ODONTOLOGIE |

WL

D 059 040360 3




Essentials of

ORTHOGNATHIC
Surgery

Johan P. Reyneke, Mchb, Fc MFOS (sA)

Honorary Professor

Division of Oral and Maxillofacial Surgery T a) [N
Faculty of Health Services B .
University of the Witwatersrand 92120 MONTHOUGE
Johannesburg, South Africa

Clinical Professor

Department of Oral and Maxillofacial Surgery
University of Oklahoma College of Dentistry
Oklahoma City, Oklahoma

Private Practice

Centre for Orthognathic Surgery
Carstenhof Clinic

Johannesburg, South Africa

=N OTHEQUE DE L'UNIVERSITE
DE PARIS V
NTOLOGIE

rue Maurice-Arnoux

42120 MONTHOUGE
Quintessence Publishing Co, Inc

quintesence Chicago, Berlin, Tokyo, Copenhagen, London, Paris, Milan, Barcelona, Istanbul,
books Sao Paulo, New Delhi, Moscow, Prague, and Warsaw



To my wife, Ingrid, and children, Johan and Mignon

Library of Congress Cataloging-in-Publication Data

Reyneke, Johan P.
Essentials of orthognathic surgery / Johan P. Reyneke.
p.; cm.
Includes index.

ISBN 0-86715-410-1 (hardcover : alk. paper)

1. Orthodontics, Corrective—Atlases. 2. Face—Surgery—Atlases. 3.
Facial bones—Abnormalities—Surgery—Atlases.

[DNLM: 1. Maxillofacial Abnormalities—surgery—Atlases. 2.
Malocclusion—surgery—Atlases. 3. Oral Surgical
Procedures—methods—Atlases. WU 17 R45%e 2003] I. Title.

RK521 .R495 2003

617.6'43059—dc21

2002014530

Qb

quintessence
books

©2003 Quintessence Publishing Co, Inc

Quintessence Publishing Co, Inc
551 Kimberly Drive

Carol Stream, IL 60188
www.quintpub.com

All rights reserved. This book or any part thereof may not be reproduced, stored in a retrieval system, or transmitted in
any form or by any means, electronic, mechanical, photocopying, or otherwise, without prior written permission of the
publisher.

Editor: Kathryn O'Malley

Production and Internal Design: Patrick Penney
Cover Design: Dawn Hartman

Printed in China



Table of Contents

Preface Vi

1  Principles of Orthognathic Surgery 1

Treatment Objectives in Orthognathic Surgery
Patient Consultation

2  Systematic Patient Evaluation 13

General Patient Evaluation

Sociopsychologic Evaluation

Esthetic Facial Evaluation

Lateral Cephalometric Radiographic Evaluation
Posteroanterior Cephalometric Radiographic Evaluation
Limitations of Cephalometric Analysis

Full-Mouth Periapical Radiographic Evaluation
Panoramic Radiographic Evaluation

Occlusion and Study Cast Evaluation
Temporomandibular Joint Evaluation

3 Diagnosis and Treatment Planning 69

Case Overview

Facial Changes Associated with Skeletal Repositioning
Esthetic Objectives and Surgical Indications

Specific Orthodontic Treatment Required to Facilitate Surgery
Best Sequence of Treatment to Obtain the Desired Result
Development of Visual Treatment Objectives



4 Basic Guidelines for the Diagnosis and Treatment of Specific
Dentofacial Deformities 151

Mandibular Anteroposterior Deficiency
Mandibular Anteroposterior Excess
Maxillary Anteroposterior Deficiency
Maxillary Anteroposterior Excess

Maxillary Vertical Deficiency

Manxillary Vertical Excess

Rotation of the Maxillomandibular Complex
Open Bite Deformities

Dentofacial Asymmetry

5 Surgical Technique 247

Bilateral Split Ramus Osteotomy

Le Fort | Maxillary Osteotomy

Genioplasty

Intraoperative Diagnosis of Condylar Sag After Bilateral Sagittal Split Osteotomy
Intraoperative Diagnosis of Condylar Sag During Le Fort | Maxillary Osteotomy

Index 309



lthough many books have been written on
/~\the subject of orthognathic surgery, none of
them specifically addresses the essentials of
treating patients with dentofacial deformities.
This book, which presents both the science and
art of orthognathic surgery, was written to fill
that void. The research component has been
omitted, since those aspects have been ade-
quately presented in other textbooks. Instead,
it focuses on the surgical and orthodontic prin-
ciples of orthognathic surgery, allowing the cli-
nician to learn the subtleties of treating patients
with dentofacial deformities without first wad-
ing through scientific data and treatment
philosophies.

The text opens with a concise description of
the principles of the clinical evaluation of a pa-
tient, analysis of diagnostic records, treatment
planning, and surgical procedures with possible
complications. Clinical cases are then presented
to demonstrate treatment outcomes, which are
evaluated in all three dimensions and may be
used by clinicians as an atlas for patient educa-
tion. The text is enhanced and clarified by de-
tailed illustrations that are used liberally
throughout the book in the belief that “one il-
lustration is worth a thousand words."

Preface

This book specifically addresses several issues
that are essential to orthognathic surgery. For
example, cephalometric analysis is routinely
used by orthodontists and oral and maxillofacial
surgeons as a diagnostic guide and method of
communication between members of a treat-
ment team. However, because of their sheer
numbers, relevant cephalometric analyses may
become confusing and are often contradictory.
To help assuage this difficulty, the relevance of
the various analyses, including the new innova-
tion of anteroposterior cephalometric analysis of
the chin, is clarified with respect to skeletal, soft
tissue, and dental relations in both lateral and
anteroposterior cephalometry. An interpretation
of each analysis is given to allow the clinician to
choose the relevant analysis for the diagnosis of
a specific facial deformity.

