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Foreword

2016 marked the introduction of the first edition of this 
comprehensive atlas of Oral and Maxillofacial Surgery and 
it quickly became the authoritative atlas for this discipline. 
Six years later (2022), the second edition of this treatise goes 
to press. Like all other surgical specialties, oral and maxil-
lofacial surgery continues to rapidly evolve, and the new edi-
tion reflects the changing nature of surgery, the technological 
advances and the therapeutic modalities that have developed 
over this short timeframe. Why this atlas is titled Oral and 
Maxillofacial Surgery and not Craniomaxillofacial Surgery is 
bewildering. The title does not reflect the encompassing scope 
of surgery included in this book. This authoritative atlas will 
have appeal to multiple specialties from the traditional fields 
interested in facial, head, neck and oral surgery.

Having edited several textbooks involving multiple authors, 
I have experienced the complexities involved with the ambi-
tious undertaking of this atlas. Deepak and Paul are very well 
organized and disciplined and have achieved success with this 
challenging task. They have recruited almost 300 contributors 
to provide 116 chapters for the new edition of this atlas. The 
work is divided into 13 sections which provides a compre-
hensive overview of the topics of: head and neck anatomy, 
oral surgery, implants, orthognathic surgery, craniofacial sur-
gery, cleft lip and palate surgery, craniomaxillofacial trauma 
surgery, benign facial pathology surgery, malignant pathology 
involving the skull base, face and neck including the thyroid 
and parathyroid glands, reconstructive surgery including soft 
tissue, bone, cartilage, nerve, and facial transplantation, facial 
cosmetic surgery, TMJ surgery and obstructive sleep apnea 
surgery. This inclusive scope of practice is beyond most but 
embodies the multiple pathways available to contemporary 
surgeons wanting to pursue craniomaxillofacial surgery. The 
latest edition includes a separate section on obstructive sleep 
apnea surgery, which adds to the comprehensiveness of this 

edition. As with the first edition, the chapters are well illus-
trated and are encyclopedic.

Most of the authors are representative of the contem-
porary training of oral and maxillofacial surgeons including 
both dental and medical degrees, general surgery experience, 
as well as fellowship training. The commonality of most of 
the authors is their dental and medical background and surgi-
cal expertise dedicated exclusively to the head, face, oral cav-
ity, and neck. Most of the chapters are co- authored by well 
known and experienced clinicians teamed with more nascent 
surgeons who are the future leaders of the specialty. Deepak 
and Paul are known internationally and have networked with 
many current and future leaders of the specialty. The interna-
tional representation of the contributors (numerous countries 
on 6 continents) has an appealing draw and reflects the global 
practice of craniomaxillofacial surgery.

Deepak and Paul have similar educational backgrounds, 
credentials, and career pathways as well as being fellow-
ship trained providers of surgical care. They are both very 
experienced clinicians and educators. Both have research 
experience, and both are active administratively with their 
respective institutions and with service commitments to mul-
tiple national and international organizations. Fellowship 
training pursued by Deepak was oncology and microvascu-
lar reconstruction, while Paul pursued fellowship in cleft and 
craniofacial surgery. The 2 editors have a dynamic synergism 
which is reflected in this high- quality comprehensive work. 
Their energy and enthusiasm for what they do is apparent. 
This atlas mirrors their love and dedication to their work, 
their patients, their residents and fellows, and to the future of 
craniomaxillofacial surgery.

by, Timothy A. Turvey, DDS, FACS
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Foreword

