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Foreword


When I was asked by Jeff Posnick to write a foreword to his new book on orthognathic surgery I said yes, without hesitation. I have known and respected Jeff since he was an enthusiastic, curious, and very bright student at the Harvard School of Dental Medicine, class of 1977. These formative years as a student were instrumental in the subsequent development of his interests and career in craniofacial and orthognathic surgery. Jeff would attend the Children's Hospital Craniofacial Clinic on many a Friday afternoon where he would observe Joseph Murray, John Mulliken, and me interacting with complex craniofacial patients, their families, our students and residents and the rest of our team. From the beginning, I liked Jeff personally, and I developed a relationship with him because he was very attentive and asked many probing questions. He did this not to show off (as Harvard students have been known to do) but to satisfy his inherent curiosity and eagerness to learn. To this day, Jeff will occasionally call to discuss a case and ask for advice, not because he does not have his own ideas or because he does not know what to do, but to check with someone else to see if that person has something to add. This is consistent with his desire to obtain the best information to help each patient and to educate himself. When you give Jeff advice, he always has probing follow-up questions to test your knowledge and recommendations. I have very much enjoyed these interactions over the years, even when our opinions have differed. I also admire Jeff's persistent “sense of wonder” during his long career.*


Never having written a Foreword before, I considered the role of the Foreword and Foreword writer. I was surprised to find that most texts in surgical disciplines have a Preface or an Introduction written by the author, telling how the author became interested in the subject of the book and describing how the book came about. The Preface or Introduction may also contain a summary of the contents of the book. The less common Foreword, on the other hand, is a short introductory statement written by someone other than the author. The writer of a Foreword may be an expert in the field, an author of a similar book and may have a relationship with the author. Presumably, good things will be said about the book, and the author of the Foreword will tell the reader why reading the book is worthwhile. In this respect, the Foreword may be helpful to the publisher for the purpose of marketing.


The more I began thinking about the task at hand, the more onerous it seemed to become. There was no doubt in my mind that this book would be a major contribution to the field, as was Jeff Posnick's 2-volume book: Craniofacial and Maxillofacial Surgery in Children and Adolescents, Philadelphia, WB Saunders, 2000. Dr. Paul Tessier wrote in his Foreword to that book: “Thanks go to Dr. Posnick for his overall work and to the publisher for accepting such an abundance of images for printing. As we approach the year 2000 (which has no quantitative reality), this book is already a landmark in craniofacial surgery.” M. Michael Cohen Jr. wrote a second foreword calling it a “tour de force” and noting that Jeff wrote 40 of 45 chapters, making it an unusual single-authored book relative to the primary subject. Well, Orthognathic Surgery: Principles and Practice is equally a “landmark” and a “tour de force” and there is no use in trying to say something clever about it. Anyone who reads this book will find that it speaks for itself: “Res ipsi loquitur.”


As with Craniofacial and Maxillofacial Surgery in Children and Adolescents, Orthognathic Surgery: Principles and Practice is a single-authored, 2-volume set and therefore has a consistent format, writing style, and “personality” not usually achieved in a multi-authored and edited textbook. This makes it easier and more pleasant to read. The book is divided into seven sections: Basic Principles and Concepts; Planning, Surgical Technique, and Complications; Classic Patterns and Presentations of Dentofacial Deformities; Frequently Seen Malformations with Dentofacial Deformity; Cleft Jaw Deformities; Post-Traumatic Dentofacial Deformities; and Frequent Aesthetic Considerations in the Dentofacial Deformity Patient. Dr. Posnick wrote 39 of the 40 chapters. The first and only invited chapter is the wonderfully informative and entertaining contribution by Jeff's long-term friend and colleague, M. Michael Cohen Jr.: “The New Perspectives on the Face.”


Jeff Posnick is meticulous and pays obsessive attention to detail. Therefore, each chapter includes comprehensive background material presented with a scholarly review of the pertinent literature. The relevance of this background to the overall treatment planning, execution, and outcome of orthognathic surgery is revealed and all this is supported by the incredible, well-documented, and beautifully illustrated material from Jeff's personal experience and practice. This presentation allows the reader to benefit from Jeff's thinking and his triumphs, challenges, and difficulties.


It is not the role of the Foreword writer to summarize the book. However, I would like to describe the highlights of just two chapters to support my laudatory comments above. Chapter 2 is an account of the pioneers in orthodontics, oral and maxillofacial surgery, plastic surgery, and craniofacial surgery. Jeff Posnick painstakingly chronicles the critical advances in these specialties that brought us to our current state. The chapter reads like an exciting novel. Not only is the history documented in referenced detail, but also anecdotes of personal relationships between these great leaders and personal communications regarding their thinking, ideas, triumphs, and tribulations are described. The chapter ends by thanking the pioneers for their contributions and an appeal to future generations of surgeons to take up the challenge of creating their own innovations.


Chapter 28 on hemifacial microsomia (HFM), a deformity in which I am particularly interested, is another example of the quality of this text. Jeff Posnick and I have some disagreements in this area, particularly regarding the natural progression of the deformity and timing of treatment. We also disagree about the potential benefits of operative correction during growth, i.e., in the mixed dentition stage. Nevertheless, this chapter is one of the most comprehensive treatises on the condition, what is known of the etiopathogenesis and all the significant issues related to the care of patients with this variable, and in my opinion, progressive facial asymmetry that you will find in one location. He has reviewed the pertinent literature, and presented and critically evaluated the available data. By doing this, he implies the importance of understanding the natural history of the deformity and the patterns of growth in the management of these patients. Jeff Posnick is also correctly cautious and skeptical about the use of distraction osteogenesis for early correction. My experience is somewhat different. However, Jeff presents the facts as he sees them, and the conclusions are debatable but fair.


Much has been written on the subject of orthognathic surgery from its history, basic biology and physiology of the operations, descriptions of the techniques, peer-reviewed outcome studies, to review articles and textbooks. The challenge in writing about a common subject is to bring new insights and information to the readers; to say something new or significant and not to simply say what has already been said. Jeff Posnick meets this challenge in Orthognathic Surgery: Principles and Practice. It is comprehensive, well referenced, data supported, and scholarly. Also of note is the amazing number of quality color illustrations, a credit to Jeff and to the commitment of the publisher.


I started this project on a beautiful, early summer weekend in Boston, thinking I would skim the chapters quickly for a few hours to get a feel for the book. Not by choice or plan, however, I spent the entire weekend reading the book; I could not put it down. I suspect the readers will have the same experience. This text should be required reading for all surgeons interested in orthognathic surgery.




Leonard B. Kaban, DMD, MD,     Walter C. Guralnick Professor and Chairman,
Department of Oral & Maxillofacial Surgery
Massachusetts General Hospital
Harvard School of Dental Medicine
Boston, Massachusetts









*Mulliken JB: A Sense of Wonder, Plast Reconstr Surg 110:1353-1359, 2002.













Preface


The treatment of dentofacial deformities has come a long way since 1897 when Vilray Blair, with Edward Angle's coaxing, completed bilateral body osteotomies under chloroform anesthesia to setback a prognathic mandible and establish an improved occlusion. The 70-minute operation conducted at the Baptist Hospital in St. Louis, Missouri, also included placement of a custom gutta-percha inter-occlusal splint and application of intermaxillary fixation.


The field of orthognathic surgery advanced by small increments over the next 6 decades until Hugo Obwegeser executed what has now become the three classic orthognathic procedures: Le Fort I (maxillary) osteotomy with down-fracture and disimpaction; intraoral sagittal split ramus osteotomies of the mandible; and the intraoral oblique osteotomy of the chin. His published results in the 1950s and presentations throughout the 1960s disseminated this early work. The animal model research carried out by William Bell confirmed the safety of these osteotomies and set the stage for refinements in orthognathic procedures by practicing surgeons. During this same timeframe, Hans Luhr boldly challenged standard thinking of osteotomy and fracture healing and stabilization techniques with his concepts of rigid metal plate and screw fixation. Simultaneously, Paul Tessier's imaginative introduction of craniofacial surgery energized thinking concerning the reconstruction of all head and neck conditions.


Today, knowledge of how to safely improve the quality of life for the individual with a dentofacial deformity is extensive. The object is no longer limited to achieving short-term improved occlusion. Currently, the triad of improved quality of life by achieving long-term dental health, enhanced facial aesthetics, and an open airway represent standard thinking. There still remain limitations relating to the uneven geographic distribution of experienced dedicated clinicians and the financial barriers to the correction of dentofacial deformities. However, the value of treatment to improve lives is undisputed.


The last comprehensive textbook on the subject—Surgical Correction of Dentofacial Deformities edited by Bell, Proffit, and White (1980)—had a major impact on patient care and remains a landmark in the field. Since then, other published texts have been useful but not comprehensive. After setting the outline for this project, my initial intention was to have experts in the field make contributions. I soon realized this was impractical if a consistent and comprehensive level of cohesive knowledge on the subject was to be compiled in a timely manner. In writing this single-authored text (the exception being a chapter contribution by M. Michael Cohen Jr.), I enlisted the help of clinicians from a spectrum of specialties to read each chapter for accuracy, adequacy of depth, and readability. This included critiques from academicians, clinicians in practice, past surgical fellows, and residents in training. They came from a spectrum of specialties, including oral and maxillofacial surgery, orthodontics, periodontics, prosthedontics, speech pathology, otolaryngology/head and neck surgery, plastic surgery, anesthesiology, medical genetics, sleep medicine, radiology, psychology and psychiatry, and pathology. I am grateful for their suggestions, as each brought a different perspective and individual criticism. By clarifying current knowledge on the subject, I hope this text encourages quality care and further advances in the field.


I would also like to thank my patients who have allowed the use of their case studies as teaching instruments. The presentation of clinical problems and real-life solutions remains an invaluable way to convey this knowledge. Their contributions will no doubt minimize treatment errors and optimize results for future patients.




Jeffrey C. Posnick, DMD, MD,     Director, Posnick Center for Facial Plastic Surgery
Chevy Chase, Maryland, USA
. E-mail address: 

JPosnick@DrPosnick.com
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Go to www.ElsevierOrthognathicSurgery.com to view the videos






Intra-nasal Procedures







Video 1: Septoplasty and reduction of the inferior turbinates carried out through Le Fort I downfracture


Video 2: Septoplasty and reduction of the inferior turbinates carried out through Le Fort I downfracture


Video 3: Recontouring of the nasal floor, pyriform rims and anterior nasal spine region carried out during Le Fort I osteotomy


Video 4: Recontouring of the nasal floor, pyriform rims and anterior nasal spine region carried out during Le Fort I osteotomy












Awake Intubation Techniques







Video 5: Awake fiberoptic naso-tracheal intubation in patient with TMJ ankylosis












Orthognathic Procedures: Step-by-Step Approach






Patient 1







Video 6-1: Patient preparation and draping


Video 6-2: Sagittal split ramus osteotomies: incision placement, dissection, and the cortical cuts


Video 6-3: Maxillary Le Fort I osteotomy


Video 6-4: Septoplasty and reduction of the inferior turbinates


Video 6-5: Removal of impacted maxillary wisdom teeth


Video 6-6: Continuing the Le Fort I osteotomy: removal of bony interferences, placement of the intermediate splint, and securing intermaxillary fixation


Video 6-7: Achieving the desired vertical midface dimension


Video 6-8: Placement of titanium plate and screw fixation across Le Fort I osteotomy


Video 6-9: Recontouring of the nasal floor, pyriform rims and anterior nasal spine region


Video 6-10: Release of IMF—confirming the correct occlusion-removal of the intermediate splint-securing of the final splint


Video 6-11: Osseous genioplasty


Video 6-12: Splitting of each sagittal ramus osteotomy of the mandible and removal of impacted mandibular wisdom teeth


Video 6-13: Securing of intermaxillary fixation through the final splint


Video 6-14: Insertion of the transbuccal trocar, seating of the proximal segment, removal of bony interferences, and placement of bicortical screw fixation


Video 6-15: Release of intermaxillary fixation and confirmation of correct occlusion


Video 6-16: Wound closure












Patient 2







Video 7-1: Patient preparation and draping


Video 7-2: Sagittal split ramus osteotomies: Incision placement, dissection, and cortical cuts


Video 7-3: Maxillary Le Fort I osteotomy


Video 7-4: Septoplasty and reduction of the inferior turbinates


Video 7-5: Continuing the Le Fort I osteotomy: removal of bony interferences, placement of the intermediate splint, and securing intermaxillary fixation


Video 7-6: Achieving the desired vertical midface dimension


Video 7-7: Recontouring of the nasal floor, pyriform rims, and anterior nasal spine region


Video 7-8: Placement of titanium plate and screw fixation across the Le Fort I osteotomy


Video 7-9: Release of IMF-confirming the correct occlusion-removal of the intermediate splint-securing of the final splint


Video 7-10: Osseous genioplasty


Video 7-11: Splitting of each sagittal ramus osteotomy of the mandible


Video 7-12: Securing of intermaxillary fixation through the final splint


Video 7-13: Insertion of the transbuccal trocar, seating of the proximal segment, removal of bony interferences, and placement of bicortical screw fixation


Video 7-14: Release of intermaxillary fixation and confirmation of the correct occlusion


Video 7-15: Wound closure


Video 7-16: Anterior neck rejuvenation















Graft Harvesting







Video 8: Harvesting cancellous bone through the anterior iliac crest


Video 9: Harvesting a corticocancellous block graft from the anterior iliac crest


Video 10: Harvesting a rib cartilage graft












Osseous Genioplasty







Video 11: Osseous genioplasty with horizontal advancement


Video 12: Osseous genioplasty with horizontal advancement












Selected Procedures







Video 13: Anterior neck rejuvenation: cervical flap elevation, fat removal, vertical platysma muscle plication


Video 14: Cleft orthognathic surgery for the BCLP deformity


Video 15: Monobloc and facial bipartition osteotomies for the reconstruction of craniosynostosis syndromes











Section 1


Basic Principles and Concepts
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The New Perspectives on the Face+





M. Michael Cohen, Jr.















• What Constitutes a Face?


• Facial Perspectives and Stages in the Life Cycle


• Evolutionary Considerations


• Craniofacial Growth and Development


• Dysmorphic Faces


• The Outer Limits in Facial Surgery


• Making Blind People See Again


• Prosopagnosia


• The New Psychiatric Genetics


• Artistic Perspective















What Constitutes a Face?






Structural Definitions


There are several ways to view faces. Figure 1-1 shows two fish.14 If two eyes and a mouth define a face, then fish have faces. They may have one or two nostrils, which are not connected to the mouth. However, water entering the nostrils does bathe the olfactory mucosa. Fish lack an ear canal, but the inner ear is present. Weber's bones connect the swim bladder to the inner ear, and sound is transmitted.10




[image: image]


Figure 1-1 Two fish faces. Copyright © Shutterstock.com.





Another definition requires evolutionary transformation of the skull, in which a face is recognizable in mammals, but not in fish, amphibians, or reptiles (Fig. 1-2). The jaw is suspended from the braincase in reptiles. Mammals, however, have three ear ossicles, a secondary palate separating the airway passage from the mouth, and vertical positioning of the dentary.35




[image: image]


Figure 1-2 Transformation of a mammalian-like reptile to a mammalian skull. Lateral and cross-sectional views of the skulls. Based on Radinsky, 1987.












Behavioral Definitions


All animals communicate with each other in various ways by tactile, chemical, visual, and acoustical signaling. Insects have heads, but do they have faces? Paper wasps (Polistes dominulus) signal their status to each other by the number of black splotches on their yellow faces (Fig. 1-3).41
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Figure 1-3 Wasp faces signal their status to each other by the number of black splotches on their yellow faces. The more blotches, the higher the status. Copyright 2004 Elizabeth Tibbetts. Modified by M. Michael Cohen Jr.





Some define faces by the presence and use of facial muscles, which do not exist in fish, amphibians, reptiles, or birds. In contrast, mammals can suckle and later chew, supported by a muscular tongue and movable lips and cheeks (Fig. 1-4). Often, the muscles in the ears can change positions to aid in hearing; a movable nose for smelling and touching, and facial hair, the vibrissae, are associated with musculature and serve as tactile organs.10
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Figure 1-4 Mammals can suckle and later chew, supported by a muscular tongue and movable lips and cheeks.





For some, a behavioral definition must include facial expressions, which are found in various primates (Fig. 1-5), including humans (Fig. 1-6).10
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Figure 1-5 Rhesus monkey facial expressions. From left to right, a bared-teeth display, a scream, an open-mouth threat, and a relaxed, open-mouth face (play face). From Parr and Heintz, 2009.
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Figure 1-6 Human facial expressions. A, Happiness. B, Surprise. C, Anger. D, Disgust. Based on Cohen, 2006.












Symbolic Definitions


The term symbolism has been defined in many different ways. Here, I define symbolic transformation as the ambiguous representation of two things by association or resemblance. Two examples are shown in Figures 1-7 and 1-8.10
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Figure 1-7 Gossiping scallions. From Elffers, 1997.
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Figure 1-8 All Is Vanity. The mirror is also a skull. House of Art, New York.















Facial Perspectives and Stages in the Life Cycle


Box 1-1 summarizes all possible perspectives from which the face can be described; Box 1-2 lists all the stages in the life cycle; and Box 1-3 lists the origin of some craniofacial components. Figure 1-9 shows embryonic facial development at approximately 42 to 44 days.25 Figure 1-10 shows skull molding in a newborn. Figure 1-11 shows the face of a small child, and Figure 1-12 shows a painting, The Stages of Human Life, by Hans Baldung Grien. In this allegory, a young woman, an old woman, and a dead woman are linked by their hands and arms.4 The dead woman holds an hourglass timer, indicating that life is over.





Box 1-1   Perspectives on the Face
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Box 1-2   The Face in the Life Cycle







Intrauterine development


Birth


Infancy
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Death











Box 1-3   Origins of Some Craniofacial Components
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Figure 1-9 Embryo of about 42 to 44 days. The developing face has a frontal area with bulging cerebral hemispheres; a nasodorsal center with nasoseptal and nasozygomatic portions; nasal pits delineated by nasal ridges with premaxillary, medionasal, and lateronasal portions; maxillary primordia; interpremaxillary depression; a premaxillary–maxillary junction; and a lower jaw. Courtesy of Jan E. Jirásek, Prague.
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Figure 1-10 Molding of the head caused by compression during passage through the birth canal. From Cohen, 2006.
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Figure 1-11 Baby's face with relatively large head, prominent eyes, and a diminutive face. From Cohen, 2006.
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Figure 1-12 The Stages of Human Life (1530-1545), by Hans Baldung Grien, oil on wood, 61 × 151 cm, Prado Museum, Madrid. From Buendia, 1989. See text for details. Musceo del Prado, Madrid, Spain. Photo credit: Bridgeman-Giraudon/Art Resource, NY.












Evolutionary Considerations






Evolution of the Mammalian Brain


The evolution of the mammalian brain is based on the development of the neocortex (Fig. 1-13), which also resulted in a cranial shape that was different than that of the dinosaurs. The coexistence of dinosaurs and mammals and their competition during the Mesozoic era made mammalian neocortical development possible.5




[image: image]


Figure 1-13 Stages in the evolution of the brain. A comparison of the brain size of the fish, reptile, rabbit, and human. As the cerebral cortex increases in size, the cranium becomes larger and more rounded. Based on Campbell, 1970.





Dinosaurs were large and had long life spans of about 100 years. In contrast, mammals were very small and had short life spans, which allowed them to evolve into many different species rapidly. Possibly, there were 50 generations of mammals during one dinosaur generation.


Mammals were nocturnal and hunted at night. With the development of the neocortex, mammals had an active lifestyle as well as acute hearing and smelling, which made insect prey easier to come by and made escape from predators easier as well. The end of the dinosaur era allowed mammals to evolve larger body forms.









Molecular Components in Primate Brain and Craniofacial Evolution


The gene Microcephalin (MCPH1) was first identified in its mutant form in which it causes primary microcephaly, but the normal gene was then adaptively found to be important in regulating brain size, and it continues to evolve in humans.18


Homozygous ASPM mutations also cause microcephaly. The normal gene may regulate neural stem cell proliferation and/or differentiation, possibly by mediating spindle-cell assembly during cell division.31


SIGLEC11, a gene involved in sialic acid biology, is expressed in high concentration in microglial cells in the human brain, but only occasionally in the cells of chimpanzees.24


The Ret finger protein-like 1,2,3 (RFPL 1,2,3) genes on chromosome 22 are evolutionary forces that play a role in neocortical development.3


GTF2IRD1—a gene that, when mutated, causes craniofacial anomalies—has been shown in its normal form to be a regulatory determinant of craniofacial development.39









Comparison of Different Skulls


Figure 1-14 shows the orientation of the foramen magnum and the anterior cranial base in a rodent and a human. The foramen magnum is posteriorly placed in the rodent and vertically placed in the human. The anterior cranial floor and the cribriform plate face forward in the rodent and are vertically placed in the human.16 Figure 1-15 shows a dog's skull compared to a Chevrolet Corvette in contrast to a human skull compared to a camper, indicating an expanded, upright forehead above the face.17
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Figure 1-14 Orientation of the foramen magnum and the anterior cranial base in a human and a rodent. The foramen magnum is vertically placed in the human (A) and posteriorly placed in the rodent (C). The anterior cranial floor and the cribriform plate face downward in the human (B) and forward in the rodent (D). Based on Enlow, 1968.
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Figure 1-15 Top, Lateral view of a dog skull compared to a Chevrolet Corvette; the face is anterior to the cranium. Bottom, Lateral view of a human skull compared to a camper; the expanded forebrain results in an upright forehead above the face. From Enlow, 1990.





In Figure 1-16, expansion of the brain and a reduction in human facial prominence results in a flat facial profile compared with a smaller brain and a more protruding gorilla face, resulting in a sloping facial angle.10 Figure 1-17 compares the growth pattern of a fetal chimp with that of a human fetus. Both fetuses look similar. However, compared with the adult chimp, the adult human more closely resembles its own fetal pattern. Neoteny—a slowdown in the growth rate with a delay in maturation—has occurred in human evolution.23
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Figure 1-16 Expansion of the brain and a reduction in the facial prominence of humans result in a flat facial angle compared with the smaller brain and more protrusive face of the gorilla, resulting in a sloping facial angle.
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Figure 1-17 Morphology of the chimpanzee and human skulls. Compared with the chimp, the adult human skull resembles its fetal counterpart. Neoteny—a slowdown in the growth rate with a delay in maturation—has occurred in human evolution. Based on Gould, 1977.












Comparison of Homo sapiens, Homo neanderthalensis, and Homo floresiensis



Evidence now shows that there are three separate species of hominins. Figure 1-18 compares the skulls of Homo neanderthalensis with Homo sapiens. The braincase of modern humans is relatively shorter, and the forehead is rounder, higher, and has a nearly vertical slope. Neanderthals have large brow ridges, projecting midface, elongated skull, occipital protuberance, a skull capacity 10% greater than that of modern humans, and a distinctive bony labyrinth not found in humans.27 DNA sequence comparisons show that Neanderthals fall outside the variation of modern humans. Molecular divergence provides a date of over 500,000 years.28
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Figure 1-18 Lateral view of the skulls of Homo sapiens and Homo neanderthalensis. See text for description.





Figure 1-19 contrasts the phenotypes of the different species of hominins. Homo neanderthalensis has an elongated skull with a larger endocranial capacity than in humans; a distinctive bony labyrinth not found in humans (not shown); a robust skeleton with a barrel-shaped ribcage; a long superior pubic ramus; long clavicles; thick, bowed femoral shafts; large patellas; and large, round, terminal phalanges (fingers). Homo floresiensis has a tiny skull with a small endocranial capacity (380 cm3 to 430 cm3), a chinless mandible, a diminutive body (~1 m in height), long arms in relation to the legs (arms hang almost to the knees), unusual shoulders, a wider pelvis than in humans, and large feet (more than 7½ inches long and out of proportion with the short lower limbs, flat feet, and a stubby great toe).10
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Figure 1-19 Comparison of A, Homo sapiens, B, Homo neanderthalensis, and C, Homo floresiensis. See text for description. Based on the work of M. Michael Cohen Jr.





The time spans of the three different species of hominins are (1) Homo sapiens from 500,000 years ago to the present time; (2) Homo neanderthalensis from 500,000 years ago until 30,000 years ago; and (3) Homo floresiensis from 95,000 years ago until 12,000 years ago. Thus, from 95,000 to 30,000 years ago, three different species of hominins occupied the earth at the same time.












Craniofacial Growth and Development






Comparative Skull Size with Age


In the newborn skull (Fig. 1-20), the cranium and the orbits are relatively large, and the face is diminutive. In early childhood, the cranium and the orbits remain relatively large, but the eruption of the primary dentition enlarges the facial skeleton. In the adult skull, the facial skeleton is well-developed with relatively less prominence of the orbits and cranium. The ratio of the cranial volume to the facial volume changes during growth, and these ratios appear in Figure 1-20 under the skulls.10
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Figure 1-20 Alterations of the skull in the newborn, in childhood, and in adulthood. The ratios of the cranial volume to the facial volume change during growth, and these ratios appear under the figure. For a description of skull alterations with age, see text. From Cohen, 2006.












Bone Modification with Age


Bone modification of the craniofacial skeleton occurs normally with age (summarized in Table 1-1). Table 1-2 lists some examples of abnormal alterations in the craniofacial skeleton with age.10




TABLE 1-1


Normal Growth and Modification of the Craniofacial Skeleton with Age
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TABLE 1-2


Some Examples of Abnormal Alterations in the Craniofacial Skeleton with Age






	 

	Abnormal Skeletal Condition

	Pathologic Process






	Infancy and Childhood

	Achondroplasia

	Bony midface deficiency secondary to hypoplasia of cartilaginous nasal capsule and cranial base






	 

	Craniosynostosis

	Premature sutural fusion by bone deposition






	Adulthood

	Acromegaly

	Bone deposition dramatically exceeds bone resorption






	 

	Hemifacial atrophy

	Localized bone resorption exceeds bone deposition






	Old Age

	Paget disease of bone

	Bone deposition exceeds bone resorption






	 

	Senile osteoporosis

	Bone resorption exceeds bone deposition

















Alterations in the Face with Age


The changing proportions of head size to body size are illustrated in Figure 1-21. From the 2-month-old embryo to the 22-year-old adult, the relative head size decreases significantly, but it is greatest in the fetus and the infant. Figure 1-22 illustrates line drawings of the facial profile showing alterations from 5 months of age to adulthood, with striking changes in the nose and chin with age.10 The lower jaw in the male Atlantic salmon is extraordinary. There is rapid and pronounced growth during adult life (Fig. 1-23), when the starving salmon migrate upriver for spawning.42
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Figure 1-21 Diagram illustrating the changing proportions of head size and body size. From the 2-month-old embryo to the 22-year-old adult, the relative head size decreases significantly, but it is greatest in the fetus and the infant. Based on Scammon, 1953.
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Figure 1-22 Line drawing of the human profile illustrating alterations in form and proportion from 5 weeks prenatally through the newborn period to the adult. Based on Scammon, 1953.
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Figure 1-23 Rapid and pronounced growth of the lower jaw in a starving adult male salmon migrating upriver for spawning. A, Normal adult male jaw. B, Extraordinary upriver growth of the lower jaw. From Witten et al, 2003.












Facial Asymmetry


Those psychologists who study faces and state that “beautiful faces are symmetric” don't know what they're talking about, because all normal faces are asymmetric. With respect to the normal face, subtle degrees of asymmetry become particularly evident when properly oriented frontal photographs are divided along the median plane and reprocessed, each side being paired with its mirror image (Fig. 1-24).10
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Figure 1-24 Demonstration of the facial asymmetry that is so typical of everyone. From Cohen, 2006.












The Skull as a Community of Bones versus the Skull as a Community of Joints


According to Pruzansky,34 the skull is a community of bones separated by joints, but according to Moffett32 the skull is a community of joints separated by bones. Which view is correct? They are simply different contexts in which to view the development of the skull.10


Pruzansky34 stated the following:








“The skull is a community of bones and organ systems of diverse phylogenetic origin and variable patterns of development, altogether relating to several functions vital to the life and well-being of the organism. If in the course of development one member of this community is affected adversely, inevitably other parts will suffer.”





Achondroplasia, caused by several FGFR3 gain-of-function mutations (particularly Gly380 Arg9) illustrates what Pruzansky34 meant (Fig. 1-25): if one member of the community is affected, inevitably other parts will suffer. In this case, the nasal capsule and cranial base, both cartilaginous in origin, have a secondary effect on membrane bones, because all craniofacial bones articulate with one another. Thus, in achondroplasia, the hypoplastic nasal capsule and short anterior cranial fossa result in midface deficiency.7,9,10
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Figure 1-25 Midface deficiency secondary to hypoplasia of the nasal capsule in achondroplasia. From Cohen, 2000.





The skull may also be considered a community of joints separated by bones. Types of joints, known as craniofacial articulations, include synovial, cartilaginous, fibrous, and dental.32 Table 1-3 summarizes craniofacial articulations together with their physiologic and mechanical functions and their remodeling responses.10




TABLE 1-3


Craniofacial Articulations
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Dysmorphic Faces


Four different types of faces are contrasted in Figure 1-26: (1) the normal face; (2) Down syndrome with minor anomalies; (3) Crouzon syndrome; and (4) a bizarre prenatally determined face. Three views of Williams syndrome are illustrated in Figure 1-27. The combination of minor facial anomalies—strabismus, anteverted nares, and thick lips—are evident in all three patients. In contrast, the severe facial anomalies associated with holoprosencephaly—cyclopia, ethmocephaly, cebocephaly, and premaxillary agenesis—are shown in Figure 1-28.6,8,10-12 A newborn with diprosopus—a double face with two nostrils, four eyes, two noses, and two mouths—is illustrated in Figure 1-29. The most bizarre case of all is shown in Figure 1-30. This patient is missing his lateral orbital walls, and he is able to pull his eyes apart laterally without ripping his optic heads from the back of his eyeballs. How he does this is mysterious, but I suspect he started doing this very early in childhood and gradually increased the distance over time.
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Figure 1-26 Four kinds of faces with different implications. A normal child's face is shown. Down syndrome involves many minor facial anomalies that are diagnostic. Crouzon syndrome is severe but can be treated successfully with surgery. There is no effective treatment for the infant with severe facial anomalies and hydrocephalus. Based on the work of M. Michael Cohen Jr. Crouzon syndrome is by courtesy of Bonnie Padwa, Boston.
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Figure 1-27 Three patients with Williams syndrome of different ages. All have strabismus, anteverted nares, and thick lips. From Cohen, 1997, 2002, 2006, and 2007, a and b.
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Figure 1-28 Faces associated with holoprosencephaly. From Cohen, 1997, 2002, 2006, and 2007, a and b.
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Figure 1-29 Diprosopus. Courtesy of Gosla Reddy.
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Figure 1-30 Hypertelorism with absent lateral orbital walls. This man is able to manipulate his eyes without ripping his optic heads from the back of his eyeballs. I suspect that he learned to do this very gradually. Courtesy of M-Reza Farahvash.












The Outer Limits in Facial Surgery


The problems surrounding complete facial transplantation are technical, psychological, and ethical. Earlier, facial transplantation was rejected by many institutions, with the exception of the Cleveland Clinic's Institutional Review Board, and I have discussed the concept of facial transplantation and its associated problems elsewhere.10 Although it was rejected earlier by the French National Ethics Advisory Committee, the door was left open for a severely disfigured woman bitten by a dog for which she received a lower facial transplant. Since then, at least seven facial transplants have been carried out. The result of a facial transplant after a gunshot wound is shown in Figure 1-31.
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Figure 1-31 A, Three frontal views by dates. 12/3/08: A 45-year-old woman with a shotgun blast to the face. She underwent a nearly total facial transplantation, including a composite LeFort III midfacial skeleton, overlying skin, soft tissue, nose, lower eyelids, upper lip, total infraorbital floor, both zygomas, both parotid glands, the anterior maxilla with central maxillary incisors, the whole alveolus, the anterior hard palate, and intraoral mucosa. Note tracheostomy. 5/4/09: Second facial transplantation with construction of the nose and lips. 8/23/10: Reduction of facial fat and better facial appearance. B, Three profile views with the same dates as in A. 5/4/09: Note better projection of the nose. 8/23/10: Mandibular advancement with normal lower facial appearance. Both the upper and lower portions of the face are balanced. Courtesy of the Cleveland Clinic.












Making Blind People See Again


The cornea covers the eye globe and a narrow zone between the cornea and the conjunctiva known as the limbus (Fig. 1-32), which is a source of stem cells for corneal epithelium. In recent years, new techniques that can restore vision in certain types of blindness have come to the fore. In a surgical procedure called limbal cell transplantation, extraction of stem cells from the healthy contralateral eye of a patient or from a relative in the family is transplanted into a patient's eye with corneal degeneration, blindness, or some other ocular disease. The stem cells then differentiate into corneal epithelial cells and improve vision.19 The limbus itself can be destroyed by chemical burns, by thermal burns, or by infection, which results in corneal stem-cell deficiency. However, it has been recently reported that a viable alternative source of cells for transplantation consists of limbal cells maintained in culture.36 A biosynthetic cornea created from human collagen has also been developed. It mimics the protein's scaffolding and can be used to trigger regeneration of a patient's own corneal cells.20
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Figure 1-32 Eye globe, horizontal plane. Note the limbus. Based on Cohen, 2006.





Age-related macular degeneration is a major cause of blindness. Although there is no treatment for the avascular type, the neovascular type results from an imbalance in antiangiogenic and proangiogenic factors and can be treated. Intravitreal injection of VEGF inhibitors results in significant recovery of vision in 30% to 40% of patients.40


Leber congenital amaurosis is an inherited group of rod–cone dystrophies resulting in congenital blindness. One form caused by the RPE65 gene accounts for 16% of the cases. Using rAAV as a vector for retinal gene therapy, a cannula is passed through the front of the eye and across the vitreous gel. Working copies of the gene are injected into the back of the eye. Maguire and colleagues30 reported improvement in visual acuity for all patients.


Several animal studies show great promise for future treatment. The development of retinal cell transplants has been studied in rabbits,38 and retinal repair by transplantation of photoreceptor precursors has been studied in mice.29









Prosopagnosia


The ability to identify human faces is remarkable. Although the face ages with time, it is possible to instantly identify a face of someone who has not been seen for 25 or 30 years. An area in the brain that governs facial recognition is found at the base of the cerebral cortex (Fig. 1-33). Any lesion that destroys this area impairs the ability to identify faces but has almost no other effects, although the dimming of vision may occur in some affected individuals. The patient can read, name objects, and match a full-face picture with a profile picture of the same person. Only the ability to recognize specific faces is lost; this is a neurological condition known as prosopagnosia. An affected man who cannot recognize his own wife can see her, but he can only recognize who she is when he hears her speak.21 An epidemiologic study has found a prevalence rate of prosopagnosia of 2.47%; of 17 cases, 14 subjects had at least one first-degree relative with prosopagnosia.26
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Figure 1-33 Prosopagnosia. Note the area of the brain that governs facial recognition found at the base of the temporal and occipital lobes on both sides of the cerebral cortex. Based on Geschwind, 1979.












The New Psychiatric Genetics


The brain, as part of the craniofacial complex, is associated with a number of psychiatric and neurodegenerative disorders. In medical genetics, we used to delineate newly recognized syndromes by describing them as single entities and then finding a Mendelian pattern, a chromosomal anomaly, or a teratogenic cause. After molecular genetics became established, it became clear that the same disorder might have causative mutations in several different genes on different chromosomes. For example, Biedl-Bardet syndrome can be caused by mutations in 14 different genes, all on different chromosomes. Thus, we learned that what appeared to be a single disorder was etiologically heterogeneous.


Because psychiatric thinking began by attributing behavioral problems to earlier psychological events, it was the last bastion to be stormed by molecular genetics. Behavioral disorders are now being delineated at a molecular level, but, like the early delineation of physical genetic disorders, progress in psychiatric genetics only accounts for a small percentage of cases at present. Disorders with molecular findings include intellectual disability, schizophrenia, bipolar disorder, Alzheimer disease, autism, Parkinson disease, Huntington disease, and frontotemporal dementia.13









Artistic Perspective


Figure 1-34 compares two Renaissance paintings: a Florentine Portrait of a Man with a Medal of Cosimo the Elder by Botticelli and a Venetian Portrait of Jacopo Soranzo by Tintoretto. The difference in painting style is striking. In the Florentine painting, the outlines of the face are sharply drawn with a three-dimensional sculptural quality together with a sense of palpability. In contrast, in the Venetian painting, the lines of the face are soft and less distinct but with a sense of atmosphere surrounding the figure.2
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Figure 1-34 Left, Close-up of a Florentine Portrait of a Man with a Medal of Cosimo the Elder by Botticelli. Right, Close-up of a Venetian Portrait of Jacopo Soranzo, by Tintoretto. For stylistic interpretation, see text. A, From the Uffizi Gallery, Florence Inv 1890 no. 1,488; B, from Gallerie del’ Accademia, Venice. Image source: Art Resource, NY.
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Pioneers in the Field of Orthodontics






Background


Orthodontic appliances that are somewhat primitive but surprisingly well-designed for their time have been found in Ancient Greek written materials.8 Four Etruscan specimens of young adult women dating back to 900 B.C. that specifically demonstrate appliances on the teeth have also been recovered.23,208 The orthodontic type appliances are gold bands around teeth that are adjacent to an edentulous gap. The appliances appear to be for the purpose of managing the space left by tooth loss earlier in life (Fig. 2-1).209 In addition, the Ancient Greek scholars Hippocrates and Aristotle both have writings that discuss various ways to straighten teeth and to treat various dental conditions.20,51 Knowledge of dental extractions carried out for the purpose of mechanically straightening the remaining teeth was also reported by Leonardo da Vinci during the High Italian Renaissance.166 The bandolet or bandeau, which was created in 1723 by Pierre Fauchard of France, was the first documented dental arch expansion appliance (Fig. 2-2).202 It consisted of a heavy maxillary labial arch wire to which the teeth were ligated.202 The term orthodontia is said to have been coined in 1841 by Lafoulon, and it appeared in the book about malocclusion written by J.M. Alexis Schange.11,157,203
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Figure 2-1 A, A drawing of the anterior mandibular dentition in a mummy specimen from ancient Greece (approximately 1000 B.C.) currently housed in the Archaeological Museum in Athens, Greece. A gold wire was used to tie teeth together and to band others to support replacements. The use of human, animal, carved wood, bone, or ivory for replacement teeth was practiced by the ancient Grecian society. B, A drawing of an ancient Etruscan orthodontic appliance found on the maxilla of a mummy in a tomb (approximately 700 B.C.), which is currently at the Civic Museum in Cornet, Italy. It demonstrates gold soldered rings and rivets to hold dental replacements as a bridge. The specimen has two natural teeth, one riveted oxtooth and four spaces for others
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Figure 2-2 Illustration of the “bandolet” bandeau, which was created in 1723 by Pierre Fauchard of France. This was the first documented dental arch expansion appliance.