Another key issue in orthognathic surgery is
the visual treatment objective. This tool is pos-
sibly the most meaningful, illustrative communi-
cation medium between team members as well
as for patient information. Substantial space is
therefore devoted to discussion of the develop-
ment of a visual treatment objective for each
deformity or combination of deformities in a
step-by-step manner.

vii



The modern orthognathic surgeon is ex-
posed to a number of surgical procedures to
correct dentofacial deformities. There is little
doubt that the three most commonly used tech-
niques are the Le Fort | maxillary osteotomy (in-
cluding segmental surgery), the bilateral sagit-
tal split ramus osteotomy of the mandible, and
the sliding genioplasty. These three techniques
are comprehensively described and clearly illus-
trated in a step-by-step manner. The basic prin-
ciples necessary for a successful result, includ-
ing the management of possible postoperative
complications, are emphasized.

Although this book is designed to fit the spe-
cific needs of residents and young surgeons, ex-
perienced clinicians busily engaged in everyday
practice also may find many refreshing re-
minders and hints for improving diagnostic and
technical management of patients with dento-
facial deformities.

| am deeply indebted to the pioneers of or-
thognathic surgery, on whose shoulders we, as
modern practitioners, stand today, and feel ex-
tremely privileged to have been part of the ex-
citing evolution of this fascinating field since the
1970s. Although it seems as if most of the basic
scientific and technical parameters of orthog-
nathic surgery have been established, new in-
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novations and developments will improve the
treatment we offer patients, and the develop-
ment of the artistic flair that accompanies the
science is unbounded.

This project was conceived about 10 years
ago as a manual for a series of courses in or-
thognathic surgery written with the help of two
orthodontic colleagues and friends, Tony
McCollum and Bill Evans. | am eternally grateful
for their enthusiasm, help and support, and also
for making me think like an orthodontist—
sometimes!

This book could not have been written with-
out the support and encouragement of Dr
Wynand van der Linden, a dear friend and col-
league. A great debt is owed to Professor John
Lownie for his enthusiasm and allowance of the
time necessary to complete this project. The
typing—and retyping—of the manuscript was
done by Antoinetté Markram, who was simulta-
neously managing my busy private practice.
Her expertise and competence are greatly ap-
preciated.

Finally, | would like to express my love and
gratitude to my extraordinary wife, Ingrid, and
children, Johan and Mignon, for their patience,
encouragement, and trust.



chapter 1

Principles of

Orthognathic Surgery

)eople today usually recognize irregular teeth

or obvious jaw deformities and seek treat-
ment from an orthodontist, who can improve
tooth alignment, function, and facial esthetics.
More severe deformities that require a combi-
nation of orthodontics and surgery for correc-
tion are called dentofacial deformities. These
deformities can affect physical orofacial func-
tion in several ways. Mastication can be im-
paired, and, especially in severe cases, this im-
pairment can affect digestion and general
nutritional health. Lip incompetence due to ex-
cessive vertical growth of the maxilla results in
mouth breathing, which eliminates the physio-
logic effect of the nose on breathing. Speech is
often affected by dentofacial deformities de-
spite adaptive capabilities of the body. Irregular
teeth may have a profound effect on maintain-
ing proper oral hygiene and thus make teeth
more susceptible to dental caries and peri-
odontal disease. Normal temporomandibular
function is also often affected by several types
of dentofacial deformities.

The physical effects of a dentofacial defor-
mity are important, but the psychosocial impact
of a dentofacial deformity on an individual is
often paramount. Such a deformity can pro-

foundly affect the quality of life and entail life-
long adjustment.

The combination of surgery and orthodontic
treatment makes it possible to treat dentofacial
deformities that previously could not have been
corrected orthodontically (eg, vertical maxillary
excess and severe anterior open bite occlusion).
Orthognathic surgery has created new and ex-
citing opportunities in the treatment of patients
with dentofacial deformities and has relieved
the orthodontist of having only compromised
treatment to offer patients with skeletal dishar-
mony. Experience in orthognathic surgery, an
increased understanding of its biologic basis,
and a refinement of its art form now enable us
to routinely deliver a stable, esthetic, and func-
tional result to patients.

Three kinds of treatment are available when
malocclusion is caused by severe skeletal dis-
crepancies:

1. Growth modification. In growing children,
dentofacial orthopedics can alter the expres-
sion of growth to some extent. (How much it
can be altered varies and remains controversial.)

2. Orthodontic camouflage. Dental compensa-
tion for a skeletal deformity, or orthodontic
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camouflage, not only can compromise or
even impair the esthetics but also can jeop-
ardize the stability of the results. This option
may also increase the treatment time.

3. Orthognathic surgery. Combined orthodon-
tic and surgical correction is considered the
best treatment modality for dentoskeletal im-
balances once growth has ceased.

Three treatment objectives are fundamental in
orthognathic surgery: function, esthetics, and
stability. These three objectives form the basis
of goals in treating patients with dentofacial de-
formities and often go hand in hand.

Function

Functional and esthetic deformities often exist
concurrently; when they do, treatment should
be designed to correct both. When correcting
a functional problem, the clinician has the op-
portunity to improve facial esthetics at the
same time and should make full use of it. The
treatment of patients with poor function but
good esthetics is particularly challenging. In
these cases careful planning must avoid wors-
ening the esthetics while providing optimal
functional relationships.

