial pain dysfunction) 
syndrome.

Myoglobinuria, 59
Myopathies (undiagnosed), 47
Mytomycin, 371

N
Naloxone, 53-54
Narcan, 53-54
Nasal fractures, 161-164, 162f-163f

allergy- and medication-related impacts 
on, 161

assessments of, 162
CCs and, 161
complications of, 163
examinations for, 161
histories and, 161
imaging techniques for, 161-162, 162f
labs for, 162
treatments for, 162-163, 163f

Naso-orbital-ethmoid fractures. See NOE 
(naso-orbital-ethmoid) fractures.

Nasolabial repairs, 337-338, 337t
Nasotracheal tubes, 63
Nateglinide, 394
National Dental Association, 89
National Health Service. See NHS 

(National Health Service) 
guidelines.

National Institute of Clinical Excellence. 
See NICE (National Institute of 
Clinical Excellence) guidelines.

NBCCS (nevoid basal cell carcinoma 
syndrome), 2-6, 3b

Neck and head. See also under individual 
topics.

pathology, 107-142
syndromes, 335-362

Neck levels, 247b, 247f
Neck mass presentations, 129-132, 130f-

131f, 132b
allergy- and medication-related impacts 

on, 129
assessments of, 130, 131f
CCs and, 129
classifi cation of, 132b
complications of, 130-131
differential diagnoses of, 129-130
examinations for, 129
histories and, 129
imaging techniques for, 129, 130f
labs for, 129
treatments for, 130, 131f

Necrotizing fasciitis, 69
Needle cricothyroidotomy, 61-62
Negative pressure pulmonary edema, 47
Nelfi navir (Viracept), 370-371, 371t
Neoplastic neck lesions, 132b
Nephropathy, 394-395
Nerve injuries (lingual). See Lingual 

nerve injuries.
Neurapraxia, 100-101, 100t
Neuromuscular blocking agents 

(depolarizing), 46-47
Neuropraxia, 324-325
Neurorrhaphy, 99
Neurosensory performance levels, 100b
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Neurotmesis, 100-101, 100t
Nevirapine (Viramune), 370-371, 371t
Nevoid basal cell carcinoma syndrome. 

See NBCCS (nevoid basal cell 
carcinoma syndrome).

New York Heart Association. See NYHA 
(New York Heart Association).

NHS (National Health Service) 
guidelines, 90-91

NICE (National Institute of Clinical 
Excellence) guidelines, 90-91

Nifedipine, 407
Nitroglycerin, 401
Nitrous oxide, 50-51, 50-53
NMDA receptors, 386-388
NOE (naso-orbital-ethmoid) fractures, 

169-173, 170f-171f
allergy- and medication-related impacts 

on, 169
assessments of, 170-171
CCs and, 169
classifi cation of, 170-171
complications of, 172
examinations for, 169-170
histories, 169
imaging techniques for, 170, 170f
labs for, 170
treatments for, 171-172, 171f

Nonalcoholic steatohepatitis, 378
Nonsteroidal antiinfl ammatory drugs. See 

NSAIDs (nonsteroidal 
antiinfl ammatory drugs).

Nonsuppurative parotitis. See NSP 
(nonsuppurative parotitis).

Nonsyndromic craniosynostosis. See NSC 
(nonsyndromic craniosynostosis).

Nonucleoside reverse transcriptase 
inhibitors, 370-371, 371t

Normal lab test references (adults), 414-
415

Normeperidine, 50
Norvir, 370-371, 371t
Nose examinations, 307. See also 

Examinations.
NovoLog, 394, 394t
NPH (Humulin N/Novolin N), 394, 

394t
NSAIDs (nonsteroidal antiinfl ammatory 

drugs), 29, 49-50, 375, 389
NSC (nonsyndromic craniosynostosis), 

342-345, 344b, 345t
allergy- and medication-related impacts 

on, 342
assessments of, 343
CCs and, 342
complications of, 343, 344b
examinations for, 342
histories and, 342
imaging techniques for, 342-343
labs for, 343
treatments for, 343
types of, 345t

NSP (nonsuppurative parotitis), 126b
Nucleoside reverse transcriptase 

inhibitors, 370-371, 371t

NYHA (New York Heart Association), 
366

Nystagmus, 388

O
OA (osteoarthritis), 237
Obstructive sleep apnea syndrome. See 

OSAS (obstructive sleep apnea 
syndrome).

Octamide, 37-38, 37t
Octeride, 395
Ocular examinations, 317-318. See also 

Examinations.
Oculocardiac refl ex, 344-345, 344b
Odontectomy. See Third-molar 

odontectomy.
Odontogenic cysts, 4b, 18b
Odontogenic keratocysts. See OKCs 

(odontogenic keratocysts).
Odontogenic myxomas, 4b
Odontogenic tumors, 4b
Odontoma, 18b
OKCs (odontogenic keratocysts), 2-6, 3b-

4b, 3f
allergy- and medication-related impacts 

on, 2
assessments of, 5
biopsies of, 3, 5
CCs and, 2
complications of, 5
differential diagnoses for, 3, 3b-4b
examinations for, 2
histories and, 2
imaging techniques for, 2-3, 3f
labs for, 3
multilocular radiolucent lesions, 2-6
NBCCS and, 2-6, 3b
treatments for, 5

Olenius, 305
OMENS classifi cation, 354t
Ondansetron, 37-38, 37t
ONJ (osteonecrosis of the jaws). See 

BRONJ (bisphosphonate-related 
osteonecrosis of the jaws).

Onlay cortical blocks, 271-272
Open reduction with internal fi xation. See 

ORIF (open reduction with 
internal fi xation).

Open septorhinoplasty, 308-309. See also 
Rhinoplasty.

Open surgical techniques, 96-97
Open vs. closed techniques, 96-97, 

147t
Ophthalmoplegia, 388
Opiates, 50-53
Opioid antagonists, 53-54
Opioid side effects, 36-40, 37t, 39t

allergy- and medication-related impacts 
on, 36

antiemetic drugs and, 37t
assessments of, 36
CCs and, 36
complications of, 37-39, 37t, 39t
examinations for, 36
histories and, 36

Opioid side effects—cont’d
imaging techniques for, 36
labs for, 36
opioid receptors and, 39t
treatments for, 36-37

Oral and maxillofacial surgery (clinical 
review concepts). See also under 
individual topics.

anesthesia, 45-64
dentoalveolar surgery, 89-106
facial cosmetic surgery, 303-334
infections, 65-88
medical conditions, 335-362
oral cancer, 243-262
orthognathic surgery, 205-226
pathology (head and neck), 107-142
pharmacology and pharmacotherapy, 

21-44
radiology and radiograph interpretation, 

1-20
reconstructive surgery, 263-302
syndromes (head and neck), 

335-362
TMJ disorders, 227-242
trauma, 143-204

Oral anticoagulant therapy. See 
Coumadin (coumarin) oral 
anticoagulant therapy.