In 1858, perhaps the first formal article on orthodontics published in a medical journal was written by Norman W. Kingsley (Fig. 2-3). By the 1880s, Norman Kingsley's Treaties on Oral Deformities as a Branch of Mechanical Surgery systematically described the current techniques of the day for the repositioning of teeth (Fig. 2-4).109 Kingsley was among the first to fully describe how extraoral forces (e.g., headgear) could be used to correct protruding maxillary anterior teeth. His emphasis was primarily on the alignment of the anterior maxillary teeth in an attempt to improve facial appearance. To Kingsley, the extraction of teeth for the purpose of uncrowding and to reduce the protraction of the incisors was acceptable practice. Details of how the upper and lower teeth articulated with each other (i.e., occlusion) were of secondary importance. He used a wide variety of apparatus to reposition the anterior teeth, including wires, bands, custom palatal plates, elastics, wedges, linen twine, rubber tubing, leathers, gold bands, and vulcanite. Impressions of the teeth and dental models were used during planning and for the precontouring of labial placed wires. The use of an external apparatus placed over the top of the head and then either secured to the chin or held with bands secured to the maxillary incisors became part of his everyday practice (Fig. 2-5).
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Figure 2-3 Photograph of Norman W. Kingsley (1829-1913).
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Figure 2-4 Norman Kingsley's text entitled A Treatise on Oral Deformities as a Branch of Mechanical Surgery, which was published in 1880.
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Figure 2-5 Headgear designed and used by Norman W. Kingsley. According to Kingsley, “I sat to work to make an apparatus that would pull the lower jaw back. As you can see from the photograph taken at the time she was wearing the apparatus, it consists of two parts. For the lower part, I made a brass plate to fit the chin, having arms with hooked ends reaching to a point just below the point of the chin. These arms were arranged in such a way that the distance between them could be altered at will by simply pressing them apart or to gather. The upper part consisted of a simple network going over the head and having two hooks on each side, one hook being above and the other below the ear. When the apparatus was completed and in use, there were four ligatures of ordinary elastic rubber pulling in such a way as to force the lower jaw almost directly backward.” From Kingsley NW: A treatise on oral deformities as a branch of mechanical surgery, London, 1880, H.K. Lewis, pp 137, Figure 68.





Kingsley's basic principles for the mechanical alignment of the teeth can be summarized as follows:




• The positioning of the six maxillary anterior teeth with regard to each other and in relationship to the lip is essential for facial aesthetics.


• The contact of a certain number of maxillary and mandibular posterior teeth, at least on one side, is important for the grinding and mastication of food.


• All other teeth are potentially expendable, depending on the effort required by the clinician for straightening and the individual's desire to maintain them.


• From both a mastication and an aesthetic perspective, there is no particular need for the maintenance of all 32 teeth or to achieve a specific and detailed way of the upper and lower teeth occluding with one another.





Dr. Kingsley also commented on facial aesthetics, stating that “the eye soon tires of the stiffness and formality of unbroken uniformity, and is only permanently pleased with the beauty which comes from graceful variation.”109 He acknowledged the occurrence of jaw deformities when he said that “[a] lack of harmony between the maxilla and mandible is occasionally seen. For instance, when the mandible is very large and massive or unusually small in comparison to the upper jaw. When present, this will interfere with the harmony of the surrounding parts of the face.”109


In 1897, J.N. Farrar published a two-volume illustrated text entitled A Treatise on the Irregularities of the Teeth and Their Corrections (Fig. 2-6).12 In that text, he also demonstrates detailed orthodontic appliances, and he was among the first to suggest the advantages of mild (rather than heavy) force applied at intervals to effectively move the teeth.10
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Figure 2-6 John Nutting Farrar's two-volume illustrated text entitled A Treatise on the Irregularities of the Teeth and Their Correction, which was published in 1897.












Edward H. Angle


It was common practice through the later half of the 19th century to extract the teeth in response to most dental problems.9,60 Restorative dentistry was generally not the first choice for the management of “toothaches.” Most adults at that time (i.e., the 1880s) did not have a full complement of teeth nor was there much stigmata associated with partial edentulism.210 Details of how the teeth occluded with each other seemed important only when establishing how upper and lower dentures were to meet so as to prevent loosening or mobility when wearing them and to improve chewing ability. It was a natural extension of this thinking for a prosthodontic-trained dentist like Edward H. Angle to develop a more holistic concept regarding the importance of the occlusion of the natural dentition (Fig. 2-7).5-8 During his career, Angle taught prosthetics at the University of Minnesota (Minneapolis, Minn), Northwestern University Dental School (Chicago, Ill), and the Missouri Dental College (St. Louis, Mo). Dr. Angle's interest in dental occlusion and his ingenuity and dedication with regard to the correction of malocclusion led to the development of the specialty that we now call “orthodontics.”
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Figure 2-7 Photograph of Edward H. Angle (1855-1930).





Angle's textbook, Treatment of Malocclusion of the Teeth, was first published in 1887 (Fig. 2-8).6 It went into seven much-revised editions, and it laid the foundation for the modern specialty of orthodontics. The publication of Angle's classification of malocclusion during the 1890s was a key step in the development of orthodontics (Fig. 2-9).42,43 Angle introduced the first precise and simple definition of the normal human occlusion of the natural dentition. He postulated that a key aspect of how the teeth should fit together was the positioning of the maxillary first molars. He then went on to describe three classes of malocclusion that were based on the occlusal relationships of the first molars:
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Figure 2-8 Dr. Angle published a comprehensive text entitled A Treatment of Malocclusion of the Teeth and Fractures of the Maxillae, the first edition of which was published in 1887. It went into seven revised editions, and it laid the foundation for the modern specialty of orthodontics.
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Figure 2-9 Angle described three classes of malocclusion based on the relationships of the first molars: Class I, Class II, and Class III.







Class I: There is a normal relationship of the molars, but the line of occlusion is incorrect as a result of malposed teeth, rotations, or other causes.


Class II: The lower molar is distally positioned relative to the upper molar, and the line of occlusion is not specified.


Class III: The lower molar is mesially positioned relative to the upper molar, and the line of occlusion is not specified.





Angle's classification actually has four classes:




• Normal occlusion (Class I, with a normal line of occlusion)


• Class I malocclusion


• Class II malocclusion


• Class III malocclusion





Normal occlusion and Class I malocclusion share the same molar relationship, but they differ with regard to the arrangement of the other teeth relative to the line of occlusion. The line of occlusion may or may not be correct in Class II and Class III.


By the early 1900s, orthodontists no longer just aligned irregular teeth in each arch.175,218 The practice had now evolved into the treatment of malocclusion (i.e., how the upper and lower teeth align with each other). Angle's philosophy was to achieve a specific relationship between the upper and lower teeth for each patient. Since Angle's precisely defined dental relationships also required a full complement of teeth in each arch, the maintenance of an intact dentition became an important component of orthodontic treatment. Angle and his followers strongly opposed extraction for orthodontic purposes.69 In an attempt to achieve the three-axis control of tooth movement, Angle introduced the ribbon arch (Fig. 2-10).70 He then devised the edgewise appliance to overcome the weaknesses of the ribbon arch (Fig. 2-11). The Angle reoriented bracket slot was designed to control the bodily movement of teeth and to limit tipping.135 Angle also heavily relied on the use of intraoral rubber bands and limited the use of extraoral appliances (e.g., headgear) as much as possible.
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Figure 2-10 The ribbon arch appliance, which was introduced by Angle in 1916. The vertical slot in the bracket accepts either round or rectangular wire, which in turn is held in place by a locked pin.
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Figure 2-11 The edgewise bracket attachment comes in a variety of modifications. The original single bracket (left) has been widened for molar teeth and for greater rotational control (center). The twin edgewise modification (right) is available in different widths, and it is used most frequently because of its greater versatility, its reduced frictional component, and its adaptability to various light-wire techniques.





Angle was among the first to state that jaw discrepancies exist in some individuals and that these discrepancies will prevent the achievement of a normal occlusion. He then acknowledged the need for jaw-straightening surgery. In Chapter 14: Operative Surgery of the sixth edition of Angle's textbook, he states that the use of appliances to move teeth may be properly called conservative surgery to distinguish it from more bold or aggressive operations involving the use of cutting instruments, which were designated as operative surgery. He states the following: “While such operations [mandibular osteotomies] should probably be employed only as auxiliary to the conservative method, they are doubtless destined to play an more important part in the practice in the future.”6


Dr. Angle worried that no technique that relied solely on tooth movement could establish the appropriate relationships of the teeth or truly improve the facial lines in cases involving the severe overdevelopment of the inferior maxilla [mandible].6 He felt that these cases may be successfully treated by removing a section of bone from each of the lateral halves of the mandible. At the time, the removal of a single complete section of the jaw had been reported for cases involving such conditions as ankylosis, tumors, and gunshot wounds, but Dr. Angle was unable to find information about the removal of complete sections from each of the lateral halves of the mandible. This idea was discussed by Dr. Angle with various surgeons and dentists and determined to be feasible. His proposal involved the following6:




• Careful photographs should first be taken of the patient.


• Two accurate models should be made of the lower dental arch, and one should be made of the upper.


• One of the plaster models of the lower jaw should then be sawed through and the sections removed.


• The positions and extent of the sections should be carefully experimented with until the three remaining sections of the model could be made to best harmonize with the upper arch so that the teeth may be in best possible occlusion with those of the upper jaw.


• The sections of the plaster model should then be cemented or waxed together.


• Over this reconstructed model, a vulcanite or metal splint should then be formed.


• With the use of careful comparisons and measurements of the reconstructed model as compared with the unchanged model, the exact size and form of both resections of bone to be removed can be determined so that there need be no guessing as to the relationships of the bone. In this way, complete apposition of the cut ends can be made.


• Because there is a lingual inclination of the lower incisors in all cases of mandibular prognathism, the sections of bone to be removed must not be parallel on their sides but instead more or less wedged or V-shaped to gain the best positions for the occlusion of the incisors as well as for the appearance of the chin.


• The degree of variation from the parallel of the lines of bone resection must be determined by the conditions that are present (i.e., patient variation).


• Because the operation must be skillfully performed, the most rigid support should be given to the reconstructed jaw. This technique (i.e., a cap splint over the teeth) should give more rigid support than is possible with the crude, unstable, and unmechanical plan of wiring the ends of the bone together, which is so often employed for the reduction of fractures.





According to Dr. Angle, “The question most often raised by dentists in discussing the practicability of an operation as outlined above was the uncertainty as to union of the bones and as to impairment of vitality of the teeth in the anterior segment [of the mandible].”36 However, Dr. Angle helped with the overcoming of these concerns via two case reports that were presented in his textbook, Treatment of Malocclusion of the Teeth and Fractures of the Mandible: Angle's System6 (pp 173-184):








First Patient (Operation)


June 23, 1897, the author [Dr. Angle] assisted the late Professor Henry H. Mudd in one of these operations performed at St. Luke's Hospital, St. Louis, upon Ms. M.J. of Arkansas, a delicate girl, 13 years old. She had likely suffered with generalized sepsis at 3 years of age with the mandible becoming fixed and firmly closed [temporomandibular joint ankylosis]. The upper jaw was normal in size and contained a full complement of teeth. The lower jaw was deformed. The ramus of the jaw on each side passed downward and backwards so that the angle of the jaw came a little behind rather than in front of the vertical line dropped from the lobe of the ear. The arch of the lower jaw was broad and the incisor teeth were impinging the surface of the palate. The only point of entrance for food was the opening under the arch of the hard palate above the incisor teeth of the lower jaw.


To free the body of the jaw so that the mouth might be opened, a triangular segment with the base downward and the apex upward and forward was removed from the angle of the jaw on each side. A complete section of the bone was thus removed on each side to make false joints at the junction of the ramus and the body of the mandible. When the bone was separated, the tongue and jaw dropped down, making respiration difficult. An urgent tracheostomy was made. Wire ligatures were used to establish IMF [intermaxillary fixation]. This pulled the tongue and neck muscles superior and anterior, and established a good airway. The ligatures were occasionally removed in the ensuing weeks to allow movement of the jaw and establish a hinge joint instead of osseous union in the ramus regions of the mandible. Unfortunately, the patient was lost to follow-up several weeks later without permanent record of how things turned out.


Second Patient (Operation)


A double resection [of the mandible] for the purpose of shortening a prognathic mandible was performed successfully at the Baptist Hospital in St. Louis [Dr. Vilray Blair was the surgeon, and the procedure was performed on December 19, 1897]. Such an operation might at first seem formidable, but there is no reason why, if skillfully performed according to modern aseptic methods of surgery and the plan is indicated, that clean smooth ends of the bone should not unite at least as readily as they do in the common cases of double [mandibular] fractures and the result being nearly ideal.












Holly Broadbent


The introduction of the cephalometer by Holly Broadbent in 1931 was another important milestone that placed orthodontic research on a scientific foundation (Fig. 2-12).157 For the first time, it made possible the accurate study of the facial bones in the growing child (Figures 2-13 and 2-14). It became a valuable supplement to the orthodontist's plaster models and intraoral x-rays. The value of serial cephalograms in clinical practice was quickly realized. Broadbent's original work on the “face of the normal child” and Brody's classic research “on the growth pattern of the human head from the third month to the eighth year of life” were among the earliest contributions.163 These were followed by the research of Down's “Variations in Facial Relationships,” the work of Thompson in “Functional Analysis of Occlusion,” Wylie's “Assessment of Anterior-Posterior Dysplasia,” and the work of Margolis' “Basic Facial Pattern and Its Application in Clinical Orthodontics.”174 The use of cephalometric radiography in clinical practice became widespread after World War II and made clear to all clinicians that many of the Class II and Class III malocclusions being treated actually resulted from abnormal skeletal relationships rather than just malposed teeth.165 These radiographic truths were hard to ignore and further inspired orthodontists and surgeons to search for operative solutions.181
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Figure 2-12 Photograph of Holly Broadbent (1894-1977). From Broadbent BH Sr., Broadbent BH Jr and Golden WH: Bolton Standards of Dentofacial Developmental Growth, St. Louis, C.V. Mosby, 1975.
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Figure 2-13 Broadbent was the first to develop the standardized lateral “head plate.” The cephalometer is a device for holding the patient's head, the x-ray film, and the central ray of the x-ray machine in proper relationship with one another. Ear-rod extensions are necessary to adjust the head so that the profile is centered, regardless of the size or shape of the head. The orbital pointer and the ear rods adjust the patient's head along the horizontal or Frankfort plane. An adjustable chair is used, and the teeth are placed in “centric occlusion” unless otherwise indicated. The cephalometer may be rotated so that posterior and anterior radiographs as well as profile radiographs can be taken. The central ray is directed through the ear rods, thereby producing a circle on the x-ray film. From Broadbent BH Sr., Broadbent BH Jr and Golden WH: Bolton Standards of Dentofacial Developmental Growth, St. Louis, C.V. Mosby, 1975.
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Figure 2-14 The cephalostat device, as described in Figure 2-13, is shown with a patient who is positioned and ready for film exposure. From Broadbent BH Sr., Broadbent BH Jr and Golden WH: Bolton Standards of Dentofacial Developmental Growth, St. Louis, C.V. Mosby, 1975.












Charles Tweed and Raymond Begg


Another “orthodontic truth” was also soon to fall. A purest “Angle” approach to maintaining and straightening all of the teeth in all patients frequently proved untenable with regard to the maintenance of the occlusion after the appliances were removed.54,144,145 This non-extraction, arch-expansion approach gave little consideration to long-term periodontal health or to the individual's overall facial aesthetics.161 The extraction of teeth (typically the bicuspids) to achieve occlusal stability and periodontal health was reintroduced into American orthodontics during the 1930s by Charles Tweed (Fig. 2-15) and simultaneously into the United Kingdom (Australia) by Raymond Begg (Fig. 2-16) (see Chapter 17 for in-depth discussion).47-49,59,204
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Figure 2-15 Photograph of Charles Tweed (1895-1970).
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Figure 2-16 Photograph of Raymond Begg (1889-1983). From Wahl N: Orthodontics in 3 millennia. Chapter 6: More early 20th-century appliances and the extraction controversy. Am J Orthod Dentofacial Orthop 128:795–800, 2005.












Lawrence F. Andrews


Dr. Lawrence F. Andrews' pioneer contributions to the field of orthodontics and the treatment of dentofacial deformity must also be mentioned (Fig. 2-17).2-4 After completing orthodontics training at Ohio State University in 1958, he entered private practice that was limited to orthodontics. Early in his career, Dr. Andrews recognized clinical problems that were yet unsolved and sought solutions. This sent him on a search to better understand occlusion as well as deviations from normal. Between 1960 and 1964, Dr. Andrews began to gather data for analysis. One hundred and twenty non-orthodontic normal (dental) models were acquired with the cooperation of local dentists, orthodontists, and a major university. The models selected for study were of teeth that had never undergone orthodontic treatment; that were straight and pleasing in appearance; that had a bite that looked generally correct; and that, in Dr. Andrews' judgment, would not benefit from orthodontic treatment.
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Figure 2-17 Photograph of Lawrence F. Andrews.





Dr. Andrews studied the crowns of this multisource collection of models to ascertain which characteristics, if any, would be found consistently in all of them. Angle's molar cusp groove concept was validated but found to be incomplete. After meticulous evaluation, including comparison with “treated cases” from the nation's most skilled orthodontists (n = 1150), six consistent occlusal characteristics were formulated by Dr. Andrews in general terms and then explained in detail.2 The six fundamental qualities or Six Keys of Optimal Occlusion were validated not solely because all were present in each of the non-orthodontic normal models (n = 120) but because the lack of even one of the six was a defect that was predictive of an incomplete end result in the orthodontically treated models that were studied (n = 1150).


The significant characteristics (i.e., the Six Keys of Optimal Occlusion) described by Andrews that were found in all of the non-orthodontic normal models were as follows:




Key I: Interarch (molar) relationship


Key II: Crown angulation


Key III: Crown inclination


Key IV: Rotations


Key V: Tight contacts


Key VI: Curve of Spee





In his published article, Dr. Andrews acknowledged that, although each normal person is unique in his or her own way, they nevertheless have much in common.2 The 120 non-orthodontic normal models studied differed with regard to certain aspects, but all shared the Six Keys. Dr. Andrews suggested that we use as our benchmark “nature's best” and that, in the absence of abnormalities outside of our control, we limit compromise and strive for the ideal. He developed the straight-wire appliance in 1970 for orthodontic use to help accomplish these objectives. This preadjusted appliance soon became the standard of the specialty.2-4


Dr. Andrews then went on to describe six fundamental principles that are necessary to achieve both facial and dental harmony: the Six Elements of Orofacial Harmony. Both of these aspects—facial and dental harmony—are frequently absent in the patient with dentofacial deformity. Dr. Andrews was one of the first orthodontist to clarify the importance of addressing both facial and dental harmony from the beginning of treatment to achieve the best facial form and head and neck function for each patient. Dr. Andrews stated that, for the maxillomandibular complex to be in harmony (i.e., to have all elements in alignment) with the overall face, the following must be present:




Element I: Proper arch shape and positioning of the maxillary and mandibular teeth (roots) over the basal bone


Element II: Proper horizontal (sagittal) projection of the maxilla


Element III: Proper width of the maxillary and mandibular arches


Element IV: Proper vertical height of the maxilla


Element V: Proper prominence (shape) of the chin (i.e., pogonion prominence)


Element VI: Establishment of the Six Keys to Optimal Occlusion





He studied each of these Six Elements and defined both qualitatively and quantitatively how the orthodontist and the surgeon can work together to achieve these objectives for each patient.









William R. Proffit


By the mid 1970s, Dr. Proffit recognized the benefits of a collaborative surgeon–orthodontist interaction for the correction of dentofacial deformities.164 He and others convincingly demonstrated to surgeons that rectangular orthodontic arch wires in edgewise brackets were satisfactory for surgical patients without the need for the intraoperative placement of Erich arch bars. This paved the way for the routine preoperative orthodontic relief of dental compensations, and it was followed by the placement of orthodontic “surgical wires and hooks” for intraoperative use. After the initial surgical healing, a smooth transition to orthodontic maintenance and detailing soon became the standard of care. Dr. Proffit was also an early believer in the importance of a collaborative effort to understand the patient's presenting dysfunction and dysmorphology and then to develop a comprehensive treatment plan. The use of a cephalometric analysis with prediction tracings followed by dental model planning with splint construction became the routine. Dr. Proffit and others also insisted on analysis of the early results that were achieved. This was followed by critical studies of the long-term outcomes after various surgical approaches and orthodontic techniques were employed. This analytic approach has been responsible for much progress in the field over the past four decades.


According to Dr. William R. Proffit* (Fig. 2-18), orthodontics in the 21st century differs from that of the previous century in three fundamental ways162,163:
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Figure 2-18 Photograph of William R. Proffit (1936-Present)










1. There is more emphasis on both facial and dental aesthetics and less on the details of dental occlusion as an overriding objective. This has much to do with the safe and reliable orthognathic surgical techniques that are currently available and with the recognition that long-term stable occlusion and periodontal health can best be achieved in conjunction with harmonious jaw relationships. This will require extractions when necessary to uncrowd and achieve periodontal health; decompensating orthodontic therapy to place teeth that are solidly in the alveolar bone; and jaw-straightening surgery, when indicated.


2. Patients and families expect greater involvement in the treatment planning process. Full disclosure requires the orthodontist to consider and review ideal and compromised treatment options. Providing a balanced and objective assessment of each option's effect on facial aesthetics, dental stability, periodontal health, speech articulation, and the upper airway is ideal. Consultation with appropriate dental, surgical, and medical specialists before instituting treatment has become the standard of care.


3. Orthodontics is now offered not just to children, adolescents, and young adults but also to older adults through an interdisciplinary approach. Consideration should be given to facial aesthetics, occlusion, periodontal health, the upper airway, speech articulation, and the long-term maintenance of the dentition. There is increased emphasis on coordinated treatment with other dentists, surgeons, and medical specialists. Taking advantage of currently available sophisticated orthodontics and orthognathic surgery to provide individuals of all ages with quality care should now be considered routine.















Early Pioneers in the Field of Orthognathic Surgery






Mandibular Setback for Prognathism


Simon Hullihen described a procedure for the correction of mandibular dentoalveolar protrusion in the American Journal of Dental Science in January 1849 (Fig. 2-19, A).18,98 Technically, this was a bilateral bicuspid region wedge ostectomy to “set back” the anterior mandibular dentoalveolar segment. The osteotomy did not violate the inferior border of the mandible. The procedure was performed on a middle-aged woman whose mandibular deformity was the result of a severe burn scar contracture of the anterior neck and lip from an injury that had occurred during her childhood (see Fig. 2-19, B and C).
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Figure 2-19 A, Photograph of Simon Hullihen (1810-1897). B, Illustration of anterior mandibular dento-alveolar segmental osteotomy proposed and C, carried out by Dr. Hullihen. A from Ambrecht EC: Hullihen, the oral surgeon. Int J Orthod Oral Surg 23:377, 511, 598, 711, 1937. B and C from Hullihen S: Case of elongation of the under jaw and distortion of the face and neck, caused by a burn, successfully treated. Am J Dent Sci 9:157, 1849.





In 1887, Berger from Lyon, France, described bilateral condylar neck osteotomies to set back the prognathic mandible.90 In 1895, Jaboulay also reported the bilateral osteotomy of the condylar neck (condylectomy) for the correction of prognathism.100 This method continued to be popular in France for the treatment of prognathism through the 1950s.75


On December 19, 1897, Vilray Blair in St. Louis, Mo, carried out a distinct modification of the original Hullihen procedure for the treatment of mandibular prognathism (see the “Second Patient (Operation)” case report by Dr. Angle earlier in this chapter) (Fig. 2-20).38 The operation was performed on a 22-year-old man with asymmetric mandibular prognathism. The young man had difficulty with chewing and speech articulation, and he also was self-conscious about his appearance; thus, he was enthusiastic about proceeding with the recommended surgical plan. Dr. Blair stated that the immediate surgical objective was to carry out bilateral body osteotomies to shorten the horizontal ramus [body of the mandible] and to change the mandibular angle [rotate the distal mandible counterclockwise], thereby allowing for the closure of the open bite. Dr. Blair's preoperative concerns about the operation included the following:
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Figure 2-20 Photograph of Vilray Blair (1871-1955).







1. Could a portion of the mandible be cut out on each side in a satisfactory way?


2. Would sacrifice of the inferior dental nerve cause detrimental injury to the distal mandible?


3. After healing had occurred, would the mandible continue to grow and cause a recurrence of the deformity?





Through cadaver dissections, Dr. Blair satisfied his concerns regarding whether the mandible could be sectioned and repositioned successfully. As a result of the age of the patient (22 years), he had little concern regarding further growth after surgery. He conferred with two other surgeons (Dr. E.H. Gregory and Dr. P. Tupper), both of whom concurred that the surgical plan seemed reasonable. The patient was also under the care of Dr. J.W. Whipple (orthodontist). Dr. Blair had discussed the feasibility of a surgical solution for mandibular prognathism with Dr. Angle (the patient had also consulted with Dr. Angle before surgery), and Dr. Angle “had advised such an operation.”38


The surgery was carried out at the Missouri Baptist Sanatorium. The surgery commenced with the patient under chloroform anesthesia at 9:20 AM with the patient in the recovery room by 10:30 am. During the operation, the patient's head was hyperextended over the end of the operating room table. Skin incisions below the inferior border of the mandible on each side provided exposure. The incisions extended up into the mouth and involved cutting through the mucous membrane. A full-thickness osteotomy was to be completed on the left side of the mandible between the first and second bicuspids and on the right side between the second bicuspid and the first molar. The osteotomy was initiated with a “double-bladed saw” three quarters of the way through on each side; the inferior border remained intact.38 This allowed for the presence of a stable mandible on each side before the cut was fully completed on either side. A drill was used to place holes on either side of the osteotomy site for eventual “cooper wire fixation”38 near the inferior border on each side before cutting through the inferior border on either side. After the completion of both full-thickness osteotomies, soft gutta-percha was placed over the mandibular dentition, and the upper and lower teeth were firmly wired together through the gutta-percha. This method of intermaxillary fixation immobilized the distal mandible in its new position for the closure of the open bite. Dr. Blair stated that “this method of fixation was suggested to him by seeing Dr. Angle's fracture bands.”38 The fracture band method of mandible fracture management was commonly in use.


Dr. Blair stated that, as the patient was emerging from the anesthesia, the vomiting of mucus and blood occurred, thereby necessitating the cutting of the intermaxillary fixation.38 After the vomiting subsided, rather than reapplying intermaxillary fixation, a Barton bandage of plaster was used to secure the mandible into occlusion with the maxilla.21 When the Barton bandage was removed several weeks later, Dr. Blair felt that there was “bony union on the right side and a very slight but perceptible motion on the left side when the fragments were grasped.”38 Dr. Blair decided to take the patient to the office of the treating dentist (orthodontist), Dr. Whipple. He requested that Dr. Whipple place two dental bands with a bar between them across the weak left osteotomy site. This would afford the patient sufficient support and allow him to go without the additional protection of a Barton bandage or intermaxillary fixation.” Unfortunately, while he was tightening the bands across the left and right osteotomy sites, Dr. Whipple “broke the union of the provisional callus.”38 At this point, Dr. Whipple applied properly adjusted bands to the teeth on the left side of the mandible, and Dr. Blair reapplied a Barton plaster external facial bandage.38 Dr. Whipple also placed crowns on the mandibular teeth posterior to the osteotomy sites so that the molars would occlude properly with the upper teeth, and he filled some points on the teeth to improve the occlusion of the incisors.38 Apparently, the combination of the mandibular setback with the clockwise rotation resulted in “a small [osteotomy] gap between the second bicuspid and first molar on the right side” but “without a gap [previous edentulous space] in the left first bicuspid region.”38 Despite these difficulties, the osteotomies went on to heal with a reasonable correction of the occlusion.38 Dr. Blair stated that there was “almost a complete loss of cutaneous sensation of the lower lip” but that the “sensation of the tooth-pulp is good.”38


Interestingly, Dr. Whipple, the treating dentist and orthodontist, published his version of the patient's surgery, convalescence, and ultimate result in Dental Cosmos in 1897.212 This was before the journal publication by Dr. Blair, in which he gave a full account of the case from his perspective.38 Although Dr. Whipple's description of events varied somewhat from what was eventually reported by Dr. Blair, both concurred that the procedure had taken place and that it was a success.


In his textbook, Dr. Blair cautions the surgeon that “the lower jaw should be set back only far enough to be in harmony with the rest of the face” and that the surgeon should “leave it to the orthodontist to bring forward the upper incisors if necessary.”40 He stated that “an orthodontist should be involved in the planning of the patient's treatment from the beginning.”40 For some patients, Dr. Blair notes that “it would be of considerable advantage to have the upper jaw [orthodontically] expanded and the upper incisors and canines brought forward before the lower jaw is surgically set back.”40


A horizontal osteotomy through the ascending ramus, on each side and above the occlusal plane, as a method of “setting back” the prognathic mandible was first described by Lane.117 During the early 1900s, Blair39 and Babcock19 also made use of the horizontal ramus osteotomy on each side for the correction of prognathism.36


In 1912, Harsha reported bilateral wedge resections of the mandible body near the angle regions to set the mandible back; this was similar to the procedure that Blair described in 1897.89 Unfortunately, at least one of his reported patients suffered the loss of (and the eventual need to remove) the entire anterior part of the jaw. In 1945, Moose143 may have been the first to describe a fully intraoral technique to carry out horizontal ramus osteotomies for the correction of mandibular prognathism. In 1950, G.V. Barrow and Reed O. Dingman discussed the surgical management of mandibular prognathism.22 They described a method to determine the exact amount and shape of mandibular bone to be resected on each side by using dental models that involved the construction of splints and templates. Their described meticulous approach was similar to that of Angle in the 1903 edition of his textbook.7 The operation was reported by Dingman as having a two-stage approach71,72; this was to separate the intraoral and extraoral aspects to maintain control of the segments and to limit the risk of infection. During the first stage, the teeth to be extracted (i.e., the first molars) were removed with the use of local anesthesia. As determined by the “preconstructed template,” osteotomies for wedge resection were initiated through the intraoral approach at the time of the extractions. Approximately 4 weeks later, the patient was anesthetized in the operating room for the second stage. An incision of the skin of the neck was made 2 cm below the inferior border, and the lower aspect of the mandible was exposed on each side. The previous intraoral vertical cuts on each side were identified. With a power-driven bur or saw, the two vertical cuts were continued through the inferior border. Attempts to preserve the inferior alveolar nerve were made. Stabilization across the osteotomy on each side site was with 24-gauge stainless-steel wires. The teeth were placed into occlusion with the use of either orthodontic appliances or Erich arch bars. In either case, to improve accuracy, the mandibular dentition was secured into a prefabricated acrylic wafer before intermaxillary fixation occurred.


In 1954, J.B. Caldwell and G.S. Letterman devised a vertical osteotomy of the ascending ramus that involved the decortication and perforation of the fragments and then the splitting of the medial and lateral cortices of the ramus to allow for setback of the mandible followed by direct wire fixation.45,46 This innovative technique had the advantage of providing at least a degree of overlapping of the bone for more reliable and rapid healing.


All of these techniques for the management of mandibular prognathism79,87,91-93,96,138,167,211 eventually fell by the wayside after the introduction by Hugo Obwegeser of what we now refer to as the “intraoral sagittal splitting of the mandibular ramus,” which is described later in this chapter.149 The stabilization of the osteotomy segments is now generally accomplished with titanium bicortical screws or with a titanium plate and screws in accordance with the pioneering innovations of H. Luhr, who is also discussed in a later section of this chapter.127









Mandibular Advancement for Retrognathism


An important early maxillofacial textbook publication was Surgery and Diseases of the Mouth and Jaws by Vilray P. Blair (Fig. 2-21).40 At the time of publication, Dr. Blair was a Major in charge of the subsection of Plastic and Oral Surgery, Section of Surgery of the Head Office of the Surgeon General of the Army in Washington, DC.197 He was also a professor of oral surgery at the Washington University Dental School and an associate in surgery at the Washington University School of Medicine in St. Louis, Mo. In his textbook, Chapter 21 deals with the treatment of deformities and malrelations of the jaws.
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Figure 2-21 Vilray P. Blair published a text entitled Surgery and Diseases of the Mouth and Jaws, the first edition of which was published by the C.V. Mosby Company in 1912.





Dr. Blair cautions that, before entering into jaw-straightening surgery, the surgeon would be well advised to do the following:




• To not undertake any cases without first having the fullest confidence in his or her patient


• To remember that procedures undertaken for only “moderate” deformity should not be taken lightly


• To remember that maximum restoration will also require orthodontics


• To remember that the earlier a competent and genial orthodontist is associated with the case, the better it will be for both the surgeon and the patient





In the 21st century, these remain useful words of wisdom for the surgeon to consider before entering into the treatment of a patient with a jaw deformity.