Esthetics

Facial appearance is often the patient’s main
concern. It is the patient’s perception of what is
esthetically wrong that is paramount, and one
of the clinician’s first tasks is to establish the pa-
tient's esthetic concerns. As Leo Tolstoy said in
Childhood, "I am convinced that nothing has so
marked influence on the direction of a man's
mind as his appearance, and not his appear-
ance itself so much as his conviction that it is at-
tractive or unattractive.”

Esthetic imbalance is often the result of a sig-
nificant dentoskeletal deformity. In some cases
the esthetics can be improved by surgery alone,

although the functional problem will not neces-
sarily be treated. An example is accepting a
Class Il malocclusion after surgical advance-
ment of the chin for a patient with mandibular
anteroposterior deficiency. In contrast, for a pa-
tient with vertical maxillary excess it may be
possible to achieve a Class | malocclusion by or-
thodontic treatment alone; however, an ideal
esthetic result is not possible.

Because the orthodontic placement of the
teeth dictates the surgical movement and, ulti-
mately, the facial changes, the practitioner
must carefully assess patients with muscu-
loskeletal deformities before the commence-
ment of orthodontic treatment. Accurate pre-
operative orthodontic and surgical planning
that considers the indicated surgical move-
ment is necessary to ensure not only good
functional results but an optimal esthetic out-
come as well.

Figure 1-1 illustrates a case in which the
dentition has been compromised for skeletal
vertical maxillary excess and mandibular an-
teroposterior deficiency. Function and ques-
tionable stability have been achieved; how-
ever, the esthetic result is poor. Figure 1-2
illustrates an acceptable result after surgical
compromise.

The patient in Fig 1-3 decided against surgi-
cal correction of her Class Il malocclusion and
vertical maxillary excess dentofacial problem.
The orthodontic compromise treatment plan
consisted of extraction of first maxillary premo-
lars, retraction of maxillary incisors, and estab-
lishment of an occlusion. Four months after be-
ginning orthodontic treatment, the patient felt
her appearance was worsening and realized that
this treatment option would not be acceptable
to her. It was then decided to decompensate
the maxillary incisors to open the extraction
spaces in the maxilla. The surgical treatment
plan consisted of a two-piece Le Fort | maxillary
osteotomy, superior repositioning of the max-
illa, and surgical closure of the extraction
spaces by advancement of the posterior maxil-
lary segment (Fig 1-4). The mandible would au-
torotate, and the chin would be surgically ad-
vanced by means of a sliding genioplasty. In this
case an acceptable surgical solution could be
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Fig 1-1 This 20-year-old patient was referred to the surgeon with the main complaint that her chin appeared too small and she did
not like her “gummy smile.” Previous orthodontic treatment lasted 3 years and consisted of extraction of four first premolars, retrac-
tion of maxillary incisors, and proclination of mandibular incisors. She was not offered the option of surgical correction of her skele-
tal problem. (a) Frontal view. (b) Profile view. (¢} Smile. The dental compromise for the skeletal disharmony is evident in the occlusion

{d) and the cephalometric analysis (e).
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2 The ideal treatment for this patient would have been the precperative orthodontic creation of a Class |l malocelusion (pos-
sibly with a different extraction pattern), followed by the vertical repositioning of her maxilla and advancement of her mandible. In this
case, however, an acceptable, although compromised, esthetic result was achieved by superior repositioning of her maxilla and ad-
vancement genioplasty, while the existing occlusion was maintained. (a) Postoperative frontal view. (b) Postoperative profile view. (c)
Smile.

“ig 1-3 Because the patient decided not to have surgery, the compromise orthodontic treatment consisted of extraction of two max-
illary first premolars and retraction of the maxillary incisor teeth. The deteriorating esthetic resulls are evident in the frontal (a) and
profile (b) views. The occlusion (c-e) and cephalometric tracing (f) confirm the diagnosis of vertical maxillary excess and microge-
nia with a Class Il malocclusion,
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Fig 1-3 Continued

Fig 1-4 The maxillary incisors were decompensated, opening the spaces where the first premolars had been exiracted. The surgery
consisted of a two-piece Le Fort | maxillary osteotomy, superior repositioning of the maxilla, and advancement of the posterior seg-
ment to close the spaces. The chin was advanced by means of a sliding genicplasty. (a} Surgical treatment plan. (b) Postoperative
dental, skeletal, and soft tissue positions.
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Fig 1-5 (a) Postoperative frontal view. (b) Postoperative profile view. (c-e) Postoperative occlusion resulis.

found (Fig 1-5); however, in some cases the sur-
gical compromise for the orthodontic compro-
mise may be limited from either an esthetic,
functional, or stability point of view. In some
orthodontic-compromised cases, the compro-
mised dentition may limit salvation or even
make it impossible.

Stability

Without stability, the achievement of good
function and pleasing esthetics is obviously not
acceptable. Certain orthodontic tooth move-
ments have questionable stability. An example
is the extrusion of teeth to correct a skeletal an-
terior open bite; any preoperative orthodontic

attempt to correct this type of open bite adds
significant instability to the overall result. After
surgical repositioning of the jaws beyond their
biologic parameters, they will relapse into a
more harmonious musculoskeletal relationship
for the individual. Figures 1-6 and 1-7 demon-
strate a case where the orthodontic treatment
of an open bite led to poor stability and unac-
ceptable esthetics.