I am honored to provide comment on the second edition 
of what I consider to be the most complete, and master-
fully illustrated, atlas of oral and maxillofacial surgery ever 
published. This encyclopedic overview will enable our train-
ees, and practicing surgeons, to make evidence- based surgi-
cal decisions and afford our patients better outcomes. It is 
a stunning display in text, photographs, and illustration of 
the breadth and complexity of contemporary oral and maxil-
lofacial surgery. A fledgling discipline that began formally in 
1918 as “oral surgery,” was propelled, in the first fifty years, 
by advances in office- based surgery, anesthesia, pharmacol-
ogy, surgical instrumentation, sterile technique, and experien-
tial wisdom gained from trauma surgery in two World Wars. 
Starting in the late ‘60s, and early ‘70s, our training programs 
were formalized and broadened to include more exposure to 
general surgery and surgical subspecialties. An explosion of 
knowledge in surgical instrumentation, reconstructive and 
craniofacial techniques, microsurgery, biomaterials, implants, 
and imaging in the last fifty years has brought us to the cur-
rent state of our specialty. This remarkable tome is not only 
the quintessential reference in oral and maxillofacial surgery, 
but a testimonial to that century of progress.

Dr. Ira Rutkow in American Surgery: An Illustrated History 
stated that “there is no way to separate present day surgery, 

and one’s own practice routines, from the experiences of all 
the surgeons and all the years that have gone before.” This 
exceptional text brings an organized, consistent, visual peda-
gogic methodology covering office- based minor procedures 
to the most complicated head and neck reconstructive sur-
geries. In the late 19th century, the English novelist Samuel 
Butler once said, “Diseases come of their own accord, but 
cures come difficult and hard.” Drs. Kademani and Tiwana 
have created an exceptional single- source reference for our 
most current understanding of maxillofacial surgical proce-
dures. Contemporary therapeutic decisions must be based on 
fact, evidence, and experience. Only scientific evidence can 
adjudicate those difficult decisions we all make daily as sur-
geons. I personally am indebted to Deepak and Paul for this 
Herculean effort to synthesize the past, present, and future of 
our specialty.

—Peter D. Quinn, DMD, MD
Chief Physician Executive [ emeritus ]
University of Pennsylvania Health System
Schoenleber Professor- Oral & Maxillofacial Surgery
University of Pennsylvania School of Dental Medicine
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Preface

The first edition of Atlas of Oral and Maxillofacial Surgery was 
received positively. While many operations do not change 
significantly with the passage of time, the incorporation of 
refinements to technique and new technology begins the 
process of reshaping old into new. These modifications in 
technique, and the ever- broadening depth of our specialty, 
provided us the impetus to write this updated edition.

Although our foundations are based in dentistry, the 
specialty of Oral and Maxillofacial Surgery has evolved to 
include both a medical and a dental basis of training. While 
variations in the scope of practice still occur in the specialty 
across regions of the world, we have observed that these 
gaps have perceptibly narrowed with time. This change has 
been driven through the globalization of educational experi-
ences, research, and clinical fellowships. The latter is the most 
important in this process of driving the specialty forward 
into a Pangaea. This Atlas was written to take advantage of 
the unifying strengths of our specialty as the premier sur-
gical specialty caring for oral, craniomaxillofacial, and head 
& neck conditions that require operative intervention. It 
provides a navigational aid that can guide both experienced 
surgeons and surgeons in training through new operations 
and provide a basis for refinements of already established 
operations in their repertoire. Each chapter is organized in 
a similar fashion, guiding surgeons through the complex 

anatomy, instrumentation, technical operative surgery, and 
modifications. Besides updating chapters from the first edi-
tion, many new chapters and a new section on Obstructive 
Sleep Apnea have been added. Our aim is that this Atlas will 
define and capture the current global perspective of Oral and 
Maxillofacial Surgery.

This book is written to provide practicing surgeons, res-
idents, and students the most up- to- date reference for the 
technical performance and reasoning behind the many types 
of operations used in our specialty. From the basic to the most 
complex, readers will find that each chapter is sequentially 
organized to provide a comprehensive, concise, and practical 
description of the operative details needed for the contempo-
rary surgical delivery of oral and maxillofacial surgical care. A 
formal section on relevant surgical anatomy has been incor-
porated to further assist the reader. Each chapter has been 
written by an expert surgeon and author who has a specific 
area of expertise. We would like to express our gratitude to 
all the section editors and authors for lending their time and 
expertise to the development of this Atlas.