According to Dr. Blair, for the treatment of mandibular micrognathia, a surgical procedure may be used to “bring forward the lower jaw to harmonious outline” with the maxilla.40 Malocclusion in a patient with a jaw deformity results from the “pressure and counter pressure of growth and apposition.”40 Normal occlusion cannot be established by jaw surgery alone. To reach certain objectives, the surgeon “shall have knowledge of occlusion and of the scope and limitations of orthodontic procedures.”40


Blair went on to say this: “We have to accept the upper jaw position but the lower jaw is capable of almost any kind of surgical adjustment. The complication of an ununited fracture of the lower jaw is rare. The complication of necrosis or loss of teeth from surgically sectioning the ramus is not reported in the world literature.”40 However, “osteotomy of the ramus of the mandible is a recognized procedure for the treatment of temporomandibular joint ankylosis.”40 Esmarck, who was a prominent surgeon when Dr. Blair was discussing this treatment, recommended the removal of a whole section of the horizontal ramus to avoid a union (i.e., reankylosis) when creating a pseudoarthrosis for the treatment of temporomandibular joint ankylosis. However, Blair felt that surgeons did not need to concern themselves with the possibility of necrosis or nonunion when “completing an osteotomy through the inferior alveolar neurovascular bundle.”40


Blair felt that the surgeon could correct mandibular retrognathia by completing a ramus osteotomy on each side and then “bringing the distal mandible forward to meet a good occlusion with the maxillary arch.”40 Intermaxillary fixation could then be achieved with stainless steel wires and the use of soft cement in between the occluding teeth.40 Fixation across the osteotomy site was felt to be unnecessary. The (horizontal) ramus osteotomy was made at or just above the mandibular occlusal plane with the use of a Gigli saw placed transcutaneously.39 The osteotomy was cut through the inferior alveolar neurovascular bundle, which was not felt to be important either to the circulation of the mandible or as a cause of disability. The ramus osteotomies were later made blindly and transorally with a Gigli saw.40


According to Dr. Blair, “the operation presented three distinct problems: (1) the cutting of the bone [which is the easiest of the three]; (2) the placing of the jaw into its new position; and (3) holding it there [for the time required for healing].”40 He used postoperative x-rays to show that the fragments of the ramus remained in contact at the posterior border of the osteotomy. “[A]s the distal mandible is brought forward,” said Dr. Blair, “a gap is created anteriorly while the fragments remain in contact at the posterior border. For healing to occur, the bone gap must be filled with granulations. The resulting bone scar tends to contract [relapse] for months afterwards.”40 The maintenance of tight intermaxillary fixation was felt to be essential to maintain the new position. Blair used iron wire for its strength, lack of stretch, and pliability; it could also be twisted, unless it was damaged by sharp instruments.40 He also used quick-setting cement between the occlusal surfaces of the molars to prevent the placement of postoperative forces on the anterior teeth, which could cause the patient significant pain.40


Dr. Blair also used this same operation involving horizontal ramus osteotomies for the treatment of ankylosis associated with severe mandibular retrusion; this operation was first carried out by Dr. Mudd with Dr. Angle assisting in 1897. Dr. Blair also suggests addressing the residual chin deformity by either “injecting paraffin into the chin or by inserting a piece of cartilage or rib.”40


Most of the early reported attempts at horizontally advancing the retrognathic mandible focused on the mandibular body. Dr. Blair specifically addressed the problem of an anterior open bite by rotating the distal mandible counterclockwise after body osteotomies and ostectomies. He states that the “sectioning of the mandible on both sides in front of the first molars [as long as the molars are in occlusion] is the preferred procedure. The anterior mandible can then be moved into good occlusion with the upper teeth. In other cases, it is necessary to remove a V-shaped section of the bone on each side with extraction of the tooth [bicuspid]. The apex of the V-shaped ostectomy segment is at the lower border of the mandible and usually a tooth is extracted from the site of the section on each side. The bone is cut using a Gigli saw or a cross-cut Fisher bur.”40


Dr. Blair goes on to state that “the deformity is in both jaws but the operation is limited to the lower jaw. It is best to restore the lower jaw to its proper form and then manage the residual open bite by bringing down the upper incisors with orthodontic appliances or by extending the upper teeth with porcelain crowns. Fixation is achieved with a prefabricated splint constructed on plaster dental models. This will prevent pulling down of the distal segment by the digastric and geniohyoid muscles.”40


A variety of techniques were carried out by pioneering surgeons to address concerns regarding the maintenance of contact between the fragments to achieve bony union; soft-tissue coverage to limit infection; opposing muscle pull to limit relapse; and adequate fixation. In 1928, a “step osteotomy” of the body of the mandible was proposed by Von Eiselberg.201 Also in 1928, Gadd reported a stepped procedure for the body of the mandible for the purpose of correcting asymmetric mandibular deficiency.80 That same year, Limberg completed L-shaped sliding osteotomies of the mandibular body to improve bone-to-bone contact after advancement.122,123 In 1931, Kostecka published his work with the Blair-type transcutaneous horizontal ramus osteotomies with the use of a Gigli saw (Fig. 2-22).115 In 1936, Kazanjian performed mandibular “step” osteotomies anterior to the mental foramen with extension back into the body of the mandible to allow for advancement and fragment approximation (Fig. 2-23, A through D).68,103-108 The constant problems encountered with all of these approaches involved maintaining sufficient bone-to-bone contact and achieving adequate fixation for a stable long-term result. The problems were finally solved through the pioneering work of Hugo Obwegeser (i.e., the intra-oral sagittal splitting of the ramus of the mandible) and Hans Luhr (i.e., plate and screw fixation across the osteotomy site), which is described later in this chapter. In 1960, Caldwell described vertical osteotomies of the ramus with interpositional iliac bone graft for the correction of micrognathia.45 A C-osteotomy of the ramus was later described by Caldwell and colleagues, in 1968.46 Although these osteotomies with interpositional grafting are occasionally used for the management of mandibular retrognathism, the Obwegeser sagittal split ramus osteotomy is generally preferred. Throughout the 18th and 19th centuries, many surgeons saw the need to mobilize the maxilla for better access either to remove an epipharyngeal tumor or for the correction of maxillary deformity.
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Figure 2-22 As originally depicted, methods for the correction of mandibular deformities by the blind technique. A, The method of Blair. From Blair VP: Surgery and diseases of the mouth and jaws, ed 3, St. Louis, 1914, C.V. Mosby Company. B, The method of Kostecka. From Kostecka F: Die chirurgische therapie der proggeni. Zahnaertzliche Rundschau 40:669–687, 1931.
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Figure 2-23 A, Dr. Varaztad H. Kazanjian leaving Buckingham Palace after his investiture as a Companion of St. Michael and St. George for his services during World War I, March 15, 1919, B, View of the hospital showing Dr. Kazanjian’s three wards, circa 1916, C, Photograph of the hospital ward within the makeshift (Harvard unit) barrack where trauma patients were under the care of Varaztad H. Kazanjian (1915-1919). D, Photograph of Varaztad H. Kazanjian later in his career. A and B, From The Harvard Medical Library in the Francis A. Countway Library of Medicine. C, From Deranian HM: The miracle man of the western front. Bull Hist Dent 32:85-95, 1984.












Maxillary Osteotomies for Management of Dentofacial Deformity


In 1868, David Williams Cheever of Boston published a report of a Le Fort I osteotomy for the purpose of exposing and removing a large nasopharyngeal polyp (Fig. 2-24).55,88 After completing the tumor resection, the maxilla was placed back in its original location. Cheever stated, “so far as I know, the operation including both superior maxillary bones—is novel.”55 “Nothing but the posterior attachments of the upper maxilla now prevented their depression and hinging on the pterygoid processes. The upper jaw was brought down so as to expose the tumor.”55 By the early 1900s, reports of series of patients undergoing maxillary osteotomies for the purpose of tumor resection were detailed in the literature.37




[image: image]


Figure 2-24 Photograph of David Williams Cheever of Boston (1831-1915). Courtesy Harvard University Portrait Collection.





With reference to the treatment of dentofacial deformities, in 1921 in Berlin, Cohn-Stock was the first to report an elective maxillary osteotomy to establish a preferred occlusion.56,214 He used a two-stage approach (a precaution against flap necrosis) when completing an anterior maxillary osteotomy. Martin Wassmund, the founder of the “German school” of maxillofacial surgery, is credited with developing the one-stage anterior maxillary osteotomy.205-207 The Wassmund procedure was completed through limited palatal and labial incisions with subperiosteal tunneling. The tunneling incisions limited mobilization, but this was thought to be necessary to maintain circulation. Karl Schuchardt is credited with developing the posterior maxillary segmental osteotomy.171-173 This was completed with the use of broadly elevated full-thickness palatal flaps and limited labial flaps. In 1959, Köle described the combined simultaneous maxillary and mandibular anterior segmental (alveolar) osteotomies for the correction of bimaxillary protrusion and other forms of open bite, deep bite, and posterior crossbite.111-114 He also pioneered the “corticotomy of maxillary and mandibular bones to facilitate the orthodontic movement of either a single tooth or group of teeth.”114


Wassmund is credited with performing a first “total maxillary osteotomy” for the correction of a dentofacial deformity in 1927.205-207 This was in a patient with an open-bite malocclusion. The maxillary osteotomy was completed through tunneling incisions without full down-fracture. Intermaxillary elastics were applied, with the gradual movement of the maxilla into occlusion occurring over the course of 2 weeks. In 1934, Axhausen was the first to mobilize and immediately reposition a malunited maxillary fracture by Le Fort I osteotomy.15-17 Pioneering surgeons described and continued to attempt maxilla osteotomies (anterior segmental, posterior segmental, and total maxillary) to improve the occlusion in individuals with dentofacial deformities.44,50,57-59,61,116,119-121,126,141,158,160,169,180,183,212,213,219,220 Unfortunately, circulation requirements of the maxillary segments were poorly understood, mobilization was often incomplete, and available fixation options were limited.66,86,87,110 These problems severely hampered the results that were possible for the patient with a jaw deformity.142,217


It was not until Hugo H. Obwegeser described the total horizontal Le Fort I osteotomy with complete down-fracture through a circumvestibular incision followed by full mobilization that the maxillary deformity could be universally addressed in all three planes, as described later in this chapter (Fig. 2-25).153 Animal research carried out in William H. Bell's laboratory soon confirmed the vascular integrity of each specific dentoalveolar–musculomucosal mandibular and maxillary osteotomy-created flap that had been clinically described and used by Obwegeser and other European maxillofacial pioneers (Fig. 2-26).29 Experimental confirmation of the adequacy of the circulation to each of these flaps, when properly elevated, encouraged the rapid dissemination of knowledge and the incorporation of orthognathic procedures into maxillofacial clinical practice throughout the world; this is discussed in more detail later in this chapter.
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Figure 2-25 Photograph of Hugo L. Obwegeser (1920-present).
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Figure 2-26 Photograph of William H. Bell (1927-present).





Dr. Hans Luhr's innovative ideas with regard to the development and clinical use of plate and screw fixation in maxillofacial surgery was the final piece of the puzzle, as described later in this chapter (Fig. 2-27).127-134 Interestingly, the third edition of Dr. Blair's text, which was published in 1912, illustrates the use of what he calls “silver splints” for fixation across a mandibular osteotomy site (Fig. 2-28).40 He stated that the use of these fixation devices was essential for healing. The “silver splints” look much like the titanium mini-plates with screws that we use today. He states that the “silver splints” were used on a patient for the correction of mandibular prognathism.
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Figure 2-27 Photograph of Hans Luhr (1932-present).
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Figure 2-28 A, Open bite of an extreme type in a young man showing how correction may be made by with V-shaped excision. This would have the disadvantage of shortening the jaw considerably, as shown in the reconstructed jaw, which is indicated by the dotted lines. B, A demonstration of how an operation involving an S-shaped bone cut that lengthens the jawbone provides for the better closure of the mouth. The silver splints at the site of the bone-cutter are absolutely necessary. From Blair V: Surgery and diseases of the mouth and jaws, ed 3, St. Louis, 1917, C.V. Mosby Company, pp 309, Figures 287 and 288.















Hugo L. Obwegeser: Development of the Standard Orthognathic Procedures*



After completing his medical studies in mid 1945, Hugo Obwegeser started his career as an unpaid visiting doctor in a small hospital near his hometown. By doing so, he had the opportunity to assist with surgery, including the treatment of extremity fractures. He did not know at that point in what direction his medical training would lead him. His uncle, an orthopedic surgeon, gave him this advice: “Whatever you want to become, a general medical practitioner in a small town or a specialist in any field of medicine, you will always need a fundamental knowledge of pathology and pathophysiology.”156 Obwegeser listened to his uncle, and, in October 1945, he accepted an unpaid position training under Professor Chiari at the Rockitansky Institute of Pathological Anatomy at the University of Vienna. At first, Obwegeser watched and listened, and he was occasionally allowed to assist at the dissecting tables. After 1 year of general surgery training and 2 years of pathology training, he was offered a paid position to train in maxillofacial surgery under Richard Trauner at Graz University. At Graz, Obwegeser would also train in dentistry and sit for the Austrian dental qualification examination (dentistry in Austria was a subspecialty of general medicine). Obwegeser trained and worked with R. Trauner for 6 years. He saw professor Trauner both as a teacher and like a father.156 According to Obwegeser, Trauner “opened our eyes regarding the scope of the specialty [maxillofacial surgery] and stimulated us to see problems and find solutions for them.”156 The maxillofacial clinical practice at the Graz University Hospital included primary clefts, head and neck cancer, facial trauma, and the management of severe residual facial war injuries.


During that time and with a scholarship from the British Council, Trauner sent Obwegeser to Harold Gillies, the founder of modern plastic and reconstructive surgery (Fig. 2-29).81-85 Obwegeser observed and worked with Gillies from October 1951 to February 1952, primarily on the reconstruction of war cases. From Dr. Gillies, Obwegeser learned “how to plan the reconstruction of a facial defect and how to handle soft tissues.”156 Trauner also sent Obwegeser to spend time with Edward Schmid at Marien-Hospital in Stuttgart, where Obwegeser further advanced his knowledge of the handling of soft tissues, the movement of flaps to a new location, the management of cleft defects, and the closure of fistulas.156 During his career, Obwegeser was also influenced by Dr. Paul Louis Tessier (Fig. 2-30).184-196 Obwegeser states that, from Paul Tessier, he learned “the principal technique for advancing the whole middle third of the face and how to rotate the eye sockets into the planned position.”156 Tessier used these new techniques to correct posttraumatic or congenital anomalies of the upper half of the face. Tessier's “cranial approach to the orbits via the anterior base of the skull has created the possibility of producing a normal appearance and with that a normal life for many patients”156; this is described later in this chapter.
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Figure 2-29 Photograph of Harold Gillies (1882-1960).
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Figure 2-30 Photograph of Paul Louis Tessier (1917-2008).





In June 1966, Dr. Obwegeser broadly introduced his orthognathic surgery techniques to North American surgeons when he presented a series of invited lectures and demonstrations at a comprehensive conference sponsored by the American Society of Oral Surgery at Walter Reed Military Hospital in Washington, DC.156 At that time, Obwegeser also described other new ideas with broad implications for the scope of oral and maxillofacial surgery, including preprosthetic procedures, transoral approaches to the reduction of mandibular fractures, and the simultaneous resection and reconstruction of tumors of the mandible with the use of a transoral approach.150-155


According to Obwegeser, “With fundamental basic training in medicine and dentistry and through my teachers' influence, I was able to produce new ideas and procedures, assemble them in contrast to the then existing rules. The influence of my teachers enabled me to become a teacher myself. It enabled me from 1958 until 1987 to establish the so-called Zurich-School of Maxillofacial Surgery.”156






The Transoral Sagittal Splitting of the Mandibular Ramus






Trauner R, Obwegeser H: Zur operationstechnik bei der progenia und anderen unterkieferanomalien. Dtsch Zahn Mund Kieferhlkd 23:11–25, 1955


In 1947, Obwegeser started his training in maxillofacial surgery under the direction of Richard Trauner from the maxillofacial unit of the dental school at the University of Graz in Austria. At that time, orthognathic surgery was considered to be a series of unsatisfying procedures carried out primarily for the correction of prognathism. The available mandibular procedures were limited variations of horizontal ramus osteotomies. The basic techniques were those described by Blair38-41 and Kostecka115:








“The Blair-Kostecka technique included: The ascending ramus was cut on each side of the face [see Fig. 2-22]. The patient was placed in IMF [intermaxillary fixation] (6 to 8 weeks). It was estimated that approximately 50% of patients experienced significant complications including: partial or total relapse; residual malocclusion (open bite); pseudoarthrosis; injury to the facial nerve; injury to the inferior alveolar nerve; or parotid gland fistula. It was assumed that a primary reason for nonunion/malunion was the limited area of bone to bone contact across the osteotomy site once the distal mandible was placed in occlusion. This was compounded by contraction of the temporalis muscle of the non-fixed proximal segment causing further dislocation and separation. This complication was especially common when the procedure was used to correct mandibular deficiency as the distal mandible had to be advanced to achieve IMF [intermaxillary fixation].”156





In 1952, Dr. Obwegeser retrospectively reviewed a consecutive series (n = 36) of Dr. Trauner's mandibular osteotomies that had been treated with the Blair-Kostecka approach.76,198-200 Obwegeser found a 50% incidence of significant complications. At his teacher's request to look for a better way to solve the mandibular deformity problem, Dr. Obwegeser made a personal decision about two aspects. First, he felt that the extraoral (cutaneous) approach left an unpredictable quality of scar and added a risk of injury to the inferior alveolar (sensory) nerve and the facial (motor) nerve, so he chose to find an intraoral approach. Second, he believed that the available techniques produced inadequate bone-to-bone contact to ensure stable bony healing. A new approach would have to provide broad contacting bone surfaces, even after anterior mandibular repositioning from micrognathia.


Dr. Obwegeser studied the cadaver mandible and concluded that “the ramus could be split along its sagittal plane—with a broad bony surface area for healing.”156 He had noticed a sagittal pattern on the radiographs of mandibular fractures that he had seen, and he wondered if such a fracture could be purposely created by a surgeon. Obwegeser was certain that “the inner and outer cortex could be cut at different levels and [then] the two corticotomies [could be] reconnected along the sagittal plane.”156 He was also convinced that the intraoral approach would not in itself result in infection. He had treated mandibular fractures via an intraoral approach by repositioning the fragments and providing intermaxillary fixation within 24 hours of the injury, and he had found that this resulted in minimal complications.156


Obwegeser then set out to sagittally split the ramus transorally on a cadaver. He did his cadaver work at the Institute of Anatomy in Graz, Austria (Fig. 2-31). Professor Trauner, who was Obwegeser's chief, then agreed to let Obwegeser try the new technique (i.e., intraoral approach sagittal split of the mandibular ramus) on a patient. Dr. Trauner would carry out his preferred approach (reverse L-shaped osteotomy of the ramus through a combined extraoral and intraoral approach) on one side, and Obwegeser would be allowed to try his technique on the other side. The procedure was carried out on an edentulous 27-year-old woman who presented with mandibular prognathism. A preoperatively constructed acrylic splint was made for the final occlusion, and the jaws would be wired together with the use of intermaxillary fixation (IMF). The procedure was carried out with the patient in a half-sitting position under local anesthesia on February 17, 1953. Unfortunately, when Obwegeser tried to execute his technique, the ramus “unexpectedly shattered instead of splitting.”156 The patient's mandible was set back, the occlusion was secured with the acrylic splint, and IMF was applied. Healing was satisfactory.
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Figure 2-31 Illustration demonstrating the first sagittal splitting of the rami. From Trauner R, Obwegeser H: Zur operationstechnik bei der progenia und anderen unterkieferanomalien. Dtsch Zahn Mund Kieferhlkd 23:11–25, 1955.





Two months later, a 24-year-old woman with mandibular prognathism and a nearly full dentition presented. Dr. Trauner again agreed to allow Dr. Obwegeser to try his technique. On April 22, 1953, with the patient in a half-sitting position and under local anesthesia, Dr. Obwegeser completed his osteotomy using long Lindemann burs, a keyhole saw and a fissure bur to perforate the cortex, and then a rose bur to connect the cortical perforations. An osteotome was finally used to split the ramus. The coronoid process fractured off, but, “with a gentile twisting maneuver, the cortical plates fell apart and the ramus was sagittally split.”198 On the other side, Dr. Trauner performed his inverted L-shaped osteotomy through a combined oral and extraoral approach. “This was followed by six weeks of IMF. The recovery was uneventful.” The published result shows a favorable occlusion and good facial contour198 (Fig. 2-32).
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Figure 2-32 The patient shown underwent the first successful transoral sagittal split of the ramus on the left side. This operation was completed by Obwegeser. A transcutaneous inverted L osteotomy on the right side was completed by Trauner on April 22, 1953. A, Left profile views before surgery as well as 5 months and 22 years after the surgery. B, The patient's occlusion before and after surgery is also shown. C, The posteroanterior cephalometric radiograph shows the wire fixation on the inverted L side (the right side) and without wire fixation on the sagittal split side (the left side). From Obwegeser HL: Orthognathic surgery and a tale of how three procedures came to be: a letter to the next generations of surgeons. Clin Plastic Surg 34:335, 2007, Figure 4.





Obwegeser recognized that additional problems to be overcome included the need for special instrumentation, intraoral lighting, and improved anesthesia. He joined the Department of Maxillofacial Surgery at the University Hospital in 1954. In 1956, Dr. Hotz, an orthodontist, asked Dr. Obwegeser to perform the “sagittal splitting procedure” on one of his patients.156 This patient was a 14½-year-old girl with a prognathic mandible who was partially maxillary edentulous.156 On April 9, 1956, with the patient under nasotracheal intubation, Dr. Obwegeser successfully completed the sagittal splitting of the ramus of the mandible on each side. On one side, the lateral ramus broke off, but it was secured back in place at the end of the procedure with direct wires. The operation took 4 hours, and healing was uneventful. According to the surgeons, “She had a wonderful aesthetic and functional result—no external scars”150 By the early 1960s, the sagittal splitting technique of the ramus of the mandible became routine for Dr. Obwegeser, and word soon spread worldwide.


Obwegeser mentions two important modifications to the sagittal splitting of the ramus of the mandible that later came about.151-153 The first modification was in “the placement of the lateral corticotomy to increase the surface area of the bony contact for improved union and to accommodate a wider range of advancement of the distal mandible.”156 The change was from a horizontal orientation of the lateral corticotomy of the ramus to a vertical orientation of the lateral corticotomy of the mandibular body. In 1957, while an observer of Dr. Obwegeser in Zurich, Dr. Dal Pont “conceived the idea of changing the lateral corticotomy from horizontal in the ramus to vertical in the body.”156 Dal Pont assisted Obwegeser with this goal, and it worked. In 1958, Dal Pont went back to his home base in Italy and eventually published these results himself.62,63 However, Dal Pont failed to mention that the patient described was Dr. Obwegeser's patient. A second modification was also suggested by Dal Pont when he observed that, in some patients, the split did not go back all the way to the posterior border when the ramus was sectioned; satisfactory results nevertheless occurred.64 This second modification was also recommended by Hunsuck and Epker when they “advocated that the osteotomy of the lingual side should be incomplete, extending just past the entrance of the neurovascular bundle.”156 This would result in an incomplete fracture along the medial aspect of the ramus.65,67,77,78,99,136












The Transoral Sliding Osseous Genioplasty






Trauner R, Obwegeser H: The surgical correction of mandibular prognathism and retrognathia with consideration of genioplasty. I. Surgical procedures to correct mandibular prognathism and reshaping of the chin. Oral Surg Oral Med Oral Pathol 10:677–689, 1957


Through the late 1950s, the correction of microgenia was achieved through onlay techniques to augment the deficient chin.13,14,102,140 The procedures were carried out through a submental (skin) incision. Autogenous bone and cartilage grafts (e.g., rib, hip) and a variety of alloplastic materials (e.g., acrylic, Silastic, metal) were used to augment the deficient chin. The onlay bone grafts resorbed over time. The cartilage grafts healed in a capsule and were often mobile and displaced, thereby causing asymmetry. The alloplastic materials, although easy to fabricate and place, had a high complication rate that included infection, displacement, the erosion of underlying bone, the resorption of the dental roots, and an unfavorable appearance.


Early in his career, Dr. Obwegeser had the intention of finding a reconstructive technique that would correct microgenia through an intraoral approach, that would allow for sufficient bone contact for reliable union, and that would maintain the advancement without resorption or relapse. After evaluating a woman with a retrusive chin and normal occlusion and reviewing her lateral cephalometric radiograph, Obwegeser realized that a favorable chin contour could best be accomplished by sectioning the chin transversely (i.e., below the roots of the teeth and the mental foramen) and then advancing it. He used the same transoral incision that he was familiar with from mandibular fracture management. He used a Lindemann bur to make a horizontal osteotomy below the roots of the teeth and the mental foramen, and he then completed the osteotomy with a chisel. He repositioned the distal chin horizontally forward by 10 mm while maintaining the geniohyoid muscle pedicle. He fixed the chin in its new position with circum-mandibular threads around the chin and bicuspid regions. The threads were primarily secured over a prefabricated acrylic wafer that was placed on the occlusal surfaces of the mandibular teeth to prevent “cheese wiring” through the interproximal regions. Obwegeser published this successful chin osteotomy outcome in 1957 (Fig. 2-33).150 Interestingly, an earlier publication by Hofer reported the sliding the inferior border of the chin forward.94,95 Although this osteotomy was similar to the one reported by Obwegeser, it was completed through an extraoral incision, and it was performed on a cadaver rather than a living patient. Over the decades, few useful clinical modifications of the original chin osteotomy (i.e., the Obwegeser technique) have been found in the literature. They include a double-step advancement and the splitting of the osteotomy in the midline to control width and angulation.150
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Figure 2-33 The first transoral approach of an osseous genioplasty to correct a chin deformity. A, Facial profile views before and after surgery. B, The transoral osseous genioplasty as illustrated in a 1957 article by Obwegeser. C, Lateral cephalograms before and after surgery. From Obwegeser HL: Surgical procedures to correct mandibular prognathism and reshaping of the chin. In Trauner R, Obwegeser H, editors: The surgical correction of the mandibular prognathism and retrognathia with consideration of genioplasty. Oral Surg Oral Med Oral Pathol 10:677–689, 1957.















The Le Fort I (Type) Osteotomy






Obwegeser H: Der offene biss in chirurgischer sicht. Schweiz Monatschr Zahnhlkd 74;668–687, 1964


Early on during his career, Dr. Obwegeser recognized the necessity of developing a technique that would allow for the reliable repositioning of the maxilla. He realized that, for many jaw deformities, the occlusion could be restored with a mandibular setback, but a flat appearance to the midface and the stigma of the underlying condition would remain. Obwegeser explained that, by the 1950s, he realized solving this problem would require 1) safe surgical sectioning of the maxilla; 2) the ability to three-dimensionally reposition the maxilla in the operating room; 3) the ability to maintain the upper jaw in the new position during healing, with 4) an acceptable complication rate and 5) a predictable outcome.


Obwegeser knew that Langenbeck118 and Cheever55 were able to section the maxilla horizontally above the roots of the teeth through skin incisions of the cheek and lip for the purpose of gaining access to the posterior pharynx and the skull base. Wassmund reported that, in 1927, he had “detached the maxilla as a Guerin-type fracture” (personal communication) but without separating it from the pterygoid processes.205-207 He then used elastics (rather than a complete mobilization of the maxilla) to close the anterior open-bite malocclusion. Axhausen successfully completed osteotomies and repositioned the upper jaw in posttraumatic and cleft patients.15-17 He used elastics to relocate the maxilla after an osteotomy of the upper jaw, which included separation from the pterygoid processes but without complete intraoperative mobilization. In 1942, Schuchardt reported about a posttraumatic midface deformity caused by a war injury in which he completed a horizontal osteotomy of the maxilla above the roots of the teeth as a first procedure.171-173 Several weeks later, during a second operation, he fractured the pterygoid processes. After the second procedure, he used weight traction to horizontally advance the maxilla. He stated that “this procedure would have a large indication in cleft cases, but it would probably never come into use.”171-173 In 1951 and 1952, Obwegeser observed Sir Harold Gillies completing maxillary osteotomies to correct cleft maxillary deformities in numerous patients.156 Dr. Gillies “used horizontal vestibular incisions to approach the maxilla,” “but he only rotated the collapsed cleft segments with a Green-stick fracture at the pterygoid-maxillary junction.”156 This is similar to what Schmid reported in 1956 for the correction of posterior crossbites.170 According to Obwegeser, neither Gillies nor Schmid completed the horizontal maxillary osteotomies with the purpose of advancing the maxilla.156 Gillies and Rowe84 and Gillies85 did report that, in 1947, they had completed an osteotomy of the maxilla and were able to bring the upper jaw into the desired position in a patient with a cleft palate, with Gillies reopening the alveolar/palatal cleft and dividing the maxilla in two. This was followed by immobilization that lasted for 12 weeks. Gillies would secure the maxilla in its new location with the use of cast cap splints over the teeth that then attached to a vertical bar in front of the face and to a head cap. Gillies placed cancellous bone grafts on the steps (gaps) in the canine fossa regions and directly into the maxillary sinuses. Because of Gillies' reticence to advance the maxilla, the horizontal discrepancy in the jaws had to be overcome by setting the mandible back. Unfortunately, the patients retained their “dish face” with, at best, a “flat appearance.”156


Throughout the 1950s, Obwegeser looked for solutions to correct the midface deformity seen in cleft and posttraumatic patients.137,159 He believed that vertical vestibular incisions—which were felt by most surgeons of the day to be necessary to maintain the maxillary blood supply—limited successful outcomes.156 He was convinced that the limited vertical vestibular mucosal incisions 1) prevented the full mobilization of the maxilla; 2) prevented the relaxed repositioning of the upper jaw in the operating room; and 3) prevented the placement of fixation and bone grafts, 4) thus further limiting the stability of the advancement and resulting in eventual relapse.


Obwegeser was able to innovate by making a quantum leap in the reconstructive possibilities of maxillary osteotomies for the correction of jaw deformities. In 1964, he was asked to treat an 18-year-old man who had been in a car accident 6 weeks earlier. The young man had sustained a fracture of the maxilla in two segments (palatal split), with telescoping occurring into the nose and the maxillary sinus. This resulted in a retropositioned maxilla with a severe anterior open bite. Three maxillary incisors were lost, there were multiple oronasal fistulas, and the vestibular mucosa had been lacerated circumferentially. There was initial healing of the soft tissues present, with scarring and malunion of the bones. To repair the deformity, Obwegeser realized that limited vertical vestibular incisions, which were part of his usual approach, were not feasible. He instead elected to reopen the circumferential vestibular incisions, also through the oronasal fistula opening (Fig. 2-34). He then completed a Le Fort I osteotomy through the two halves of the maxilla that had healed in malunion. This required horizontal osteotomies above the teeth from the canine fossa past the tuberosities and through the sinus on each side. He used osteotomies and a fissure-type bur on a rotary drill to complete the osteotomies. He raised the nasal mucosa, detached the septum, cut through the lateral nasal walls, and separated the pterygoid plates vertically. With each step, he confirmed that the vascularity to the dento-osseous–musculomucosal flap was not jeopardized. With finger pressure, the maxilla was disimpacted via the down-fracture technique. Obwegeser fully mobilized the maxilla to move it forward. He recreated the palatal fracture (segmentation) to independently reposition the two halves of the maxilla. He realized that the descending palatine arteries were no longer intact; while working through a circumvestibular incision, he was able to split the maxilla into two segments and to maintain the circulation to each half. He simultaneously closed the oronasal fistulas, fixed the maxillary segments in place, and established the preferred occlusion. By doing so, it was not necessary to complete mandibular osteotomies to correct the occlusion.
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Figure 2-34 The first case of the advancement of the maxilla in two segments through a circumvestibular approach was performed by Obwegeser in 1964 to correct a posttraumatic deformity. A, A severe anterior open bite caused by posttraumatic telescoping retromaxillism in two segments. B, Oral-nasal communication and vestibular scarring on both sides. C, Model surgery indicating 9 mm of advancement and 15 mm of movement vertically down. D, Palatal view after reconstruction. E, The final occlusion after the complete mobilization of the two halves of the maxilla. From Obwegeser HL: Orthognathic surgery and a tale of how three procedures came to be: a letter to the next generations of surgeons. Clin Plastic Surg 34:341, 2007, Figure 10.





Over the next several years, Obwegeser succeeded in advancing the maxilla in cleft patients “without the need to establish the occlusion with a mandibular setback as in years past.”156 On April 14, 1968, he treated a patient with unilateral cleft lip and palate and a severe maxillary deficiency. Obwegeser advanced the lesser segment by 15 mm and the greater segment by 13 mm. The Le Fort I osteotomy was completed, and this was followed by down-fracture and mobilization. He recognized that “mobilization—release of scar tissue—and having both segments absolutely loose—was the entire key to success.” He realized that he could advance the maxilla as far forward as he needed to because he had a blood supply that was, surprisingly, still satisfactory.156 He then used blocks of cancellous bone from the iliac crest to fill the horizontal and vertical gaps.156


On September 5, 1969, Obwegeser completed the first simultaneous sagittal splitting of the ramus of the mandible and a Le Fort I osteotomy on a patient. He realized that he could establish the occlusion with either procedure and that he needed to vertically lengthen the mandible while at the same time setting it back. Thus, “both jaws had to be moved to improve the aesthetic result.”156 He used his clinical aesthetic judgment in combination with a review of a cephalometric radiograph to confirm what needed to be done. With the maxilla and the mandible completely freed up, he placed them into occlusion as a single unit. He then repositioned the maxillomandibular complex “according to [his] imagination.”156 When he was satisfied with the aesthetic result, he fixed the maxilla and then the mandible in place with wires and bone grafts. He maintained the patient in IMF for 6 weeks, after which he reported, “The occlusal and facial aesthetic results were excellent!”154


Only minor modifications have been introduced to the basic Obwegeser design of the maxillary Le Fort I osteotomy. According to Dr. Obwegeser, “In time, internal fixation with plates and screws became a reality. In 1968, Hans Luhr published his [initial] work with plate and screw fixation. It revolutionized internal fixation, limiting the need for extended IMF and increased [the osteotomy] stability.”156















William H. Bell: Experimental Studies to Confirm the Biologic Basis of the Standard Orthognathic Procedures*



William H. Bell attended a Jesuit high school, college, and dental school in St. Louis, Mo (Fig. 2-26), and he would be forever affected and influenced by the Jesuit challenge to “be men for others.” After completing dental school in 1954, he interned in oral surgery in New York City at the Metropolitan City Hospital. He recalls that “in any given week, [he] would literally see hundreds of patients who [were] candidates for either orthognathic surgery or orthodontics. Unfortunately, none of them received any treatment.”156 In 1955, he served as resident in oral surgery at the Jefferson Davis Hospital in Houston, Tex. Dr. Edward C. Hinds was the program director, and, at the time, it was considered one of the country's finest programs in reconstructive mandibular surgery. Hinds had refined and clinically applied the extraoral vertical ramus osteotomy technique for the correction of mandibular prognathism. The program was also strong in the management of facial trauma, particularly mandibular and midface fractures. In 1956, Dr. Bell was the first teaching fellow in oral surgery at M.D. Anderson Hospital in Houston, Tex. His clinical work was limited to extracting teeth and the treatment of benign tumors and cysts of the jaws, but he had the opportunity to observe innovative head and neck cancer surgery. According to Dr. Bell, “Dr. Hinds and the other American oral surgeons in Houston were aware of descriptions of both anterior and posterior maxillary osteotomies, but none were performed for orthognathic problems at that time”(personal communication). Bell envisioned the potential of maxillary osteotomies for the correction of dentofacial and posttraumatic deformities. He searched the English literature available to him for relevant studies, but he found none that supported the biologic foundation of these procedures. Dr. Sumpter Arnim encouraged Bell's interest in studying the circulation requirements of jaw osteotomies and offered experimental rabbits for use. After visiting the laboratories of orthopedic surgeons Drs. Rhinelander and Baraquay in Cleveland, Ohio, Dr. Bell performed a preliminary pilot study in rabbits to work out the details of microangiographic and histologic laboratory techniques (personal communication). This initial work gave support to these techniques for studying the biologic basis for jaw osteotomies. While at the University of Texas Dental Branch of the Texas Medical Center in Houston, Tex, and with support from U.S. Public Health Service grants, Dr. Bell carried out the first of his many revascularization bone-healing studies after completing maxillary and mandibular osteotomies with the use of adult rhesus monkeys, mongrel dogs, and baboons. In his first revascularization publication, Dr. Bell states the following: “Despite numerous clinical successes and occasional failures, the rationale for using various surgical techniques [for maxillary and mandibular osteotomies] remains virtually empiric. Basic questions concerned with the healing of the surgical wound produced by maxillary osteotomies and the vessels necessary to maintain blood supply to the bone segments and viability of the teeth have not been investigated.”24 Nine further animal laboratory studies would eventually be completed from 1969 to 1995, and these would validate the circulatory integrity of all of the basic osteotomies used in orthognathic surgery.25-35


In 1971, Dr. Bell was recruited by Dr. Robert Walker to the University of Texas Southwestern Medical Center in Dallas, Tex, to develop a research laboratory that focused on the vascularity and wound healing associated with maxillary and mandibular osteotomies (Fig. 2-35). This provided the opportunity to continue animal studies and to apply the knowledge gained in the laboratory to the solving of clinical challenges. For the next 20 years, he worked with and trained 27 oral and maxillofacial surgery residents in his research laboratory at the University of Texas Southwestern Medical School. He also conducted weekly dentofacial deformity conferences for surgical residents, faculty, and visitors from every corner of the world as well as for Dallas community orthodontists and surgeons. Beginning in 1973 and continuing through 1985, Dr. Bell, Dr. Raymond White, and Dr. William Proffit wrote and edited the text Surgical Correction of Dentofacial Deformities (Fig. 2-36). Volumes I and II of this text, which were published in 1980, became the comprehensive clinical reference for the interdisciplinary art and science of the correction of dentofacial deformities by surgeons and orthodontists. This work combined an atlas of surgical and orthodontic procedures with sound diagnostic and biologic guidelines for their application. The outstanding supporting original artwork by Bill Winn was remarkable for its clarity regarding the presenting dysmorphic maxillofacial anatomy and for its demonstration of how surgical procedures can be used to solve clinical problems.
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Figure 2-35 Photograph of Robert V. Walker (1924-2011). From Fonseca RJ, Barber D, Powers MP, Frost DE: Oral and maxillofacial trauma, ed 4, St. Louis, 2013, Saunders.
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Figure 2-36 A textbook entitled Surgical Correction of Dentofacial Deformities, which was edited by W. Bell, W. Proffit, and R. White and which was published by W.B. Saunders in 1980. This was the first comprehensive textbook to cover the subject of orthognathic surgery.









Biologic Basis for the Maxillary Anterior Segmental Osteotomy






Bell WH: Revascularization and bone healing after anterior maxillary osteotomy: a study using adult rhesus monkeys. J Oral Surg 27:249–255, 1969


An investigation was designed by Bell and colleagues to delineate the biology of anterior maxillary osteotomy wound healing. This was done by studying revascularization and bone regeneration in monkeys with the use of microangiographic and histologic techniques after completing an anterior maxillary osteotomy. Standard anterior maxillary osteotomies (i.e., labial versus palatal pedicle) were completed with the Wassmund technique, and the animals were sacrificed at 1, 3, and 6 weeks after surgery. Before sacrifice, the common carotid arteries were exposed, cannulated, heparinized, and perfused with a suspension of Micropaque injection medium. Each maxilla was then dissected from the specimen, and radiographs were taken. The 1-week specimens confirmed a “blood clot in the center of the osteotomized fragments bounded by proliferating young granulation tissue.”24 The 3-week specimens “showed early callus formation between the bone fragments. Considerable subperiosteal new bone formation was present in some of the sections.”24 The 6-week specimens “showed osseous union of the osteotomized bone fragments with no evidence of necrosis.”24 According to Dr. Bell, “The results indicated that no single blood vessel, such as the incisive canal or greater palatine arteries, is essential to maintenance of circulation to the anterior maxillary fragment. Interosseous and soft tissue collateral circulation and the freely anastomosing gingival, palatal, floor of the nose and periodontal plexuses permit many variations of the anterior maxillary osteotomy technique [labial versus palatal pedicles] without detriment to the integrity of the blood supply to the anterior maxillary segment”24 (Fig. 2-37).
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Figure 2-37 Microangiogram of a 1-mm transverse tissue slice from the molar region of a control animal. Areas are indicated as follows: palatal (Pa), maxillary sinus (MS), and nasal cavity (NC) blood vessels, penetrating bone and anastomosing with intramedullary blood vessels (I) and periodontal vascular plexus (Pe), turbinate (Tu), and nasal septum (NS). Courtesy William Bell.