Occlusal stability at any moment is the result
of the sum of all the forces acting against the
teeth (Enlow, 1990). It has been shown that the
use of sound orthodontic mechanics and surgical
techniques will produce optimal stability, func-
tion, and esthetics.
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Fig 1-6 A 15-year-old patient reported an
inability to bite certain foods with her frant
teeth, She recalled that she had an open
bite before orthodontic treatment. Her
four first premolars were remaoved as part
of her orthodontic treatment, which lasted
2 years, Her bite was good at the time of
band removal. Her frontal {(a) and profile
(b) views revealed a convex profile, maxil-
lary vertical excess, and mandibular an-
teroposterior deficiency, while she had a
Class Il anterior open bite malocclusion
(c). The skeletal soft tissue and dental re-
lationship is evident on the cephalometric d
tracing (d).

73
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Fig 1-7 The patient was rebanded and the maxillary arch aligned in three segments; the anterior segment contained the incisors,
while the posterior segments included all the teeth from the canines to the second molars. The surgery consisted of a three-piece
Le Fort | maxillary osteotomy with superior repositioning and expanding of the posterior segments, which allowed the mandible to
autorotate, The chin was advanced by means of a sliding genioplasty. The acceptable esthetic and functional result is seen in the

postoperative frontal (a), profile (b), and occlusion (c) views.

Accurate treatment planning and meticulous or-
thodontic and surgical practice are essential to
the achievement of treatment objectives. Just
as important, however, is communication be-
tween clinician and patient, as well as between
clinician and clinician.

First orthodontic
consultation

Because people with irregular teeth and a jaw
deformity usually seek treatment from an ortho-
dontist, it is usually the orthodontist's task, at
the initial consultation, to discuss the possible
need for a surgical procedure as part of the
treatment to achieve optimal results. During the
first orthodontic consultation, a clinical exami-
nation is done and the appropriate records ob-
tained. The records may be duplicated for the
benefit of the surgeon.

Definitive orthodontic
consultation

The final pretreatment consultation takes place
only after a systematic patient evaluation has
been conducted and the orthodontist and sur-
geon have agreed on a final treatment plan. It
is mandatory that the patient (and perhaps
the parents or spouse) be well informed. Well-
informed patients follow instructions and, as a
general rule, are easy to treat.

Orthodontists and surgeons should develop
their own methods of informing patients and
gaining their confidence. It is important to keep
explanations simple and to use the patient’s ra-
diographs and dental casts to demonstrate the
problems. Solutions for the problems should be
discussed in general terms and the need for sur-
gery explained. The importance of preoperative
alignment of the teeth and the possibility of the
bite not improving or even getting worse dur-
ing this phase should be explained to the pa-
tient.



Word choice is important for the orthodontist
in discussing the type of surgery required.
Terms such as reposition, lengthen, or shorten
should be used when describing the surgical
procedures. The final and more detailed expla-
nation of the surgery should be left to the sur-
geon.

Treated cases with similar problems may be
used to demonstrate specific treatment objec-
tives. For most patients the treatment time is
extremely important, but it is preferable not to
give a specific length of time. It is important,
however, to give the patient a general idea of
the length of treatment and a treatment profile
explaining various phases of the treatment, the
sequence of the stages, and the time each
phase could take. The patient should be alerted
to factors—such as bone density, periodontal
disease, patient cooperation, age, and tooth
extractions—that might influence the treatment
time and surgical precision. It is also important
at this stage to inform the patient about the
cost of the orthodontic part of the treatment.

Explanation of typical treatment
profile

The author explains to patients that a typical
treatment profile consists of six stages:

1. Placement of orthodontic bands on the teeth.
Any necessary extraction of teeth (including
third molars) is done at this stage, and usually
2 or 3 weeks later the orthodontic bands are
fitted.

2. Preoperative/preparatory orthodontic phase
(9 to 18 months, on average). The teeth will
now be aligned in their optimal positions in
each arch. When the orthodontist is satisfied
that this preparation is complete, the patient
is referred back to the surgeon.

3. Surgical phase and healing time (4 to 6
weeks). The surgeon surgically repositions
the jaw or jaws into their most favorable rela-
tionship to establish a good occlusion (bite)
and balanced facial proportions. After a short
healing period, the patient returns to the or-
thodontist for the final correction of the bite.
It is very important that the patient see the

Patient Consultation

orthodontist 2 to 3 weeks after surgery for
postoperative orthodontic control.

4. Postoperative orthodontic phase to perfect
the bite (3 to 6 months). The purpose of or-
thodontics after the surgery is to refine the
bite. It usually involves minor tooth move-
ment to finalize the occlusion and achieve a
satisfactory result.

5. Removal of orthodontic bands.

6. Retention phase (6 to 12 months). When or-
thodontic treatment has been completed, the
teeth that have been moved through bone
need to be stabilized in their new positions
for a time. The orthodontist manufactures
and fits a retention appliance, which must be
worn by the patient as instructed by the
orthodontist.

First surgical consultation

The initial surgical consultation includes a gen-
eral discussion of the basic principles of com-
bined orthodontic and surgical treatment and
of why surgery is necessary. The importance of
a comprehensive treatment plan developed by
both the orthodontist and surgeon is explained.
At this consultation a systematic patient evalua-
tion is conducted and records obtained (if du-
plicate records are not available).

Definitive surgical
consultation

The definitive surgical consultation is con-
ducted once the orthodontist and surgeon have
finalized a treatment plan. The need for ortho-
dontic preparation before surgery is confirmed.
The basic principles of the specific surgical
treatment, general sequence of events of the
surgical phase of treatment, hospitalization
time, time to recover, and the need for a soft
food diet are discussed.