Oral cancer, 243-262
ACCs, 260-262, 261f

allergy- and medication-related 
impacts on, 260

assessments of, 261
CCs and, 260
complications of, 261-262
examinations for, 260
histories and, 260
imaging techniques for, 260
labs for, 260
treatments for, 261, 261f

ADCCs, 257-259, 258f
allergy- and medication-related 

impacts on, 257
assessments of, 258
biopsies of, 258, 258f
CCs and, 257
complications of, 258
examinations for, 257
histories and, 257
imaging techniques for, 257
labs for, 257-258
treatments for, 258

MECa, 254-256, 255f
allergy- and medication-related 

impacts on, 254
assessments of, 255
biopsies of, 254-255
CCs and, 254
complications of, 255
differential diagnoses for, 254
examinations for, 254, 255f
histories and, 254
imaging techniques for, 254
labs for, 254
treatments for, 255
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Oral cancer—cont’d
SCCa, 244b, 245-250, 246f-247f, 247b, 

249f
allergy- and medication-related 

impacts on, 245
assessments of, 246
CCs and, 245
complications of, 248
examinations for, 245-246, 

246f
histories and, 245
imaging techniques for, 246
labs for, 246
seven neck levels and, 247b, 

247f
survival rates for, 250t
treatments for, 246-248

TNM staging for, 243-244, 
243b-244b

VCs, 251-253
allergy- and medication-related 

impacts on, 251
assessments of, 252
biopsies of, 252
CCs and, 251
complications of, 252
differential diagnoses for, 252
examinations for, 251, 252f
histories and, 251
imaging techniques for, 251
labs for, 251-252
treatments for, 252

Oral contraceptives, 94-95
Oral leukoplakias, 133-135, 135f

allergy- and medication-related 
impacts on, 133

assessments of, 133, 134f
biopsies of, 133
CCs and, 133
complications of, 134
differential diagnoses of, 133
examinations for, 133
histories and, 133
imaging techniques for, 133
labs for, 133
treatments for, 134

Oral papillomas, 372
Orazepam (Serax), 387
Orbital fl oor fractures, 190-196, 

191f-193f
allergy- and medication-related impacts 

on, 190
assessments of, 191
CCs and, 190
complications of, 192-194
examinations for, 190-191, 191f
histories and, 190
imaging techniques for, 191, 191f
labs for, 191
treatments for, 191-192, 192f-193f

ORIF (open reduction with internal 
fi xation), 58-59

Oropharyngeal examinations. See 
Examinations.

Orotracheal tubes, 63

Orthognathic surgery, 205-226
distraction osteogenesis and 

mandibular advancement, 223-
226, 224f-225f

allergy- and medication-related 
impacts on, 223

assessments of, 224
CCs and, 223
complications of, 226
examinations for, 223
histories and, 223
imaging techniques for, 223-224, 

224f-225f
labs for, 224
treatments for, 224-225, 225f

mandibular, 206-210
allergy- and medication-related 

impacts on, 206
assessments of, 207
CCs and, 206
complications of, 208-209
examinations for, 206, 207f
histories and, 206
imaging techniques for, 206-207, 207f
labs for, 207
treatments for, 207-208, 208f

maxillary, 211-217
allergy- and medication-related 

impacts on, 211
assessments of, 213, 213b
CCs for, 211
cephalometric analyses of, 213b
complications of, 214, 216b
examinations for, 211-212, 212f
histories and, 211
imaging techniques for, 212, 212f, 

215f
labs for, 212-213
treatments for, 213-214

maxillomandibular, 200b, 218-222, 
219f, 221f-222f

allergy- and medication-related 
impacts on, 218

for apertognathia, 218-222
assessments of, 220, 220b
CCs and, 218
cephalometric analyses for, 220b
complications of, 221-222
examinations for, 218-219, 219f
histories and, 218
imaging techniques for, 219-220, 

219f, 221f-222f
labs for, 220
treatments for, 220-221, 221f-222f

OSAS (obstructive sleep apnea 
syndrome), 358-361, 359t

allergy- and medication-related impacts 
on, 358

assessments of, 359, 359t
CCs and, 358
classifi cation of, 359t
complications of, 360-361
examinations for, 358
histories and, 358
imaging techniques for, 359

OSAS (obstructive sleep apnea 
syndrome)—cont’d

labs for, 359
polysomnography and, 359
treatments for, 359-360

Ossifying fi bromas, 16-19, 17f-18f, 18b
allergy- and medication-related impacts 

on, 16
assessments of, 17-18
biopsies of, 17
CCs and, 16
complications of, 19
differential diagnoses for, 17, 17b
examinations for, 16
histories and, 16
imaging techniques for, 16-17, 17f
labs for, 17
mixed radiolucent-radiopaque lesions, 

16-19, 17f-18f, 18b
treatments for, 18-19, 18f

Osteitis, 18b, 94-95
alveolar, 94-95. See also Alveolar 

osteitis (dry socket).
deformans, 18b

Osteoarthritis. See OA (osteoarthritis).
Osteoblastoma, 18b
Osteofi bromas, 19
Osteogenesis (distraction). See Distraction 

osteogenesis and mandibular 
advancement.

Osteomyelitis, 85-88, 86f, 88f
allergy- and medication-related impacts 

on, 85
alveolar osteitis and, 95
assessments of, 86
CCs and, 85
complications of, 87-88
examinations for, 85
free fi bula fl aps and, 289
histories and, 85
imaging techniques for, 85-86, 86f, 88f
labs for, 86
treatments for, 86-87

Osteonecrosis of the jaws. See BRONJ 
(bisphosphonate-related 
osteonecrosis of the jaws).

Osteoradionecrosis (mandible), 136-141, 
137f, 139f

allergy- and medication-related impacts 
on, 136

alveolar osteitis and, 95
assessments of, 137
CCs and, 136
complications of, 138
examinations for, 136
histories and, 136
imaging techniques for, 136-137, 136f
labs for, 137
treatments for, 137-138

Overdentures, 289
Oversedation, 51-54, 52b, 52t
Oxycephaly, 345b
Oxycodone, 49-50
Oxygen saturation, 46
Oxymetazoline (Afrin), 105
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P
Paan use, 249
Paget’s disease, 18b, 264
Palmer-planter pits, 3b
Panfacial fractures, 197-203, 199f

allergy- and medication-related impacts 
on, 197

assessments of, 200
CCs and, 197
classifi cation of, 200
complications of, 202
examinations for, 197-198
histories and, 197
imaging techniques for, 198-200, 199f
labs for, 200
treatments for, 200-202

Panoramic radiographs. See also Imaging 
techniques.

AS and, 346-347
acute asthmatic attacks and, 390
acute suppurative parotitis and, 124-125
AdCC and, 257
alveolar osteitis and, 94
ameloblastomas and, 10-11
AMI and, 402
apertognathia and, 219-220
buccal space abscess and, 73
combined mandibular parasymphysis 

and angle fractures, 150-151
CS and, 351
displaced root fragments and, 103
distraction osteogenesis and, 223-224
DKA and, 397
DM and, 393
ESRD and, 373
free fi bula fl ap, 289-290, 290f
genioplasty and, 322
HFM and, 353-354, 354f
HTN and, 406
iliac crest bone grafts and, 295
impacted maxillary canines and, 96
lingual nerve injuries and, 99
liver disease and, 377
local anesthesia (inadequate) and, 55
for mandibular implants, 264, 265f
mandibular implants and, 264-265, 

265f
mandibular vestibuloplasty, 275, 275f
maxillary orthognathic surgery and, 

212-213, 212f
maxillary posterior fi xed partial 

dentures and, 267-268, 268f
OKCs and, 2-3
oral anticoagulation therapy and, 382
ossifying fi bromas, 16-17
osteoradionecrosis and, 136-137
periapical cysts and, 13
sialolithiasis and, 120-121
sinus lift, 270-271, 271f
surgical exposures and, 96
third molar odontectomy and, 90-91, 

91f
VC and, 251
vestibular space infections and, 76
vWD and, 379

Papillary cystadenomalymphadenosum, 
109b

Papillomas (oral), 372
Parasymphysis (mandibular)-angle 

fracture combinations, 150-154, 
151f-153f

Parathyroid hormone. See PTH 
(parathyroid hormone).

Parotitis (acute suppurative). See Acute 
suppurative parotitis.

Past dental and medical histories. See 
Histories (HPI, PMHx, PDMx, 
SH, and FH).