Biologic Basis for the Anterior Mandibular Segmental Osteotomy






Bell WH, Levy BM: Revascularization and bone healing after anterior mandibular osteotomy. J Oral Surg 28:196–203, 1970


In 1970, Bell and Levy published an experimental animal study to analyze the biologic basis for wound healing and revascularization after anterior mandibular segmental osteotomy in adult rhesus monkeys (n = 11). Half of the experimental animals underwent a one-stage anterior mandibular segmental osteotomy that involved six teeth. The procedure was performed through a circumgingival degloving labial flap. The lingual soft-tissue pedicle remained attached to the osteotomized segment. Second bicuspids were extracted, and the mandibular anterior segment was set back. The second group underwent the same one-stage anterior mandibular segmental osteotomy, but this was performed through a labial vestibular incision with the maintenance of a gingival cuff around the labial aspect of the teeth. The lingual soft-tissue pedicle also remained attached to the osteotomized segment. The repositioned (set-back) anterior mandibular segment was stabilized with a prefabricated acrylic splint that was ligated to the teeth with interdental wires. The animals were sacrificed at specific postoperative intervals at weeks 1, 3, 6, and 24. Microangiograms and histologic slides were reviewed. The analysis of the data demonstrated that intraosseous and intrapulpal circulation to the anterior mandibular segments was maintained with the use of both of the surgical flap designs. The dento-osseous–musculomucosal flaps healed by osseous union within 6 weeks. In the control animals—in which the complete degloving of the labial and lingual soft tissues from the bone occurred—intraosseous necrosis, vascular ischemia, and nonunion resulted (Fig. 2-38).
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Figure 2-38 A, Photomicrograph of a section of the mandible of an animal 6 weeks after osteotomy. The osteotomy site is replaced by cancellous bone. Hematoxylin-eosin stain. Original magnification ×10. B, Microangiogram demonstrating the generalized distribution of injection medium throughout the anterior mandibular bone fragment 6 months after anterior mandibular osteotomy. Reconstitution of normal vascular architecture. Sagittal section. Courtesy William Bell.















Biologic Basis for the Posterior Maxillary Segmental Osteotomy






Bell WH, Levy BM: Revascularization and bone healing after posterior maxillary osteotomy. J Oral Surg 29(5):313–320, 1971


An animal model investigation was designed by Bell and Levy to clarify the biology of wound healing after posterior maxillary osteotomies with the Schuchardt technique (Fig. 2-39). In half of the posterior maxillary osteotomy flaps, the greater palatine vessel was ligated. The microangiographic and histologic studies were completed. At 1 week after surgery, the dento-alveolar segments remained freely movable. By 3 weeks, mobility had greatly diminished. After 6 weeks, the clinical union of the osteotomy segments was seen. The individual teeth and the mobilized bone segments remained stable. There was minimal osteonecrosis and only transient vascular ischemia, and osseous union between most of the osteotomized segments occurred. No difference was seen with or without the ligation of the palatine vessels. The results of the experimental study suggested that “clinically analogous single-stage posterior maxillary osteotomies are biologically sound.”26
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Figure 2-39 Microangiogram of 1-mm transverse tissue slice taken from the first molar region of an experimental animal 3 weeks after posterior maxillary osteotomy. This image demonstrates the proliferation of endosteal (E) and periosteal (P) circulatory beds; the reattachment of buccal and palatal mucoperiosteal flaps to underlying bone; and the vascularization of pulp canal from periodontal vascular plexus and accessory root canal (arc), buccal (B), and palatal (Pa) osteotomy sites; the nasal cavity (NC); and the first molar tooth (T). Courtesy William Bell.















Revascularization and Bone Healing after Maxillary Corticotomies






Bell WH, Levy BM: Revascularization and bone healing after maxillary corticotomies. J Oral Surg 30:640–648, 1972


In 1972, Bell and colleagues published an experimental animal study to analyze the biologic basis for revascularization and bone healing after maxillary interdental corticotomies with the use of the Köle technique (Fig. 2-40). Five adult rhesus monkeys underwent Köle type procedures and analysis. One-stage maxillary corticotomies were performed bilaterally in the premolar and incisor regions in four monkeys; one monkey served as a control. Corticotomies were completed in each dento-osseous segment. These segments were then mobilized by a chisel between the corticotomy sites, and the wounds were closed. The mobile segments were stabilized with a preoperatively made acrylic splint by ligating each tooth to the splint with interdental wires. The experimental monkeys were sacrificed at 1, 7, 21, and 63 days after surgery. Microangiographic and histologic slides were reviewed. The procedures that were carried out were found to have a destructive effect on the maxillary incisors. The intraosseous and interpulpal circulation also appeared to be imperiled.
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Figure 2-40 Illustration of blood supply to the anterior maxilla. The vascular architecture—which consists of freely anastomosing gingival plexus, palatal plexus, periodontal plexus, labial artery, intra-alveolar vessels, apical vessels, and pulp vessels—permits anterior maxillary osteotomies to be performed without compromising circulation to the anterior maxilla and the teeth. Courtesy William Bell.















Biologic Basis for the Le Fort I (Down-Fracture) Osteotomy






Bell WH, Fonseca RJ, Kenneky JW, Levy BM: Bone healing and revascularization after total maxillary osteotomy. J Oral Surg 33:253–260, 1975


In 1975, Bell and colleagues published an experimental animal study that confirmed the biologic basis for bone healing and revascularization after total maxillary (Le Fort I) osteotomy carried out through a circumvestibular incision followed by down-fracture and disimpaction via the Obwegeser technique. Twelve adult rhesus monkeys underwent single-stage total maxillary osteotomy according to Obwegeser's protocol (Fig. 2-41). Two non-operated animals served as controls. In seven animals, the greater palatine arteries were preserved; in three animals, they were transected. The animals were sacrificed at the following intervals: immediately; after 2 days; and 1, 2, 4, 6, and 12 weeks after surgery. In all of the animals, the wounds healed without signs of infection or dehiscence. Revascularization and bone healing were studied with the use of microangiographic and histologic techniques (Fig. 2-42). Within 1 week after surgery, there was increased filling of both the endosteal and periosteal vascular beds. By 4 weeks, a callus that was composed of fibrous connective tissue and young bone was seen histologically. By 6 weeks, the callus contained mature bone. The 12-week specimen showed complete osseous bridging between fragments. Interestingly, the ligation of both greater palatine arteries had only minimal short-term effects on the perfusion of Micropaque through the intraosseous, intrapulpal, or soft tissues.
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Figure 2-41 Clinically analogous pedicled down-fractured four-segment Le Fort I osteotomy technique performed in rhesus monkey. Courtesy William Bell.
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Figure 2-42 Microangiogram of the molar region of experimental animal 2 days after surgery, revealing generalized distribution of the injection medium in soft tissues, bone, and pulp canals of the molar (T) as well as an avascular space (A) between superior surface of the maxilla (M) and detached nasal mucosa (NM). Pa, Palate; NC, nasal cavity. Courtesy William Bell.















Biologic Basis for the Vertical Oblique Osteotomy of the Mandible






Bell WH, Kennedy JW, 3rd: Biological basis for vertical ramus osteotomies—a study of bone healing and revascularization in adult rhesus monkeys. J Oral Surg 34:215–225, 1976


In 1976, Bell and Kennedy completed a microangiographic and histologic study of adult rhesus monkeys (n = 15) to evaluate the biologic basis for the vertical ramus osteotomies that were commonly in clinical use. Bone healing and revascularization of the proximal condylar segment were studied after pedicled and nonpedicled vertical ramus osteotomies were completed. The animals were sacrificed at specific postoperative intervals (1, 2, 3, 6, and 12 weeks), and microangiograms and histologic slides were reviewed. Specimens for which the proximal segment was not pedicled to soft tissue showed intraosseous necrosis, vascular ischemia, and delayed healing. Early osseous union, minimal osteonecrosis, and minimal vascular ischemia were found in pedicled specimens. The study confirmed that the circulation and viability of the proximal condylar segment was maintained after standard vertical ramus osteotomy as long as it was pedicled to the lateral pterygoid muscle and the articular capsule.












Biologic Basis for the Sagittal Split Osteotomy of the Mandible






Bell WH, Schendel SA: Biologic basis for modification of the sagittal ramus split operation. J Oral Surg 35:362–369, 1977


In 1977, Bell and Schendel published an experimental animal study to analyze the biologic basis for vascularization, revascularization, and bone healing in conjunction with sagittal ramus split procedures (Fig. 2-43). Ten adult rhesus monkeys were used. In each animal, on one side, the procedure was completed with complete subperiosteal stripping on the medial and lateral sides of the ramus osteotomy segment. On the contralateral side, the maximizing of the soft-tissue attachments on the medial and lateral side of the osteotomies was carried out. The animals were sacrificed at specific postoperative intervals (immediately or at 1, 2, 3, 6, 12, or 24 weeks). Microangiograms and histologic slides were reviewed at each time interval. The results of the experimental study confirmed that the Obwegeser technique of sagittal ramus osteotomy was biologically sound. Intraosseous ischemia and osteonecrosis were dramatically reduced when the mucoperiosteum and the pterygomasseteric sling were maintained to the repositioned proximal segment.
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Figure 2-43 A, Microangiogram of a transverse section of vertical ramus 1 week after conventional sagittal split ramus osteotomy technique showing decreased perfusion of Micropaque into the distal region of the proximal segment (PS) and increased filling of the endosteal circulatory bed in the medial aspect of the distal segment (DS). Ma, Masseter muscle; Mp, medial pterygoid muscle. Arrows indicate the osteotomy site. B, Photomicrograph of the demarcated area of proximal segment showing detached periosteum (P) and subjacent avascular bone with empty lacunae. C, Histologic appearance of osteotomy site in the vertical ramus 6 weeks after modified sagittal split ramus osteotomy technique. There was some bridging of the proximal and distal bone segments with mature fibrous connective tissue (CT) and focal areas of viable vascularized osteophytic bone (O). D, Microangiogram of a 1-mm section through the ramus and condyle of a conventional saggittal split ramus osteotomy specimen 6 months after surgery showing vascular architecture similar to that seen in control animals. Courtesy William Bell.















Biologic Basis for a “One Tooth” Dento-Osseous Segmental Osteotomy






Bell WH, Schendel SA, Finn RA: Revascularization after surgical repositioning of one-tooth dento-osseous segments. J Oral Surg 36:757–765, 1978


In 1978, Bell, Schendel, and Finn published an experimental animal study to analyze the biologic basis for wound healing and revascularization after “one-tooth” dento-osseous segmental osteotomies in six adult mongrel dogs. Half of the experimental animals underwent a two-stage (single-tooth dento-osseous segment) approach, whereas the other group underwent a one-stage (single tooth dento-osseous segment) approach. The animals were sacrificed at specific postoperative intervals (3 days or 1, 3, 4, or 8 weeks). Microangiograms and histologic slides were reviewed. The data showed early transient vascular ischemia, minimal osteonecrosis, and osseous union between most of the osteotomized segments. The study parameters showed that necrosis occurred at a few of the interdental osteotomy sites. The authors stated that the “excessive removal of interseptal and interradicular bone may cause protracted bone healing and have a destructive effect on the periodontium.”33 The authors cautioned that the single-tooth dento-osseous segments were critically dependent on the preservation of viable circulation through the soft-tissue attachments to the underlying bone. This was by way of a freely anastomosing vascular plexus of the gingiva, the palate, the periodontium, and the dental pulp.












Biologic Basis for the Oblique Osteotomy of the Chin






Storum KA, Bell WH, Nagura H: Microangiographic and histologic evaluation of revascularization and healing after genioplasty by osteotomy of the inferior border of the mandible. J Oral Maxillofac Surg 48:210–216, 1988


In 1988, Storum, Bell, and Nagura completed microangiographic and histologic studies in adult rhesus monkeys. These studies indicated that an intra-oral pedicled genioplasty involving an osteotomy of the inferior mandibular border maintained circulation and osseous viability after the manipulation and repositioning of the chin segment (Fig. 2-44). Circulation to the dental pulp was not discernibly affected.182
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Figure 2-44 Biologic foundation for the use of an advancement osseous genioplasty with the maintenance of a soft-tissue pedicle. An adult Macaca nemestrina monkey was used as the experimental model. The genial segment was advanced 5 mm and fixed in the planned position with interosseous wires. This is a microangiogram of a 2.0-mm mid-sagittal tissue slice from an experimental animal that was sacrificed 1 week after advancement genioplasty. The photomicrograph shows vascularized and vital bone in the center of the genial segment. Proliferating osteoblasts (arrows) line viable trabecular bone, and bony lacunae are filled with osteocytes. Hematoxylin-eosin stain, ×125. M, Medullary space; PV, small perfused blood vessel. Courtesy William Bell.















Biologic Basis for the Le Fort I (Down-Fracture) Osteotomy with Segmentation






Bell WH, You ZH, Finn RA, Fields RT: Wound healing after multisegmental Le Fort I osteotomy and transection of the descending palatine vessels. J Oral Maxillofac Surg 53:1425–1433, 1995


In 1995, Bell and colleagues completed a clinically analogous four-segment LeFort I (down-fracture) osteotomy through a circumvestibular incision via the Obwegeser technique in nine adult rhesus monkeys. The animals were sacrificed after surgery on day 0, 3, 7, 14, or 28. Revascularization and bone healing were studied by microangiographic and histologic techniques. The findings indicated that the palatal mucosa, the labial–buccal gingiva and mucosa provide adequate nutrient pedicles for Le Fort I down-fractured segmental osteotomies accomplished through a circumvestibular incision. It was documented that segmentalization, the stretching of the vascular pedicles (within physiologic limits), and the transection of the descending palatine vessels have only transitory discernable effects on revascularization and bone healing.















Hans G. Luhr: Development of Plate and Screw Fixation for Craniomaxillofacial Surgery*



Hans Luhr was born in Germany in 1932. Like so many others during this time, his childhood years were disrupted by World War II. He graduated from the University of Bonn with a degree in medicine in 1958 at the age of 26, and he went on to complete a degree in dentistry in 1960. He worked as a ship's physician, and he then completed his postgraduate training and research in general pathology at the University of Bonn. In 1961, after receiving a public health scholarship award from the German Developing Aid Program, he served as a dentist in charge of a mobile unit that provided aid in the hinterland of Liberia in Western Africa.


In 1963, Luhr began his training in maxillofacial surgery under the direction of Professor Karl Schuchardt. At that time, the Hamburg unit was considered the most prestigious in Germany. It was a regional maxillofacial trauma center, and, because Schuchardt had pioneered segmental osteotomies of the maxilla, there was much activity concerning jaw deformities with malocclusion. Schuchardt had also developed the acrylated arch bar, which was considered the treatment of choice for most mandibular fractures as well as for stabilization after elective mandibular osteotomies. Until Obwegeser described the Le Fort I down-fracture procedure with full mobilization, the Schuchardt method of horizontal Le Fort I osteotomy without pterygoid–maxillary disjunction was the procedure of choice. The incompletely mobilized maxilla was then managed by a “roll extension” and the application of 1.5 kg of weight via a sack of sand that was attached over the end of the hospital bed (Fig. 2-45). Disimpaction was gradual and occurred over a 2-week period. When the preferred occlusion was finally realized, the jaws were secured with IMF.
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Figure 2-45 Roll extension with the application of 1.5 kg of weight on the side of the hospital bed. Disimpaction of the maxilla was gradual and occurred over a period of 2 weeks. Courtesy Hans Luhr.





Although it was clear that interosseous wire fixation was not rigid enough to counteract the masticatory muscle forces, it and other methods of fixation (e.g., plaster head cap with reinforced bar, palatal plate, cast cap splint, wire suture) were all that was known for the treatment of mandibular fractures and elective osteotomy stabilization (Fig. 2-46). Extended periods of IMF were also applied in an attempt to achieve healing. With these limited fixation and immobilization methods, complications such as osteomyelitis and nonunion frequently occurred, especially in the mandible. Skeletal wire suspension via the “belt-and-suspenders approach” had been introduced by Milton Adams in 1942 for the added stabilization of midface fractures, and this approach was later applied to elective jaw (orthognathic) osteotomies (Fig. 2-47).1 These suspension wires were occasionally supplemented by threaded Steinmann pins as clinicians searched for improved ways of establishing stable fixation. Long periods of IMF continued to be the workhorse of immobilization in an attempt to achieve bony union of the jaws. Prolonged periods of limited mouth opening had negative effects on speech, breathing, chewing, swallowing, hygiene, and temporomandibular joint mobility. As a resident in training, Dr. Luhr viewed these maxillofacial challenges with fresh eyes. Appreciating the limitations and hazards of these methods of immobilization and with background knowledge of what was known at the time about long bone fractures, he hypothesized that the addition of compression across a mandibular fracture would provide the necessary interfragmentary stability and eliminate the need for intermaxillary fixation. With research interests in the biomechanics of bone healing and jaw fracture management in particular, Luhr established an animal laboratory to study these issues. His experimental dog model involved a traumatically induced mandibular fracture. The fracture model confirmed that interfragmentary pressure created by a compression bone plate was at least partially maintained during the healing period (i.e., approximately 50% at 4 weeks). Further experiments by Luhr determined that the use of compression increased the rate of strength during fracture union as compared with fixation techniques without the use of compression. Interestingly, Luhr found that, with an actual fracture model, the histologic pattern of primary bone healing differed significantly from the descriptions by Schenk and Willenegger (i.e., Association for Osteosynthesis/Association for the Study of Internal Fixation investigators), who used a “saw-cut” tibia osteotomy dog model.129 During healing, these researchers observed the primary penetration of the osteotomy line via an ossification process that originated predominantly or exclusively in the cells and vessels within the Haversian canals. They termed this process intracanalicular osteogenesis, and they also called it contact primary bone healing. In their “saw-cut” tibia osteotomy dog model, the bone surfaces were in direct apposition to one another as fusion occurred. This was in contrast with “microgap healing,” which was described by Luhr in the mandible fracture model (Fig. 2-48, A). Luhr's experimental model more closely simulated a real-life mandibular fracture. He found that the microscopic reduction of the fracture did not occur, despite the fact that the fracture appeared to the clinician to be grossly reduced. Small gaps still existed between the opposing bone spicular surfaces. Blood vessels and cells that originated in the endosteal cavity and in the periosteal side first invaded the microgaps between the opposing spicular surfaces. Lamellar bone was then deposited on the partially devitalized bone within the small interfragmentary gaps, and it soon filled up the microgaps and united the fracture segments (Fig. 2-48, B). As soon as 4 weeks later, the fracture was already clinically solid. The Haversian system contributed only to the late remodeling of the whole fracture zone, which could take several months. However, “gap healing” was seen with regularity, and it is viewed as a form of primary bone healing.
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Figure 2-46 Kazanjian published an example of his management of a complex facial injury that was sustained by a soldier during World War I. The wound involved the soft tissues and skeletal structures of the face. Kazanjian used a combination of a plaster head cap, a facial bar, a palatal plate, cast cap splints, wire sutures, and interosseous wires to establish bony healing and soft-tissue maintenance. From Kazanjian VH, Converse EJ: The surgical treatment of facial injuries, Baltimore, 1949, The Williams and Wilkins Company.
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Figure 2-47 An illustration of Adams suspension wires used to stabilize a midface fracture. In the past, this was a common method that was used in an attempt to immobilize a midface fracture.
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Figure 2-48 A, A schematic diagram of microgap healing at the microscopic level after the compression osteosynthesis of an experimental mandibular fracture in a dog. Although the fracture looks reduced at the time of surgery, microscopically, there were discrete areas of contact and separation between the fracture ends. The regeneration of bone took place in the non-contacting areas. Blood vessels had grown in both from the endosteal cavity and the periosteal side. Lamellar bone is deposited at the partially devitalized marginal fracture ends (C) with empty lacunae. B, Primary lamellar bone is deposited on the partially devitalized fracture ends around the blood vessels (cross-sectioned), which had grown in from the endosteal cavity and the periosteal side. This is a microscopic slide from 4 weeks after the compression osteosynthesis of an experimental mandible fracture in a dog. From Luhr HG: Callus symposion. Nova Acta Leopold 44:85–93, 1976.





After confirming its success in experimental animals, Luhr was the first to apply maxillofacial compression osteosynthesis in a human. He did this on an edentulous woman who had sustained bilateral body fractures in an atrophic mandible (Fig. 2-49).127 Within 6 months of this initial success, Luhr used similar compression osteosynthesis techniques on mandibular fractures in 16 additional patients, all with good results. He immediately saw the value of “self-tapping screws” in maxillofacial surgery. However, this went against the grain of general orthopedic surgeons, who at the time were beginning to use compression osteosynthesis for long bone injuries. They preferred to “pretap” the bone before the placement of fixation screws. Dr. Luhr chose Vitallium as a material, because it was a corrosive-resistant cobalt/chromium/molybdenum alloy with good strength. The small plates that he designed for use in the mandible were first modeled in wax, and they were then cast at a private dental lab. He would grind eccentric holes into each Vitallium fixation plate with the use of a diamond bur to complete the required design (Fig. 2-50). When drilling holes in the bone for the placement of self-tapping screws, Dr. Luhr initially used a hand-drill technique, because low-speed drills were not available in the operating room at that time. In 1968, Luhr reported on his initial consecutive series of mandibular fractures that involved the use of compression plating.127 The Luhr Maxillofacial Fixation System was then manufactured by Howmedica in 1969.133 Remarkably, all of the commercially available plate configurations in this system were designed by Luhr himself. He first completed pencil drawings to scale, and these served as design patterns for the manufacturer. This was true for all of the plating systems that Luhr introduced over the following two decades.
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Figure 2-49 The first-ever compression osteosynthesis in maxillofacial surgery, which was performed by Luhr in 1967. A, An intraoperative view of the compression bone plates after the stabilization of bilateral body fractures of an edentulous mandible. B, A postoperative radiograph showing the fixation plates and screws that secured the reduced fracture. C, An illustration of the plate and screws (in millimeters) as designed by Luhr. Courtesy Hans Luhr.
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Figure 2-50 Self-tapping screw with a cutting flute is shown (A), along with an example of the raw plates that were cast for Dr. Luhr in Vitallium by a private dental lab (B). These plates were then refinished, and eccentric gliding holes were placed by Dr. Luhr with the use of a drill with a diamond bur. Courtesy Hans Luhr.





In January 1970, Dr. Luhr was presented with a patient who had been operated on elsewhere to correct a developmental jaw deformity that was characterized by mandibular prognathism. A Dingman osteotomy technique with interosseous wire fixation had been used, and this was followed by 12 weeks of IMF. The result was osteomyelitis with extraoral fistulas and nonunion on both sides (Fig. 2-51). Dr. Luhr initially removed the involved tooth at each osteotomy site and achieved drainage to manage the infection. He was able to stabilize each osteotomy site with the use of a compression plate with screws. A lower jaw arch bar was also left in place for 8 weeks to provide additional stability. With the stable direct fixation described, the intermaxillary fixation was immediately released, and healing was uneventful. This was likely the first case of plate and screw fixation used in orthognathic surgery. Although this case was not officially published by Dr. Luhr at the time, word quickly spread regarding this new technique of bone fixation for elective maxillofacial osteotomies.
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Figure 2-51 Osteomyelitis and nonunion resulted from a Dingman-technique osteotomy for the correction of mandibular prognathism, which included 12 weeks of intermaxillary fixation. A, A panorex radiograph is shown. B, The involved teeth were removed and drainage was achieved to manage the infection. Each of the osteotomy sites were stabilized with the use of a compression screw plate that was designed and placed by Dr. Luhr. Intermaxillary fixation was immediately released, and the final result after healing was uneventful. Courtesy Hans Luhr.





The advantages of plate and screw fixation for orthognathic surgery soon caught on. Francois Michelet and colleagues from Bordeaux, France, published their results involving mini-plate fixation of the Obwegeser sagittal split osteotomy in 1971.139 Two years later, mini-plate stabilization of elective maxillary osteotomies was also reported, with clear illustrations demonstrating how it should be done. Maxime Champy also described the use of mini-plates and monocortical screws for the treatment of mandibular fractures as well as the use of mini-plates and screws for elective Le Fort I osteotomies.52,53 Bernd Spiessl preferred the use of lag screw techniques to stabilize sagittal split osteotomies.176-178 He and others soon realized that, unless this technique was meticulously executed, the use of lag screws at the sagittal split osteotomy site could easily result in condyle dislocation with malocclusion as a result of the torquing effects. For the majority of surgeons, the philosophy of osteotomy fixation for sagittal splits soon shifted to the concept of “bicortical” (non–lag screw) technique in an attempt to avoid these complications. The so-called “positional screw” technique described by Lindorf124,125 and Niederdellmann146-148 gradually took hold. The potential risk of condyle dislocation with the application of mandibular osteotomy fixation during orthognathic surgery was recognized by Luhr.132 To help prevent this occurrence, he designed a temporomandibular joint positioning device, which remains a viable alternative to the freehand positioning approach that is most frequently used today (see Chapter 15).


Publications describing the value of mini-plate and screw fixation after Le Fort I osteotomy were initially described by Michelet139 and then by Champy,52,53 Hörster,97 Steinhäuser,179 and Drommer and Luhr (1981).73,74 Dr. Luhr reported on 17 cases of Le Fort I osteotomies using mini-plate and screw fixation specifically to correct the maxillary deformity in patients with cleft palates. During the late 1970s, the advantage of Dr. Luhr's L-shaped mini-plates (specifically designed for the fixation of Le Fort I osteotomy sites) became known. The L-shaped plates overcame the difficulties of establishing fixation along the dense bicortical vertical pillars (i.e., the piriform rim region and the maxillary buttress) of the maxilla while also gaining maximum horizontal fixation directly above the roots of the teeth on the dentoalveolar side.


Dr. Luhr reported one of the first bimaxillary orthognathic cases in which plate and screw fixation was used at all locations without the need for intermaxillary fixation after surgery. This was for a dental student who presented with a dentofacial deformity during the early 1980s. The operation included a maxillary Le Fort I osteotomy with advancement and bilateral sagittal split osteotomies of the mandible with setback. It is believed that the first bimaxillary orthognathic procedures that involved the use of rigid fixation in the United States were completed in 1983 by Dr. Harvey Rosen and Dr. Luhr (personal communication between Dr. Rosen and Dr. Luhr). In July 1983, after observing Dr. Luhr operating in Göttingen, Germany, Dr. Rosen was given a fixation set and encouraged to make use of it back home. In Philadelphia, Dr. Rosen completed bimaxillary surgery in a teenage girl with a cleft jaw deformity. He used Luhr plates and screws for the fixation of the Le Fort I and bilateral ramus osteotomies in November 1983. I served as Dr. Rosen's first assistant, and I was impressed by the new technology. The following month (December 1983), while serving as a visiting professor with Dr. Linton Whitaker at the University of Pennsylvania, Dr. Luhr demonstrated his techniques on a teenage girl with a long face mandibular deficiency anterior open bite who required a Le Fort I osteotomy with vertical intrusion and horizontal advancement as well as bilateral sagittal split osteotomies of the mandible with advancement. Under Dr. Whitaker, as a craniofacial surgery fellow, I was fortunate to have the opportunity to assist Dr. Luhr during this surgery. To rapidly disseminate the knowledge of Dr. Luhr's innovations, Dr. Whitaker organized a 1-day symposium at the University of Pennsylvania entitled “Fixation Options in Cranio-Maxillofacial Surgery.” This event was attended by the leading craniofacial surgeons from throughout Canada, the United States, and Mexico. Recognizing the value of Luhr's application of plate and screw fixation to patient care, within months, this procedure became routine at their centers. Luhr's techniques were enthusiastically embraced by their residents in training and by the surgeons within their respective communities.


By the mid to late 1980s, the advantages of plate and screw fixation for use in a spectrum of elective craniofacial osteotomies, for fractures, and for tumor management was becoming known throughout the world. It was clear to Dr. Luhr that plates and screws of smaller dimension were required to accomplish clinical objectives, especially in the upper face. He designed the Luhr Micro-Fixation System, which is the smallest bone fixation system in the world; it includes screw diameters of as small as 0.8 mm and micro-plates of various design to match (Fig. 2-52).133 The system's applicability to upper face clinical problems (e.g., cranial vault, orbit, zygomas, nose) was immediately clear and quickly adapted by craniofacial surgeons and neurosurgeons throughout the world.
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Figure 2-52 The first microplates designed by Dr. Luhr. A typical mini-plate from the time is shown in the upper right corner to demonstrate the difference in size. From Luhr HG: Indication for use of a microsystem for internal fixation in craniofacial surgery. J Craniofac Surg 1:36, 1990, Figure 2.





Until the 1980s, chin osteotomy via Obwegeser technique fixation was accomplished with interosseous wires or circumsymphyseal wires. Some clinicians also used threaded Steinmann pins. During the late 1980s, Dr. Luhr published articles about a series of genioplasties in which he used plate and screw fixation on a routine basis.134 There were few complications, and the clinical success was remarkable (Fig. 2-53). Dr. Luhr found the plate and screw fixation techniques for chin osteotomy stabilization to be especially useful when vertical lengthening and interpositional grafting were required. In 1988, Dr. Rosen also published a successful series of osseous genioplasties involving vertical lengthening with the use of Luhr (rigid) fixation.168
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Figure 2-53 The advantage of plate and screw fixation is demonstrated via a double-step genioplasty that resulted in a 20-mm advancement. A, The two bony segments were stabilized with the use of two segmented mini-plates and screws. B, The steps were filled with hydroxyapatite granules that were packed into Vicryl sacks. C, Profile views of the patient before and after surgery. Courtesy Hans Luhr.





As professor and head of the Department of Maxillofacial Surgery at the University of Göttingen, Dr. Luhr continued primate laboratory research and provided care to patients who had sustained facial trauma, who presented with dentofacial deformities, and who arrived with a spectrum of head and neck tumors until he retired from clinical practice in 2000. During this time, he published more than 200 scientific articles and book chapters. He continues to serve as Professor Emeritus in Maxillofacial Surgery at the University of Göttingen.


Throughout the 1960s and into the 1990s, Dr. Luhr stimulated a generation of craniomaxillofacial surgeons to embrace plate and screw fixation for trauma, elective osteotomies, and tumor management.127-134 Luhr's initial ideas and commercially available fixation system served as a springboard for many of today's craniomaxillofacial innovations. Stable plate and screw fixation is one of the most significant advances in craniomaxillofacial surgery to have occurred during the 20th century. On the basis of his laboratory research, technical innovations, and clinical contributions, it is right to consider Dr. Luhr “the father of rigid fixation.”









Paul Louis Tessier: Development of Craniofacial Surgery101,215,216



Paul Tessier (1917-2008) was born into a family of wine merchants in Héric on France's Atlantic Coast (see Fig. 2-30). He was an only child, and he had no family background in medicine. It has been stated that his initial ambition was to join the Navy, but he was excluded from this by early ill health. Because of his love for the outdoors, he also considered a career in forestry. In 1936, at age 19, he entered medical school. However, just halfway through his studies, he became a prisoner of war in 1940. While he was interred, he became critically ill with a typhoid infection, but he eventually recovered. When he was released, he finally receiving his Doctor of Medicine degree from the Faculté de Médecine de Paris in 1943. When he came to Paris in 1944 (because the U.S. 8th Air Force had destroyed the hospital that he worked at in Nantes), Tessier worked with Maurice Virenque, a maxillofacial surgeon, at Hôpital Puteauz. After the war, the service moved to Foch, where there were, in essence, two maxillofacial services: one with Virenque and Tessier and one with Gustave Ginestet, an officious martinet who held the rank of General in the French Army. After Virenque died, Ginestet wrote Tessier several letters forbidding him to perform any maxillofacial surgery; his only function was to be running the burn service. Tessier ignored Ginestet, but many of his methods of interlocking bone fixation were the result of the fact that Ginestet controlled the dental lab and forbade the technicians to provide any help to Tessier. Jacques Dautrey, who was Tessier's friend but who was also on Ginestet's service, used to sneak in to help Tessier.


Between 1946 and 1950, Dr. Tessier made yearly visits to England to observe Harold Gillies, Archibald McIndoe, and others whose advances in plastic surgery in response to severe military injuries were ongoing. Through his observations and his passion to find solutions to complex reconstructive problems, Dr. Tessier began to find innovative ways to perform osteotomies for the correction of congenital midface retrusion but without the problems that had plagued the performance by his mentor Harold Gillies. By the mid 1950s, Tessier had become the head of his department in Paris. He was consulted in 1957 by a young man with a facial deformity of “monstrous aspect” who was found to have Crouzon syndrome.186 The patient's facial deformities included severe orbital dystopia/eye proptosis, midface deficiency/malocclusion, and obstructed breathing. Dr. Tessier was aware that Gillies had completed an elective Le Fort III osteotomy on a young adult with Crouzon syndrome who had a moderate degree of proptosis and midface deficiency (Fig. 2-54). Dr. Gillies was reported to be discouraged with the eventual outcome and had recommended to others “never to do it.”82




[image: image]


Figure 2-54 Gillies published the results of a Le Fort III osteotomy that was completed in 1942 for an adult with Crouzon syndrome. From Gillies H, Harrison SH: Operative correction by osteotomy of recessed malar maxillary compound in case of oxycephaly. Br J Plast Surg 3:102, 1950.





Tessier was undeterred, and he set out to solve the problem initially by performing an anatomic study of dry skulls. For access to the anatomy laboratory, he traveled by train in the evenings to his medical school in Nantes. After his late-night cadaver dissections, he returned during the early hours for the next Parisian working day. His painstaking preparatory work paid off when he successfully advanced his patient's face by 25 mm and achieved stability with the novel use of bone grafts (which Gillies had not used), improved osteotomy design, incision placement, and immobilization techniques, including use of an external fixation apparatus (Fig. 2-55).
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Figure 2-55 Tessier reported early results with an intracranial Le Fort III osteotomy.





Dr. Tessier's next advance was to devise a technique for separating the orbits from the skull, thereby allowing for the relocation of the orbits and eyeballs for the protection of vision and improved aesthetics without damaging the brain or the eyes in the process. Working with Gerard Guiot, a neurosurgeon, Tessier took 3 more years to perfect his technique, which included the making of the bony cuts through the skull base by what soon became known as the “Tessier intracranial approach” to the orbits and the midface.


The surgical procedures developed by Tessier were shown to the world at a presentation that he made in Rome at the International Plastic Surgery Meeting in 1967.187 The techniques were so revolutionary that Tessier sought to establish their validity before continuing further. In the most humble and unique way, Tessier invited prominent surgeons from around the world to observe him operating live so that he could demonstrate these techniques before a distinguished international group of his peers. He asked for their vote on whether his demonstrated surgical techniques had a place in the practice of surgery. The resounding positive responses of his peers were clear evidence of their support and approval. During the late 1960s and throughout the 1970s, Dr. Tessier developed all of the basic procedures and essential techniques that are currently used to perform what has come to be known as craniofacial surgery, including the transcranial and subcranial correction of orbital dystopia such as orbital hypertelorism; the correction of midface deficiency or deformity among patients with conditions such as Crouzon syndrome and Apert syndrome; the correction of facial deformities associated with such conditions as Treacher Collins–Franceschetti syndrome; and the description and correction of the spectrum of oro-ocular clefts. The impact of Dr. Tessier's work has affected every surgical specialty that seeks solutions to head and neck problems, including plastic surgery, otolaryngology/head and neck surgery, ophthalmology, neurosurgery, trauma surgery, and oral and maxillofacial surgery.


By the late 1960s, Paris become the birthplace of the new specialty of craniofacial surgery, where visitors would flock to observe Tessier's techniques and approach to problem solving. Dr. Tessier began traveling to the United States and England to demonstrate his procedures in cities such as Philadelphia, Chicago, Kansas City, Houston, Boston, Norfolk, and London.185 Dr. Tessier's work became so far reaching that, by the 1990s, virtually everyone performing craniofacial procedures was either trained by Dr. Tessier himself or by surgeons whom he had trained.


Dr. Tessier's contributions cannot be overestimated.184-196 His basic innovations to safely separate the orbits and the midface from the base of the skull with the use of an intracranial approach satisfy the needs for exposure during complex surgery and craniofacial reconstruction. His techniques have revolutionized the treatment of birth defects of the head and neck; tumors of the midface, orbit, and skull base; severe facial deformities and asymmetries; craniofacial trauma; and complex infections. In response to questions about what inspired his unique approach to problem solving, Tessier would quote Guiot's response: “Pourquoi pas?” This phrase—which is translated into English as “Why not?”—became the motto of the International Society of Craniofacial Surgery, founded in 1983, of which Tessier was invited to be Honorary President.