Treatment results of patients with similar
dentofacial problems may be used to explain
the surgical objectives. A patient information
brochure is provided and the patient reassured
that during the preoperative orthodontic phase,
he or she is welcome to discuss with the sur-
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geon any concerns regarding the planned sur-
gery. The estimated costs, including costs of the
planned surgery, hospitalization costs, and the
anesthetization fee, should also be discussed at
this stage.

Consultation with other
disciplines

Consultation with practitioners in other disci-
plines may be needed in the treatment of pa-
tients with a dentofacial deformity.

Periodontic consultation

In general, most periodontal diseases should be
treated prior to orthodontic banding. The teeth
and periodontium should be sound before
treatment. The importance of oral hygiene dur-
ing the orthodontic treatment phase should be
stressed and the possibility of periodontal treat-
ment after debanding should be mentioned to
the patient.

Prosthodontic consultation

Any work on fixed partial dentures preferably is
performed after a period of orthodontic reten-
tion. However, it is often advantageous for the
patient to consult with a prosthodontist before
beginning treatment. The prosthodontist can
contribute valuable insight into certain aspects
of the surgical/orthodontic treatment and
prosthodontic rehabilitation; eg, in a case with
congenital absent lateral incisors, should the in-
terdental spaces be closed, or should spaces be
maintained and the missing teeth be replaced
by implants or fixed partial dentures? For eden-
tulous patients or patients with a limited num-
ber of teeth that would not require orthodontic
treatment, the preoperative prosthodontic con-
sultation is mandatory.

Implantology consultation

It is often possible to place required osseointe-
grated implants at the time of orthognathic sur-
gery. It is important, however, to keep any post-

10

operative orthodontic tooth movement in mind.
Dental implants can often be placed more ac-
curately after band removal and a short period
of retention. The cost of a second surgery should
be considered, however.

General practitioner consultation

Problems such as dental caries, fractures, and
crowns with poor fit should be treated before
treatment commences. The condition of certain
teeth may influence the choice of tooth extrac-
tion for orthodontic reasons. The initial referral
to the orthodontist or surgeon is often made by
the general practitioner, and it is important to
keep him or her abreast of the treatment plan
and progress of the patient’s treatment. Make
the general practitioner part of the treatment
team.

Importance of communication

Adequate communication between the ortho-
dontist, patient, and surgeon about the pa-
tient's main complaint and concerns, dentofacial
diagnosis, treatment possibilities, and treatment
objectives is crucial (Fig 1-8). The confident
sharing of information with the patient will build
trust between patient and clinician. Remember,
people want to know how much you care be-
fore they care how much you know.

No less important is the communication be-
tween the surgeon and the orthodontist. Lack
of communication here not only hampers the
development of an efficient and sound treat-
ment plan but also generally leads to poor
treatment results. Patients are extremely con-
cerned about poor or lacking communication
between the orthodontist and the surgeon, and
it can lead to confusion. The development of a
treatment plan has three advantages:

* It represents an agreement between the or-
thodontist and the surgeon on how the pa-
tient will be treated.

* The treatment plan and objectives can confi-
dently be presented to the patient without
contradictions.



Fig 1-8 Kindness, communication, and free flow of information
between the surgeon, orthodontist, and patient facilitate effi-
cient and successful treatmant and ensure patient confidence.

* Although the treatment plan may be changed
when indicated, it serves as a solid guideline.

The treatment plan may need to be revised
or changed after commencement of the preop-
erative orthodontic treatment. The reason for a
change in treatment plan and the solution should
be discussed by the orthognathic team. This will
prevent any surprises at the immediate preop-
erative surgical consultation.

Superb orthodontic alignment of teeth and excel-
lent surgical technique do not substitute for good
clinical judgment, optimal decision making, proper
communication, and empathy with patients.
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chapter 2

Systematic

Patient Evaluation

The patient with a dentofacial deformity receives
the best results from surgical therapy when there
is clear and effective communication between
the orthodontist and the maxillofacial surgeon
from the outset of treatment. Through this close
relationship, a full exchange of information and
data can be made. Hence, in the following dis-
cussion no reference is made to “the orthodon-
tist” or “the surgeon.” Each should be familiar
with the standard records required, and the data
on the patient should be shared regardless of
who actually carries out the investigations.
Treatment should commence only after both the
orthodontist and the surgeon have consulted
with the patient and a treatment plan has been
jointly prepared (records can be duplicated).

A systematic examination is necessary to ad-
equately evaluate and plan treatment for pa-
tients with dentofacial deformities. In routine
cases this evaluation includes the following:

A. General patient evaluation
1. Medical history
2. Dental evaluation
a. History
b. General evaluation
c. Periodontal considerations
d. Occlusal-oral function evaluation
B. Sociopsychologic evaluation
C. Esthetic facial evaluation
1. Frontal analysis
2. Profile analysis
D. Radiographic evaluation
1. Lateral cephalometric evaluation
2. Posteroanterior cephalometric evaluation
3. Full-mouth periapical evaluation
4. Panoramic evaluation
E. Occlusion and study cast evaluation
1. Intra-arch relationship
2. Interarch relationship
F. Temporomandibular joint evaluation
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Medical history

The patient’s medical history can be obtained
by means of a questionnaire that the patient
fills out at the first consultation. The question-
naire's coverage should be thorough so that no
important areas are overlooked. The data are
used to focus follow-up ques'tions. Existing
medical problems must be further evaluated
and discussed with the appropriate physician
or specialist. The potential for these medical
problems to complicate general anesthesia or
reconstructive surgery must be evaluated. Risk
management and potential complications re-
lated to any medical problem should be dis-
cussed with the patient and carefully docu-
mented. It is also important to look for and
recognize congenital syndromes, since these
patients may have unusual growth patterns and
may respond unpredictably to orthodontic or
surgical treatment.