It is our hope that the information presented here will con-
tinue to define the scope of practice of Oral and Maxillofacial 
Surgery and will provide a basis for education and training 
for surgeons in the future, with the goal of improving the 
quality of patient care across the world.
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Surgical Anatomy of the Head and Neck PART I

1
CHAPTER

The Neurocranium
Laurence D. Pfeiffer and John N. Phelan

The Neurocranium1

1

The oft- heard maxim “anatomy is destiny” was coined by 
Sigmund Freud in summary of his assertion that gender is the 
primary determinant of personality traits. For surgeons, the 
same quote can be applied to the importance of mastering the 
intricate construction of the portion of the human body for 
which they are responsible. Thorough comprehension of anat-
omy allows the surgeon to work safely and precisely, thereby 
optimizing restoration of health and minimizing morbidity. 
In this chapter, the structure of the neurocranium and how it 
relates to oral and maxillofacial surgery are examined.

The skull consists of the cranium (Fig. 1.1) and the man-
dible (Fig. 1.2). The cranium is divided into the neurocranium 
and the viscerocranium (see Fig. 1.1). The neurocranium 
encases the brain and is found above the orbits. Below the 
orbits, the viscerocranium, alternately called the splanchno-
cranium or midface, supports the nasal passages and the oral 
cavity and makes up the face.

The neurocranium may be considered in two parts: the 
roof, or cranial vault (also called by its Latin name, the cal-
varia), and the floor, or cranial base. The space within the 
neurocranium occupied by the brain is the cranial cavity. The 
calvaria is formed anteriorly by the frontal bone, posteri-
orly by part of the occipital bone, and laterally by the paired 
parietal bones and squamous portions of the temporal bones  
(Fig. 1.3). Although most bones develop by endochondral 
ossification, which involves the formation of a cartilaginous 
template that is gradually replaced by bone, the bones of 
the calvaria develop through intramembranous ossification, 
whereby mesenchymal cells forming a membrane over the 
brain condense into a collection of nodes and differentiate 
directly into osteoblasts. The osteoblasts secrete a matrix that 
becomes calcified, resulting in the formation of flattened 
bone within the membrane. The nodes or islands of bone 
enlarge radially, but at birth the bones of the calvaria are still 
separated from each other by the mesenchymal membrane.2– 4  
The largest areas of noncalcified membrane, called fonta-
nelles, are found where the frontal and occipital bones meet 
the parietal bones on the superior aspect of the calvaria (see 
Fig. 1.3). The failure of the calvarial bones to fuse prior to 
infancy allows the cranium to deform during passage through 
the birth canal and allows the volume of the neurocranium 
to continue to expand after birth to accommodate enlarge-
ment of the brain. Intramembranous ossification continues 

through infancy until the bones of the calvaria meet and form 
fibrous suture joints, which usually fuse during adulthood.

One or more of the sutures between the bones of the 
calvaria may prematurely fuse during fetal development. 
Virchow’s law states that this event, called craniosynostosis, 
results in imbalanced development of the skull; enlargement 
perpendicular to the fused suture is limited, and enlargement 
of the area where the sutures remain open is correspondingly 
increased. The resulting malformation has the potential to 
cause compression of a portion of the brain, which may result 
in neurologic abnormalities.5

After fusion, the sutures remain visible on the external 
and internal surfaces of the calvaria (see Fig. 1.3). Along the 
midline, the sagittal suture is located between the left and 
right parietal bones. The vertex, a conceptual point indicating 
the apex of the skull, would be located on the sagittal suture 
on a perfect skull. On the internal surface of the calvaria, an 
indentation is normally visible along the midline that cor-
responds to the superior sagittal sinus, a venous sinus within 
the dura mater (this is discussed in more detail with the cra-
nial base). The coronal suture runs between the frontal bone 
and parietal bones, and the lambdoid suture is found between 
the occipital bone and the parietal bones. The sagittal suture 
intersects the coronal suture at the bregma and the lambdoid 
suture at the lambda (Fig. 1.4).