Dr. Tessier understood the importance of interspecialty collaboration, because “no one man could master all techniques and be an island onto himself” (personal communication). The recognition that individuals with complex surgical problems and deformities of the head and neck often require a team approach did not deter him. Tessier's painstaking preparatory work to achieve the best results for each and every patient and his insistence on the highest level of collaborative care was the mark of the man. He did not settle for mediocrity, and he expected the same commitment from others. This was true in all aspects of his professional and personal life. Hard work, determination, intelligence, focus, innovation, meticulous organization and planning, and—above all—imagination were the characteristics that Tessier demonstrated in his everyday life and that he appreciated in others.









Conclusions


Modern practicing orthodontists and maxillofacial surgeons have learned much from the pioneers in this field. We stand on the shoulders of the giants who came before us. Thanks to them, when evaluating an individual with a dentofacial deformity, we are now able to safely and reliably offer effective treatment to achieve long-term occlusal stability, periodontal health, an improved upper airway, and enhanced facial aesthetics in most cases. Even so, further innovations are expected from those who will come next.
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The term dentofacial deformity refers to significant deviations from normal proportions of the maxillomandibular complex that also negatively affect the relationship of the teeth within each arch and the relationship of the arches with one another (occlusion).2,4,5,8,11,14,15,17,18,21,22,25,27,31,36,37,40,52,54 The affected individual will have varied degrees of compromise in head and neck functions related to breathing, swallowing, speech articulation, chewing, and lip closure/posture. Effects on the temporomandibular joints, the periodontium, and the teeth themselves may also occur.24,25,28,33,34,38,55 The presenting facial disproportion will, in general, have at least some negative effects on psychosocial health.16,39,56,57


Racial variations with regard to the incidence of facial dysmorphology and the resulting malocclusion are also known to occur.59,64 Definitions of acceptable levels of deviation from normal continue to be questioned by both clinicians and patients.7,26,30,32,35,58,61,62 Over the years, the National Center for Health Statistics has collected data and the Research Council has held multidisciplinary conferences to focus attention on these issues.6,12,19,20,29,41-51,53,63


Surgery to reposition the jaws (i.e., an orthognathic procedure) as part of an interdisciplinary approach is often recommended to manage the related skeletal, dental, and soft-tissue dysfunctions and concerns.3,13,23,60,66 Speech therapy, dental work, orthodontics, and surgical procedures alone are generally inadequate as isolated treatment modalities.


A dental clinician who is asked to evaluate the affected individual must ask himself or herself, “Are the problems too severe to be most effectively managed with orthodontics and dentistry alone?” A cosmetic surgeon who evaluates the same patient must ask himself or herself, “Will limited soft-tissue or augmentation procedures alone be sufficient to properly manage the presenting dysmorphology and to address functional aspects?”


If the discrepancy in the size or position of the jaws as they relate to each other and to the upper facial skeleton results in significant facial disproportion and also negatively affects certain head and neck functions (e.g., speech, swallowing, chewing, lip closure and posture, breathing), then it should not be ignored. It would be misguided to consider orthodontics alone to alter the occlusion without fully informing the patient and his or her family of the preferred biologic approach to management (i.e., orthodontics and jaw surgery). Likewise, it would be avoiding the obvious for the cosmetic surgeon to recommend either soft-tissue aesthetic or skeletal contour procedures without discussion of the presenting malocclusion, airway dysfunction, and overall facial disproportion. The treatment recommended to the patient and his or her family should not be limited by the skill set of the initial consulting clinician.


Facial disproportion observed in a child may at times be self-correcting. For example, apparent mandibular deficiency that is present before the pubertal growth spurt may normalize. In some cases, the maxilla or mandible may be induced to grow a few millimeters, more or less, through dentofacial orthopedics. However, major transformation of the jaws with the use of growth-modification techniques cannot be expected. Proffit has pointed out that, even with the well-intended aim of dentofacial orthopedics to alter jaw growth, as a result of anchorage requirements and biologic realities coupled with the practical desire of the orthodontist to “correct the occlusion,” the treatment generally results in the displacement of the teeth in the direction of correcting the occlusion rather than the jaw relationships.53 The term dental compensation for the skeletal discrepancy is universally understood to explain this treatment approach. Orthodontic-introduced dental compensation for the occlusion will hinder the eventual skeletal (orthognathic) correction if this is later required or requested.


Informed consent from the patient or his or her family is strongly recommended before embarking on a compromised treatment plan. For example, if a child is recognized to have an underdeveloped mandible with a Class II malocclusion and standard growth modification is attempted, it may be difficult for the orthodontist to prevent at least some retraction of the upper incisors and the forward displacement of the lower teeth. This may result in an “improved” occlusion, but it may also potentially involve long-term negative effects on periodontal health (e.g., labial cortical bone stripping), the airway (e.g., retroglossal obstruction), and facial aesthetics (e.g., a weak profile).39,56,57 It also compromises the option of an orthognathic correction with the need to first “undo” the dental compensations through “redo” orthodontics (Fig. 3-1).
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Figure 3-1 A 21-year-old woman with a primary mandibular deficiency growth pattern requested a surgical consultation for a “weak chin.” During her early teenage years, she underwent unsuccessful growth modification in an attempt to stimulate the forward projection of the mandible. This was followed by an orthodontic camouflage approach. The mandibular anterior dentition was flared forward. The history was significant for restless sleeping and a degree of daytime fatigue, which are suggestive of obstructive sleep apnea. Examination confirmed a retrognathic mandible with a Class II malocclusion. The mandibular incisors were crowded and procumbent. The family had hoped that a “chin implant” would be effective to manage the aesthetic effects. A sleep study confirmed obstructive sleep apnea (respiratory disturbance index = 18/hour). An orthognathic approach (Le Fort I, Sagittal splits, Osseous genioplasty) with redo orthodontic treatment including lower bicuspid extractions was recommended as the preferred method to improve the airway, to achieve long-term dental health, and to enhance facial aesthetics. A, Frontal facial and occlusal views. B, Profile facial view and lateral cephalometric radiograph.





In the growing child who presents with a Class II malocclusion pattern, an active treatment approach is often offered by the orthodontist. This approach may attempt to alter jaw growth and to correct the occlusion by means of the following: (1) functional appliance use (e.g., Frankel, Twinblocks) to stimulate sagittal growth of the mandible; (2) the possible extraction of maxillary premolars with orthodontic incisor retraction; (3) the use of headgear to restrain maxillary sagittal growth; and (4) the orthodontic forward displacement of the lower anterior teeth (Fig. 3-2). With the use of this approach, favorable facial results will be seen in only a very specific patient subgroup that includes those patients with true maxillary dental protrusion and a limited degree of mandibular retrusion. In these cases, the extraction of maxillary premolars with the retraction of the incisors to a corrected inclination in combination with the minimal forward displacement of the lower teeth may result in both favorable occlusion and acceptable facial aesthetics.
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Figure 3-2 A 20-year-old man with a primary mandibular deficiency growth pattern requested a surgical consultation for a “weak chin.” During his early teenage years, he underwent unsuccessful growth modification in an attempt to stimulate the forward projection of the mandible. This was followed by an orthodontic camouflage approach that included maxillary first bicuspid extractions to retract the anterior teeth. In addition, the mandibular anterior dentition was flared forward. His history was significant for heavy snoring, restless sleeping, and a degree of daytime fatigue, all of which are suggestive of obstructive sleep apnea. Examination confirmed a retrognathic mandible with a molar Class II deep bite malocclusion. The mandibular incisors were crowded and procumbent. The family had hoped that a “chin implant” would be effective to manage the aesthetic effects. A sleep study was recommended. An orthognathic approach (Le Fort I, Sagittal splits, osseous genioplasty) with redo orthodontic treatment was suggested as the preferred method to improve the airway, to achieve long-term dental health, and to enhance facial aesthetics. A, Frontal facial and occlusal views. B, Profile facial view and lateral cephalometric radiograph.





For the experienced surgeon and orthodontist, the accurate diagnosis of a dentofacial deformity will usually be clear after the initial examination and a review of standard records. A favorable correction through the effective orthodontic alignment of the teeth in combination with the surgical repositioning of the jaw(s) will be the preferred approach.






Prevalence of Jaw Deformities and Malocclusion






U.S. Population Survey


As part of a large-scale evaluation of the health of the U.S. population, a National Health and Nutrition Examination Survey (NHANES III) was carried out between 1989 and 1994.53 Starting with a sampling of 14,000 individuals, estimates of the incidence of malocclusion and its severity were made. The sample of individuals was carefully selected to provide weighted estimates for an approximate 150,000,000 people between the ages of 8 and 50 years who were members of black, white, and Latino American racial and ethnic groups. Those individuals outside of that age range (i.e., those younger than 8 years and older than 50 years), Native Americans, those living on military reservations, and some other specific population groups were excluded from this study. Data collected included the following:




• The alignment of the incisor teeth


• The horizontal position of the incisors (i.e., overjet or reverse overjet)


• The vertical overlap of the incisors (i.e., deep bite or open bite)


• The presence of posterior crossbite


• The presence of maxillary midline diastema









The Horizontal/Sagittal Dimension


This study provides useful information about preadolescent children (8 to 11 years old), adolescents (12 to 17 years old), and adults (18 to 50 years old) with reference to how the teeth fit together and, by inference, the prevalence of dentofacial deformities. When interpreting the data collected for the NHANES III study, it is important to consider that at least some degree of dental compensation for an existing jaw deformity normally occurs during growth and is expected to have been present at the time that the study measurements were taken. Therefore, it is unlikely that either the moderate or greater values of positive overjet or the mild to moderate values of negative overjet measured in the NHANES III study were found in individuals with “normal” jaw relationships. It would be safe to assume that any individual in the study with more than 7 mm of positive overjet has a jaw discrepancy that is characterized by mandibular deficiency (see Chapter 19). In addition, those with 2 mm or more of reverse overjet are assumed to have elements of maxillary deficiency in combination with relative mandibular excess (see Chapter 20).


The NHANES III study documents that extreme positive overjet is more frequent among children and that reverse overjet becomes more common among adults (i.e., after growth completion). This data confirms that, in some children, a late mandibular growth spurt not only corrects the excess positive overjet but actually causes it to become negative. Fortunately, in at least some of the children with an excess overjet, “catch-up” mandibular growth corrects the occlusion without overshooting the mark. The NHANES III study also documents that significant reverse overjet is more prevalent among blacks and Latino Americans as compared with whites. This confirms the more frequent dentofacial deformity growth pattern of maxillary deficiency in combination with relative mandibular excess that is seen among blacks and Latinos as compared with whites.


According to the NHANES III study, only a third of the members of the U.S. population have ideal (horizontal) anteroposterior incisor relationships, and another third of these individuals have a moderate overjet discrepancy (i.e., borderline jaw dysharmony). The remaining third have either a severe positive overjet or a reverse overjet malocclusion. It is reasonable to assume that a significant percentage of this subgroup (i.e., those with a severe positive overjet or a reverse overjet) have a jaw discrepancy that would benefit from orthognathic surgery. In reality, many individuals in this subgroup will be treated with compromised orthodontics (i.e., dental compensation) in an attempt to neutralize the occlusion without the benefit of an orthognathic correction. This will result in suboptimal facial aesthetics and the potential for occlusal instability, long-term periodontal sequela, and compromise of the upper airway.









The Vertical Dimension


According to the NHANES III study, only half of the U.S. population has an ideal vertical relationship of the incisors (i.e., 0- to 2-mm overbite). In the others, a deep bite in combination with mandibular deficiency or maxillomandibular deficiency is more prevalent among whites, and an open bite in combination with bimaxillary dental protrusion is more frequent among blacks. Interestingly, either a severe deep bite (≥5 mm) or a marked open bite (≥2 mm) was present in approximately 20% of children and 13% of adults. The extreme values of open bite that were measured in the study group likely represent either a long face growth pattern (i.e., vertical maxillary excess or mandibular deficiency; see Chapter 21) or bimaxillary dental protrusion (see Chapter 24). Interestingly, significant anterior open bite as part of a long face growth pattern is more prevalent among white Americans. The extreme values of deep bite in the studied individuals are likely to represent either a short face growth pattern (i.e., maxillomandibular deficiency; see Chapter 23) or a primary mandibular deficiency. Significant degrees of vertical discrepancy (deep bite or open bite) at the incisors ideally benefit from orthognathic surgery. When dental compensating orthodontic treatment is instituted rather than orthognathic correction, compromised facial aesthetics, occlusal instability, and periodontal sequela are more likely to occur.












U.K. Population Survey


An Index of Treatment Need was developed by the Swedish Dental Board to classify the severity of dental findings by the worst presenting characteristic.33 This method tends to downplay the specific alignment of individual teeth. It is a classification system that looks more globally at facial proportions and head and neck function than at isolated dental details. For example, if you have a mild irregularity of the incisors and only a mildly excessive overjet, you are judged to have only a mild problem. In other words, the impact on the individual is not judged to be more severe, because there is a combination of two mild occlusal deviations from normal. Alternatively, if you have a 10-mm overjet, even if the teeth are aligned in each jaw, you are judged to have a severe problem.


Brook and Shaw made modifications to the Swedish classification and developed the Index of Treatment Need for malocclusion to be used as a grading system of dental health and functional indications for treatment.9,10 The first part of their study was derived from the direct examination of occlusion and dental alignment. They defined five grades of treatment need, with Grade 1 representing little or no need for treatment and Grade 5 representing great need for treatment. The authors attempted to establish meaningful values for cutoff points between grades for each occlusal trait and to determine the quantifiable threat to the dentition if no treatment is provided. Grades 4 and 5 have characteristics that can result in a more severe impact on both facial aesthetic and dental aspects. These characteristics include the following:




Grade 5:




• Defects of cleft lip and palate*


• Overjet of more than 9 mm*


• Reverse overjet of more than 3.5 mm with reported masticatory and speech difficulties*


• Extensive hypodontia*


• Impeded eruption of the permanent teeth


• Submerged primary teeth





Grade 4:




• Extreme lateral or anterior open bites (>4 mm)*


• Increased overjet (>6 mm but ≤9 mm)*


• Reverse overjet (>3.5 mm with no masticatory or speech difficulties)*


• Reverse overjet of more than 1 mm with reported masticatory or speech difficulties


• Posterior crossbite with no functional occlusal contacts in one or both buccal segments


• Increased and complete overbite with gingival or palatal trauma


• Anterior or posterior crossbites with more than 2 mm of centric relation/centric occlusion discrepancy


• Severe contact point discrepancy (>4 mm)


• Less extensive hypodontia (e.g., one tooth per quadrant requiring preprosthetic orthodontics)


• Partially erupted teeth that are tipped and impacted against adjacent teeth


• The presence of supernumerary teeth








Individuals with extremes in positive overjet, reverse overjet, crossbite, and open bite as well as those with associated cleft lip and palate are considered to have Grade 4 and 5 conditions and judged to have problems that are severe enough that definitive treatment is needed. By inference, it is likely that a significant number of individuals with Grade 4 and 5 issues would ideally receive both orthodontics and jaw-straightening surgery.


The second part of the authors' overall assessment of treatment priority was to record the aesthetic impairment contributed by the malocclusion. The authors used the Standard Continuum of Aesthetic Need (SCAN) index as a rating scale.16 The SCAN scale was constructed with the use of dental photographs from 1000 12-year-old children that were collected as part of a large multidisciplinary survey. Six non-dental judges rated these photographs on a 10-point visual analog scale. Both the aesthetic impairment component and the dental health component were part of the overall study.


The distribution of ratings for the Dental Health Indications Study conducted by Brook and Shaw were obtained from examination subjects (n = 222) who, at minimum, were felt to have a malocclusion to the extent that referral to a regional orthodontic center for advice or treatment was recommended.10 Each study patient was then examined, and their available radiographs were reviewed by skilled clinicians. Both components of the index (i.e., aesthetic and dental) were applied, and the patients were also asked to give their own rating according to the SCAN scale. Interestingly, there was a high correlation (confirmed by intraexaminer and interexaminer error testing of the findings) between both components (i.e., aesthetic and dental) of the study.


The study results indicated that 19.2% of the subjects (44 of 222) were considered to have Grade 5 conditions. Interestingly, the distribution of ratings from Grades 1 through 5 that were obtained from the examination of a matched, random, unselected group of schoolchildren (n = 333) indicated that only 5.1% fell in the Grade 5 category. A Grade 5 score indicates severe malocclusion with a high need for treatment to establish dental health. Most of the traits listed as Grade 5 cannot be corrected with orthodontics alone, and orthognathic surgery would likely be recommended or at least considered. The Shaw study indicates that, in the United Kingdom, more than 5% and as high as 19% of children who have been referred to an orthodontist for evaluation are likely to have a malocclusion to the extent that orthodontics alone would not be the first choice for full correction (i.e., there is a need for orthognathic surgery).10












Orthognathic Procedures Performed on Hospitalized Patients in the United States


Venugoplan and colleagues completed a study with the aim of providing a nationally representative estimate of the number and type of orthognathic procedures performed on hospitalized patients in the United States.65 Their data was obtained from the Nationwide Inpatient Sample (NIS) database from 2008 and included all hospitalizations for orthognathic procedures. The procedures were identified via the procedure code listed in the International Classification of Diseases, 9th Revision, Clinical Modification.1 The NIS database is sponsored by the Agency for Healthcare Research and Quality, a division of the Department of Health and Human Services of the U.S. government. Ten thousand three hundred and forty-five (10,345) hospitalizations for orthognathic procedures were identified as occurring during the 2008 calendar year. The average age of these patients was 26.7 years, and female patients comprised 56.2% of all those who were hospitalized for these procedures. Whites, blacks, Hispanics, Asians, Pacific Islanders, and Native Americans and other races constituted 71.9%, 4.9%, 12.6%, 5.6%, 0.4%, and 4.6% of the hospitalizations, respectively. Private insurance plans were the primary payers (77.3%). Government insurance plans (i.e., Medicare and Medicaid) accounted for 13.4% of the patient mix, whereas 3.5% of patient paid privately (i.e., out of pocket), without the benefit of medical insurance.


Le Fort I osteotomy without segmentation accounted for 15.3% of the procedures; 45.8% of the procedures were Le Fort I with segmentation; and 31.7% of the procedures were ramus osteotomies of the mandible (e.g., sagittal split ramus osteotomies or vertical oblique osteotomies). It was found that 53.3% of the patients underwent one jaw surgery, whereas 36.8% likely underwent bimaxillary osteotomies. It would appear that only 9.2% of the patients underwent combined upper jaw, lower jaw and chin procedures. Only 0.7% underwent additional other simultaneous procedures, including such possibility as septoplasty, inferior turbinate reduction, neck liposuction, and the removal of wisdom teeth.


The pattern of jaw deformity for which the patient underwent orthognathic surgery could to a certain extent be delineated. It would appear that 33.1% of the skeletal patterns were Class III anomalies, whereas 23.8% involved skeletal Class II anomalies. The vast majority of orthognathic procedures were for the correction of routine dentofacial deformities. Approximately 10% of the orthognathic procedures were for the correction of a syndromal form of jaw deformity.


Ninety-six percent of patients were discharged routinely without the need for a “home health care facility” or transfer to either a long-term or acute-care facility. The mean length of hospital stay was 2.95 days, and the mean hospital bill generated costs of $47,348.00. This was assumed to include all costs related to the hospital, operating room, and anesthesia, but it did not include the surgeons' fees. The hospital bill generated did not necessarily correlate with the amount actually paid by either the third-party insurance company or the self-paying patient. Data regarding the actual payments is not available. From the available data, the total estimated hospitalization charges for orthognathic procedures carried out in the United States during 2008 were estimated to be $466.8 million (not including the surgeons' fees). Surgeons in “teaching hospitals” performed 67.1% of the procedures, and surgeons in “large-bed hospitals” performed 70% of the procedures. Hospitals in urban areas accounted for 97.4% of the hospital admissions.


It must be understood that the study by Venugoplan and colleagues did not capture those orthognathic procedures carried out either in an outpatient setting (i.e., not requiring admission to hospital) or procedures that were performed exclusively in a “surgicenter.” These parameters were outside of the NIS database. It is estimated that as many as another 20% of orthognathic procedures were likely completed in these outpatient or surgicenter settings during this time period, which could result in 2000 additional patients.









Conclusions


The term dentofacial deformity refers to significant deviations from the normal proportions of the maxillomandibular complex that also negatively affect the relationship of the teeth within each arch as well as the relationships of the archs with one another (i.e., occlusion). The affected individuals will have varying degrees of compromise in their head and neck functions related to breathing, swallowing, speech, chewing, and lip closure and posture. A negative impact of the maxillofacial dysmorphology on psychosocial health is also to be expected. Studies confirm that, at a minimum, 5% of both the U.S. and U.K. general populations will have dentofacial deformities that are associated with severe malocclusion and that require orthognathic surgery. It is likely that as high as 19% of individuals who present for orthodontic assessment would ideally require not just orthodontics but jaw-straightening procedures as well.
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*Occlusal traits consistently found in association with a dentofacial deformity.
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The term dentofacial deformity is generally used to describe a significant disproportion of the jaws in association with malocclusion. It is estimated that, at a minimum, 5% of the population will have a discrepancy that falls into the developmental dentofacial deformity category. Another 45% of the population will fall into a much larger group of those with malocclusion but without what is considered a “notable” jaw discrepancy component.2,3,5,56,65,72 After jaw growth is complete (i.e., 14 to 16 years of age in girls and 16 to 18 years of age in boys), the definitive reconstruction of a dentofacial deformity can go forward.


Knowing the etiology of a patient's jaw deformity can be important to the fundamental understanding of how and when to treat the problem. Knowledge of normal facial growth and development as well as the effect of any associated malformations (e.g., hemifacial microsomia with cervical spine anomalies) is useful both to limit complications during treatment and for family planning. Understanding the natural history of a condition that involves environmental influences may provide an opportunity to prevent or at least lessen the impact of the deformity. Knowledge of factors that influence facial skeletal growth and dental development (e.g., the muscles of the neck, tongue, and lips; breathing patterns) is important. Factors that are known to alter facial growth and cause jaw discrepancy can be subdivided to include the following: 1) known syndromes and anomalies; 2) hereditary tendencies; 3) environmental and neuromotor effects; 4) effects of trauma; and 5) effects of tumors or growths.






Development of the Head and Neck






Skull


The skull is formed from the lateral plate mesoderm (the neck region), the paraxial mesoderm, and the neural crest (Fig. 4-1). The bony skull is formed by one of two mechanisms: intramembranous ossification or endochondral ossification. Skull development is divided into two parts: the viscerocranium and the neurocranium. The viscerocranium forms the bones of the face, whereas the neurocranium forms the bones of the cranial base and the cranial vault. The neurocranium can be divided into the membranous neurocranium and the cartilaginous neurocranium. The anterior fontanel (bregma) has a wide range of expected closure between 4 and 26 months of age. The posterior fontanel (lambda) generally closes between 1 and 2 months of age.
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Figure 4-1 Illustrations of the development of the skull. From www.netterimages.com. © Elsevier Inc. All rights reserved.





From the first pharyngeal pouch are formed the maxillary process, the mandibular process, and the second pharyngeal arch. Many bones are derived from the maxillary arch, including the maxilla, the temporal bones, the zygoma, the palatine bone, the lacrimal bone, the vomer, the nasal bones, and the inferior nasal concha. The mandibular process forms the mandible, the sphenomandibular ligament, the malleus, and the incus. From the second pharyngeal arch are formed the styloid process, the stapes, the hyoid bone, and the stylohyoid ligament.









Face


The face is formed mainly from the neural crest, which makes three “swellings” that surround the stomodeum (Fig. 4-2). The three swellings are the frontonasal prominence, the maxillary prominence (from the first pharyngeal arch), and the mandibular prominence (from the first pharyngeal arch).
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Figure 4-2 Illustrations of the development of the face. From www.netterimages.com. © Elsevier Inc. All rights reserved.





Lateral to the frontonasal prominence, there are two areas of ectoderm that form the nasal placodes, which invaginate in the center to form the nasal pits. The placodes that invaginate create ridges of tissues on either side of the pits. The ridges are called the lateral nasal prominence and the medial nasal prominence. The fusion of the medial nasal prominence at the midline results in the formation of the intermaxillary segment.









Palate


The palate is formed by the primary palate (intermaxillary segment) and the secondary palate (protrusions from the lateral prominences) (Fig. 4-3). The intermaxillary segment (primary palate) is the initial portion of the palate to develop. It contains the central and lateral incisors. Swellings of the maxillary prominence form shelves that project medially but that are separated by the tongue. When the tongue no longer occupies the space between the palatal shelves, these processes fuse together to form the secondary palate. The primary and secondary palatal tissues all meet at the incisal foramen. The primary and secondary palates and the nasal septum fuse to form the definitive palate.
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Figure 4-3 Illustrations of the development of the palate. From www.netterimages.com. © Elsevier Inc. All rights reserved.















Syndromes and Anomalies that Include Dentofacial Deformities


Many of the syndromes and anomalies that involve the cranio-orbito-zygomatic (upper face) region also affect the maxillomandibular (lower face) location.1,20,124 These conditions may involve any of the tissue components, including the skin, the muscles, the nerves, the fat, the vessels, the bone, the teeth, the cartilage, and the associated viscera (i.e., brain, ears, eyes, salivary glands, sinuses). Known syndromes and anomalies comprise only a small proportion of the dentofacial deformity group (see Chapters 27 through 31).19 These conditions can be further subdivided according to etiology or tissue of origin.






Deficiencies of Midline Tissue Structures


Holoprosencephalies involve variable deficiencies of midline tissues. These structural deficiencies have been documented to occur early during embryologic development.16,18,23,27 They may range from severe brain anomalies to simple absence or hypoplasia of the corpus callosum. Severe facial anomalies such as cyclopia, ethmocephaly, and cebocephaly are always associated with severe holoprosencephaly, and they are incompatible with life. This can also be true of premaxillary agenesis; however, in some instances, patients may survive for several months or even years. There are reported cases of premaxillary agenesis with normal head circumference and no brain abnormalities (i.e., without holoprosencephaly), although these patients sometimes have mild mental deficiencies. Syntelencephaly (the absence or hypoplasia of the corpus callosum or absent or hypoplastic olfactory tracts and bulbs) is compatible with life and should thus be treated. Associated facial anomalies include retinal colobomas, cleft lip, cleft palate, single maxillary central incisor, and midface deficiencies. Holoprosencephaly has multiple causes and includes many chromosomal types, many monogenetic disorders, and at least three teratogens.









Deficiencies and Anomalies of Neural Crest Origin


Most of the tissues of the face, including the muscular and skeletal components, are derived from the mesoderm. Interestingly, throughout the rest of the body, these components (i.e., muscle and skeleton) are derived from an ectodermal origin.19 The facial mesodermal elements develop from the neural crest and then migrate downward beside the neural tube and laterally under the surface ectoderm. When the neural crest cells have completed migration to their specific location, then facial development is dominated by specific growth centers, the formation of visceral structures (e.g., brain, eyes, sinuses), and the differentiation of the tissue layers. Facial anomalies of neural crest origin are thought to arise when the neuroepithelium has apoptosis (i.e., the cells die).25 This results in less neuroepithelium to migrate through into the facial locations and to ultimately differentiate. Current knowledge of Treacher Collins syndrome indicates that this is not a migration problem but simply a lack of cells to migrate (Figs. 4-4 and 4-5).
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Figure 4-4 An 11-year-old boy who was born with Treacher Collins syndrome has typical malformations of the soft tissues and the skeletal structures within the first and second branchial arches on both sides. There is significant hypoplasia of each zygomatic complex, the orbits, and the maxillomandibular structures (Kaban type II-A mandible). The soft tissues of the adnexal region are deficient. The external ears are malformed, but all parts are present. The central part of the face is fully formed. A, Frontal facial and computed tomography scan views. B, Profile facial and computed tomography scan views. C, Oblique facial and computed tomography scan views.
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Figure 4-5 This mother and daughter demonstrate the extent of variation of expression of Treacher Collins syndrome within a family. The mother was not aware that she carried the Treacher Collins gene until after the birth of her daughter. From Posnick JC: Treacher Collins syndrome: perspectives in evaluation and treatment. J Oral Maxillofac Surg 55:1120–1133, 1997.





Teratogens that are known to result in head and neck (neural crest) congenital anomalies include cytomegalovirus (microcephaly, hydrocephaly, microophthalmia); Dilantin (cleft lip and palate); vitamin D excess (premature suture closure); Valium (cleft lip and palate); Rubella virus (microophthalmia, cataracts, deafness); and thalidomide (variations of hemifacial microsomia and Treacher Collins syndrome). Despite these known relationships, teratogenic agents are not the most frequent causes of these syndromes.1


The branchial arch syndromes are neural crest anomalies that comprise an etiologically heterogeneous group of disorders.14 They account for only a small percentage of the patients who present to the surgeon or orthodontist in need of jaw reconstruction. The best known of these are hemifacial microsomia, its variant Goldenhar syndrome, and Treacher Collins syndrome.14 Hemifacial microsomia affects aural, zygomatic, and mandibular growth at a minimum (Fig. 4-6). The disorder may be mild or severe, and it is generally limited to one side of the face. However, bilateral involvement, with more severe expression on one side, is also known to occur. Goldenhar syndrome, which is a variant of hemifacial microsomia, also includes epibulbar dermoids and vertebral anomalies. Involvement is often but not always limited to the face. There may be cardiac, renal, skeletal, and central nervous system anomalies (see Chapter 28). At a minimum, patients with Treacher Collins syndrome demonstrate the physical findings of bilateral zygomatic hypoplasia, down-slanting palpebral fissures, malformed ears, and micrognathia (see Chapter 27). Inheritance occurs in an autosomal-dominant fashion, and expressivity varies (see Figs. 4-4 and 4-5). The syndrome maps to 5q32-q33.1, and mutations in the TCOF1 gene are of the nonsense, insertion, deletion, or splice-site types.14,30,139
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Figure 4-6 A 7-year-old boy born with hemifacial microsomia and unilateral cleft lip and palate (left side) has typical malformations of the soft tissues and skeletal structures within the first and second branchial arches on the left side. There is an absence of the left zygomatic complex and hypoplasia of the orbit, the anterior cranial vault, and the maxilla. The mandibular malformation is a Kaban type III. The soft tissues of the left external ear, the ear canal adnexal structures, and the cheek region are markedly deficient. A, Frontal facial and computed tomography scan views. B, Oblique facial and computed tomography scan views.












Clefting of the Lip and Palate


The most prevalent congenital defect of dentofacial development is clefting of the lip, the palate, or both (Figures 4-7 through 4-19). This condition occurs in approximately 1 in 1000 whites, 1 in 500 Asians, and 1 in 2000 blacks.27 The etiology of clefts is often complex and multifactorial. Evidence supports the view that genetic factors are associated with orofacial clefting.37 In twins with cleft lips and palates, concordance is far greater among monozygotic twins (40%) as compared with dizygotic twins (4.2%). In twins with isolated cleft palate, concordance is also higher among monozygotic twins (35%) as compared with dizygotic twins (7.8%).138 Nevertheless, orofacial clefting is heterogeneous and variable, and it is likely determined by a number of major genes, minor genes, environmental factors, and a developmental threshold.37 Some syndromes associated with clefting in which specific gene mutations have been identified include van der Woude syndrome (IRF6), popliteal pterygium syndrome (IRF6), autosomal-recessive cleft palate/ectodermal dysplasia (PVRL1), hypodontia/clefting (MSX1), Hay-Wells syndrome (TP63), and cleft palate/ankyloglossia (TBX22). These mutations explain only about 5% of clefting cases, with an additional 10% to 15% of cases explained by variations involving the IRF6 gene.110 Although orofacial clefting is caused by a malformation, the development of secondary deformities of the jaws after birth is well known (see Chapters 32, 33, and 34). For the most part, maxillary hypoplasia in patients with orofacial clefts is felt to be the result of palate surgical interventions carried out during infancy and early childhood and not from the primary congenital anomaly. Although van der Woude and Stickler are just 2 of more than 100 clefting syndromes, they demonstrate the importance of having an awareness of associated anomalies to assist with family counseling and to achieve effective reconstruction.
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Figure 4-7 Cleft lip and palate represents a spectrum of morphologic findings that are initially dependent on the individual's specific anomalies but that are then affected by surgical intervention during growth. A newborn with a complete (left side) unilateral cleft lip and palate is shown.
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Figure 4-8 A Hispanic child was born with complete clefting of the left primary lip and palate. He was adopted when he was approximately 1 year old, before repair. He then underwent single-stage primary lip, nasal, and palate repair. He is shown before repair and then at the age of 2 years after single-stage repair.
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Figure 4-9 A child was born with an incomplete cleft of the left lip that also involved the alveolar ridge back to the incisal foramen. She is shown before primary lip and nasal reconstruction and then at the age of 5 years before alveolar cleft grafting.
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Figure 4-10 A child was born with a complete (left side) unilateral cleft lip and palate. He is shown before and at intervals after primary lip and palate repair. A, He is shown before primary lip and nasal reconstruction and B, at the age of 10 months, just before cleft palate repair. C, The same child at the age of 3 years and D, at the age of 8 years just before mixed dentition bone grafting.
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Figure 4-11 Three newborns with bilateral cleft lip and palate (BCLP) are shown. A, A newborn with complete BCLP. B, A newborn with BCLP but with partial attachment of the lip and the nasal floor on the left side. C, A 3-month-old infant with complete BCLP is shown. The premaxilla is attached to the septum of the nose; it is forwardly projecting without attachment to the lateral lip segments. The wide separation of the palatal shelves is also demonstrated by the intraoral view. D and E, A series of computed tomography scan views of the maxillofacial complex of the infant shown in C demonstrate the skeletal anatomy associated with BCLP.
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Figure 4-12 A child born with complete bilateral cleft lip and palate. He is shown before and then 7 years after primary lip and palate repair, just before mixed dentition bone grafting.
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Figure 4-13 A child born with incomplete bilateral cleft lip and palate. He is shown before and then 8 years after primary lip and palate repair, just before mixed dentition bone grafting.







[image: image]


Figure 4-14 A child born with a complete cleft of the right lip and palate and incomplete clefting of the left lip. He is shown A, before and then B, at 2 and C, 8 years after primary lip and palate repair. The last photo was taken just before mixed dentition bone grafting.
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Figure 4-15 A, A child born with complete clefting of the secondary palate (i.e., incisal foramen through the uvula) is shown. B, An adult born with a complete unilateral cleft lip and palate is also shown. He underwent lip repair during childhood, but the cleft palate was neglected. Note the severe septal deviation that obstructs the right nasal valve.
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Figure 4-16 A teenage boy from Jamaica who was born with a bilateral cleft lip and a unilateral cleft of the alveolar ridge and palate. He underwent rudimentary lip repair as a child. The unrepaired clefted alveolus and palatal anatomy are shown. Note the normal growth parameters of the upper jaw when the palate is unrepaired. With a lack of continuity of the alveolar ridge, there has been typical distorted growth of the maxilla.
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Figure 4-17 A woman who was born with bilateral cleft lip and palate and pitting of the lower (central) lip. At the time of her pregnancy, an ultrasound confirmed twins, one of which was suspected of having bilateral cleft lip and palate and the other of having unilateral cleft lip and palate. This was documented at the time of delivery. A, A family with van der Woude syndrome, including a mother with a repaired bilateral cleft lip and palate and newborn twins. B, Twin A with bilateral cleft lip and palate. C, Twin B with unilateral cleft lip and palate.
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Figure 4-18 A 16-year-old boy who was born with Stickler syndrome (type II collagen mutation). At the time of birth, Pierre Robin sequence was appreciated. The patient underwent repair of the cleft palate before he was 1 year old. He had positive eye findings, and he required the treatment of a retinal detachment during his teenage years. A small cataract is being followed. He arrived for the evaluation of a jaw deformity and malocclusion characterized by maxillomandibular deficiency with anterior open-bite malocclusion. This was combined with chronic obstructive nasal breathing and a long face growth pattern. Attempted growth modification and camouflage orthodontics earlier during life were ineffective. There was generalized root deficiency throughout the maxillary and mandibular dentition, likely as a result of the collagenopathy. A, Frontal views in repose before and after treatment. B, Frontal views with smile before and after treatment. The patient agreed to an orthodontic and surgical approach. Further orthodontic (dental) decompensation was cautiously carried out as a result of the compromised periodontal apparatus. The procedures included maxillary Le Fort I osteotomy (vertical intrusion, horizontal advancement, counterclockwise rotation, and arch expansion); bilateral sagittal split ramus osteotomies (horizontal advancement and counterclockwise rotation); osseous genioplasty (vertical shortening and horizontal advancement); and septoplasty, inferior turbinate reduction, and nasal floor recontouring. C, Oblique facial views before and after treatment. D, Profile views before and after treatment. E, Occlusal views before retreatment, with orthodontics in progress, and after treatment. F, Articulated dental casts that indicate analytic model planning. G, Lateral cephalometric radiographs before and after treatment. H, Panorex radiographs before and after treatment that demonstrate generalized limited root formation. The right maxillary first molar was lost 5 years earlier as a result of limited roots. The right maxillary first molar was lost 1½ years after surgery as a result of limited root support; the right mandibular first molar will likely be lost to similar pathology. Periodontal evaluation and treatment are ongoing. Future plans are for the placement of dental implants in the right posterior maxilla and mandible.
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Figure 4-19 A child born with Robin sequence, which consists of retrognathia with glossoptosis, clefting of the secondary palate, and a degree of respiratory distress. A, Frontal facial and intraoral views demonstrating clefting of the secondary palate. B, Profile facial view indicating retrognathia. Computed tomography scan demonstrating retrognathia but with all of the components of the jaw present. For this child, the small mandible is the result of deforming forces during fetal development rather than the result of a malformation. Catch-up growth of the mandible is anticipated during childhood. C, Profile and occlusal views when the patient was 9 years old, with expected catch-up growth.