Pathogens, 26-28, 82-88, 85, 105, 118, 
126b, 132b, 270-274, 334, 370-371

Actinomycosis spp., 126b
alpha-hemolytic Streptococcus, 270
Bacteroides spp., 270-274
Bartonella henselae, 126b
Candida spp., 371
Clostridium botulinum, 334
Clostridium diffi cile, 26-28, 87-88
Eikenella corrodens, 82-83, 86-87
Escherichia coli, 371
Fusobacterium spp., 86-87
Haemophilus infl uenzae, 85-88, 105, 

270-274
Helicobacter pylori, 118
Klebsiella spp., 85
Moraxella catarrhalis, 105, 270-274
MRSA, 87-88
Mycobacterium tuberculosis, 126b
Pneumocystis jir-oveci, 370-371
Porphyromonas spp., 86-87
Prevotella spp., 86-87
Pseudomonas spp., 270
Salmonella spp., 85
Staphylococcus aureus, 87-88, 125, 

132b, 270-274
Staphylococcus proteus, 270-274
Staphylococcus spp., 86-87
Streptococcus pneumoniae, 85, 105, 

270
Streptococcus pyogenes, 270-274
VRE, 27-28

Pathology (head and neck), 107-142
acute herpetic gingivostomatitis, 114-

116, 115f
allergy- and medication-related 

impacts on, 114
assessments of, 114
CCs and, 114
complications of, 115
examinations for, 114
histories and, 114
imaging techniques for, 114
labs for, 114
treatments for, 114-115, 115f

acute suppurative parotitis, 124-126, 
125f, 126b

allergy- and medication-related 
impacts on, 124

assessments of, 125, 125f, 126b
CCs and, 124
classifi cations of, 126b

athology (head and neck)—cont’d
acute suppurative parotitis—cont’d

complications of, 125
examinations for, 124
histories and, 124
imaging techniques for, 124, 125f
labs for, 124-125
treatments for, 125

aphthous ulcers, 117-119, 118b, 118f
allergy- and medication-related 

impacts on, 117
assessments of, 117, 118b, 118f
CCs and, 117
classifi cation of, 118b
complications of, 118
examinations for, 117
histories and, 117
imaging techniques for, 117
labs for, 117
treatments for, 117-118

fi bromas, 112-113, 113b, 113f
allergy- and medication-related 

impacts on, 112
assessments of, 112, 113f
biopsies of, 112
complications of, 112-113
differential diagnoses of, 112, 113b
examinations for, 112
histories and, 112
imaging techniques for, 112
labs for, 112
treatments for, 112

mucoceles, 127-128, 128f
allergy- and medication-related 

impacts on, 127
assessments of, 127, 128f
biopsies of, 127
CCs and, 127
complications of, 127-128
examinations for, 127
histories and, 127
imaging techniques for, 127
labs for, 127
treatments for, 127

neck mass presentations, 129-132, 130f-
131f, 132b

allergy- and medication-related 
impacts on, 129

assessments of, 130, 131f
CCs and, 129
classifi cation of, 132b
complications of, 130-131
differential diagnoses of, 129-130
examinations for, 129
histories and, 129
imaging techniques for, 129, 130f
labs for, 129
treatments for, 130, 131f

oral leukoplakias, 133-135, 135f
allergy- and medication-related 

impacts on, 133
assessments of, 133, 134f
biopsies of, 133
CCs and, 133
complications of, 134
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athology (head and neck)—cont’d
oral leukoplakias—cont’d

differential diagnoses of, 133
examinations for, 133
histories and, 133
imaging techniques for, 133
labs for, 133
treatments for, 134

osteoradionecrosis, 136-141, 137f, 139f
allergy- and medication-related 

impacts on, 136
assessments of, 137
CCs and, 136
complications of, 138
examinations for, 136
histories and, 136
imaging techniques for, 136-137, 

136f
labs for, 137
treatments for, 137-138

pleomorphic adenomas, 108-111, 109b-
110b, 109f

allergy- and medication-related 
impacts on, 108

assessments of, 110-111
CCs and, 108
complications of, 110, 110b
differential diagnoses for, 110, 110b
examinations for, 108
histories and, 108
imaging techniques for, 108-109, 

109f
labs for, 110
treatments for, 110

sialolithiasis, 120-123, 121f-122f
allergy- and medication-related 

impacts on, 120
assessments of, 121
CCs and, 120
complications of, 122
examinations for, 120
histories and, 120
imaging techniques for, 120-121, 

121f
labs for, 121
treatments for, 121-122

Patient-controlled analgesia pumps, 49
PDMx. See Histories (HPI, PMHx, 

PDMx, SH, and FH).
PE (pulmonary embolism), 50
Pectoralis major myocutaneous fl aps, 

284-288, 285f-287f
allergy- and medication-related impacts 

on, 284
assessments of, 284-285
biopsies, 284
CCs and, 284
complications of, 285
examinations for, 284
histories and, 284
imaging techniques for, 284
labs for, 284
treatments for, 285, 285f-287f

Pectus carinatum vs. pectus excavatum, 
3b

Penicillins, 22-25, 49, 69, 82-83, 375, 407
allergy and anaphylaxis, 22-25, 24b

allergy- and medication-related 
impacts on, 22

assessments of, 22-23
CCs and, 22
complications of, 23-24, 24b
differential diagnoses for, 24b
examinations for, 22
histories and, 22
imaging techniques for, 22
labs for, 22-23
treatments for, 23

antibiotic actions of, 49, 69, 82-83, 375, 
407

Performance levels (neurosensory), 100b
Periadenitis mucosa necrotica recurrens, 

118b
Periapical region, 13-15, 14b, 14f, 18b, 

103
cemento-osseous dysplasias, 18b
cysts, 13-15, 14b, 14f

allergy- and medication-related 
impacts on, 13

assessments of, 14
biopsies of, 13
CCs and, 13
complications of, 14-15
differential diagnoses for, 13, 14b
examinations for, 13
histories and, 13
imaging techniques for, 13, 14f
labs for, 13
treatments for, 14

radiographs, 103
radiolucent lesions, 10-12, 11f
unilocular radiolucent lesions, 13-15, 

14b, 14f
Pericoronal region (multilocular 

radiolucent lesions), 2-6. See also 
OKCs (odontogenic keratocysts).

Pericoronitis, 95
Periodontitis, 372
PET (positron emission tomography), 

246, 254-257, 260. See also 
Imaging techniques.

ACCs, 260
AdCC and, 257
MECa and, 254
SCCa and, 246

Pfeiffer syndrome, 335t, 344-345, 348-
349

Pharmacology and pharmacotherapy, 21-
44

acute acetaminophen toxicity, 32-35, 
33f, 35f

allergy- and medication-related 
impacts on, 32

assessments of, 33
CCs and, 32
complications of, 33-34
examinations for, 32
histories and, 32
imaging techniques for, 32
labs for, 32-33

Pharmacology and pharmacotherapy—
cont’d

antibiotic-associated colitis, 26-28, 
28b

allergy- and medication-related 
impacts on, 26

assessments of, 27
CCs and, 26
complications of, 27-28
examinations for, 26
histories and, 26
imaging techniques for, 26
labs for, 26-27, 27b
risk factors for, 28b
treatments for, 27

BRONJ, 41-43, 42f
allergy- and medication-related 

impacts on, 41
assessments of, 41
CCs and, 41
complications of, 42
examinations for, 41
histories and, 41
imaging techniques for, 41
labs for, 41
treatments for, 41-42, 42f

drug names and classes. See Drug 
names and classes.

drug-seeking behaviors, 29-31
allergy- and medication-related 

impacts on, 29
assessments of, 29-30
CCs and, 29
complications of, 31
examinations for, 29
histories and, 29
imaging techniques for, 29
labs for, 29
treatments for, 30-31

opioid side effects, 36-40, 37t, 39t
allergy- and medication-related 

impacts on, 36
antiemetic drugs and, 37t
assessments of, 36
CCs and, 36
complications of, 37-39, 37t, 39t
examinations for, 36
histories and, 36
imaging techniques for, 36
labs for, 36
opioid receptors and, 39t
treatments for, 36-37

penicillin allergy and anaphylaxis, 22-
25, 24b

allergy- and medication-related 
impacts on, 22

assessments of, 22-23
CCs and, 22
complications of, 23-24, 24b
differential diagnoses for, 24b
examinations for, 22
histories and, 22
imaging techniques for, 22
labs for, 22-23
treatments for, 23
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Pharyngeal space infections. See Lateral 
pharyngeal and masticator space 
infections.