Bilaterally on the calvaria, the squamosal suture is visible 
between the parietal bone and the squamous portion of the 
temporal bone. The area where the parietal, temporal, and 
occipital bones meet is called the asterion, which serves as 
a neurosurgical landmark. More anteriorly, the frontal, pari-
etal, and temporal bones intersect with a bone involved in 
the formation of the cranial base, the sphenoid bone, to form 
an H- shaped suture called the pterion (Fig. 1.5). The middle 
meningeal artery, which arises from a branch of the external 
carotid artery called the maxillary artery, runs along the inside 
of the neurocranium and crosses the pterion. Trauma to the 
skull at the pterion can rupture the underlying middle men-
ingeal artery, leading to a potentially fatal epidural hematoma.

The floor of the neurocranium is formed by the occipital, 
temporal, sphenoid, ethmoid, and frontal bones. The inter-
nal surface of the floor of the neurocranium, upon which the 
brain rests, is divided into the anterior, middle, and posterior 
cranial fossae (Fig. 1.6).
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The majority of the anterior cranial fossa consists of the 
orbital plates of the frontal bone, which form the roofs of 
the orbits. The orbital roofs bear impressions that mirror 
the undulating sulci and gyri of the overlying cerebrum. An 
explanation of how the gelatinous brain might influence the 
structure of rigid bone is found in Melvin Moss’s functional 
matrix hypothesis, which states that the development of bone 
sequentially follows, and is thus dependent on, structural 
changes in the collections of developing soft tissues called 
functional matrices. The cerebrum would thus be a component 
of the functional matrix for which the associated bone is the 
frontal bone, or more specifically, the orbital plates of the 

frontal bone. Likewise, the superior sagittal sinus is a com-
ponent of the functional matrix associated with the parietal 
bones, hence, the impression along the internal surface of the 
sagittal suture described earlier.

Part of the ethmoid bone is found between the orbital 
plates of the frontal bone (Fig. 1.7). The vertical ridge at 
the midline is the crista galli, named for its resemblance to 
a rooster’s crest. The cerebral falx, a vertical sheet of dura 
mater separating the cerebral hemispheres, attaches to the 
crista galli. On either side of the crista galli are the cribri-
form plates, which have numerous perforations. Branches of 
the first cranial nerve, the olfactory nerve, pass through these 
perforations to reach the nasal cavity.

Posterior to the frontal and ethmoid bones are the lesser 
wings of the sphenoid bone, which form the posterior edge 
of the anterior cranial fossa. Extending posteriorly from the 
medial ends of the lesser wings are the anterior clinoid pro-
cesses, to which attaches the cerebellar tentorium, a horizon-
tal sheet of dura mater that separates the cerebrum from the 
cerebellum. The jugum, which is the flattened area between 
the anterior clinoid processes, supports the olfactory tracts.

The middle cranial fossa is formed by the greater wings 
and body of the sphenoid bone anteriorly and by the tempo-
ral bone posteriorly. The temporal lobes of the brain rest in 
the lateral recesses of this fossa. At the center of the middle 
cranial fossa is a portion of the body of the sphenoid bone 
called the sella turcica, which is named for its resemblance to 
a Turkish saddle. The pituitary gland hangs down from the 
brain and “sits” in this saddle. The depression for the gland 
in the center of the sella turcica is the hypophyseal fossa. On 
either side of the hypophyseal fossa is a concavity occupied by 

Figure 1.2 The mandible. (From Abrahams PH, Spratt JD, Loukas 
M, van Schoor AN. McMinn and Abrahams’ Clinical Atlas of Human 
Anatomy. 7th ed. St Louis, MO; Mosby; 2013.)

Neurocranium

Splanchnocranium

Figure 1.1 The cranium and its divisions. (From Abrahams PH, Spratt JD, Loukas M, van Schoor 
AN. McMinn and Abrahams’ Clinical Atlas of Human Anatomy. 7th ed. St Louis, MO; Mosby; 2013.)

 