Dental evaluation

History

Previous restorative, orthodontic, periodontal,
and facial pain treatment should be reviewed.
The dental history is often an important barom-

eter of the patient’s probable commitment to
future treatment.

General evaluation

Oral hygiene and previous dental treatment are
good indications of the patient’s “dental 1Q"
and motivation for future treatment. Caries,
periodontal and periapical pathology, and the
presence of unerupted and/or impacted teeth
should be noted. The need for implants should
be evaluated for possible integration into the
final treatment plan. Final prosthetic decisions
are deferred, however, until completion of sur-
gical orthodontic treatment.

Periodontal considerations

The prognosis for any periodontally affected
teeth is established and the effect of orthodon-
tic and surgical treatment considered. Peri-
odontal disease and inadequately attached gin-
giva must be managed before commencement
of orthodontic treatment. Long-term manage-
ment, further periodontal treatment, and prog-
nosis should be discussed with the periodontist
and the patient.

Occlusal-oral function evaluation

Mastication, swallowing, mouth breathing,
modified eating habits, and maximum mouth
opening are documented. The effect of the
dentofacial deformities on speech should be
noted and the patient referred for pretreatment
speech evaluation. Tongue thrust, thumb suck-
ing, and lip-biting habits should be noted and
their effect on the deformity evaluated.

Evaluation of the patient’s sociopsychologic
makeup is often neglected. It is important to
consider the patient's motives for treatment and
to determine the patient’s expectations from
treatment. There are two basic causes of patient
dissatisfaction with the treatment outcome: (1)
failure of the clinician to inform the patient
clearly of realistic and probable treatment re-
sults (especially esthetic results) and (2) overop-
timistic expectations of the patient regarding
the results of treatment.

At the first consultation, the patient should
be introduced to the concept of surgery to the
jaw(s) gently but confidently. It is imperative
that the clinician immediately provide the pa-
tient with a realistic and understandable
overview of orthognathic treatment principles
and general treatment possibilities in relation to
the patient's specific dentofacial problem.
Understanding the patient's concerns, motiva-
tions, and expectations will provide insight into
the patient’s psychologic health.



Sociopsychologic Evaluation

Sociopsychologic Evaluation

1 | Who attends the first consultation?

Patient Father Mother Spouse Friend
2 | What does the patient think is wrong?
Function Esthetics Pain Speech None

] 2 3 4 5

3 | Patient'’s perception of esthetic severity:

Mild Moderate

6 7 8 ? 10

Severe

1 2 3 4 5

4 | Patient's perception of functional severity:

Mild Moderate

6 7 8 9 10

Severe

] 2 3 4 5

5 | Patient’s ability to define problem:

Poor With assistance

6 7 8 9 10
Good

6 | Expectafions of treatment:
1 2 3 4 5

Unrealistic

Unclear

6 7 8 9 10

Realistic

7 | Motivation
] 2 3 4 5

Low Moderate High

<} 7 8 9 10

| Sociopsychologic evaluation farm.

The clinician should refrain from overwhelm-
ing the patient with overt enthusiasm about the
benefits of treatment, but rather should allow
the patient to make his or her own decision.
Some patients may need time to discuss future
treatment with family or friends. Further coun-
seling about realistic treatment expectations
may be necessary, and treatment may even best
be delayed until, through psychologic guid-
ance, the patient can cope with treatment real-
ities.

The perception of one's own appearance is
often the “motor” behind direction in life.
Surgical-orthodontic change of facial appear-

ance inevitably has an effect on this motor. The
following are some relevant questions for the
patient to consider:

1. What does the patient (and/or the patient's
parents) think is wrong?

2. Why is treatment required?

3. Why is treatment required now?

4. What is expected from treatment?

Figure 2-1 shows a sociopsychologic evaluation
form, which should give the clinician an
overview of the patient’s sociopsychologic sta-
tus and an indication of any existing problems.
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L

Clinical assessment of the chin
and throat area is possible only when the

0 : head is in natural posture. Note the differ-

ences in natural head posture (a) versus
posture with the head tilted down (b).

The clinical assessment of the face is probably
the most valuable of all diagnostic procedures.
The esthetic facial evaluation should be per-
formed in a systematic fashion with the patient
standing or seated comfortably. Primary em-
phasis should be placed on frontal esthetics,
since that is how people see themselves. Data
should be recorded on a special form, which
also can serve as a checklist. Only abnormal and
pertinent data should be recorded. Balance and
proportion between the various facial structures
in the individual are more important than nu-
meric values. It is also important to compare the
facial proportions with the patient's general
build and posture.

The clinical examination of the face should al-
ways be done with two questions in mind:

1. Would orthodontic-surgical treatment be
able to correct the dental, skeletal, and soft
tissue structure diagnosed as abnormal?

2. How would the orthodontic-surgical correc-
tion of the abnormal structures influence the
facial structures considered to be normal?