Van der Woude Syndrome


In 1845, Demarquay was the first to report the occurrence of congenital sinuses of the lower lip in combination with cleft lip and palate; this condition became known as van der Woude syndrome. This syndrome occurs in roughly 1% to 2% of patients with lip and palatal clefts. Van der Woude syndrome has an autosomal-dominant inheritance pattern; it has approximately 90% penetrance, and it is variably expressed (see Fig. 4-17). Manifestations of the syndrome outside of the oral and facial regions are unusual. Generally, the pits are characterized as depressions that are observed on the vermilion border of the lower lip; they are usually bilateral and symmetrically placed, although an asymmetrical pit or single central pit may occur. Roughly 33% of patients with van der Woude syndrome have pits without clefting, 33% have pits with cleft lip and palate, and 33% have lip pits with isolated cleft palate or submucous cleft palate. Approximately 10% of those individuals with van der Woude syndrome do not exhibit lip pits.









Stickler Syndrome


In 1967, Stickler and Pugh were the first to describe a series of patients who had a combination of eye findings, hearing loss, isolated cleft palate, a Marfanoid habitus, and long-bone changes.1 It is now known that Stickler syndrome is associated with basic defects in collagen. These collagenopathies include mutations on type II collagen and mutations in type XI collagen.25 The inheritance pattern with this syndrome is autosomal dominant with variable expressivity. Cohen and others have reviewed the relationship between high myopia and clefting of the secondary palate and the other features of Stickler syndrome.19 High myopia (i.e., 8 to 18 diopters) is found in 75% of patients by the time they are 5 years old. The eye findings are progressive, with vitreous and chorioretinal degeneration and retinal detachment observed in 70% of patients by the time they are 20 years old. Additional eye findings include astigmatism, cataracts, strabismus, and glaucoma. Individuals with Stickler syndrome may manifest any or all of a range of craniofacial findings, including mild to moderate midface hypoplasia, shallow orbits with eye proptosis, epicanthal folds, a flat nasal bridge, and submucous or full clefting of the secondary palate. Some affected individuals will have progressive degeneration of the dental roots and the associated periodontium. This is primarily due to the inborn error in collagen production, but it may be exacerbated by malocclusion (secondary trauma) and orthodontic manipulations (see Fig. 4-18). Progressive neurosensory high-tone hearing loss has been reported in 80% of patients. Some patients have a Marfanoid body habitus, whereas others have short stature. There may be progressive early joint degeneration by the mid-adult years. Any newborn who is found to have Robin sequence should undergo an initial genetic and ophthalmologic assessment to rule out Stickler syndrome.









Robin Sequence


Robin sequence is commonly defined as cleft palate, micrognathia, and glossoptosis (see Fig. 4-19). This sequence of events can occur as a result of a variety of etiologic and pathogenetic conditions, and it involves a wide spectrum of phenotypes. The distinction must be made between a malformed mandible (micrognathia) and a deformed mandible that is simply retrognathic. The malformed mandible (i.e., Treacher Collins syndrome) may also be missing parts or sections of the jaw (i.e., Kaban types IIB and III) and cannot be expected to “grow out” and self-correct. This is different from a deformed mandible (i.e., retrognathic at birth) caused by fetal malpositioning, which can be expected to “grow out” and become relatively normal. The newborn's respiratory compromise that occurs with Robin sequence will vary according to the child's physical findings, and treatment should proceed accordingly. For example, with spondyloepiphyseal dysplasia congenita, the causes of respiratory compromise include a small and mechanically abnormal chest, tracheobronchial malacia, and central apnea as a result of cervical or medullary compression caused by cervical instability.47 This will require a different level of airway management as compared with an isolated retrognathic mandible, which is simply deformed as a result of intrauterine compression. If the deformed (retrognathic) mandible is present at birth, it is expected to “catch up” during growth and basically to self-correct. For these infants, mandibular osteotomies with advancement carried out during childhood should be avoided.












Achondroplasia


Achondroplasia is the most common condition associated with severe disproportionate short stature.22 The cause of this condition is the failure during development of the primary growth cartilages of the limbs and the cranial base. This results in short arms and legs as well as a characteristic midface deficiency or deformity that is most visually notable at the nasofrontal process.


Most affected individuals do well but attain a final height of only approximately 4 feet. The condition is known to be caused by mutations on the FGFR3 (fibroblast growth factor receptor 3) gene.22 Eighty percent of reported cases are sporadic, whereas 20% are familial. Although craniosynostosis is not a typical feature, three cases with craniosynostosis have been reported.









Premature Suture Closure of the Cranial Vault and Skull Base


The flat bones of the cranial vault develop from mesenchymal condensations over the developing brain (see Fig. 4-1). These bones grow primarily via the apposition of bone at their edges. The regions in which the cranial bony edges collide are called sutures. In addition to appositional growth at the edges (i.e., suture growth), cranial vault development also occurs through the process of remodeling (i.e., resorption and deposition).17 Continued separation of the sutures during the process of the apposition of bone at the edges is also important to the normal growth of the bones of the cranial base and the midface.


Synostosis is a condition of premature fusion (i.e., the arrest of appositional growth at the bone edges) that occurs before the associated visceral structures (e.g., brain, eyes) complete growth.17 When this happens, there is distortion or deformity of the shape of the affected bones and possible compression of the underlying visceral structures (i.e., the brain). Premature closure of the cranial vault sutures (craniosynostosis) that do not extend into the cranial base will have minimal effects on the maxillofacial form (e.g., metopic, unilateral coronal, and sagittal suture synostosis; Figures 4-20, 4-21, and 4-22). However, prematurely fused cranial vault sutures that extend into the cranial base will also affect midfacial growth and development (e.g., Crouzon, Apert, and Pfeiffer syndrome; Figures 4-23 through 4-26; see Chapter 30).
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Figure 4-20 A child born with metopic synostosis that resulted in trigonocephaly. He underwent anterior cranial vault and three-quarter orbital osteotomies with reshaping when he was 10 months old. A, Facial and computed tomography scan views before surgery. B, Illustrations of the craniofacial skeleton in a child with metopic synostosis that resulted in trigonocephaly before and after anterior cranial vault and three-quarter orbital osteotomies. C, Bird's-eye view of removed orbital osteotomy unit before and after reshaping. Part B modified from an original illustration by Bill Winn. D, Frontal views before and 1 year after reconstruction. E, Facial views of patient at 5 years old. F and G, Computed tomography scan views before and after reconstruction.
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Figure 4-21 A child born with right unilateral coronal synostosis that resulted in anterior plagiocephaly. He underwent anterior cranial vault and three-quarter orbital osteotomies with reshaping when he was 9 months old. A, Facial and computed tomography scan views before reconstruction. B, Illustrations of the craniofacial skeleton in a child with unilateral coronal synostosis that resulted in anterior plagiocephaly before and after anterior cranial vault and three-quarter orbital osteotomies. Part B modified from an original illustration by Bill Winn.C, Bird's-eye view of removed orbital osteotomy units before and after reshaping. D, Frontal views before and 5 years after reconstruction. E, Oblique views 5 years after reconstruction. F and G, Computed tomography scan views of the cranial vault before and just after reconstruction.
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Figure 4-22 A child born with sagittal synostosis that resulted in a scaphocephalic shape of the cranial vault that was characterized by increased anteroposterior length and decreased bitemporal and biparietal width. It was not until the child was 2 years old that he was diagnosed with sagittal synostosis. After a comprehensive evaluation, he underwent total cranial vault reshaping through a coronal (scalp) incision. He is shown before and after a single-stage reconstruction. A, Frontal facial views before and after reconstruction. B, Profile facial views before and after reconstruction. C, Illustrations of the craniofacial skeleton in a child with sagittal synostosis that resulted in scaphocephaly before and after total cranial vault and upper orbital osteotomies with reconstruction. Part C modified from an original illustration by Bill Winn.
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Figure 4-23 A 6-month-old girl who was born with Apert syndrome and bilateral coronal synostosis. A, Facial and computed tomography scan views without intervention. B, Profile and computed tomography scan views without intervention.
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Figure 4-24 A 28-year-old woman with uncorrected Apert syndrome. She was unable to undergo craniofacial or extremity reconstruction in her home country. Facial and extremity views are shown.
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Figure 4-25 A 50-year-old man who was born with Crouzon syndrome. His dysmorphic features include oxycephaly, orbital dystopia with eye proptosis, and midface deficiency with an Angle Class III malocclusion. Despite these difficulties, he is married and employed as a taxicab driver; he also has a son with Crouzon syndrome.
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Figure 4-26 A 2-month-old child who was born with Pfeiffer syndrome (type I). She has bilateral coronal synostosis that resulted in brachycephaly but without the suggestion of midface deficiency. A, Profile facial and computed tomography (CT) scan views before intervention. B, Oblique facial and CT scan views before intervention. C, Frontal facial and CT scan views before intervention. D, Additional CT scan views before intervention.












Overgrowth Syndromes and Anomalies


Acromegaly is caused by an anterior pituitary tumor that secretes excessive growth hormone after the normal completion of growth.21 The response of specific growth centers to abnormal serum levels of growth hormone is the overdevelopment of the hands, the feet, the supraorbital ridges, and the mandible. When there is excessive mandibular growth, the position of the teeth within the bone and the occlusion are also effected. An enlarged sella turcica (i.e., the resorption of bone in response to pituitary tumor expansion) can be seen on a lateral cephalometric radiograph or a computed tomography scan (Fig. 4-27). Excess growth hormone causes the proliferation of the condylar cartilage of the mandible, thereby resulting in the bilateral symmetric forward projection of the jaw. This overgrowth continues until the serum growth hormone levels return to normal. Unfortunately, the resultant skeletal deformities persist. Other examples of maxillomandibular overgrowth include hemifacial hypertrophy (see Chapter 31), hemimandibular hyperplasia, and hemimandibular elongation (see Chapter 22).
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Figure 4-27 A middle-aged woman who presented for the orthodontic evaluation of a progressive malocclusion. She had a normal occlusion, average facial features, and no distortions of the extremities earlier during life. Gradually, over the prior 5 years, malocclusion and changes in facial and extremity morphology had occurred. At presentation to the orthodontist, standard records were taken (lateral cephalometric and Panorex radiographs and dental models). The patient was then seen for surgical evaluation. A review of the lateral cephalometric radiograph showed an enlarged sella turcica. An endocrinology consult confirmed the diagnosis of acromegaly. Appropriate treatment was undertaken without further worsening of the facial or extremity deformities. A, Facial and occlusal views at presentation indicate growth hormone changes. B, Profile and lateral cephalometric views at presentation. Note the enlarged sella turcica. C, A view of the dorsal aspects of hands indicates growth hormone changes.















Hereditary Tendencies in the Development of Dentofacial Deformities


Jaw deformities are thought to be more common among individuals with genetic backgrounds that are crosses between different racial and ethnic groups as compared with those from isolated human populations.10,32,40,57,59,60,62,83,85,86,91,93,108 It has been documented that crossing different breeds of dogs and other mammals can result in striking dentofacial deformities, particularly mandibular prognathism that resembles the human variant.82,117,119 Harris and Johnson examined the longitudinal records from the Bolton Brush Growth Study and concluded that the heritability of maxillomandibular characteristics is relatively high48 (Figures 4-28, 4-29, and 4-30). It is assumed that approximately one third of children who present with a severe Class III malocclusion will have a parent with the same problem and that one sixth of these children will have an affected sibling.73 Interestingly, a short face growth pattern with a deep-bite malocclusion is found more frequently in whites (see Chapter 23). Bimaxillary dento-alveolar protrusion with anterior open-bite malocclusion is more prevalent among blacks (see Chapter 24).112
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Figure 4-28 Biologic identical twin sisters are shown during their teenage years to confirm a hereditary tendency toward the occurrence of developmental jaw deformities with malocclusion. A, Facial and occlusal views of Twin A demonstrating bimaxillary dental protrusion with jaw disharmony and anterior open-bite malocclusion. B, Facial and occlusal views of Twin B demonstrating bimaxillary dental protrusion with jaw disharmony and anterior open-bite malocclusion.
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Figure 4-29 A father and his biologic daughters are shown during the daughters' teenage years to confirm a hereditary tendency toward the occurrence of developmental jaw deformities with malocclusion. A, Facial and occlusal views of the father that demonstrate a Class III skeletal pattern. B, Daughter A with a similar class III skeletal pattern. C, Daughter B with a similar Class III skeletal pattern.
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Figure 4-30 Biologic twin sisters are shown during their teenage years to confirm a hereditary tendency toward the occurrence of developmental jaw deformities with malocclusion. A, Facial and occlusal views of Twin A demonstrating a long face Class III growth pattern. B, Facial and occlusal views of Twin B demonstrating a similar long face Class III growth pattern.





The Class III skeletal pattern of maxillary deficiency with relative mandibular excess is known to be more frequent in certain races.2,73,84,123,139 Incidence rates of Class III malocclusion of as high as 13% have been reported in specific regions of Asia.136 Lew and colleagues examined occlusal parameters in 1050 Chinese school children between the ages of 12 and 14 years. They found an incidence of 12.6% for Class III malocclusion, 58.8% for Class I malocclusion, and 21.5% for Class II malocclusion.67 Samman and colleagues investigated 300 Chinese individuals residing in Hong Kong who were known to have a dentofacial deformity and who had been referred to an “orthognathic surgery clinic.” After excluding those individuals with cleft lip and palate, 222 study patients remained. Forty-seven percent of these individuals (n = 104) were found to have a Class III skeletal growth pattern.106


Several of the common maxillomandibular disharmonies are known to result from environmental influences (see Chapters 10 and 21). The dental position in each arch and the resulting occlusal variations are felt to have an even greater environmental component.3,11,29,41,64,92 For example, dento-alveolar morphology is commonly affected by thumb sucking and other para-oral habits (i.e., environmental influences; Figures 4-31 and 4-32). The more severe the dentofacial deformity, the more likely that inheritance plays at least a partial role. Maxillary deficiency with relative mandibular excess (i.e., a Class III skeletal pattern) and maxillomandibular deficiency (i.e., the short face growth pattern) are both thought to have a significant hereditary component.31,36,58,79,116,120,137
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Figure 4-31 A 10-year-old girl with a severe anterior open bite. She demonstrates how a para-oral habit (thumb sucking) can exert the long duration of light force at the periodontal ligament that is required to move the teeth. This patient was a consistent and constant “thumb sucker” from soon after her birth and throughout the mixed dentition.
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Figure 4-32 A 12-year-old girl was referred by an orthodontist for surgical evaluation. She had persistently sucked her thumb since infancy. This parafunctional habit resulted in the severe deformity of her maxilla and mandible. The upper jaw has a constricted arch width and an excessive curve of Spee, whereas the mandible has a Class III reversed curve of Spee. A severe anterior open-bite malocclusion is also present.












Environmental and Neuromotor Effects on Skeletal Growth


The mandible can be viewed as a somewhat malleable block of hard tissue that is adjacent to the skull base. It is separated from the skull by working temporomandibular joints. It houses the inferior alveolar neurovascular bundle, and it provides a matrix for the formation, eruption, and eventual alignment of the teeth. Muscular activity in the head and neck can directly affect skeletal growth through one of the following mechanisms: 1) hyperactivity of muscles at the point of attachment may cause excessive skeletal remodeling or contour deformities (as discussed later in this chapter) 2) hypoactivity of the masticatory muscles may cause distortions of the normal skeletal growth (i.e., long face growth pattern; Fig. 4-33) and 3) hyperactivity of specific muscles such as the sternocleidomastoid (i.e., torticollis) may result in the deformation of the growing bones (i.e., cranial vault, orbit, and zygoma; Fig. 4-34).71
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Figure 4-33 A teenage girl with a lifelong history of obstructed nasal breathing demonstrates the resulting long face growth pattern. The nasal obstruction resulted in forced mouth breathing with an open-mouth posture. This in turn is associated with maxillary dental hypereruption (i.e., hypereruption of the molars greater than the incisors), a steep mandibular plane, anterior open-bite Class II malocclusion, and increased lower anterior facial height. Clinically, there is a “gummy” smile, lip incompetence, and a flat, long face. A, Frontal views with smile before and after reconstruction. B, Profile views before and after reconstruction. C, Occlusal views before retreatment, with orthodontic decompensation in progress, and after the completion of treatment. D, Articulated dental casts that indicate analytic model planning. E, Cephalometric radiographs before and after surgery.
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Figure 4-34 A child with right-sided congenital muscular torticollis and C1-C2 rotary subluxation. Ipsilateral right fronto-orbital flattening and contralateral left occipitoparietal flattening were noted. The right sternocleidomastoid muscle (SCM) remained tight when the patient was 2 years old. He underwent surgical release of the SCM, and this was followed by neck range-of-motion exercises with good maintenance of function. A degree of right fronto-orbital flattening (skull molding) remains. A, Frontal view with the neck in a relaxed position before treatment indicated a head tilt. Computed tomography scan views indicate fronto-orbitozygomatic asymmetry as a result of skull molding. B, Intraoperative view of the tight SCM and the proposed incision site, and a close-up view of the exposed SCM before release. C, Frontal views before and 2 years after neck muscle release. Residual fronto-orbital (skull molding) flattening remains. From Slate RK, Posnick JC, Armstrong DC, et al: Cervical spine subluxation associated with congenital muscular torticollis and craniofacial asymmetry. Plast Reconstr Surg 91:1187–1195, 1993.









Muscle and Soft-Tissue Effects on Skeletal Growth


Experimental animal research and clinical observational studies confirm that the influences of the mandibular rest posture, the neck rest posture, and the tongue and lip rest position of the affected individual's eventual facial morphology are real and more important than the effects of intermittent muscle contracture (see Chapters 8 and 10).128-130 It is also known that functional stresses that are placed on the skeleton will increase bone density.113,114,118 A corollary is that, during periods of inactivity (e.g., mandibular and neck rest posture), skeletal demineralization occurs.


Erupting teeth carry alveolar bone with them. Therefore, forces that counteract the normal eruption of teeth can shape the dental arches and the alveolar processes of both the maxilla and the mandible.5,101-105,107,109,111,126,140 Experimental studies confirm that pressure against the active eruption of the teeth that is maintained for 4 to 6 hours can affect tooth movement and initiate bone remodeling (see Chapter 5). Habits such as finger or thumb sucking, which apply consistent pressure against the teeth, can have the same effect on the shaping of the dental arches (see Figs. 4-31 and 4-32). It seems as though the intensity (i.e., the amount of force) against the teeth is less important than the duration (i.e., the number of hours per day) with regard to causing this effect.


It has been confirmed that the postural position of the tongue at rest (e.g., the mandible open with the constant protrusion of the tongue) rather than where the tongue is placed during function (e.g., a tongue-thrust swallowing habit) is most important for determining the eventual position of the teeth and the morphology of the dento-alveolar complex.61,121 The intermittent forces that are generated against the teeth during chewing, swallowing, and speaking are documented to be more than heavy enough to produce tooth movement. However, during these normal functions, the force is not maintained long enough at any point in time to have an appreciable effect on the position of the teeth or the morphology of the bone.35 Even repetitive intermittent “abnormal” tongue and lip contraction with resulting pressure on the teeth during swallowing and speaking (i.e., tongue thrusting)—despite their frequency—do not sum up to the number of hours of force required to produce a pathologic effect. By contrast, even very light forces sustained for a long duration (i.e., the tonic contracture of masticatory muscles to maintain mandibular posture) can affect both the path of tooth eruption and jaw development.8,94


It is known that muscles of different size and force that attach to the mandible at specific locations will result in characteristic ridges and contours (e.g., gonial angles, coronoid process, genial tubercle).12,13 For patients with the condition known as masseteric muscle hypertrophy, there is excess bone proliferation at the masseter muscle's point of attachment along the inferior border of the mandible (i.e., the gonial angle ridge) in response to greater than average muscle forces.43 By contrast, in patients with muscular dystrophies (i.e., hypotonic cerebral palsy, Moebius syndrome with cranial nerve palsy), the ramus may be short, and the gonial angles appear to be underdeveloped as a result of the limited muscle forces applied to these same regions.100


The lips, cheeks, and tongue contain muscles in their deep layers that exert varied pressures against the teeth and the alveolar process. They normally do so with a constant level of tone while at rest as well as during dynamic function. These light (tone) forces applied for a long duration are known to cause tooth movement and remodeling of the alveolar process. It is the “resting” postural pressures of these structures (i.e., lips, cheeks, tongue, and muscles), the presence of para-oral habits (i.e., thumb sucking, pencil biting; see Figs. 4-31 and 4-32), and the man-made and controlled orthodontic pressure that can exert the long duration of light force at the periodontal ligament that is required to move teeth.55 When the difference between applied orthodontic forces and pressures of the tongue, cheek, and lips that counteract those forces applied to the periodontal ligament becomes great enough for sustained periods of time, tooth movement will occur. Another example of dental adaptation is seen when the constant strong force of the tongue is juxtaposed with intrinsic weaker bilabial (i.e., upper and lower lip) muscle tone forces.135 This results in the predictable dental compensations (i.e., proclined maxillary and mandibular incisors) observed in patients with bimaxillary dento-alveolar protrusion (see Chapter 24). This also explains the consistent dental compensations that are typically observed in patients with specific developmental dentofacial deformities such as long face growth pattern (see Chapter 21 and Fig. 4-33) or isolated mandibular deficiency (see Chapter 19).122


Severe scar contracture of the anterior neck and lower lip soft tissues from a burn that occurred during childhood will also affect mandibular morphology. The soft-tissue contracture will distort ongoing skeletal growth and cause the mandible to be retrusive, with an obtuse angle. The chin region of the mandible will grow with increased vertical length and without sagittal prominence, and there will be an anterior open-bite malocclusion. This deformity and its surgical correction were first described by Simon Hullihen in 1849 (see Chapter 2 and Fig. 2-19).


When an electric burn to an oral commissure occurs during childhood and results in soft-tissue contracture with microsomia, the constant soft-tissue forces against the teeth will distort the shape of the dental arch and the alveolar process. There will be anterior dental crowding, tipping of the incisors, and malocclusion.


With the congenital absence of part or most of the tongue, there will be a characteristic V-shaped deficiency or dysmorphology of the mandibular dental arch (e.g., hypoglossia–hypodactylia syndrome; Fig. 4-35).15 In the presence of a volumetrically enlarged tongue (e.g., vascular malformation, hemangioma, neurofibromatosis, Proteus syndrome, Beckwith-Wiedemann syndrome), there will be dento-alveolar effects that result in spaces between the teeth (Fig. 4-36). The lower anterior teeth will be flared, and the overall mandibular arch form will be enlarged. The important factor that causes these dental compensations and arch form deformities is the sustained and constant rest forces of the oversized tongue on the teeth and bone and not what the tongue does when it is in motion.
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Figure 4-35 A 10-year-old girl who was eventually diagnosed with hypoglossia–hypodactylia syndrome. In this photo, she demonstrates how the congenital absence of part or most of the tongue will result in a characteristic V-shaped deficiency and dysmorphology of the mandibular dental arch and how this will negatively affect the maxillary arch form.
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Figure 4-36 A 3-year-old child with a congenitally enlarged tongue is shown. The secondary effects on the oral cavity include a Class III anterior open-bite malocclusion and a lateral cross-bite malocclusion.





In the individual with a normal tongue volume and neuromotor capability, it is known that the rest position of the tongue in the mouth is primarily influenced by respiratory factors.73 It is the rest position of the tongue that influences the pattern of dentofacial development rather than the position of the tongue during function.


In the presence of chronic nasal obstruction, a typical long face growth pattern with anterior open-bite malocclusion is likely to occur. In these circumstances, a speech therapist may have success with teaching the individual altered movement of the tongue for the formation of more accurate voluntary independent speech sounds.90 However, unless the anterior open bite and the nasal obstruction are corrected, the myofunctional therapy will not allow the individual to reliably position his or her tongue, lips, teeth, and mandible for correct articulation during rapid conversational speech (see Chapter 8).


In the skeletal Class III adult patient (i.e., a retrusive maxilla with relative mandibular excess) who undergoes successful orthognathic correction, a normal oral cavity volume and a normal occlusion are established. Interestingly, in most cases, the tongue position and lip posture will then naturally adapt to the new morphology.80,81


Clinical observation confirms that, when an individual with a longstanding dentofacial deformity undergoes successful reconstruction, it is generally not necessary to retrain the tongue with active myofunctional therapy. This only needs to occur under the following conditions: 1) when the tongue volume is truly excessive (e.g., vascular malformation, neurofibromatosis) 2) when there is the presence of intrinsic neuromotor dysfunction (e.g., cerebral palsy) or 3) when the nasal airway remains obstructed and a failure of tongue adaptation is seen.63









Respiration Patterns and Their Effects on Skeletal Growth


Harvold conducted primate experiments that were designed to test hypotheses regarding the relationship between nasal obstruction, mouth breathing, mandibular rest posture, tongue rest position, jaw growth, and dental malocclusion.49-54 He created an experimental model in growing rhesus monkeys (Macaca mulatta) to study these relationships. To do this, he completely obstructed the nasal passages in the study subjects with silicone nose plugs. The experiments showed that the monkeys adapt to total nasal obstruction in two different ways. Predominantly, the experimental animals maintained an open-mouth posture with tongue protrusion. Interestingly, some adapted to a forced oral airway by holding the upper and lower teeth close together but with wide lip separation. Nevertheless, both adaptive mandibular, tongue, and lip positioning patterns gradually resulted in maxillomandibular dysmorphology and dental malocclusion that was notably different from that seen in the control animals.


In the experimental animals, morphologic changes that occurred in the lips, tongue, dentition, jaws, and mandibular posture were documented by the research team through cephalometric measurements as well as through electromyographic and behavioral findings. Harvold's cephalometric findings documented changes in facial height (e.g., of the naso-palatal plane and the symphysis-palatal plane) and alterations in mandibular morphology.


As stated, a minority of animals adapted to the nasal airway blockage by holding their teeth together with wide lip separation (rather than maintaining an open-mouth posture with tongue protrusion) while still breathing through their mouths. This subgroup showed the least change in jaw morphology and dental alignment.


The observed morphologic and occlusal changes were most extreme when the mandible constantly remained open, with tongue protrusion (i.e., an open-mouth posture). The adaptive lowering of the mandible (with clockwise rotation) to achieve effective oral respiration was followed by secondary changes in the maxilla, including a downward displacement (i.e., vertical lengthening) of the alveolar process in conjunction with excess extrusion of the teeth. When molar (posterior) hypereruption was significantly greater than incisor hypereruption, an anterior open-bite malocclusion developed (Fig. 4-37).127
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Figure 4-37 A 16-year-old with a nonprogressive congenital myopathy that resulted in a constant open-mouth posture. He developed a long face growth pattern that was characterized by severe maxillary vertical excess and protrusion, a retrusive mandible, and an Angle Class II malocclusion. He underwent a combined orthodontic and surgical approach. Orthodontic manipulation was limited as a result of hygiene control. The surgery included a maxillary Le Fort I osteotomy (vertical intrusion, first bicuspid extractions, and alveolar bone removal with premaxillary setback and cant correction) and sagittal split osteotomies of the mandible (clockwise rotation and asymmetric correction). A, Frontal views with smile before and after reconstruction. B, Oblique facial views before and after reconstruction. C, Occlusal views before and after reconstruction. D and E, Articulated dental casts that indicates analytic model planning. F, Lateral cephalometric radiographs before and after reconstruction.





It became apparent to Harvold that the changes in mandibular shape and the direction of mandibular growth (i.e., clockwise rotation) observed in a majority of the experimental monkeys were dependent on the adaptive activity of the facial, tongue, jaw, and neck muscles in response to respiratory need. Interestingly, in Harvold's experimental animal model, there was no indication of abnormal bony apposition on the condyles in association with the forced oral respiratory pattern. The apposition of new bone on the condyles continued (in the usual way) independently of aberrant mandibular positioning or open-mouth posture.107


In review, the growing experimental animals studied by Harvold coped with nasal obstruction by changing neck, tongue, facial, and masticatory muscle tone, thereby resulting in alterations in mandibular posture and tongue position.44,45,55 The animals typically did this in one of two different ways but always with the goal of maintaining adequate respiration. This resulted in varied but consistent secondary changes in the maxillomandibular morphology (i.e., developmental jaw deformity) and dental compensations (i.e., malocclusion). The measured lower facial height increase that occurred in the presence of a constant open-mouth posture was primarily the result of maxillary molar—and, to a lesser extent, incisor dental—hypereruption (e.g., long face growth pattern).


Harvold also reviewed the human observation studies of Linder-Aronson and colleagues and found that they paralleled his experimental animal research.68-70,75-78 Their clinical research established that nasal obstruction with forced mouth breathing (i.e., open-mouth posture) in humans is frequently associated with maxillary dental extrusion, a steeper than normal mandibular plane, anterior open-bite malocclusion (i.e., the hypereruption of the molars is greater than that of the incisors), and increased lower anterior facial height. Similar to Harvold's experimental monkeys, growing humans may develop different neuromotor adaptations to cope with nasal obstruction and the need to maintain adequate respiration. The secondary skeletal and dental morphologic deviations will therefore vary, but they tend to occur in a predictable long face growth pattern (see Chapter 21).39,125,133,134


Humans with severe hypoplasia of the maxilla, a retropositioned palate and a restricted nasal airway, as are seen in patients with Crouzon or Apert syndrome, also become dependent on oral respiration (see Chapter 30).4 With Crouzon or Apert syndrome, the individual's neck is often maintained in hyperextension with an open-mouth posture, the protrusion of the tongue, and the clockwise rotation of the mandible; this head and neck posture is compensatory to support respiration. During the day, this compensatory posture may be sufficient, but it becomes inadequate at night and results in obstructive sleep apnea (see Chapter 26).4 When these compensatory adaptive changes occur during childhood, they contribute to additional secondary maxillomandibular skeletal dysmorphology with growth that further affects the occlusion (see Chapter 30).7,33,115 This is an example of a congenital midface deformity that is further influenced by the environment.









Congenital Myopathies and Effects on Skeletal Growth


Individuals with congenital myopathies constitute a heterogeneous subgroup of patients with congenital neuromuscular disorders in which the pathology is attributable to defects in the muscle fibers rather than in the neurons. Congenital fiber-type disproportions are rare congenital myopathies that are considered slow or nonprogressive. Patients with these conditions, like those with other types of primary myopathies, will generally exhibit facial features that often result in what is described as a “myopathic face.” The “myopathic face” has many similarities to the “adenoid face” that is seen in children with a blocked nasal airway due to enlarged adenoids and other intranasal obstructions, which result in an open-mouth posture. These abnormal human maxillomandibular growth patterns are also consistent with the findings reported by Harvold when rhesus monkeys were forced to maintain an open-mouth posture during jaw growth, as described previously in this chapter. The “myopathic face” findings described by Lehman and colleagues include characteristics of an increased lower anterior facial height, incompetent lips, a high-arched palate, and often anterior open-bite malocclusion (Figs. 4-37 and 4-38).66 Clinical human and animal model studies confirm that these features are to be expected in the presence of an open-mouth posture during jaw growth, no matter what the cause. Although blocked nasal breathing is the most common cause of an open-mouth posture during growth, clearly congenital myopathies that also result in an open-mouth posture will produce the same facial dysmorphology.
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Figure 4-38 A 17-year-old boy who was born with a nonprogressive congenital myopathy was referred by an orthodontist for surgical evaluation. The lack of masticatory muscle strength resulted in a constant open-mouth posture. The long face growth pattern is characterized by vertical maxillary excess, a clockwise rotated retrusive mandible, a vertically long and retrusive chin, and an anterior open-bite malocclusion. The patient underwent a combined orthodontic and surgical approach. Four bicuspid extractions relieved dental crowding. This was followed by surgery that included a maxillary Le Fort I osteotomy (vertical intrusion and horizontal advancement); bilateral sagittal split osteotomies of the mandible (horizontal advancement); and osseous genioplasty (vertical reduction and horizontal advancement). A, Frontal views in repose before and after reconstruction. B, Frontal views with smile before and after reconstruction. C, Profile views before and after reconstruction. D, Occlusal views before and after reconstruction. E, Articulated dental casts that indicate analytic model planning. F, Lateral cephalometric radiographs before and after surgery.















Effects of Trauma on Skeletal Growth


Intrauterine compressive force against the developing face is a form of trauma that can lead to deformations of the craniofacial skeleton that are visually present at the time of birth. For example, when there is a decrease in the volume of amniotic fluid, the fetus' head is typically flexed tightly against his or her chest in utero. The compressive forces to the chin will prevent the mandible from achieving its full prenatal growth potential. The normally developing tongue is then forced to rest high in the mouth, thereby preventing approximation and fusion of the lateral maxillary processes. At the time of birth, clefting of the secondary palate is recognized. A pathologic process continues after birth, and this includes retrognathia, a cleft of the secondary palate, and varying degrees of respiratory distress as a result of the otherwise normal tongue resting superior and posterior in the mouth. This intrauterine deformation is responsible for approximately two thirds of those individuals with observed Robin sequence at the time of birth. Significant but incomplete catch-up mandibular growth is expected. In general, there will be sufficient mandibular growth in combination with an expected degree of maxillary growth inhibition from cleft palate repair during childhood that results in maxillomandibular harmony but at least mild horizontal deficiency and the clockwise rotation of both jaws. Individuals with these features are typically managed with orthodontics to achieve an acceptable occlusion, but this does result in a degree of facial dysmorphology (see Fig. 4-20). Unless upper airway obstruction with obstructive sleep apnea is confirmed, the degree of maxillomandibular deficiency is such that a surgical consult is generally not requested.


An infant, child, or young adolescent who sustains injury to the craniofacial skeleton has the potential for growth disturbance of the injured bones. This is in addition to any skeletal deformity that remains if the fracture was not fully reduced with satisfactory initial healing (see Chapter 35). During some difficult deliveries through the vaginal canal, especially those that require forceps, damage to one or both of the temporomandibular joints or fracture of the mandible can occur. In modern times, with good prenatal care and skilled obstetrics support being available at the time of delivery, birth trauma to the mandible has become a rare event.


A childhood injury to the cartilage of the nasal septum may result in nasal deformity. It may also lead to deficient midface growth (see Fig. 35-2).38 This has been confirmed in experimental animals and documented through clinical observation in humans.28 In experimental animals, when the cartilage of the nasal septum is removed before growth is complete, there will be a dramatic decrease in the horizontal and vertical growth of the midface. Whether this is the result of a mechanical collapse with a secondary loss of growth velocity of the maxilla or an intrinsic growth restriction of the upper jaw remains open to question.


Trauma to the growing mandible that is severe enough to cause fracture and the displacement of the fragments is also known to result in secondary progressive growth deformities, at least in some cases. There are thought to be three major sites of mandibular growth that may be affected:




1. The mandibular condyle: Proliferating cartilage at the base of the fibrocartilage layer that covers the articular surface results in mandibular growth. At the completion of mandibular growth, the fibrocartilage layer is replaced by bone.


2. The outer surfaces of the ramus: Extensive remodeling of the mandible through the apposition of bone on the posterior and outer surfaces along with resorption on the anterior and inner surfaces is known to occur and is influenced by muscle forces and the compression of the associated soft tissues (e.g., tongue volume) within the mouth.


3. The alveolar process: New alveolar bone is added only as individual teeth develop and erupt into the arch.





In individuals who sustain a displaced condylar neck fracture, a sequence of events generally occurs that includes the contraction of the lateral pterygoid muscle with the displacement of the condylar fragment anteriorly and medially (Fig. 4-39). The displaced fragment (i.e., the medial pole of the condyle or the total condyle) has a tendency toward a degree of resorption and malunion. This may then result in a loss of posterior facial height, with a shift of the ipsilateral mandible toward the affected side. In these cases, an asymmetric retrusive lower jaw and predictable malocclusion can be documented when the jaw is placed in centric relation. Experimental and clinical studies confirm that the ability of the individual's mandible and masticatory muscles to adapt will determine the degree of eventual jaw deformity and residual malocclusion as well as what treatment is needed (see Chapter 35).
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Figure 4-39 A 5-year-old girl sustained a right condyle fracture of the mandible and then presented as a teenager with resulting facial asymmetry involving the maxilla and the mandible. She had full painless mandibular mobility. She then underwent a combined orthodontic and orthognathic approach that included a Le Fort I osteotomy (cant correction), bilateral sagittal split ramus osteotomies (asymmetry correction), an osseous genioplasty (horizontal advancement), and intranasal procedures (septoplasty, inferior turbinate reduction, and nasal recontouring) during her teenage years (see Chapter 35). A, Frontal view when the patient was 6 years old, which was 1 year after the right condyle fracture. The anteroposterior facial radiograph indicates a medially displaced right condyle fracture. B, Frontal view when the patient was 15 years old. An anteroposterior cephalometric radiograph confirms the resulting facial asymmetry that primarily involved the mandible but that now also involves the secondary deformity of the maxilla and the chin. C, Articulated dental casts that indicate analytic model planning. D, Frontal views before and after reconstruction. E, Profile views before and after reconstruction. F, Occlusal views before and after reconstruction. G, Posteroanterior cephalometric radiographs before and after reconstruction.