Phenergan, 37-38, 37t
Phenothiazines, 37-38, 37t
Phenylephrine, 23, 407
Photoimaging (preoperative and serial 

postoperative), 307-308, 312, 318-
319, 322-333, 328

blepharoplasty (upper and lower eyelid) 
and, 318-319

Botox injections and, 332-333
cervicofacial rhytidectomy and, 312
endoscopic brow-lifts and, 328
genioplasty and, 322
rhinoplasty and, 307-308

Physical examinations. See 
Examinations.

Pierre Robin sequence, 338-339
Piperacillin/tazobactam, 49, 69
Plain radiographs, 386
Platysmaplasty, 312-313
Pleomorphic adenomas, 108-111, 109b-

110b, 109f
allergy- and medication-related impacts 

on, 108
assessments of, 110-111
CCs and, 108
complications of, 110, 110b
differential diagnoses for, 110, 110b
examinations for, 108
histories and, 108
imaging techniques for, 108-109, 

109f
labs for, 110
treatments for, 110

PMHx. See Histories (HPI, PMHx, 
PDMx, SH, and FH).

PMNs (polymorphonuclear neutrophils), 
65

Pneumocystis jir-oveci, 370-371
Pneumocystis pneumonia, 371-372
Poland syndrome, 284
Polyamide mesh, 324
Polycystic kidney disease, 406
Polymorphonuclear neutrophils. See 

PMNs (polymorphonuclear 
neutrophils).

Polysomnography, 358-359
Porphyromonas spp., 86-87
Positive pressure ventilation. See PPV 

(positive pressure ventilation).
Positron emission tomography. See 

PET (positron emission 
tomography).

Posterior iliac bone graft harvesting 
technique, 296-298. See also Iliac 
crest bone grafts (mandibular 
reconstruction).

Posterior plagiocephaly, 345b
Posterolateral neck dissections, 248
Potassium-sparing diuretics, 366, 376
PPV (positive pressure ventilation), 52-53
Prednisone, 118
Pregnancy tests, 213

Pregnant patients (perioperative 
considerations), 48-50

allergy- and medication-related impacts 
on, 48

assessments of, 49
CCs and, 48
complications of, 50
examinations for, 48
histories and, 48
imaging techniques for, 48-49
labs for, 49
treatments for, 49-50

Prehypertension, 406-407, 406t
Present illness histories. See Histories 

(HPI, PMHx, PDMx, SH, and FH).
Prevotella spp., 86-87
Prinzmetal angina, 401
Progressive hydrocephalus, 335t
Prolapsed lacrimal glands, 320
Proliferative retinopathy, 400
Proplast, Proplast I, and Proplast II, 324
Propofol, 50-51, 53-54, 58
Propranolol, 376
Prospective Diabetes Study (U.K.), 408-

409
Prospective Randomized Study of 

Ventricular Failure and the 
effi cacy of Digoxin. See PROVED 
(Prospective Randomized Study of 
Ventricular Failure and the 
effi cacy of Digoxin).

Protamine zinc (Ultralente), 394, 394t
Protease inhibitors, 370-371, 371t
Prothrombin time, 382
PROVED (Prospective Randomized 

Study of Ventricular Failure and 
the effi cacy of Digoxin), 366

Pseudoephedrine, 105
Pseudomembranous candidiasis, 118
Pseudomonas spp., 270
Psoriasis, 117
Psychiatric evaluations, 322
PTFE/graphite and PTFE/alumina, 324
PTH (parathyroid hormone), 4b
Ptosis (eyelid), 319-320
Pulmonary edema, 47
Pulmonary embolism. See PE (pulmonary 

embolism).
Puritis, 390-391

Q
Quinine, 371

R
Radial forearm free fl aps. See RFFFs 

(radial forearm free fl aps).
RADIANCE (Randomized Assessment of 

Digoxin on Inhibitors of 
Angiotensin-Converting Enzyme) 
trials, 366

Radiation therapy, 248
Radical neck dissection, 246-247
Radiograph predictors, Rood’s, 91f
Radiographs (chest). See Chest 

radiographs.

Radiology and radiograph interpretation, 
1-20

ameloblastomas and, 10-12, 11f
allergy- and medication-related 

impacts on, 10
assessments of, 11
biopsies of, 11
CCs and, 10
complications of, 11-12
differential diagnoses of, 10-11
examinations for, 10
histories and, 10
imaging techniques for, 10, 11f
labs for, 10
radiolucent lesions, 10-12, 11f
treatments for, 11

DCs, 7-9, 8b, 8f-9f
allergy- and medication-related 

impacts on, 7
assessments for, 8
biopsies of, 8
CCs and, 7
complications of, 9
differential diagnoses for, 8, 8b, 9f
examinations for, 7
histories and, 7
imaging techniques for, 7, 8b
labs for, 7, 9f
treatments for, 9
unilocular lesions, 7-9, 8b, 8f-9f

OKCs, 2-6, 3b-4b, 3f
allergy- and medication-related 

impacts on, 2
assessments of, 5
biopsies of, 3, 5
CCs and, 2
complications of, 5
differential diagnoses for, 3, 3b-4b
examinations for, 2
histories and, 2
imaging techniques for, 2-3, 3f
labs for, 3
multilocular radiolucent lesions, 2-6
NBCCS and, 2-6, 3b
treatments for, 5

ossifying fi bromas, 16-19, 17f-18f, 18b
allergy- and medication-related 

impacts on, 16
assessments of, 17-18
biopsies of, 17
CCs and, 16
complications of, 19
differential diagnoses for, 17, 17b
examinations for, 16
histories and, 16
imaging techniques for, 16-17, 17f
labs for, 17
mixed radiolucent-radiopaque 

lesions, 16-19, 17f-18f, 18b
treatments for, 18-19, 18f

periapical cysts, 13-15, 14b, 14f
allergy- and medication-related 

impacts on, 13
assessments of, 14
biopsies of, 13
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Radiology and radiograph 
interpretation—cont’d

periapical cysts—cont’d
CCs and, 13
complications of, 14-15
differential diagnoses for, 13, 14b
examinations for, 13
histories and, 13
imaging techniques for, 13, 14f
labs for, 13
treatments for, 14
unilocular radiolucent lesions, 13-15, 

14b, 14f
Radiolucent lesions, 10-12, 11f. See also 

Ameloblastomas.
Radiotherapy, 138
Randall-Tennison technique, 338
Randomized Assessment of Digoxin on 

Inhibitors of Angiotensin-
Converting Enzyme. See 
RADIANCE (Randomized 
Assessment of Digoxin on 
Inhibitors of Angiotensin-
Converting Enzyme) trials.