The patient should be examined in natural head
posture, with the teeth in centric occlusion and
the lips relaxed. Natural head posture is the po-
sition in which the patient orientates his or her
head and which feels most natural. Figure 2-2 il-
lustrates the profound effect a change in head
posture may have, for example, on chin posi-
tion, chin-throat angle, and chin-throat length.
Skeletal and soft tissue changes can therefore
only be planned with the head in natural pos-
ture and the lips relaxed to ensure appropriate
soft tissue changes.

Orthodontic and surgical treatment are
planned to produce ideal function in centric oc-
clusion. All examination data should therefore
be recorded in centric occlusion. However, pa-
tients with vertical maxillary deficiency and se-
verely closed bites are an exception to this rule.
Because of the inadequate height of the max-
illa, these patients’ bites are overclosed, lead-
ing to distortion of their lips. To accurately eval-
uate these patients’ lips and maxillary
incisor-upper lip relationships, they should be
evaluated in an open bite posture. A wax bite
can be placed between the teeth to increase
the vertical dimension until the lips just part.
The lack of tooth exposure, lip shape and thick-



Fig 2-3 Individual with vertical maxillary
deficiency. Note the change in the shape
of the lips and lower facial height with the
teeth in occlusion (a) and with the
mandible rotated open until the lips just
part (b).

Esthetic Facial Evaluation

Fig 2-4 The lowerthird profile is pro-
foundly different when the lips are forced
together (a) versus in repose (b).

ness, anteroposterior position of the chin, labio-
mental fold, upper lip length, nasolabial angle,
and soft tissue thickness can now be assessed
more meaningfully. Figure 2-3 illustrates the
profound changes in soft tissue characteristics
in a patient with vertical maxillary deficiency in
centric relation and in the open bite position.

It is imperative that the patient be examined
with the lips in a relaxed position, as it is im-
possible to assess the soft tissue relationship to
the hard tissue when the lips are forced to-
gether. The effect of muscular compensation on
the lips and chin is demonstrated in Fig 2-4.
Note the change in the interlabial gap, labio-
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. Facial form. The facial height (tri-

cle hypertrophy.

mental fold, chin and lip shape, and maxillary
tooth exposure. The sella-nasion (S-N) plane
and Frankfort horizontal (FH) plane have tradi-
tionally been used as horizontal planes of refer-
ence for various cephalometric and clinical as-
sessments. However, patients do not carry their
heads with the S-N or FH planes parallel to the
floor. Cephalometric landmarks should not dic-
tate head posture used for facial assessment
and treatment planning. The clinical evaluation
should therefore be carried out with the head in
the natural posture.

Frontal analysis

From the frontal view, it is particularly important
to assess facial form; transverse dimensions; fa-
cial symmetry; the vertical relationship in the

18

In this individual, the bigonial
chion [Tr]-soft tissue menton [Me']):bizy-  width is greater than the bizygomatic
gomatic width (Za-Za) should be 1.3:1 (fe-
males) and 1.35:1 (males). The bigonial
width (Go-Go) should be approximately
30% less than the bizygomatic width.

Individual with a long, narrow
face. The bizygomatic width is more than

width because of bilateral masseter mus-  30% greater than the bigonial width.

upper, middle, and lower thirds of the face; and
the lips.

Facial form

The relationship between the facial width and
vertical height has a strong influence on facial
harmony. The height-to-width proportion is 1.3:1
for females and 1.35:1 for males. The bigonial
width should be approximately 30% less than
the bizygomatic dimension (Fig 2-5). Short,
square facial types are often associated with a
Class Il deep bite malocclusion, vertical maxillary
deficiency, masseteric hyperplasia, and macro-
genia, while long, narrow facial types are often
associated with vertical maxillary excess, a nar-
row nose, mandibular anteroposterior deficiency,
microgenia, a high palatal vault, and an anterior
open bite malocclusion (Figs 2-6 and 2-7).




Fig 2-8 Transverse facial proportions, Fig 2-

C The bigonial width is increased
because of bilateral masseter muscle hy-

Esthetic Facial Evaluation

Fig 2-10 Vertical lines drawn through the
medial canthi should coincide with the ala

pertrophy. The gonion falls lateral to a ver-  of the nose, while vertical lines drawn
tical line drawn through the outer canthus  through the medial margins of the irides of

of the eye.

Transverse dimensions

The “rule of fifths” is a convenient method for
evaluating transverse facial proportions. The
face is divided into five equal parts—each the
approximate width of the eye—from helix to
helix of the outer ears (Fig 2-8). The outer fifth
is measured from the center helix of the ears to
the outer canthus of the eyes. Prominent ears
may have a profound effect on facial propor-
tions and can be corrected by otoplasty.

The medial two fifths of the face are meas-
ured from the outer to the inner canthus of the
eyes. The outer border should coincide with the
gonial angles of the mandible. In patients with
masseter muscle hypertrophy, the gonial angles
will fall well lateral to this line (Fig 2-9), while in
patients with long faces there will be a tendency
for the gonial angles to be medial to these
lines. Within the medial fifths it should be noted

the eyes should coincide with the corners
of the mouth.

that the width of the mouth should approximate
the distance between the inner margins of the
irides of the eyes (Fig 2-10).

The middle fifth is delineated by the inner
canthus of the eyes. In patients with hyper-
telorism, this fifth will be out of proportion with
the other four fifths. The ala of the nose should
coincide with these lines (see Fig 2-10). For pa-
tients in whom maxillary advancement and/or
superior repositioning is considered and the ala
falls outside of the lines, control of alar width is
indicated during surgery.