When significant condylar trauma occurs during childhood, with or without fracture, there will have been injury to the fibrocartilage, with a potential effect on growth. If in fact the “condylar cartilage–push theory” of mandibular growth is all important, a devastating growth distortion should occur over time in all affected individuals. Walker tested this theory by deliberately producing condylar fractures in young monkeys and then observing the effect of these fracture on subsequent growth.131,132 He was unable to document a consistent progressive mandibular deficiency or deformity with malocclusion. Mandibular growth that approximated normal occurred in the majority of experimental animals. Late postmortem gross and histologic evaluation confirmed that there was regeneration of the condylar process with a new layer of cartilage over the articular surface that was identical to the contralateral (noninjured) side. Clinical studies on a series of human children who sustained similar condylar neck fractures confirmed the potential to regenerate bone that approximated the lost (injured) condyle adverse effects on growth in many of the cases.42,74 It also became evident from these studies that a notable minority (approximately 25%) of affected individuals do sustain significant growth disturbances (i.e., mandibular hypoplasia or asymmetry) after a condylar injury, often with secondary deformity in the growing maxilla (see Fig. 4-39). The explanation for this variation in human response (i.e., repair versus deformity) is likely dependent on the following: 1) the extent of initial injury; 2) the extent of resulting scarring or the lack of regenerative potential; 3) the variable importance of the condyle as a growth center in each individual child; and 4) the variable adaptive ability of the muscles of mastication (see Chapter 35).


Over the decades, clinicians have confirmed the work of Gilhuus-Moe 42 and Lund74 by documenting a spectrum of possible outcomes after condylar fracture. Reports confirm instances in which the fracture dislocation of a condylar process has occurred and is followed by a continued normal downward and forward translation of the mandibular body with regeneration of a neocondyle back to baseline. Other clinical reports show a complete loss of the condylar morphology without regeneration followed by decreased posterior facial height, ipsilateral mandibular hypoplasia, and secondary deformity of the contralateral side of the mandible, the maxilla, and the chin region. This sequence of events results in significant maxillomandibular asymmetry and disproportion (see Fig. 35-8). There are also numerous reported examples of bony ankylosis of the condylar stump to the glenoid fossa after the fracture of the condyle (see Fig. 35-1).









Effects of Tumors and Growths on Skeletal Growth


The presence of a sustained expansile mass (e.g., cyst, cellular tumor, skeletal mass) will distort the normal growth and morphology of the bones that are being compressed or expanded.1,6,9,20,24,26,34,46,87-89,95-99 Frequent examples of this occurrence in the maxillofacial region include the effects of neurofibromatosis, vascular malformations, Proteus syndrome, fibrous dysplasia, and odontogenic tumors and cysts (Fig. 4-40). In the adult, the compressive forces of a tumor mass may cause resorption and even result in pathologic fracture. The tumor mass may also compress visceral structures and cavities, thereby causing an impairment of function. Depending on the tumor's location, volume, and velocity of expansion, there may be alterations in cognitive function, vision, speech, breathing, swallowing, chewing, lip control, hearing, neck range of motion, or mandibular range of motion. When radiation therapy is required for the management of a malignancy, damage to the adjacent soft tissues and skeletal structures frequently occurs. The arrest of growth in irradiated immature bones may result in orbital dysplasia, zygomatic hypoplasia jaw deformity with malocclusion, and damage to the developing teeth and periodontium (Fig. 4-41).
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Figure 4-40 A 5-year-old girl with polyostotic fibrous dysplasia with massive involvement of the maxilla and mandible bilaterally. An asymmetric swelling of the mandible (left greater than right) was first recognized when the child was 18 months old; it rapidly enlarged, and maxillary involvement became evident with the deterioration of breathing, chewing, speech, and swallowing. Pathologic fractures were sustained in all four extremities as a result of the involvement of fibrous dysplasia. A, Frontal and computed tomography scan views before surgery. B, Oblique facial views before and after reconstruction. C, Profile facial views before and after reconstruction. D and E, Computed tomography views before and after a debulking procedure. From Posnick JC, Hughes CA, Milmoe G, et al: Polyostotic fibrous dysplasia: an unusual presentation in childhood. J Oral Maxillofac Surg 54:1458–1464, 1996.
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Figure 4-41 A teenage girl who at 9 years of age was found to have a malignancy of the parameningeal region. Biopsy confirmed the diagnosis of rhabdomyosarcoma. She was treated with surgical debulking, chemotherapy, and radiation according to intergroup protocols. There was resulting radiation growth disturbance of the skeletal and soft-tissue structures. The patient underwent staged reconstruction, including stage I serratus muscle microvascular transfer to the left temporal region in combination with full-thickness autogenous cranial graft reconstruction of the left zygomatic orbital complex when she was 13 years old. This was followed when she was 16 years old by further staged orthognathic reconstruction to manage the jaw deformity and the malocclusion. The orthodontic portion of her treatment was carried out cautiously, because there was radiation injury to her left posterior maxillary and mandibular dentition. The procedures included maxillary Le Fort I osteotomy in two segments with interpositional autogenous iliac (hip) grafting, bilateral sagittal split ramus osteotomies of the mandible, and an osseous genioplasty. Septoplasty, inferior turbinate reduction, and recontouring of the floor of the nose were also carried out to open the airway. A, Facial and occlusal views are shown when the patient was 12 years old, before reconstruction. B, Oblique facial and computed tomography scan views when the patient was 12 years old, before reconstruction. C, Profile facial and computed tomography scan views when the patient was 12 years old, before reconstruction. D, Before and 1 year after left zygomatic and orbital cranial graft reconstruction and serratus muscle free-tissue transfer reconstruction. E, Frontal and occlusal views when the patient was 13 years old, with orthodontics in progress in preparation for jaw reconstruction. F, Panorex radiograph when the patient was 13 years old, with preoperative orthodontics complete in preparation for jaw reconstruction. Note the short dental roots on the left side. G, Articulated dental casts that indicate analytic model planning. H, Frontal facial views in repose before and after reconstruction. I, Frontal views with smile before and after reconstruction. J, Oblique facial views before and after reconstruction. K, Profile facial views before and after reconstruction. L, Occlusal views before and after orthodontics and orthognathic surgery. M, Lateral cephalometric radiographs before and after reconstruction.












Conclusions


The term dentofacial deformity is generally used to describe a significant disproportion of the jaws that is associated with malocclusion. Knowing the etiologic factors of a jaw deformity can be important to the fundamental understanding of how and when to treat the problem. According to current knowledge, factors that are known to cause or result in dentofacial deformities can be subdivided to include known syndromes and anomalies, hereditary tendencies, environmental and neuromotor effects, effects of trauma, and effects of tumors and growths.
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Orthodontic Treatment Philosophy


In current clinical practice, orthodontic therapy is carried out to provide an idealized occlusion, to enhance facial aesthetics, and to contribute to the individual's overall health and self-image. Through manipulation of the periodontal apparatus, orthodontic treatment has the potential to not only improve occlusion and periodontal relationships but to facilitate their maintenance over a lifetime. For those individuals with dentofacial deformities, orthodontic treatment is indispensable to remove dental compensations, thereby allowing for the correction of the jaw relationships while providing optimal occlusion and periodontal health. Orthodontics has come a long way since 1972, when Dr. T.M. Graber stated the following in the standard textbook of the day:








“Orthodontic therapy can produce dire consequences that will later require the services of the periodontist or even the prosthodontist. The limitations of orthodontic treatment are stringent. The [useful] role of tooth sacrifice [and/or orthognathic surgery] must be recognized. Traditionally, orthodontists had their patients wear retaining appliances indefinitely after the removal of tooth moving appliances and attributed any change back toward the original malocclusion to ‘the wisdom teeth’ or ‘the lack of patient cooperation wearing the removable retainer as instructed.’ ”





Current issues in orthodontic therapy are, for the most part, no longer just a matter of what attachments or mechanical approaches to use.* Contemporary orthodontics focuses on accurate diagnosis and a basic philosophy of treatment to enhance facial aesthetics and to correct dysfunction. The role of orthognathic surgical interventions and coordinated comprehensive dental rehabilitation to achieve the most favorable outcome should always be considered.110


Malocclusions result from a combination of environmental influences and the patient's morphogenetic hereditary predisposition (see Chapter 4).1,11,15,18,43,44 The dental alignment that naturally occurs in each individual is greatly influenced by the baseline jaw relationships as well as by his or her daily postural masticatory and airway function.† In the presence of a dentofacial deformity, the mere orthodontic movement of the teeth into a “better” interdigitation will not establish normal jaw relationships nor will it correct the head and neck dysfunctions that contribute to or result from the malocclusion.147,157,179-181 The observed crowding of the teeth generally reflects nature's attempt to establish a homeostatic balance among the available space in the alveolus, the size of the teeth and the dental roots, the position and size of the jaws, and the constant molding and balancing effects of the masticatory and facial musculature with regard to daily function.6,146,147,162-165,182,183









The Biologic Basis for Orthodontic Tooth Movement


Currently, there are a plethora of appliances than can accomplish almost any desired change in the alignment of the teeth.69,72 From a purely mechanical perspective, orthodontists are trained in the techniques of tooth movement with the goals of improving dental alignment in each jaw and achieving “ideal” occlusion between the upper and lower arches. The orthodontic movement of the teeth is based on the principle that, if prolonged pressure is applied to a tooth, movement will occur as the bone around the tooth remodels. This is primarily a periodontal ligament phenomenon. In the process, bone is selectively resorbed in some areas and deposited in others. The bone that surrounds the tooth responds to the applied force through intermediate structures (periodontal ligaments), and the objective is for the tooth to move without the loss of crestal height or cortical plates while carrying its attachment apparatus along with it. The whole socket must migrate along with the tooth during this process.


When orthodontic therapy is used to move teeth outside of a biologic envelope, extended treatment time, the potential for periodontal sequelae, and a less-than-ideal long-term occlusion are the likely consequences.70,86,178 These may occur as a result of the following: (1) attempts to further compensate the position of the teeth toward the skeletal disharmony and outside of the alveolar housing; (2) dental (root) crowding within limited available alveolar bone; or (3) ongoing nasal airway obstruction with an open mouth posture and inadequate lip coverage of the incisors.4,8,9,32,73,85,193









Periodontal Ligament Structure and Function


Unless ankylosis is present, each tooth is connected to and separated from the adjacent alveolar bone by a specialized collagen supporting structure known as the periodontal ligament (PDL) (Fig. 5-1). The PDL normally occupies a space of approximately 0.5 mm around all parts of the tooth root. The PDL is comprised of a network of parallel collagenous fibers that insert into the cementum (i.e., the covering of the root surface of each tooth) and then into a dense bony plate (radiographically, this is called the lamina dura) that is adjacent to each tooth within the alveolar bone. These supporting PDL fibers are angulated between the root of the tooth and adjacent bone; they attach apically on the root and extend occlusally to the adjacent bone. Biomechanically, these angulated PDL fibers act as shock absorbers by helping to resist forces that are applied to the tooth during normal chewing function.
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Figure 5-1 A, Principal fiber bundles of the periodontal ligament on the facial surface of a mandibular premolar (silver stain). B, Distribution of faciolingual forces (arrows) around the axis of rotation (R) in a mandibular premolar. The periodontal ligament fibers are compressed in areas of pressure (P) and taut in areas of tension (T). Part A from Glickman I: Clinical periodontology, ed 4, Philadelphia, 1972, W.B. Saunders Company, Figures 2-3 and 2-8, pp 34 and 38, respectively.





Within the periodontal ligament space, there are cellular elements (i.e., mesenchymal cells, nerve endings, and vessels) and interstitial fluid. The primary cellular elements (i.e., mesenchymal cells) are thought to differentiate to form the fibrocytes and the osteocytes. The collagenous elements of the PDL are constantly being renewed and altered, depending on the level of functional stress that they are undergoing. The remodeling and recontouring of the alveolar bone is a necessary component of orthodontic tooth movement, and it is dependent on specialized cells (Fig. 5-2). As part of the remodeling process, bone is removed by osteoclasts that are thought to be derived from the mesenchymal cells. Cementum is removed by specialized cementoclasts, which are also derived from mesenchymal cells. Nerve endings attach to the PDL and to the blood vessels that surround them. The nerve endings are effective for proprioception and for the perception of pain. The interstitial fluid found within the PDL space is derived from the vascular network. It serves as a nutrient source, and it contributes to the shock-absorbing mechanism to better withstand the physiologic forces as well as any pathologic forces that are applied directly to the teeth.
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Figure 5-2 A, Undermining resorption in a 12-year-old child. This is a view from a short-rooted premolar tooth. The cementum that covers the root surface has not been broken, although the periodontal membrane is hyalinized at the area of greatest pressure. A spicule of bone is being attacked from above and below, away from the compressed PDM. B, Undermining resorption is taking place in a 39-year-old adult. No osteoclastic activity occurs in the compressed PDM, but osteoclasts are at work on bundle bone that has been laid down previously from above and below the area of greatest pressure. A, Thick cementum layer. B, Hyalinized periodontal ligament. C and D, Frontal undermining bone resorption on both sides of the cell-free area. C, Tooth movement with light forces. This image shows the pressure side during the period shortly after hyalinization. A, Root surface. B, Remnants of cell-free, formerly hyalinized tissue. C, Large marrow space in alveolar bone. D, Direct bone resorption. E, Compensatory bone formation in the marrow space as a response to bone resorption on the side of the periodontal ligament. A courtesy K. Reitan from Graber TM: Orthodontics: principles and practice, ed 3, Philadelphia, 1972, W.B. Saunders Company, Figure 10-5, p 496. B courtesy K. Reitan from Graber TM: Orthodontics: principles and practice, ed 3, Philadelphia, 1972, W.B. Saunders Company, Figure 10-5, p 496. C courtesy K. Reitan from Graber TM: Orthodontics: principles and practice, ed 3, Philadelphia, 1972, W.B. Saunders Company, Figure 10-6, p 497.












Response of the Teeth and the Periodontium to Normal Occlusal Function


During normal chewing function, the teeth are subjected to intermittent forces that are then transmitted to the periodontal structures.55,88,89,92,118,192,209 When forces are applied to a tooth, the load is dissipated by the periodontal ligament and the interstitial fluid within the tooth socket. These mechanisms allow a more limited force to then be transmitted to the cortical bone that surrounds the tooth socket (i.e., the lamina dura), which “bends” in response. The term bending is used to describe the physiologic response to normal masticatory forces. The bone bending that occurs in response to normal (chewing) function is thought to be an important stimulus to osseous regeneration and repair. This intermittent but repetitive stress loading allows for the modification of the bony architecture as an adaptation to functional demands. If pressure against the tooth is maintained (as opposed to being intermittent, as when chewing), the interstitial fluid within the tooth socket is expressed (i.e., pushed out) and the tooth itself is displaced, thereby compressing the PDL directly against the adjacent bone. This is perceived by the individual as being quite painful, and, if the force is excessive and prolonged, a different physiologic response occurs. This “trauma from occlusion” is a response in which the remodeling of the adjacent compressed bone occurs. A definition of the term traumatic occlusion was first provided by Stillman in 1917. He stated that traumatic occlusion is “a condition where injury results to the supporting structures of the teeth by the act of bringing the jaws into closed contacts.”171 The definition given by the American Association of Periodontics in 1986 is “an injury to the attachment apparatus as a result of excessive occlusal force.”171 Primary occlusal trauma involves excessive forces on a normal periodontium, and secondary occlusal trauma is considered to have occurred when normal forces are placed on a compromised periodontium (see Chapter 6).


The intentional application of these principles is how controlled orthodontic tooth movement occurs. The application of light prolonged vector-controlled forces allows for more or less predictable man-made movements of the teeth. Interestingly, nature's application of these light prolonged forces on the teeth can also occur from maintained posturing of the muscles of the lips, cheeks, and tongue as they press against the teeth, thereby causing dental movement and remodeling of the alveolar ridge. When postural forces from the lip, cheek, or tongue are pathologic, they may contribute to the classic dental compensations that are seen with each specific pattern of developmental dentofacial deformity.* These environmental forces may then be compounded by iatrogenic orthodontic dental compensation maneuvers to further affect periodontal health. For example, consider the retroclination of the lower anterior teeth that is seen with Class III skeletal patterns (Fig. 5-3) (see Chapter 20) or the proclination of the lower incisors that is seen with skeletal Class II cases (Fig. 5-4) (see Chapter 19). In both instances, negative periodontal sequelae may occur.
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Figure 5-3 A 34-year-old man arrived for the evaluation of a long-standing jaw deformity with malocclusion, chronic obstructive nasal breathing, and periodontal issues. Since his early childhood years, he was known to have a maxillary deficiency with a relative mandibular excess growth pattern. The family elected a camouflage orthodontic approach that included four bicuspid extractions and the introduction of dental compensation in an attempt to neutralize the occlusion when he was 10 to 15 years old. He was a forced mouth breather as a result of the associated increased nasal airway resistance. He underwent septoplasty when he was 20 years old, but this did not result in significant improvement. His general dentist confirmed labial bone loss and gingival recession of the mandibular anterior and maxillary posterior dentition. He was referred to this surgeon, and a comprehensive orthognathic and dental rehabilitation approach was recommended. Consultations with a periodontist, an orthodontist, and an ear, nose, and throat specialist were carried out. The patient was confirmed to have residual deviation of the septum and enlarged inferior turbinates, which explained the continued difficulty that he had with breathing through his nose. A degree of root resorption of the anterior dentition was confirmed. The need for gingival grafting to attain improved root coverage and to generate a wider band of attachment was recommended (i.e., teeth nos. 3, 11, 14, 19, 20, 23 through 26, 29, and 30). This will be followed by the orthodontic removal of dental compensation and then orthognathic and intranasal procedures to improve long-term dental health, to enhance facial aesthetics, and to open the upper airway. A, Frontal facial and occlusal views before retreatment. B, Profile facial view and lateral cephalometric radiograph before retreatment. C, Panorex radiograph with retreatment in progress.







[image: image]


[image: image]


Figure 5-4 A man in his early twenties with a primary mandibular deficiency growth pattern. During his teenage years, he underwent failed growth modification attempts followed by orthodontic camouflage maneuvers that included four bicuspid extractions in an attempt to neutralize the occlusion. Deterioration of the periodontium with labial bone loss and gingiva recession along the mandibular anterior dentition is evident. The patient was referred to this surgeon, and a comprehensive orthognathic and dental rehabilitation approach was approved. A, Frontal facial and occlusal views before retreatment. B, Profile facial view and lateral cephalometric radiograph before retreatment.












Orthodontic Tooth Movement






The Periodontal Ligament and Bone Response to Sustained Orthodontic Force


The specific anatomic response to orthodontic forces is dependent on the force magnitude. “Heavy” forces often result in pain, necrosis of cellular elements within the PDL (i.e., hyalinization), and remodeling with the resorption of the alveolar bone that is being compressed (i.e., the hyalinization zone). It may also result in the resorption of the root apex, remodeling with the loss of crestal bone, and fenestrations or dehiscence through the cortical plates. When light and constant forces are applied to the tooth, there is compression without necrosis of the PDL elements and remodeling of the tooth socket without significant irreversible necrosis. As long as the tooth is being moved into adequate alveolar bone and the forces are light, the root of the tooth is less likely to resorb, and the alveolar crest height and cortical plates are for the most part preserved.30 The objective of the orthodontic movement of a tooth is to produce the desired new tooth position as quickly as can be done, with as little damage as possible to the tooth, the PDL, the alveolar bone, and the adjacent teeth.


There are two major theories to explain the observed process of orthodontic human tooth movement: the bioelectric theory and the pressure-tension theory. The bioelectric theory holds that the changes in bone metabolism that are required to effectively move teeth and their sockets are controlled by the electric signals produced when alveolar bone bends and the crystalline structure is distorted. The pressure-tension theory presumes that cellular changes occur when pressure or tension is applied within the PDL or tooth socket, which then produces chemical changes. The pressure and tension that occur within the PDL result in specific blood flow changes and the release of chemicals that affect cellular function, thereby causing the observed changes in bone architecture. These two theories of bone metabolism are also discussed and debated within the orthopedic literature, and they are not mutually exclusive. Many scientists and clinicians believe that both biologic mechanisms play a role in the remodeling and repair of bone. The pressure-tension theory represents the classic theory of tooth movement. It proposes that chemical rather than electric signals are the stimuli for the cellular differentiation required to alter the tooth socket and ultimately to move the teeth. In either case, when an alteration in blood flow within the PDL occurs and is sustained through pressure that is applied directly to a tooth, the tooth shifts position within the PDL space, thereby compressing the ligament on one side and stretching it on the other. Blood flow is decreased where the PDL is compressed, although it may be increased or maintained in areas in which the PDL is under light tension. Interestingly, if the PDL is overstretched (i.e., if “heavy” tooth forces are applied), then the blood flow may also be decreased on the tension side. It is easy to understand how these alterations in blood flow can create changes in the chemical environment. Oxygen levels fall in the areas of compression, although they may even increase on the tension side of the tooth socket. The changes in oxygen content cause a series of biologic responses that bring new cells into the area either through migration or differentiation.









The Amount of Orthodontic Force Applied to the Teeth


The heavier the sustained pressure, the greater the reduction in blood flow where compression is occurring in the PDL.25,166,174 When only light prolonged force is applied to a tooth, the partially compressed PDL experiences diminished blood flow, and the interstitial fluids are expressed (pushed out) from the PDL space as the tooth moves within the socket.125 Animal experiments confirm that, within a few hours, there will be increased levels of cyclic adenosine monophosphate (cAMP).175 cAMP is known for its importance in the alteration of cell functions. Within 4 hours of continued sustained low pressure, mesenchymal cell differentiation occurs. From a clinical perspective, it is known that, if orthodontic appliances are used for less than 4 to 6 hours per day, not enough sustained force will be applied, and little or no tooth movement will occur.143,148


For the tooth to actually move further than just within the socket itself, osteoclasts must arrive (i.e., migrate or differentiate from mesenchymal cells) and then remove bone from the area adjacent to the compressed part of the PDL. Osteoblasts are required to form new bone on the tension side. Prostaglandin E (a family of prostaglandins that are often used pharmaceutically in medicine) has been shown to increase its levels during this phase of orthodontic tooth movement. It is known that prostaglandin E stimulates both osteoclastic and osteoblastic activity, thereby leading to the belief that it is an important mediator of tooth movement.


It is known that the osteoclasts attack the compressed area of lamina dura to remove bone.184 The radiographic appearance of a widened PDL (on the tension side) in the presence of light prolonged orthodontic forces indicates that tooth movement is soon to begin.66 On the compression side, osteoclasts are removing the lamina dura. On the tension side, remodeling activity involves osteoblasts laying down new bone. The course of events is different if the prolonged force applied to the tooth is too great. If the force transmitted to the periodontal ligament totally occludes the blood vessels, thereby cutting off all blood supply to the area, generalized necrosis occurs within the compressed area. Although some avascular areas in the PDL will occur even with light forces, if the predominant forces are “heavy,” then the response is necrosis. Irreversible damage can then occur, and this includes remodeling with the loss of crestal bone, root resorption, and cortical plate dehiscence. The histologic findings within the PDL—even with light forces during the compression process—show the disappearance of cells within the vessels. The histologic appearance is descriptively said to be “hyalinized” because of its visual resemblance to hyaline connective tissue. After this hyalinization process begins, after several days of delay, the remodeling of bone that borders the sporadic necrotic areas of the PDL will occur as osteoclasts (derived from adjacent undamaged areas) arrive and do their work. The process of bone removal is called undermining resorption. This term is visually descriptive when it is viewed under the microscope, because the attack by the osteoclasts is from the underside of the lamina dura. After the hyalinization (i.e., the compression of blood flow with isolated necrosis) and the undermining resorption (i.e., the osteoclastic activity on the underside of the lamina dura) have “softened” the lamina dura, tooth movement is soon to occur. The chronology of tooth movement with frontal resorption is different than that of undermining resorption. With frontal resorption, a steady attack on the outer surface of the lamina dura results in smooth, continuous tooth movement. With undermining resorption, there will be a delay in the removal of the bone adjacent to the tooth. When heavy force (i.e., pressure) is again reinitiated, there will be a similar delay in tooth movement until a second round of undermining resorption can occur.171


The orthodontic movement of a tooth is clinically more efficient when there are only minimal areas of PDL necrosis. As a result, only limited levels of pain are experienced by the individual undergoing treatment. Unfortunately, neither aspect is completely avoidable. To date, a completely smooth progression of tooth movement with consistent light force over time has proven to be unattainable within the human biologic system. One important compounding factor is that the individual who is undergoing orthodontic tooth movement must also continue with the everyday functions of mastication, speech, swallowing, and breathing within a 24-hour cycle. These functions also place forces on the teeth, which may either conflict with or expedite the applied orthodontic forces. Another factor is the relative ineffectiveness of the appliances (i.e., the materials) used to apply sustained appropriate levels of force. To review, in clinical orthodontic practice, on one end of the spectrum, too much sustained force is detrimental to the tissues; alternatively, too little force will not produce the tooth movement that is desired.25









Control of Orthodontic Tooth Movement


The basic principle of the ideal orthodontic movement of a tooth includes the application of just enough force to stimulate required cellular activity without the complete occlusion of the blood vessels within the PDL. For example, it is estimated that as little as 30 g of force may be required to tip a single rooted tooth. For controlled resorption and remodeling to occur, force is first delivered to the tooth and then to the PDL, which results in compression, tension, or both at the appropriate locations of the lamina dura. Depending on the desired three-dimensional repositioning of the tooth, different amounts of pressure (i.e., the force per unit area) are applied to different locations along the lamina dura.


The different basic forms of tooth movement include tipping, rotation, and translation. Tipping results from a single force applied at a distance to the center of resistance. Although the center of resistance of a tooth is generally located about halfway down the root, the center of rotation for tipping movements is apical to that. Here, the crown will move in one direction, and the apex will move in the opposite direction. When the tooth tips in this fashion, the PDL is compressed most strongly near the root apex on the same side as the force being applied as well as at the crest of the alveolar ridge on the opposite side. Progressively less pressure is created as the center of rotation is approached, where there is minimum pressure applied. During translation movement of the tooth, the PDL space is loaded uniformly from the alveolar crest to the apex on the side of tooth compression. A pure translational force will allow for the bodily movement of the tooth rather than tipping. The forces that are required for the bodily movement (i.e., translation) of incisors up to multi-rooted teeth is in the range of 70 to 120 g. This represents the maximum orthodontic tooth movement force to be used in clinical practice. The optimal force for the orthodontic rotation of a tooth around its long axis (i.e., 35 to 60 g) is less than that required for the bodily movement of a tooth. The optimal force required for the orthodontic extrusion of a tooth is in the range of 35 to 60 g. The intrusion of teeth requires the carefully controlled application of consistent very light forces that are applied to the tooth in a specific way. It is difficult to apply controlled intrusion forces to a tooth (i.e., 10 to 20 g) without also applying tipping forces. Small implants (i.e., temporary anchorage devices [TADs]) can be used to help this aspect of tooth movement and to provide greater control, as described later in this chapter.









Control of Force Duration and Decay in the Orthodontic Movement of Teeth


A basic principle in the process of orthodontic tooth movement is the application of sustained force. The force must be present for a significant percentage of the time during the whole process of tooth movement. Animal experiments suggest that, only after force is maintained for approximately 4 to 6 hours, will levels of cAMP be measurably increased in the PDL. Appropriate levels of cAMP are thought to be necessary for the stimulation of cellular differentiation. Human clinical experience suggests that a force duration of at least 4 to 8 hours (per 24-hour cycle) is required to effect tooth movement. The teeth can be moved more rapidly if force is maintained for longer durations. In fact, the application of continuous light force (24 hours per day) would produce the most efficient tooth movement. Through technical advances in materials and appliances, the ability to apply continuous force and to control the duration of that force to each tooth has greatly improved. For example, the nickel-titanium alloys and the self-ligating brackets that are in use today have advanced the process of the sustained duration of light force to achieve tooth movement over time. Office visits can often be spaced every 6 to 10 weeks. Applied orthodontic forces are classified as either continuous or interrupted (intermittent). In general, the orthodontist would like to apply continuous force (or at least some appreciable fraction of the original applied force) from one patient visit to the next. Orthodontists also use intermittent forces for specific purposes. The so-called activated appliances (e.g., removable plates, headgear, elastics) may be used intermittently.









Medication Effects on the Rate of Orthodontic Tooth Movement


The bisphosphonates act as inhibitors of osteoclast-mediated bone resorption, which by definition have an effect on bone remodeling.5,102 There is evidence to suggest that tooth movement in patients who are receiving parenteral bisphosphonate therapy may be retarded, with a subsequent risk for osteonecrosis of the jaws.113


Bartzela and colleagues conducted a systematic review of the literature regarding the effects of medications and dietary supplements on the rate of experimental orthodontic tooth movement.23 The results of their literature search indicated the following:




• The therapeutic administration of eicosanoids results in increased tooth movement.


• Nonsteroidal anti-inflammatory drugs decreased tooth movement; however, non-nonsteroidal anti-inflammatory analgesics (e.g., Paracetamol [acetaminophen]) had no effect.


• Corticosteroid hormones, parathyroid hormone, and thyroxin have all been shown to increase tooth movement.


• Estrogens probably reduce tooth movement, although no direct evidence is available.


• Vitamin D3 stimulates tooth movement, and dietary calcium seems to reduce it.












The Role of Anchorage in the Orthodontic Movement of Teeth


The term anchorage as it applies to orthodontics refers to the nature and degree of resistance to displacement provided by an anatomic unit (e.g., molars and premolars, temporary skeletal anchorage devices, hard palate) when it is used for the purpose of effecting tooth movement.139


The principle of anchorage in the orthodontic movement of teeth is an application of Sir Isaac Newton's realization that action and reaction are equal and opposite. Restated, this means that, for every force that is directly applied, there is an equal and opposite (reciprocal) force. Depending on how the orthodontic force is applied to a tooth and given the fact that each tooth has a different resistance value to tooth movement (as a result of the nonuniform nature of the teeth and the periodontium), the orthodontist may choose to use certain teeth or groupings of teeth (e.g., ligating molars together as a unit) for “anchorage” when moving other teeth into a more desirable position. Sources other than teeth may also be used for anchorage, including TADs, headgear, a facemask, the hard palate, or the lingual or buccal alveolar supporting bone of the mandible.


Dental anchorage is most typically used to overcome resistance to the orthodontic movement of teeth. To assess the anchorage requirements of the desired tooth movement, the clinician must first evaluate the part of each tooth that is anchored into the alveolar bone. The overall anchorage requirements primarily include the number of roots and the shape, size, and length of each root of the teeth that require movement. This is primarily the sum total of the surface area of the root portions of the teeth that are enveloped by alveolar bone and that are to be moved. A tooth (root) with a large surface area (enveloped by alveolar bone) is more resistant to displacement than one with a smaller surface area. A multi-rooted tooth is more resistant to displacement than a single-rooted tooth. A long-rooted tooth is more difficult to move than a short-rooted tooth. A triangular-shaped root offers greater resistance to movement than a conical-shaped root. Other factors are also important, including the following: (1) the relationship with the contiguous teeth; (2) the ongoing forces of occlusion; (3) the age of the patient and the soft-tissue forces on the teeth (i.e., cheeks, tongue, and lips); and (4) the individual's unique tissue response. Thus, molars are generally good teeth to use for anchorage, because they have deeper and longer roots, they have a greater root surface area, and they are less susceptible to tipping forces. As stated previously, anchorage may also be increased by ligating multiple teeth together, thereby summing their individual resistance. Anchorage forces may also be provided by the hard palate, the buccal cortical plate of the posterior mandible, the head (headgear), the face (a face mask), or implants into bone (TADs).









Reciprocal Tooth Movement


When planning orthodontic therapy, the clinician must consider not just the tooth movement that is desired but any reciprocal effects that may occur throughout the dental arches as well. Reciprocal effects must be controlled to achieve the desired repositioning of all of the teeth and to establish preferred occlusion. In a completely reciprocal situation, Newton's theory is easy to understand. When the forces applied to similar teeth and to similar arch segments are equal, there will be an equal force distribution in each PDL with this same degree of movement. A classic clinical case analysis that is frequently used to understand the “reciprocal/nonreciprocal” concept is to consider the type of tooth movement that occurs when an elastomeric chain is placed across a first premolar extraction site in the maxilla. This pits the central incisor, the lateral incisor, and the canine in the anterior segment in opposition to the second premolar and the first molar in the posterior segment. The same total force would be felt by the three anterior teeth and the two posterior teeth as the action of the chain is equal in each segment. However, equal reciprocal movement would require the same total PDL surface area over which the force is distributed. Because the measured PDL area for the two posterior teeth is larger than the three anterior teeth, the movement will not be reciprocal. In this typical, real-life clinical setting, the anterior teeth move back into the bicuspid extraction sites more than the posterior teeth migrate forward. If it is desired that the anterior teeth move entirely into the extraction space, reinforced anchorage will be required. This may be accomplished by incorporating the second molar into the posterior unit. This changes the root surface area ratios, which results in additional retraction of the anterior teeth. Other methods of reinforcing posterior anchorage include the use of extra oral force, such as headgear, TADs, and palatal support through the use of Nance appliances or a transpalatal bar.148









Cortical Walls as Limiting Factors to Orthodontic Tooth Movement


Cortical bone is more resistant to resorption; therefore, tooth movement is slowed whenever the root to be moved contacts it. This can be problematic, for example, when there is a dense cortical layer of bone formed within the alveolar process of a previously (long-ago) extracted tooth. It can be more difficult to close an “old” extraction site, because tooth movement is slowed to a minimum when the root encounters cortical bone along the resorbing side of the alveolar ridge.118,126 Tooth movement is also greatly slowed and root resorption more likely when a tooth (or tooth root) is forced against a cortical plate (e.g., a labial plate, a lingual plate), such as may occur during attempts to correct incisor inclination.


In theory, the optimal force level for the orthodontic movement of a tooth is the lightest force (and the resulting pressure) needed to produce the near-maximum preferred response.176 Forces that are more than “optimal”—although effective for the production of tooth movement—are both unnecessary and possibly traumatic to the tooth, the periodontium, the alveolar ridge height, and the cortical plates.









Negative Sequelae of Orthodontic Forces






Mobility and Pain


During the usual orthodontic movement of teeth, the PDL fibers are stretched on the tension side, which is seen radiographically as a widened PDL space. At the same time, the PDL fibers are compressed on the pressure side, which results in a narrowed PDL space. If forces are excessive, greater degrees of tooth mobility can be anticipated, and this will also involve a complaint of pain from the patient. A similar sequence of events can occur with heavy clenching or grinding of the teeth or in the presence of a traumatic occlusion, which results in excessive force to individual teeth. Excessive mobility will generally correct itself if the force is removed quickly enough.


Heavy pressure applied to the tooth will also result in immediate pain transmitted through the nerve fibers in the PDL. Several hours after normal orthodontic forces are first applied, teeth typically have at least some sensitivity to pressure, such as with the biting of hard objects. Within 2 to 4 days, the pain should dissipate considerably. With current therapeutic orthodontic mechanics, the forces applied should result in very little immediate discomfort.









Effects on the Pulp


The normal therapeutic level of sustained light orthodontic forces on the crowns of the teeth should have little effect on the pulp. The loss of tooth vitality during orthodontic treatment has occasionally been reported in previously traumatized teeth. This should be a rare consequence of orthodontic therapy when light continuous forces are being applied.









Effects on Root Structure


Recent research indicates that, when therapeutic orthodontic forces are applied, there is a degree of injury to the cementum. In current clinical practice, with the use of continuous light forces, this occurrence is less frequent. The repair of any limited cemental injury generally occurs. Alternatively, heavy orthodontic forces—whether continuous or intermittent—may lead to root resorption, because the cementoclasts remove not only cementum but also dentin of the root (Fig. 5-5). The permanent loss of root structure only occurs when an island of cementum and dentin becomes completely separated from the rest of the root surface. When this happens, resorption without reincorporation occurs.34,37,84,103,121 The permanent loss of root structure related to orthodontic treatment is generally seen at the root apex.
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Figure 5-5 A 14-year-old girl was referred by her orthodontist for surgical evaluation. She presented with a jaw deformity and associated malocclusion characterized by maxillary deficiency in combination with asymmetrical mandibular excess. She is congenitally missing teeth (all of the third molars, the maxillary right second molar, the maxillary left second molar, the mandibular left second bicuspid, and the mandibular right second bicuspid), and she has short dental roots. At the time of arrival, she had already undergone attempts at growth modification, including a face mask followed by rapid palatal expansion. At presentation, there was an asymmetrical Angle Class III negative overjet with a bilateral posterior crossbite malocclusion. Current maxillofacial dysmorphology and dental anomalies have negative consequences on the patient's speech, swallowing, breathing, chewing, and lip closure/posture. At this time, the patient agreed to a comprehensive facial and dental rehabilitation approach with a desire to achieve improvements in breathing, lip closure/posture, occlusion, long-term dental health, and enhanced aesthetics. After periodontal and restorative dental evaluation, limited orthodontics and then jaw and intranasal procedures were carried out. The procedures included a Le Fort I osteotomy, sagittal ramus osteotomies of the mandible, an osseous genioplasty, a septoplasty, and inferior turbinate reduction. With finishing orthodontics, restorative dentistry is planned. A, Frontal views in repose before and after surgery. B, Frontal views with smile before and after surgery. C, Oblique facial views before and after surgery. D, Profile views before and after surgery. E, Occlusal views before retreatment, with orthodontics in progress, and then after surgery but before final restorative work. F, Articulated dental casts that indicate analytic model planning. G, Lateral cephalometric radiographs before and after surgery. H, Panoramic radiographs before retreatment and after surgery.