RAP (Rigid Adjustable Pin) system, 216b
Rapacurium, 46-47
RDI (respiratory disturbance index), 358
Reconstructive surgery, 263-302

free fi bula fl aps, 289-294, 290f-292f, 292b
allergy- and medication-related 

impacts on, 289
assessments of, 289-290
CCs and, 289
complications of, 290, 292b
examinations for, 289
histories and, 289
imaging techniques for, 289-290, 290f
labs for, 290
treatments for, 290, 292f-293f

iliac crest bone grafts, 295-302, 296f-
299f, 301f

allergy- and medication-related 
impacts on, 295

assessments of, 295
CCs and, 295
complications of, 299-300, 301f
examinations for, 295
histories and, 295
imaging techniques for, 295, 301f
labs for, 295
treatments of, 295-299, 296f-299f

mandibular implants, 264-266, 265b, 
265f-266f

allergy- and medication-related 
impacts on, 264

assessments for, 264, 265b
bone classifi cation and, 265b
CCs and, 264
complications of, 265-266
examinations for, 264
histories and, 264
imaging techniques for, 264, 265b, 

265f
labs for, 264
treatments for, 265, 266f

Reconstructive surgery—cont’d
mandibular vestibuloplasty, 275-277, 

276f-277f
allergy- and medication-related 

impacts on, 275
assessments of, 275
CCs and, 275
complications of, 276-277
examinations for, 275
histories and, 275
imaging techniques for, 275
labs for, 275
treatments for, 275-276, 276f-277f

maxillary posterior fi xed partial 
dentures, 267-269, 268f

allergy- and medication-related 
impacts on, 267

assessments of, 268
CCs and, 267
complications of, 268-269
examinations for, 267
histories and, 267
imaging techniques for, 267-268, 268f
labs for, 268
treatments for, 268, 268f

pectoralis major myocutaneous fl aps, 
284-288, 285f-287f

allergy- and medication-related 
impacts on, 284

assessments of, 284-285
biopsies, 284
CCs and, 284
complications of, 285
examinations for, 284
histories and, 284
imaging techniques for, 284
labs for, 284
treatments for, 285, 285f-287f

RFFFs, 278-283, 279f-281f
allergy- and medication-related 

impacts on, 278
assessments of, 278
CCs and, 278
complications of, 281
examinations for, 278
histories and, 278
imaging techniques for, 278
labs for, 278
treatments for, 279-281, 279f-281f

sinus lifts, 270-274, 271f-273f
allergy- and medication-related 

impacts on, 270
assessments of, 271
CCs and, 270
complications of, 273-274
examinations for, 270
histories and, 270
imaging techniques for, 270-271, 

271f
labs for, 271
treatments for, 271-273, 272f-273f

Regional blocks, 56-57
Reglan, 37-38, 37t
Regular insulin (Humulin R/Novolin R), 

394, 394t

Related medical conditions. See Medical 
conditions.

Remifentanil, 53-54
Renal disease (end-stage). See ESRD 

(end-stage renal disease).
Renal osteodystrophy, 373
Repaglinide, 394
Replacement polymer, 324
Rescriptor, 370-371, 371t
Research studies. See Clinical trials.
Respiratory depression (secondary to 

oversedation), 51-54, 52b, 52t. See 
also Anesthesia.

ABCs and, 52b
allergy- and medication-related impacts 

on, 52b
assessments o, 52b
assessments of, 52b
blepharoplasty and, 51-54
CC and, 51
complications of, 53
examinations for, 51
histories and, 51, 52t
imaging techniques for, 51
risk classifi cation of, 51, 52t
treatments for, 52-53

Respiratory disturbance index. See RDI 
(respiratory disturbance index).

Restylane, 304-305
Retinoic acid exposure, 356
Retinopathy, 394-395
Retrobulbar hematomas, 319-320
Retrovir (AZT), 370-371, 371t
RFFFs (radial forearm free fl aps), 278-

283, 279f-281f
allergy- and medication-related impacts 

on, 278
assessments of, 278
CCs and, 278
complications of, 281
examinations for, 278
histories and, 278
imaging techniques for, 278
labs for, 278
treatments for, 279-281, 279f-281f

Rhabdomyolysis, 59
Rhinoplasty, 307-310, 308f-310f

allergy- and medication-related impacts 
on, 307

assessments of, 307-308
CCs and, 307
CL and CLP, 337-338, 337t
examinations for, 307
histories and, 307
imaging techniques for, 307-308
labs for, 308
treatments for, 308-309, 308f-310f

Rhytidectomy (cervicofacial). See 
Cervicofacial rhytidectomy 
(facelifts).

Rigid Adjustable Pin system. See RAP 
(Rigid Adjustable Pin) system.

Risk factors, 28b, 51, 52t, 95b, 364, 383, 
384t, 387

for alveolar osteitis, 95b
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Risk factors—cont’d
for antibiotic-associated colitis, 28b
for AWS and DT, 387
for CHF, 364
for Coumadin oral anticoagulant 

therapy, 383, 384t
for lateral pharyngeal and masticator 

space infections, 81b
for respiratory depression (secondary 

to oversedation), 51, 52t
Ritonavir (Norvir), 370-371, 371t
Rocuronium, 46-47
Romazicon, 52-53. See also 

Flumazenil.
Rood’s radiograph predictors, 91f
Root fragments (displaced). See 

Displaced root fragments.

S
S-lifts, 312-313
Saethre-Chotzen syndrome, 344-345, 348-

349
Salivary fi stulas, 292-293, 292b
Salmonella spp., 85
Same Lingual, Opposite Buccal rule. See 

SLOB (Same Lingual, Opposite 
Buccal) rule.

Saqunavir, 370-371, 371t
Sarcoidosis, 366
Scaphocephaly, 345
SCCa (squamous cell carcinomas), 

244b, 245-250, 246f-247f, 247b, 
249f

allergy- and medication-related impacts 
on, 245

assessments of, 246
CCs and, 245
complications of, 248
examinations for, 245-246, 246f
histories and, 245
imaging techniques for, 246
labs for, 246
seven neck levels and, 247b, 247f
survival rates for, 250t
TNM staging for, 244b, 250t
treatments for, 246-248

Scopace, 37-38, 37t
Scopolamine, 37-38, 37t
Secondary hyperparathyroidism, 

373
Sedation anesthesia. See Anesthesia.
Sedative-hypnotics, 31
Seizure disorders, 350
Selective neck dissections, 247-248
Sensory nerve injuries, 92
Sepsis, 49-50, 371
Serax, 387
Seven neck levels, 247b, 247f
Sevofl urane, 58
SH (social history). See Histories (HPI, 

PMHx, PDMx, SH, and FH).
Shift shots, 96
Short-burst prednisone, 118
Short fourth metacarpals, 3b
Sialodochoplasty, 112-113

Sialolithiasis, 120-123, 121f-122f
allergy- and medication-related impacts 

on, 120
assessments of, 121
CCs and, 120
complications of, 122
examinations for, 120
histories and, 120
imaging techniques for, 120-121, 

121f
labs for, 121
treatments for, 121-122, 122f

SIDS (sudden infant death syndrome), 
342

Silastic, 324
Sinus, 165-168, 166f-167f, 270-274, 271f-

273f
fractures (frontal), 165-168, 

166f-167f
lifts (implants), 270-274, 271f-273f

allergy- and medication-related 
impacts on, 270

assessments of, 271
CCs and, 270
complications of, 273-274
examinations for, 270
histories and, 270
imaging techniques for, 270-271, 

271f
labs for, 271
treatments for, 271-273, 272f-273f

Skeletal examinations. See Examinations.
Skeletal muscle relaxants, 46
Sleep apnea syndrome (obstructive). See 

OSAS (obstructive sleep apnea 
syndrome).

SLOB (Same Lingual, Opposite Buccal) 
rule, 96

SMAS (superfi cial musculoaponeurotic 
system), 305, 312-313

Smoking (cigarette). See Cigarette 
smoking and tobacco use.

Social histories. See Histories (HPI, 
PMHx, PDMx, SH, and FH).

Sodium channel blockers, 56-57
Soft tissue examinations. See 

Examinations.
Soft tissue responses, 324t
Solid medical-grade silicone rubber, 

324
Spina bifi da occulta, 3b
Spironolactone, 366, 376
Squamous cell carcinomas. See SCCa 

(squamous cell carcinomas).
Stable angina, 401
Staphylococcus spp., 87-88, 125, 132b, 

270-274
MRSA (methicillin-resistant 

Staphylococcus aureus), 87-88
Staphylococcus aureus, 87-88, 125, 

132b, 270-274
Staphylococcus proteus, 270-274

STAT laboratory studies, 61
Stereolithic models, 353-354, 354f
Steroids, 37-38, 37t, 50

Stevens-Johnson syndrome, 24
Stimulants, 31
STOP Hypertension Trial, 408-409
Strabismus, 3b
Streptococcus spp., 85, 105, 270-274

alpha-hemolytic Streptococcus, 270
Streptococcus pneumoniae, 85, 105, 

270
Streptococcus pyogenes, 270-274

Studies. See Clinical trials.
Subacute gastrointestinal peritonitis, 

378
Subcondyle mandibular fractures, 145-

149, 146f, 147t
allergy- and medication-related impacts 

on, 145
assessments of, 146
CCs and, 145
complications of, 146-147
examinations for, 145
histories and, 145
imaging techniques for, 145, 146f
labs for, 145-146
open vs. closed treatments, 147t
treatments for, 146, 147t

Substance abuse, 366
Succinylcholine, 46-47, 58-59
Sudden infant death syndrome. See SIDS 

(sudden infant death syndrome).
Sufentanil, 53-54
Sulfamethoxazole/trimethoprim, 375
Sulfonylureas, 394
Sumner osteotome technique, 271-272
Sunderland fi fth-degree injury, 10t, 99-

100
Superfi cial musculoaponeurotic system. 

See SMAS (superfi cial 
musculoaponeurotic system).

Superfi cial place facelifts, 312-313
Suppurative parotitis (acute). See Acute 

suppurative parotitis.
Supramid, 324
Supramohyoid neck dissections, 

247-248
Surgery-related concepts (oral and 

maxillofacial). See also under 
individual topics.

anesthesia, 45-64
dentoalveolar surgery, 89-106
facial cosmetic surgery, 303-334
infections, 65-88
medical conditions, 335-362
oral cancer, 243-262
orthognathic surgery, 205-226
pathology (head and neck), 107-142
pharmacology and pharmacotherapy, 

21-44
radiology and radiograph interpretation, 

1-20
reconstructive surgery, 263-302
syndromes (head and neck), 335-362
TMJ disorders, 227-242
trauma, 143-204

Sustiva, 370-371, 371t
Sutton disease, 118b
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Syndromes (head and neck), 335-362
AS, 335t, 346-349, 347f

allergy- and medication-related 
impacts on, 346

assessments of, 347
CCs and, 346
complications of, 348
examinations for, 346, 347f
histories and, 346
imaging techniques for, 346-347
labs for, 347
treatments for, 347-348

characteristics of, 335t
CL and CLP, 336-341, 337t, 339f

allergy- and medication-related 
impacts on, 336

assessments of, 336-337
CCs and, 336
complications of, 339-340
examinations for, 334-336
histories and, 336
imaging techniques for, 336
labs for, 336
management sequence for, 337t
treatments for, 337-339, 337t, 339f

CS, 335t, 350-352, 351b
allergy- and medication-related 

impacts on, 350
assessments of, 351, 351b
CCs for, 350
complications of, 351
examinations for, 350
histories and, 350
imaging techniques for, 351
labs for, 351
stages of, 351b
treatments for, 351

HFM, 353-357, 354f-355f, 354t, 357t
allergy- and medication-related 

impacts on, 353
anomaly ranges of, 357t
assessments of, 354, 354t, 355f
CCs and, 353
complications of, 356
examinations for, 353
histories and, 353
imaging techniques for, 353-354, 354f
labs for, 354
OMENS classifi cation of, 354t
treatments for, 354-356, 356t

NSC, 342-345, 344b, 345t
allergy- and medication-related 

impacts on, 342
assessments of, 343
CCs and, 342
complications of, 343, 344b
examinations for, 342
histories and, 342
imaging techniques for, 342-343
labs for, 343
treatments for, 343
types of, 345t

OSAS, 358-361, 359t
allergy- and medication-related 

impacts on, 358

Syndromes (head and neck)—cont’d
OSAS—cont’d

assessments of, 359, 359t
CCs and, 358
classifi cation of, 359t
complications of, 360-361
examinations for, 358
histories and, 358
imaging techniques for, 359
labs for, 359
polysomnography and, 359
treatments for, 359-360

Pfeiffer syndrome, 335t
Systemic corticosteroids, 389

T
T-lymphocyte defi ciency, 371
Tacrolimus/FK-506, 371
Temporomandibular joint disorders. See 

TMJ (temporomandibular joint) 
disorders.

Temporomandibular joint dysfunction. 
See TMD (temporomandibular 
joint dysfunction).

Tests, laboratory. See Labs.
Thalidomide, 118
Thalidomide exposure, 356
Thiamin, 377
Thiazide diuretics, 311, 364, 408-409
Third-molar odontectomy, 90-93, 91b, 

91f
allergy- and medication-related impacts 

on, 90
assessments of, 90
CCs and, 90
complications of, 91-92
examinations for, 90
histories, 90
imaging techniques for, 90, 91b, 91f
labs for, 90
Rood’s radiograph predictors and, 91f
treatments for, 90-91

Thorazine, 37-38, 37t
Thrombin sealants, 379
Thromboembolism risks, 383, 384t
Thrombotic thrombocytopenic purpura, 

371
Thyroglossal duct cysts, 132b
Ticarcillin clavulanate, 69
Ticlopidine, 371
TMD (temporomandibular joint 

dysfunction), 206-210, 227-242
TMJ (temporomandibular joint) disorders, 

227-242
ankylosis, 239-242, 240f

allergy- and medication-related 
impacts on, 239

CCs and, 239
complications of, 241
examinations for, 239
histories and, 239
imaging techniques for, 239, 240f
labs for, 239-240
treatments for, 240-241, 240f

apertognathia and, 218-222

TMJ (temporomandibular joint) 
disorders—cont’d

DJD, 235-238, 236f
allergy- and medication-related 

impacts on, 235
assessments of, 237
CCs and, 235
complications of, 237
examinations for, 235
histories and, 235
imaging techniques for, 235-236, 

236f
labs for, 236
OA and, 237
treatments for, 237

internal TMJ derangement, 231-234, 
232f

allergy- and medication-related 
impacts on, 231

assessments of, 231-232, 232f
CCs and, 231
complications of, 233
examinations for, 231
histories and, 231
imaging techniques for, 231
labs for, 231
treatments for, 232-233

MPD syndrome, 228-230
allergy- and medication-related 

impacts on, 228
assessments of, 228
CCs and, 228
complications of, 229
examinations for, 228
histories and, 228
imaging techniques for, 228
labs for, 228
treatments for, 228-229

orthognathic surgery and, 206-217
mandibular, 206-210
maxillary, 206-217

third molar odontectomy and, 90
TMD, 206-210, 227-242

TNM (tumor-node-metastasis) staging, 
243-244, 243b-244b

Tobacco use and cigarette smoking, 95, 
136, 245, 270, 278, 307, 341, 364, 
382, 389, 401, 405

acute asthmatic attacks and, 389
alveolar osteitis and, 95
AMI and, 401
CHF and, 364
CL and CLP and, 341
HTN and, 405
oral anticoagulation therapy and, 382
osteoradionecrosis and, 136
RFFF and, 278
rhinoplasty and, 307
SCCa and, 245
sinus lifts (implants) and, 270

TOMHS (Treatment of Mild 
Hypertension Study), 408-409

Tomography. See CT (computed 
tomography) scans.