The resorption of the tooth roots during orthodontic treatment has been documented to occur in three distinct forms: (1) moderate generalized resorption; (2) severe generalized resorption (see Figs. 5-5 and 5-6); and (3) severe localized resorption. The shortening of the root length of the maxillary incisors (i.e., severe localized resorption) is seen more often than this condition appears to occur in the other teeth (Fig. 5-7). Although some studies have shown that measurable root resorption can be identified in 90% of maxillary incisors and in more than half of all other teeth during a typical fixed orthodontic appliance treatment, the shortening is almost imperceptible, and it is clinically insignificant for most. Nevertheless, occasionally the loss of one third or one half or more of the root structure is observed in patients who underwent what was considered to be routine orthodontic treatment. When this does occur, it is either severe generalized resorption or severe localized resorption. Fortunately, severe root resorption of all orthodontically treated teeth is not common. When severe generalized resorption does occur, it is often seen without any orthodontic or other forms of active dental treatment, and it may be of an uncertain etiology. If there is evidence of root resorption before orthodontic treatment, the patient should be considered at high risk for further resorption during orthodontic treatment. Radiographs should be taken during treatment to watch for this occurrence. If resorption becomes apparent, the patient is informed, and the treatment plan altered. In contrast with severe generalized resorption, severe localized resorption is more frequently associated with specific forms of orthodontic treatment. Risk factors are likely to include heavy continuous orthodontic forces being place on the teeth and a prolonged duration of treatment. Localized resorption is more frequently seen in the maxillary incisors, when the root apices are forced against the facial cortical plate during treatment. For example, in the clinician's attempts to compensate for a long face Class II skeletal pattern with an anterior open bite, the maxillary incisor crowns may be detorqued (resulting in a loss of proper buccolingual inclination) and vertically lengthened as the bicuspid extraction sites and the open bite are closed. This may cause the incisor roots to come into heavy contact with the labial cortical plate and thus result in so-called “round tripping.” Forces must then be reapplied to the incisors to establish adequate palatal root torque.
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Figure 5-6 A 20-year-old woman was referred by her orthodontist for surgical evaluation. She presented with a narrow maxilla, a significant curve of Spee, and dental crowding. The mandibular arch also had dental crowding, tipping, and rotations. Both jaws lacked horizontal projection, and there was a severe anterior open bite malocclusion. The patient was a forced mouth breather with increased nasal airway resistance as a result of septal deviation, enlarged inferior turbinates, and a high nasal floor. The right maxillary lateral incisor was congenitally absent, and the left maxillary lateral incisor was hypoplastic and rudimentary. The shortness of the roots throughout the maxillary and mandibular dentition is presumed to be congenital. The patient agreed to a comprehensive facial and dental rehabilitation approach with a desire to achieve improvements in breathing, lip closure/posture, occlusion, long-term dental health, and enhanced aesthetics. She underwent periodontal treatment that included the extraction of tooth no. 10, grafting to the labial aspects of the mandibular incisors, and maxillary gingivectomy. This was followed by limited orthodontic manipulation and then jaw and intranasal surgery. The procedures included a maxillary Le Fort I osteotomy in three segments (horizontal advancement, vertical shortening, clockwise rotation, arch expansion, and the correction of the curve of Spee); bilateral sagittal split osteotomies of the mandible (horizontal advancement and counterclockwise rotation); osseous genioplasty (horizontal advancement and vertical shortening); and septoplasty/inferior turbinate reduction. A, Frontal views in repose before and after treatment. B, Frontal views with smile before and after treatment. C, Oblique facial views before and after treatment. D, Profile views before and after treatment. E, Occlusal views before treatment, with orthodontics in progress, and after treatment. F, Articulated dental casts that indicate analytic model planning. G, Lateral cephalometric radiographs before and after surgery. H, Sequential panoramic radiographs before retreatment and then after surgery.
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Figure 5-7 A 25-year-old man with a long face growth pattern. He underwent a first-stage surgically assisted rapid palatal expansion (SARPE) procedure to expand the maxillary arch width at another institution. There was a need for definitive orthognathic correction, which was carried out by this surgeon in conjunction with continued orthodontic treatment. A, Frontal facial view and occlusal views after SARPE procedure and before definitive orthognathic correction. B, Profile facial and cephalometric views after SARPE procedure and before further treatment. C, Panorex radiograph after SARPE. D, Periapical radiographs of anterior dentition before further treatment. A degree of root resorption of the anterior dentition had occurred after the SARPE procedure and before definitive orthognathic correction.












Effects on the Alveolar Ridge Height, the Cortical Plates, and the Gingiva


When teeth naturally erupt, they bring alveolar bone with them. It is also known that teeth may overerupt and cause excess alveolar bone height. For example, in the presence of a constant open mouth posture during growth, the hypereruption of the maxillary molars will occur (see Chapter 4). This defines the long face growth pattern (see Chapter 21).92-97 One argument for functional appliance use is to limit this molar hypereruption. The reverse effect on the alveolar process is observed at the edentulous space of a congenitally absent tooth (e.g., a retained primary molar with the congenital absence of a mandibular permanent bicuspid). The associated alveolar bone will be concave with limited vertical height (Fig. 5-8). The alveolar ridge volume deficiency at the edentulous site will also have a ripple effect, thereby preventing the full eruption of the adjacent teeth. Another example in which ridge height and volume is affected is when a maxillary canine erupts into a successfully bone-grafted alveolar cleft. Typically, the canine eruption followed by the orthodontic closure of the cleft dental gap will achieve normal vertical height and an improved arch form (see Chapters 32 and 33; Fig. 5-9).
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Figure 5-8 This 22-year-old man is congenitally missing the mandibular first and second bicuspids and the right maxillary first bicuspid. He has a maxillary deficiency in combination with relative mandibular excess. He underwent earlier compensating orthodontic treatment, but an Angle Class III, negative overjet, posterior crossbite malocclusion remains. With the congenital absence of the permanent lower bicuspid teeth, there is hypoplasia of the associated alveolar ridge. The congenital absence of the bicuspids causes a ripple effect on the vertical alveolar height of the adjacent teeth. A, Frontal facial view and occlusal views before definitive orthognathic correction and dental rehabilitation. B, Profile facial and cephalometric views before further treatment. C, Panorex radiograph before further treatment.
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Figure 5-9 A child who was born with van der Woude syndrome, including bilateral cleft lip and palate and lower lip pits, was followed since birth by this surgeon. The child underwent lip and palate repair, including lower lip pit excisions, during childhood. He underwent successful mixed dentition grafting and fistula closure before the eruption of the canines. As a teenager, he demonstrated maxillary hypoplasia with secondary deformities of the mandible. He then underwent a comprehensive orthodontic and orthognathic/intranasal surgical approach that included a standard Le Fort I osteotomy (vertical lengthening, horizontal advancement, and clockwise rotation) with interpositional grafting; bilateral sagittal split ramus osteotomies (clockwise rotation); osseous genioplasty (horizontal advancement); and septoplasty/inferior turbinate reduction/nasal floor recontouring (see Fig 33-3). A, Frontal views with smile before and after reconstruction. B, Profile views before and after reconstruction. C, Occlusal views before mixed dentition bone grafting and fistula closure, with orthodontics in progress before orthognathic surgery, and then after the completion of reconstruction. The placement of a dental implant for the congenitally missing right maxillary bicuspid is planned for when the patient reaches 18 years of age. D, Panorex radiographs of the mixed dentition before cleft bone grafting and then after orthognathic reconstruction. With effective bone grafting of the clefts in the mixed dentition followed by orthodontic closure of the cleft dental gaps, the maxillary canines and central incisors achieved a normal alveolar ridge and periodontium.





It is also known that, if a tooth is orthodontically intruded, alveolar height will be lost, thereby leaving the same amount of root embedded in the bone as before (i.e., the reverse effect of hypereruption). In this clinical scenario, the movement of the intruded tooth's gingival margin relative to the surrounding teeth will also be observed. TADs and other orthodontic means are often used in an attempt to achieve this objective. Unfortunately, the relapse tendencies after these orthodontic maneuvers remain a concern.


Teeth can generally be orthodontically moved through the alveolus without significant damage being done to the bone.71,155 The essential point is to move the tooth through the alveolus rather than outside of it. An exception to this is seen in the presence of active periodontal disease or when the orthodontic forces applied are excessive.128 In this scenario, remodeling with a loss of crestal height and cortical wall dehiscence are likely negative effects to the alveolar bone. If the periodontal disease is first controlled, a normal bone response to therapeutic orthodontic mechanics should be expected (see Chapter 6).26


Before orthodontic treatment is initiated, the individual's biotype (i.e., the biologic predisposition of the periodontium) should be considered.3,87 This includes an assessment of the adequacy of the gingiva and the alveolus. A thick attachment apparatus and a full-volume alveolus are desired. In an adult (even more so than in a teenager), the movement of teeth outside of the alveolar bone housing or without adequate attached gingiva is poorly tolerated (see Figs. 5-3 and 5-4). In addition, the extrusion of the incisors, the buccal tipping of the maxillary molars, and the labial version of the mandibular incisors should be limited. The adult dentition may also be compromised by wear abrasion facets, the presence of poorly designed and poorly fitted restorations, and the pretreatment loss of the periodontium. In addition to standard orthodontics, ideal treatment may require the following: (1) periodontal evaluation and management; (2) the completion of functional restorations; (3) the surgical correction of any existing jaw discrepancy; and (4) the management of edentulous space. Clarifying the willingness of the patient to maintain a hygiene program before the initiation of treatment is also a benchmark requirement to ensure success.












Mechanical Techniques Used in Orthodontic Force Control


Orthodontic tooth movement is best produced by light continuous force. Orthodontic appliances in clinical practice strive to use light continuous forces that are neither too great nor too variable over time.156 The use of sound mechanical principles; an understanding of the available options with regard to materials, appliance design, and anchorage control; and the prevention of a rapid decrease in the orthodontic forces are more or less achievable.


The potential response of each tooth to the mechanical forces that can be orthodontically applied (e.g., elastic modules, wires, springs) must be considered by the clinician when he or she is designing appliances (e.g., fixed, removable) and then orchestrating anticipated dental changes. The orthodontist delivers mechanical therapy with the placement of brackets and bands on the teeth; the use of wires that connect teeth together; the use of springs, coils, and elastics; and with dental and non-dental anchorage control. However, this is always done with an understanding of the overall clinical objectives and pitfalls of treatment.


At times, it may be tempting to pursue an improved occlusion by moving teeth outside of the alveolar housing rather than coordinating treatment with either needed orthognathic procedures or with selective extractions to create necessary space40,74,98,124,137,219,235 (see Figs. 5-3 and 5-4). These two biologic treatment pitfalls contribute to many of the everyday frustrations that are experienced in clinical practice.31,41,47,60-62,67,132,133,149,168,195,212,214 The orthodontist should remain vigilant when assessing the degree of dental compensation introduced while attempting to correct the occlusion.2,24,42,65,82,169,170,194,196,206









Fixed Appliances Used in Orthodontic Treatment


Edward Angle is considered the father of modern orthodontics (see Chapter 2). His treatment was based on the development of appliances from which all contemporary orthodontics stem.15,16,138,228 Current fixed appliances in orthodontics are all variations of Angle's edgewise appliance system.36,112,233 By the late 1800s, orthodontic fixed appliances depended on a rigid framework that was positioned on the outside circumference of the teeth.214 The teeth were then tied to the rigid framework to move them out to the desired arch form (i.e., expansion) as dictated by the appliance. Angle's “E” arch was an innovation on earlier designs. Bands were placed on the molar teeth, and a heavy U-shaped arch wire was attached to the banded molars posteriorly. The arch wire was positioned around the labial side of the individual teeth, which were then ligated to it. The wire was gradually unscrewed at the molar location, which resulted in expansion as the arch perimeter increased. The teeth were forced to expand with the labial wire. Unfortunately, the “E” arch was only capable of tipping the teeth into the new position. In addition, it could not precisely differentially position individual teeth over the dental arch. Angle then began to band each individual tooth (not just the molars), and he refined the connection of each banded tooth to the labial arch wire. This allowed him to move each tooth toward the wire at different rates to round out the arch. This technique required ingenuity and a sophisticated mechanical understanding of the process. Accomplishing these maneuvers had a steep learning curve, and it was not easily grasped by clinicians in practice. Angle's next appliance innovation modified the tube (band) that was placed around individual teeth to include a vertically positioned rectangular slot. The ribbon arch was made of gold wire, and it remained on the labial side of the arch.63 The gold wire was inserted into the slot (bracket) on each banded tooth and held in place with a pin. This improved the efficiency of the alignment of malpositioned teeth. Unfortunately, these appliances still did not achieve consistent bodily movement of the teeth. Tipping of the teeth continued to be problematic. To overcome the deficiencies of the ribbon arch, Angle reoriented the slot (i.e., the shape and location of the bracket on the labial side of each banded tooth) from vertical to horizontal and then inserted a rectangular labial arch wire. He also coined the term edgewise. The edgewise appliance allowed for the improved control of crown and root positioning in all three planes of space. By the early 1930s, Angle's edgewise appliance became the mainstay of fixed orthodontic appliance therapy.222 The rectangular arch wire was tied into a rectangular slot on the labial side of each tooth with additional wire ligatures; pins were no longer used. This further improved the control of the root position (i.e., it limited tipping) during the movement of the teeth. Eyelets were added to the corners of the bands on each tooth, which could be tied into the labial arch wire as needed for rotation control. Angle was the first clinician to place attachments on each individual tooth to achieve the precise repositioning of each tooth toward a labial arch wire.


Interestingly, Angle's edgewise appliance system was also able to provide the level of control of root position that was necessary during the process of tooth movement to close an extraction site. If Angle had known that his appliance would be used in this way, he likely would have prevented its development. Charles Tweed, who was initially an Angle disciple, adapted the edgewise appliance for this purpose.214 He did so after he observed significant relapse in many of his own non-extraction (i.e., arch expansion) cases. After he made a decision in favor of extraction, he was able to move the teeth bodily into the bicuspid extraction site with molar anchorage control. The teeth were then able to be retracted into the extraction sites with closing loops, one at a time (canines first, incisors second). In Australia, Begg adopted the ribbon arch appliance (rather than the rectangular wire) to close extraction sites.223 He felt that it provided better control of the root position. He first tipped the anterior teeth with light continuous forces and then used torquing and uprighting auxiliaries to complete tooth alignment. When this was coupled with the detorquing of the incisors, root resorption sometimes occurred.


Orthodontic appliances were further modified to allow for rotational control without the need for additional ligatures.11-14,54,107,108,111,190,191 This was accomplished by using either twin brackets or extension wings with single brackets that could contact the underside of the arch wire. Further modifications included the alteration of the bracket slot dimension, self-ligating brackets, and the addition of lingual appliances. With improvements in dental materials, bonding attachments (i.e., brackets) that were applied directly to the tooth surface (rather than the banding of teeth) became popular. Bonded attachments have no interproximal component and therefore require no separation of teeth, and they are less painful for the patient. They are more efficient for the clinician to put on and to remove, and they are more aesthetic because they are less visible to the casual observer at conversational distance. Clear and tooth-colored appliances have also been developed. An additional advantage to direct bonded brackets and tubes is improved access for oral hygiene and periodontal maintenance.


Contemporary edgewise appliances still remain an integral component of orthodontic treatment.99 Brackets or tubes are customized for each individual tooth, thereby allowing for the minimum number of bends in the arch wire that are necessary to produce an ideal arrangement of the teeth. This “straight wire” approach requires some bending of the wire to allow for a passive fit of the arch wire when the teeth are ideally aligned.


Auxiliary attachments are components of the edgewise appliance system and include the following: (1) headgear tubes; (2) auxiliary edgewise tubes; (3) auxiliary labial hooks; and (4) lingual arch attachments. Headgear tubes can accept heavy auxiliary labial arch wires. Auxiliary edgewise tubes allow for the application of segmental arch mechanics. They are generally used for the intrusion of teeth, and they are placed gingival to the plane of the main arch wire. Auxiliary labial hooks can be used for intra-arch elastics, but they require meticulous oral hygiene. Lingual arch attachments can also be used for adjunct anchorage control.






Bracket Materials and Design


Orthodontic brackets are generally made from various classes of stainless steel.99,112,140 More often than not, they are made by a metal injection molding process rather than milling. Clear brackets that are made of reinforced resin composite or alumina have become popular; this aesthetic option is often requested by the patient. Friction forces created between metal arch wires and ceramic brackets have largely been overcome by designs that incorporate a metal slot in the bracket or by reducing surface roughness within the slot. Self-ligating brackets are classified as either passive or active, depending on how the wire is held in the bracket slot. Both types of self-ligating brackets can offer low friction with a reduction in the anchorage requirements and less chair time without a loss in the quality of the results. The term prescription is used in orthodontics to describe the angulation, inclination, and offset values used in the bracket system to treat a particular patient's malocclusion. Traditional prescriptions have been based on the systems of either Roth or Andrews, although many variations exist.12-14,190,191 Current prescriptions often use newer arch wire and bracket technology and involve claims of improved treatment efficiency. For example, SureSmile uses a variety of prescription brackets in conjunction with computer-generated, pre-bent prescription wires for faster and more accurate detailing and finishing. The Insignia system also uses a computer to mill special brackets for each tooth of each patient. The brackets are then bonded indirectly to each tooth with the use of transfer jigs. The Incognito system creates custom-made gold brackets for lingual orthodontics. This method of tooth movement has gained popularity in Europe, and it is also used in the United States. Problems with all of these prescription techniques may arise if they are improperly used by a clinician for an individual with a jaw deformity. If attempts are made to correct the malocclusion by orthodontic mechanics alone, the preset wires will result in excessive dental compensation with injury to the dentition and the surrounding periodontium as the teeth are compressed against the cortical plates and pulled out of the alveolar housing. However, when properly incorporated into a comprehensive orthodontic and orthognathic treatment plan, these newer techniques may improve results and involve reduced treatment times.


The banding of individual teeth has been used in orthodontics for more than 100 years as a method to gain attachment to the teeth. With the introduction of the acid-etch technique, the anterior teeth, as part of orthodontic therapy, are commonly bonded rather than banded. The bonding of molar teeth has also become more common in clinical practice, which is due at least in part to improvements in light-cured adhesive technology and bracket design (i.e., a contoured bracket design and a micromesh base). In addition, the cost of bonded molar tubes has come down, and the avoidance of molar banding means that the separation of the teeth for the placement of the bands is no longer required.









Cements and Adhesives


The spectrum of cements and adhesives used in orthodontic practice includes self-etching primers, wet bonding, fluoride release to prevent demineralization, light-cured band cements, colored cements, and curing lights.* Self-etching primers are now available for orthodontics. They are relatively moisture insensitive, but they may have reduced bond strength as compared with the conventional acid-etch technique. The wet bonding products (i.e., modified resin-filled glass ionomer adhesives) that are currently available show lower bond strengths with a higher failure rate than conventional composite, but they are generally acceptable for accomplishing needed objectives. Fixed-appliance orthodontics can lead to problems with oral hygiene, increased plaque accumulation, and altered plaque ecology, which may lead to enamel demineralization. Fluoride in the oral environment has been shown to lead to altered bacterial function, reduced enamel dissolution, and increased remineralization. Fluoride-releasing bonding cements have been shown to reduce the depth and extent of demineralization microscopically. Unfortunately, long-term success with regard to the limiting of demineralization has not been significantly demonstrated. Conventional glass ionomers are still the preferred material for use beneath molar bands to limit demineralization as compared with cements that do not release fluoride. Polyacid-modified composite cements are now available to secure bands, and they offer a light-cured snap set. These new cements appear to clinically perform as well as conventional glass ionomer cement, but, because they do not bond to enamel, they may result in greater demineralization in some patients. High-performance halogen curing lights are now available; these contain bulbs that do not degrade over time, and they have curing times of 5 to 8 seconds. Plasma arc lights are also available; these can cure adhesive in 3 to 5 seconds, but they have the disadvantage of generating much heat during the process. Currently available light-emitting diode curing lights are gaining popularity; they generate low levels of heat, and they are cordless.









Arch Wire (Materials and Design)


Before the 1950s, precious metal alloys were the commonly used materials for orthodontic arch wires. Stainless steel alloys surpassed gold as the preferred arch wire materials during the 1940s to reduce costs, to provide higher-yield strength and stiffness, and to result in higher elastic modulus and flexibility with improved properties to orthodontically close dental space. These alloys generally included platinum and palladium, which were often mixed with gold and copper. During the 1970s, NASA developed a nickel-titanium alloy that was easily deformed at low temperatures but that was able to memorize its original shape with warming (i.e., the thermal dynamic shape memory effect). The term active has been coined to describe this phenomenon. Nitinol was then developed as a cheaper, stabilizing “passive” version of this material, and it has been found to be useful as an orthodontic wire, because it still possessed low stiffness and good recovery when it was used as an aligning or intermediate arch wire. Currently, two active nickel-titanium alloy forms of this material are used in orthodontic practice, because they both possess excellent elastic properties. This includes the strength-induced superelastic wires and the thermally induced superelastic wires. The term superelastic refers to a material that can undergo martensite-austenite phase transformations, which are generated by either mechanical stress or heat. The crystal structure of the wire changes with mechanical deformation, which results in a unique non-linear stress–strain curve in which stress is independent of applied strain. In theory, the force levels that are used to deform the wire to ligate it into the bracket are less than those created by the wire as it attempts to return to its original shape. This offers the advantage of low continuous forces applied to the teeth through the entire reforming process, despite the wire being tied into teeth that are severely displaced. The thermally induced superelastic wire undergoes phase change as the temperature changes from the ambient temperature to an individual's body temperature. The temperature at which the transformation takes place can be specifically controlled during the manufacturing process to match the intraoral temperature requirements. When using thermally induced superelastic wires, the wire is ligated in place during its low-stiffness phase; then, with the heat of the oral cavity, transformation is induced, thereby returning it to its predetermined austenitic form. The theoretical advantage of both of these superelastic wire types is that they are able to provide a physiologic low and continuous force that can be used for leveling and aligning the teeth. Although individual practitioners are advocates of these wires as compared with the more traditional nickel titanium or multi-strand stainless steel wires, significant differences in the speed of alignment between the wire types has yet to be proven.42









Intra-Oral Auxiliaries to Brackets and Arch Wires


Intra-oral auxiliaries to the brackets and arch wires include closing and opening coils, torquing and uprighting auxiliaries, elastomeric chains, other non-compliance devices, and temporary skeletal implants. Elastomeric modules are commonly used to secure the arch wire into the slot of a non–self-ligating bracket.


The definition of friction is the resistive force between surfaces that oppose motion. In orthodontic tooth movement, friction results from the interaction of an arch wire with the walls of an orthodontic bracket or a ligature. It is now known that friction is only a small part of the resistance to movement as a bracket slides along in arch wire.19,39,64,122,208 In orthodontics, tooth and bracket movements have major interactions that involve the teeth, the PDLs, the alveolar bone, and the forces of mastication. For a bracket that is attached to a tooth to move relative to a wire in the bracket slot, the tooth must move. The tooth's resistance to being moved contributes to its resistance to sliding. This is particularly true when bodily movement rather than tipping is desired. Binding and notching will occur in the clinical setting but not in laboratory simulations, where only brackets and wires are involved. In review, clinical studies and the analysis of laboratory findings support the view that, in orthodontic practice, resistance to sliding has little to do with friction and instead is largely a binding-and-release phenomenon. Interestingly, resistance to sliding is about the same with both conventional and self-ligating brackets.39


Space closure with Angle and Tweed edgewise mechanics requires closing loops that involve the use of rectangular steel arch wires. Many clinicians prefer to use edgewise mechanics, because they provide for friction-free tooth movement. Significant disadvantages of this approach include (1) the time required to bend the wires; (2) the need to apply heavy forces across the extraction spaces; and (3) the fact that only a short time range of activation is possible, thus requiring frequent patient appointments. Since the 1990s, sliding mechanics have been used as part of various attempts to decrease the amount of force that is required to close space. The sliding technique for space closure generally uses either elastomeric chains or modules in coil springs. The elastomeric chain was introduced during the 1960s. It has the advantage of being inexpensive, but it suffers from rapid force decay of between 50% and 70% during the first 24 hours. The introduction of space-closing coil springs, which were originally made of stainless steel and cobalt–chromium–nickel alloys and more recently replaced by nickel–titanium springs, have less force decay as compared with elastomeric springs (8% to 20% versus 50% to 70%). Advocates for space closure with both techniques can be found. Inexpensive elastomeric products are still often preferred, because they are generally effective.


In an ideal world, orthodontic treatment would require no compliance from the patient. Unfortunately, removable anchorage devices (e.g., cervical and reverse pull headgear, intermaxillary elastics) are still required with various orthodontic maneuvers. The clinical use of intermaxillary traction with nickel titanium coil spring-and-piston cylinders that are attached to a fixed appliance and used to hold the mandible in a postured position are theoretically interesting, but they involve frequent breakage problems. The use of TADs (e.g., non-osseointegrated titanium micro-screws or titanium plates held in place with screws) that are placed directly into alveolar bone are now used for anchorage; these often circumvent the need for devices that require patient compliance. There is more information about TADs later in this chapter.












Removable Appliances Used in Orthodontic Treatment


The use of removable appliances to guide tooth movement has a long history and persuasive clinical advocates. There have been periods of intense use followed by waning interest. During the late 19th and early 20th centuries, the use of fixed appliances was limited by available materials, the need for labor-intensive “chair time,” and an incomplete mechanical understanding of their potential by most clinicians. Removable orthodontic appliances have several immediate advantages, including that they can be fabricated in a laboratory (thereby reducing “chair time” for both the patient and the dentist) and that they can be removed at socially sensitive times or to make oral hygiene easier. Removable appliances that are used for the movement of teeth have disadvantages, including their dependence on consistent patient compliance. They are difficult to construct, thus making precise complex tooth movements problematic. Even with excellent patient compliance, carrying out complex tooth movement remains an issue.


During the early 1900s, removable upper and lower arch appliances used to produce the desired tooth movement were often made of heavy gold wires as a framework from which lighter gold finger springs were placed. The first molars were banded, and wire ligatures were used to tie in heavy labial and lingual arch wires. Interestingly, the use of removable appliances for the movement of teeth was favored in Europe during the first half of the 20th century. This was primarily for economic reasons, and there was a lack of a strong clinical advocate for fixed appliances on that side of the Atlantic. During the same time frame, Edward Angle's profound influence on clinicians in the United States encouraged the preferred use of the edgewise fixed appliance system.


Functional appliances represent a second category of removable design (although they may also be fixed). They are constructed primarily with the hope of changing the position of the mandible (i.e., to hold the lower jaw open and to posture it forward) as well as to limit or enhance the eruption of maxillary molars. The history of functional appliances can be traced back to the mid 1800s, when Norman Kingsley introduced the “bite-jump” appliance (1879).114 The “monobloc,” which was developed by Robin in the United States during the early 1900s, was followed by the “activator,” which was developed in Norway by Andresen during the 1920s; both of these devices became widely accepted. Harvold reintroduced removable functional appliances to North American orthodontists during the 1960s, around the same time that the use of fixed appliances finally began to catch on throughout Europe. Harvold's animal model studies confirmed that mandibular posture did in fact affect maxillomandibular growth92-97 (see Chapter 4). This led to a belief that functional appliances could be used to “alter back” abnormal jaw growth tendencies. During the 1970s, the Frankel regulator by Rolf Frankel of East Germany popularized the concept of a tissue-borne functional appliance. By the 1980s, William Clark of Scotland introduced the Twin Block, which is a two-piece, tooth-borne appliance. The Twin Block was easier to wear than the Frankel regulator, and it was designed to accomplish the same objectives. Pancherz then popularized the Herbst fixed functional appliance during the 1980s, because it circumvented the problem of patient compliance. This appliance was originally developed by Emil Herbst at the beginning of the 20th century. Proffit has stated that, despite continued strong advocates of functional appliances, “the results of human clinical trials and retrospective analysis have not confirmed sufficient success with the use of functional appliances to make them mainstay treatment.”210 Although there is limited evidence-based research to support functional appliances, their continued use in everyday orthodontic practice remains a reality.


Siara-Olds and colleagues recently completed a prospective, randomized, controlled clinical study to assess the early and long-term treatment outcomes of tooth-borne functional appliances.201 They tested the use of four different functional appliances in a treatment group, and they also followed a group of untreated control subjects with Class II malocclusions. The treatment group (n = 80) was subdivided evenly into four subgroups in accordance with the type of functional appliance being used: the Bionator (n = 20); the Herbst fixed functional appliance (n = 20); the Twin Block (n = 20); and the mandibular anterior repositioning appliance (n = 20). The functional appliance treatment was carried out on individuals with Class II malocclusions who were between the ages of 8 and 12 years. Each randomized Class II malocclusion subject received comprehensive orthodontic treatment with bands and brackets to complete their treatment after the use of the specific functional appliance. The investigators compared lateral cephalometric radiographs that were taken at standard intervals (i.e., before treatment, after functional appliance therapy, and after the completion of comprehensive orthodontics). The four subgroups were also compared with an untreated control group who had similar Class II malocclusions who were not treated with functional appliances, bands, or brackets. The results of the study confirmed that the use of the functional appliances did not alter long-term mandibular growth patterns as compared with the results seen among the control subjects with Class II malocclusions. Interestingly, the use of a functional appliance in combination with bands and brackets did demonstrate effects, including the following: (1) the restriction of maxillary horizontal growth; (2) the creation of a steeper occlusal plane (with the Herbst and mandibular anterior repositioning appliances); and (3) the steepening of the mandibular plane angle (i.e., clockwise rotation) with the labial version of the mandibular incisors with the Twin Block appliance.201 In review, the study by Siara-Olds, et al. confirms that functional appliances for the purpose of correcting micrognathia have negligible impact on the growth potential of the mandible long term.


A third category of removable appliances are used for the retention of the achieved orthodontic results. A spectrum of retention appliance designs are used in everyday orthodontic practice. With regard to the issue of retention, Melsen stated the following: “We [orthodontists] deliver the product, but the final result, as when you buy a car, depends on life-long retention and life-long maintenance. Other than diamonds, everything has to be maintained; true stability only occurs post mortem.”142


We can also add Invisalign, which is a product that involves a series of removable clear aligners, as a fourth category to the list of removable orthodontic appliances. It is a method that is used for the purpose of orthodontic tooth movement. Its current level of popularity is at least partially the result of an effective worldwide marketing campaign. Clinical judgment is required to determine when this option is an appropriate form of treatment for the correction of specific—but limited—patterns of malocclusion. Nevertheless, as of 2013, it is estimated that approximately 2 million individuals have completed or are currently receiving Invisalign treatment.









Accelerated Osteogenic Orthodontics


Finding a technique that enhances the speed of orthodontic tooth movement without causing damage has been an objective of clinicians for more than 100 years. Attempts to modify the balance between resorption and deposition and to bypass the waiting time for the alveolar cortex to resorb and thus move the teeth faster without causing irreversible damage to the periodontium has been the focus of much research over the years.28,29,49,78,79,81,90,101,200,217,218,234 Corticotomy, which is the intentional injury of the cortical bone, was described in the mid 1800s as a surgical approach to correct malocclusion. Osteotomies into the cortical alveolar bone were made, and then the teeth were splinted into new positions. This concept received renewed attention when Kole published a series of clinical articles describing a different approach to the treatment of orthodontic patients.116,117 In 1975, Duker used a dog model to demonstrate rapid segmental alveolar movement after corticotomy.68 In 1986, Anholm and colleagues also described corticotomy-facilitated orthodontics in clinical practice.17 William and Thomas Wilcko further modified the protocol for corticotomy-facilitated orthodontics; they trademarked their technique in 1998.230,231 That same year, the Wilcko brothers received an endorsement for their technique from the American Academy of Periodontics. Their technique involves elevating a full-thickness mucosal flap off of the alveolar plate (either labial or lingual/palatal) directly over the teeth to be moved. They then place corticotomies (perforations) through the alveolar bone adjacent to the teeth to be moved with the use of a burr on a handpiece. The Wilckos also recommend placing bone graft material over the surgical perforations in the cortical plate to improve alveolar volume. They then replace the mucosal flap into its anatomic location with sutures. They further claim that the technique enhances difficult tooth movement (i.e., molar intrusion) and that it can provide relative anchorage (i.e., a corticotomy limited to the anterior region will provide relative anchorage from the posterior teeth). The theory behind this technique is that injury to the bone (i.e., the cortical perforations) creates a “regional acceleratory phenomenon.”230As a result, the body rapidly sends cells to the site to heal the injured bone. This surge in cellular healing activity is thought to promote faster tooth movement. The Wilckos called their technique accelerated osteogenic orthodontics.230


The animal research by Lino and colleagues130 and the experimental study completed by Sebaoun and colleagues197 describe a plausible biologic explanation for the greater speed of tooth movement that is seen with these techniques. Lino's group used adult beagle dogs (n = 12). The mandibular right and left first premolars were to be moved mesially with the use of a calibrated spring that attached to the mandibular canines. On one side of each mandible, a flap was elevated, and holes were placed in the alveolar bone (corticotomies) to create a regional acceleratory phenomenon. No corticotomy was performed on the opposite (control) side. The PDL on the mesial (compression) side of each premolar was evaluated histologically at weeks 1, 2, 4, and 8. In addition, the amount of mesial bicuspid tooth movement on each side (i.e., the experimental side versus the control side) was compared at the 8-week interval. Histologic comparisons of the two sides showed very distinct differences. At 1 week, bicuspid tooth compression produced a typical hyalinization of the PDL on both sides. “Hyaline formation” within the PDL, which is referred to as a “sterile necrosis,” occurs in response to compressive forces. This is the expected response when significant compressive forces are produced in the PDL. It is known that this sterile necrosis interferes with bone resorption; thus, at the 1-week interval, no tooth movement was experienced on either side. At 2 weeks, hyaline was still present on the control side, so no bone resorption of the tooth socket wall had yet occurred; however, root resorption was evident. At 2 weeks, on the experimental (corticotomy) side, the hyaline had already been removed from the PDL. Presumably, macrophages (the presence of which had been stimulated by the regional acceleratory phenomenon) were in place very early to perform this removal and thus, in the process, no root resorption occurred. At 4 and 8 weeks after the initiation of treatment on the control (non-corticotomy) side, the hyaline had finally been removed and the alveolar bone resorption had begun, thereby allowing mesial bicuspid tooth movement to proceed. During this waiting period, extensive root resorption had occurred on the control side. Interestingly, at the 4- and 8-week post-treatment intervals on the experimental (corticotomy) side, there was no hyaline present in the periodontium, the socket wall had appropriately resorbed, and the bicuspid tooth was able to move mesially without root resorption.


In the rat model, Sebaoun and colleagues studied the alveolar response to corticotomy as a function of time and proximity to the surgical injury.197 Maxillary buccal and palatal cortical plates were injured (corticotomy) in healthy adult rats (n = 36) adjacent to the upper left first molars. Twenty-four of the animals were euthanized at 3, 7, and 11 weeks after injury.


Histomorphometric analysis was performed to study alveolar spongiosa and periodontal ligament dynamics. Both catabolic activity and anabolic actions were also measured. A separate group of animals (n = 12) were fed with calcein fluorescent stain. After the same surgical and orthodontic maneuvers, they were processed for non-decalcified fluorescent stain histology. The results of the study demonstrated that, at 3 weeks, the surgical (corticotomy) group had significantly less calcified spongiosa bone surface, greater periodontal ligament surface, higher osteoclast number, and greater lamina dura apposition width. The catabolic activity (i.e., the osteoclast count) and the anabolic activity (i.e., the apposition rate) increased by threefold, the calcified spongiosa bone surface decreased by twofold, and the PDL surface increased by twofold in the corticotomy group. Interestingly, the surgical injury to the alveolus (corticotomy) that induced a significant increase in tissue turnover by week 3 dissipated to a steady state by postoperative week 11. In addition, the impact of the injury (rapid tooth movement) was localized to the area immediately adjacent to the decortication injury. The authors concluded that selective alveolar decortication induced increased turnover of alveolar spongiosa and that the activity was localized. The escalation of demineralization–mineralization dynamics is the likely biologic mechanism that explains the rapid tooth movement that occurs after selective alveolar decortication.


In review, it appears that the completion of a corticotomy of the alveolar process immediately brings macrophages into the field of bony injury.116 The macrophages are then able to remove the hyaline (necrotic material) from the periodontium more quickly than occurs in a non-corticotomy setting. The early presence of macrophages can explain the rapid degree of bone resorption and minimal root resorption during orthodontic tooth movement that was documented by Lino and colleagues. When Lino's group compared the amount of tooth movement in their experimental and control groups, the teeth on the corticotomy side moved twice as fast as the teeth on the control side. The enhanced tooth movement after corticotomy should continue as long as the surgical site healing remains in progress (only approximately 2 to 3 months). The potential for morbidity to the teeth and periodontium that is associated with the surgical procedure, must be considered in light of any advantage of reduced time to reach treatment objectives.
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