Tonsillectomy, 47
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Toradol, 50
Toxicity (acetaminophen). See Acute 

acetaminophen toxicity.
Toxoplasmosis infections, 370-371
Tracheostomy, 61
Tracheotomy, 61, 82-83, 82t
Tranexamic acid (Amicar), 380-381
Transderm Scop, 37-38, 37t
Transfi xion incisions, 308-309
Transient tachycardia, 55
Transthoracic echocardiography, 365
Trauma, 143-204

bone cysts (traumatic), 4b
combined mandibular parasymphysis 

and angle fractures, 150-154, 151f-
153f

allergy- and medication-related 
impacts on, 150

assessments of, 151-152
CCs and, 150
complications of, 152-153
examinations for, 150
histories and, 150
imaging techniques for, 150-151, 

151f, 153f
labs for, 151
treatments for, 152, 153f

FISS and, 143-144, 144b
frontal sinus fractures, 165-168, 166f-

167f
allergy- and medication-related 

impacts on, 165
assessments of, 166-167
CCs and, 165
complications of, 166-167
examinations of, 165
histories and, 165
imaging techniques for, 165-166, 166f
labs for, 166
treatments for, 166, 167f

GCS and, 143-144, 144b
Le Fort I fractures, 174-178, 175f

allergy- and medication-related 
impacts on, 174

assessments of, 175, 175f
CCs and, 174
complications of, 176-177
examinations for, 174
histories and, 174
imaging techniques for, 174, 175f
labs for, 174-175
treatments for, 175-176

Le Fort II fractures, 179-184, 180f, 
182f

allergy- and medication-related 
impacts on, 179

assessments of, 180-181
CCs and, 179
complications of, 181-183
examinations for, 179, 180f
histories and, 179
imaging techniques for, 179-180, 

180f, 182f
labs for, 180
treatments of, 181, 181f

Trauma—cont’d
Le Fort III fractures, 185-189, 187f-188f

allergy- and medication-related 
impacts on, 185

assessments of, 186
CCs and, 185
complications of, 188, 188f
examinations for, 185-186
fracture levels and, 188, 188f
imaging techniques for, 186
labs for, 186
treatments for, 187-188, 187f

nasal fractures, 161-164, 162f-163f
allergy- and medication-related 

impacts on, 161
assessments of, 162
CCs and, 161
complications of, 163
examinations for, 161
histories and, 161
imaging techniques for, 161-162, 162f
labs for, 162
treatments for, 162-163, 163f

NOE fractures, 169-173, 170f-171f
allergy- and medication-related 

impacts on, 169
assessments of, 170-171
CCs and, 169
classifi cation of, 170-171
complications of, 172
examinations for, 169-170
histories, 169
imaging techniques for, 170, 170f
labs for, 170
treatments for, 171-172, 171f

orbital fl oor fractures, 190-196, 191f-
193f

allergy- and medication-related 
impacts on, 190

assessments of, 191
CCs and, 190
complications of, 192-194
examinations for, 190-191, 191f
histories and, 190
imaging techniques for, 191, 191f
labs for, 191
treatments for, 191-192, 192f-193f

panfacial fractures, 197-203, 199f
allergy- and medication-related 

impacts on, 197
assessments of, 200
CCs and, 197
classifi cation of, 200
complications of, 202
examinations for, 197-198
histories and, 197
imaging techniques for, 198-200, 

199f
labs for, 200
treatments for, 200-202

subcondyle mandibular fractures, 145-
149, 146f, 147t

allergy- and medication-related 
impacts on, 145

assessments of, 146

Trauma—cont’d
subcondyle mandibular fractures—cont’d

CCs and, 145
complications of, 146-147
examinations for, 145
histories and, 145
imaging techniques for, 145, 146f
labs for, 145-146
open vs. closed treatments, 147t
treatments for, 146, 147t

ZMC fractures, 155-157, 156f
allergy- and medication-related 

impacts on, 155
assessments of, 155
CCs and, 155
complications of, 156-157
examinations for, 155
histories and, 155
imaging techniques for, 155, 156f
labs for, 155
treatments for, 156

zygomatic arch fractures, 158-160, 159f
allergy- and medication-related 

impacts on, 158
assessments of, 159
CCs and, 158
complications of, 160
examinations for, 158
histories and, 158
imaging techniques for, 158-159, 159f
labs for, 159
treatments for, 159-160

Treacher Collins syndrome, 338-339
Treatment of Mild Hypertension Study. 

See TOMHS (Treatment of Mild 
Hypertension Study).

Treatments. See also under individual 
topics.

for anesthesia, 46-47, 49-50, 52-53, 55, 
58, 59b, 61-62

emergent surgical airways and, 61-62
laryngospasm and, 46-47
local (inadequate), 55
MH and, 58, 59b
pregnant patients and, 49-50
respiratory depression, 52-53

for dentoalveolar surgery, 90-104, 101f
alveolar osteitis, 94-95
displaced root fragments, 103-104
impacted maxillary canines, 96-97
lingual nerve injuries, 99-100, 101f
third-molar odontectomy, 90-91

for facial cosmetic surgery, 304-305, 
305f, 308-309, 308f-310f, 312-313, 
312f-313f, 318-319, 318f-319f, 323-
324, 323f, 324t, 325f-326f, 332-333

blepharoplasty, 318-319, 318f-319f
Botox injections, 332-333
cervicofacial rhytidectomy, 312-313, 

312f-313f
endoscopic brow-lifts, 328-329, 329f
genioplasty, 323-324, 323f, 324t, 

325f-326f
lip augmentation, 304-305, 305f
rhinoplasty, 308-309, 308f-310f
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Treatments—cont’d
for infections, 74, 76-77, 77f, 81-83, 

82f, 82t, 86-87
buccal space abscess, 74
lateral pharyngeal and masticator 

space, 81-83, 82f, 82t
Ludwig’s angina and, 67-69
osteomyelitis and, 86-87
vestibular space, 76-77, 77f

for medical conditions, 365-366, 370-
371, 370t, 377, 379-380, 382-383, 
386-387, 390, 394, 394t, 396f, 398, 
406-407

acute asthmatic attacks, 390
AIDS, 370-371, 370t
AMI, 402-403
AWS and DT, 386-387
CHF, 365-366
Coumadin oral anticoagulant 

therapy, 382-383
DKA, 398
DM, 394, 394t, 396f
ESRD, 374
HTN, 406-407
liver disease, 377
vWD, 379-380

for oral cancer, 246-248, 252, 255, 258, 
261, 261f

ACCs, 261, 261f
ADCCs, 258
MECa, 255
SCCa, 246-248
VCs, 252

for orthognathic surgery, 207-208, 
208f, 213-214, 220-221, 221f-222f, 
224-225, 225f

distraction osteogenesis and 
mandibular advancement, 224-
225, 225f

mandibular, 207-208, 208f
maxillary, 213-214
maxillomandibular, 220-221, 221f-

222f
for pathology (head and neck), 110, 112, 

114-115, 115f, 117-118, 121-122, 
125, 127, 130, 131f, 134, 137-138

acute herpetic gingivostomatitis, 114-
115, 115f

acute suppurative parotitis, 125
aphthous ulcers, 117-118
fi bromas, 112
mucoceles, 127
neck mass presentations, 130, 131f
oral leukoplakias, 134
osteoradionecrosis, 137-138
pleomorphic adenomas, 110
sialolithiasis, 121-122

for pharmacology and 
pharmacotherapy, 23, 27, 30-31, 
36-37, 41-42, 42f

antibiotic-associated colitis, 27
BRONJ, 41-42, 42f
drug-seeking behaviors, 30-31
opioid side effects, 36-37
penicillin allergy and anaphylaxis, 23

Treatments—cont’d
for radiology and radiograph 

interpretation, 5, 9, 11, 14, 18-19, 
18f

ameloblastomas, 11
DCs, 9
OKCs, 5
ossifying fi bromas, 18-19, 18f
periapical cysts, 14

for reconstructive surgery, 265, 266f, 
268, 268f, 271-273, 272f-273f, 
275-276, 276f-277f, 279-281, 279f-
281f, 285, 285f-287f, 290, 292f-
293f, 295-299, 296f-299f

free fi bula fl aps, 290, 292f-293f
iliac crest bone grafts, 295-299, 

296f-299f
mandibular implants, 265, 266f
mandibular vestibuloplasty, 275-276, 

276f-277f
maxillary posterior fi xed partial 

dentures, 268, 268f
pectoralis major myocutaneous fl aps, 

285, 285f-287f
RFFFs, 279-281, 279f-281f
sinus lifts, 271-273, 272f-273f

for syndromes (head and neck), 337-
339, 337t, 339f, 343, 347-348, 351, 
354-356, 356t, 359-360

AS, 347-348
CL and CLP, 337-339, 337t, 339f
CS, 351
HFM, 354-356, 356t
NSC, 343
OSAS, 359-360

for TMJ disorders, 228-229, 232-233, 
237, 240-241, 240f

ankylosis, 240-241, 240f
DJD, 237
internal TMJ derangement, 232-233
MPD syndrome, 228-229

for trauma, 146, 147t, 152, 153f, 156, 
159-160, 162-163, 163f, 171-172, 
171f, 175-176, 181, 181f, 187-188, 
187f, 191-192, 192f-193f, 
200-202

combined mandibular parasymphysis 
and angle fractures, 152, 153f

Le Fort I fractures, 175-176
Le Fort II fractures, 181, 181f
Le Fort III fractures, 187-188, 187f
nasal fractures, 162-163, 163f
NOE fractures, 171-172, 171f
orbital fl oor fractures, 191-192, 192f-

193f
panfacial fractures, 200-202
subcondyle mandibular fractures, 

146, 147t
ZMC fractures, 156
zygomatic arch fractures, 159-160

Trials (clinical). See Clinical trials.
Triamcinolone, 118
Trigonocephaly, 345b
Trimethoprim/sulfamethoxazole, 370-371
Trismus, 2, 60

Tumor-node-metastasis staging. See TNM 
(tumor-node-metastasis) staging.

TWEAK questionnaire, 385
Tzanck smears, 114

U
U-shaped incisions, 323-324
U.K. Prospective Diabetes Study, 408-

409
Ulcerative colitis, 117
Ultralente, 394, 394t
Unasyn, 69, 82-83
Unilocular lesions, 7-9, 8b, 8f-9f, 13-15, 

14b, 14f
Unroofi ng, 87
Unstable angina, 401
Upper and lower eyelid blepharoplasty, 

317-321. See also Blepharoplasty.
Upper respiratory infections. See URIs 

(upper respiratory infections).
UPTs (urine pregnancy tests), 52, 213
Uremic syndrome, 374-375, 374t
Urinalysis, 373-397
URIs (upper respiratory infections), 46-

47
Uvulopalatopharyngoplasty, 361

V
Valium, 53-54, 387
Vancomycin-resistant enterococci. See 

VRE (vancomycin-resistant 
enterococci).

Vasoconstrictors, 407
Vasodilator agents, 365
VCs (verrucous carcinomas), 251-253

allergy- and medication-related impacts 
on, 251

assessments of, 252
biopsies of, 252
CCs and, 251
complications of, 252
differential diagnoses for, 252
examinations for, 251, 252f
histories and, 251
imaging techniques for, 251
labs for, 251-252
treatments for, 252

Velopharyngeal insuffi ciency, 337-338, 
337t

Venous air embolisms, 344-345, 344b
Ventilation (bag-valve-mask), 47
Ventriculomegaly, 335t
Verrucous carcinomas. See VCs 

(verrucous carcinomas).
Vertical ramus osteotomy, 209-210
Vertical vs. horizontal transmission, 371-

372
Vestibular space infections, 76-78, 77f

allergy- and medication-related impacts 
on, 76

assessments of, 76
CCs and, 76
complications of, 77
examinations for, 76
histories and, 76
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Vestibular space infections—cont’d
imaging techniques for, 76
labs for, 76
treatments for, 76-77, 77f

Vestibuloplasty (mandibular), 275-277, 
276f-277f

allergy- and medication-related impacts 
on, 275

assessments of, 275
CCs and, 275
complications of, 276-277
examinations for, 275
histories and, 275
imaging techniques for, 275
labs for, 275
treatments for, 275-276, 276f-277f

Videx (DDI), 370-371, 371t
Vincristine, 371
Viracept, 370-371, 371t
Viramune, 370-371, 371t
Virchow’s law, 344-345
Vital signs. See Examinations.
Vitek, 324
Vocal cord paralysis, 62
Volatile anesthetic agents, 59
Vomer fl aps, 338-339
von Willebrand disease. See vWD (von 

Willebrand disease).
VRE (vancomycin-resistant enterococci), 

27-28
vWD (von Willebrand disease), 379-381

allergy- and medication-related impacts 
on, 379

assessments of, 379
CCs and, 379
complications of, 380
examinations for, 379
histories and, 379

vWD (von Willebrand disease)—cont’d
imaging techniques for, 379
labs for, 379
treatments for, 379-380

W
Wallerian degeneration, 99-101
Wardill-Kilmer-Veau technique, 

338-339
Warfarin (Coumadin), 382-384. See also 

Coumadin (coumarin) oral 
anticoagulant therapy.

Warthin’s tumor, 109b
WBCs (white blood cell counts), 49, 55, 

61, 67, 73, 108-109, 150-151
buccal space abscess and, 73
combined mandibular parasymphysis 

and angle fractures, 150-151
emergent surgical airways and, 61
local anesthesia (inadequate) and, 

55
Ludwig’s angina and, 67
pleomorphic adenomas and, 108-109
pregnant patients and, 49

Wegener granulomatosis, 307
Wernicke encephalopathy, 377
Wernicke-Korsakoff syndrome, 388
White blood cell counts. See WBCs 

(white blood cell counts).
WHO (World Health Organization), 24-

25, 30-31
Witch’s chin deformity, 325-326
Workhorse fl ap. See Pectoralis major 

myocutaneous fl aps.
World Health Organization. See WHO 

(World Health Organization).
Worm’s eye views, 307-308
Wound dehiscence, 319-320

X
Xenogenic bone graft materials, 271-273, 

272f
Xerostomia, 37-38, 37t

Z
Z-plasty technique, 338-339
Zerit (D4T), 370-371, 371t
Ziagen (ABC), 370-371, 371t
ZMC (zygomaticomaxillary complex) 

fractures, 155-157, 156f
allergy- and medication-related impacts 

on, 155
assessments of, 155
CCs and, 155
complications of, 156-157
examinations for, 155
histories and, 155
imaging techniques for, 155, 156f
labs for, 155
treatments for, 156

Zofran, 37-38, 37t
Zotran, 37-38, 37t
Zygomatic arch fractures, 158-160, 159f

allergy- and medication-related impacts 
on, 158

assessments of, 159
CCs and, 158
complications of, 160
examinations for, 158
histories and, 158
imaging techniques for, 158-159, 159f
labs for, 159
treatments for, 159-160

Zygomaticomaxillary complex fractures. 
See ZMC (zygomaticomaxillary 
complex) fractures.

Zygomaticus implants, 271-272
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