Facial symmetry

To assess facial symmetry, an imaginary line is
drawn through the soft tissue glabella,
pronasale, center of the filtrum of the upper lip
and lower lip, and soft tissue pogonion (Fig
2-11). For more accurate assessment, these points
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2 Systematic Patient Evaluation

¢ Facial symmetry. Important midline structures  Fig 2-12 The face is divided into thirds by drawing hori-
are the glabella (G), nasal bridge (NB), nasal tip (Pn), mid-  zontal lines through the trichion (Tr), glabella (G), sub-
point of the filtrum of the upper lip (F), dental midlines  nasale (Sn), and soft tissue menton (Me'). The lower third
(DM), and midpeint of the chin (Pog'). can be divided into an upper third (from Sn to stomion
superius [Sts]) and lower two thirds (from stomion in-

ferius [Sti] to Me').

should be marked on the patient's face one at a
time while other parts of the face are blocked
out. The maxillary and mandibular dental mid-
lines should be assessed in relation to the facial
midline, as well as in relation to each other.
These observations will play an important role
in the decision-making process regarding surgi-
cal or orthodontic correction of dental midlines.
It is also important to evaluate the mandibular
dental midline in relation to the midline of the
chin. This information will assist in treatment
planning for correction of mandibular asymme-
try by means of mandibular surgery, genio-
plasty, or both.

Certainly no face is perfectly symmetrical, yet
the absence of any obvious asymmetry is nec-
essary for good facial esthetics. Posteroanterior
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cephalometric radiography is indicated when a
clinically significant asymmetry is present. This
will allow the clinician to distinguish between
bone, soft tissue, or a combination of the two as
etiologic factors.

Vertical relationship

In the vertical dimension, the face can be di-
vided into three equal parts (Fig 2-12): (1) upper
third (hairline [trichion] to the glabellar area), (2)
middle third (glabellar area to subnasale), and
(3) lower third (subnasale to menton).

Upper third of the face
Fortunately, deformities that exist in the upper
third of the face usually can be masked by an
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@*

MXF’ Nb-LC

Fig 2-13 Sclera shows below the irides of the
eyes in this individual with midface deficiency.

Fig 2-14 Cheekbone-nasal base-lip contour. The cheekbone area (CC)
is divided into three parts: (a) zygomatic arch, (b) middle area, and (c)
subpupillary area. The maxillary point (MxP} is the most medial point on
the curve. The nasal base-upper lip contour (Nb-LC) extends inferiorly
from MxP (d). The line should curve gently, without interruptions, ending

lateral to the corner of the mouth.

appropriate hairstyle. However, it is important
to record deformities in this area, since they
may indicate craniofacial deformities.

Middle third of the face

The nose, center of the lips, and middle of the
chin (in the lower third of the face) should fall
along a true vertical line. Generally, no sclera is
seen above or below the iris in a relaxed eyelid
position with the patient looking straight ahead
in natural head posture. Individuals with a mid-
face deficiency tend to show sclera below the
iris of the eye (Fig 2-13).

Sequential evaluation of the cheekbones,
paranasal areas, alar eminences, and upper lip
relation (in the lower third) should be per-
formed. The cheekbone-nasal base-lip contour

is a convenient contour line to evaluate the har-
mony of the structures of the midface (zygoma,
maxilla, and nasal base) with the paranasal area
and upper lip. This line starts just anterior to the
ear, extends forward through the cheekbone,
and then runs anteroinferiorly over the maxilla
adjacent to the alar base of the nose, ending
lateral to the commissure of the mouth. The
line should form a smooth, continuing curve
(Fig 2-14). An interruption of the curve may be
an indication of an apparent skeletal deformity.
Figure 2-15 illustrates a clear interruption of the
line in the maxillary area, indicating maxillary
anteroposterior deficiency. In Fig 2-16, the in-
terruption is lower in the curve because of
mandibular anteroposterior excess.
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22

(a) Interruption of the curve at MxP. (b) Individual with maxillary anteroposterior defi-
ciency. There is an interruption in the cheekbone-nasal base-lip contour at MxP.

(a) Interruption of the curve at MxP and below MxP. (b) An individual with maxillary an-
teroposterior deficiency and mandibular prognathism. The cheekbone-nasal base-lip contour is in-
terrupted with a double break, at MxP and also below MxP.



Fig 2-17

Excessive maxillary incisor expo-
sure and increased interlabial gap. Normal
maxillary incisor exposure under the upper
lipis 1 to 4 mm. This measurement will be in-
fluenced by upper lip length, vertical maxil-
lary length, lip thickness, and the angle and
anteroposterior position of the maxillary inci-
S0rs8.

Lower third of the face
The middle third to lower third vertical height of
the face should have a 5:6 ratio. The upper lip
length (subnasale to stomion superius) should
make up one third of the lower third facial
height. The distance from stomion inferius to
soft tissue menton should equal two thirds of
the lower third face height (see Fig 2-12).
Normal upper lip length is 20 = 2 mm for fe-
males and 22 + 2 mm for males, measured from
subnasale to upper lip inferior (stomion su-
perius). If the upper lip is anatomically short,
there is a tendency for the interlabial gap to be
larger than normal and for increased maxillary
tooth exposure with normal lower facial height.
This should not be confused with skeletal verti-
cal maxillary excess. Lower lip length is 40 + 2
mm for females and 44 = 2 mm for males,
measured from lower lip superior (stomion in-
ferius) to soft tissue menton. The lower lip may
often appear short because of posture caused
by upper incisor interference in deep bite cases.
The upper lip length should be related to lower
anterior dental height.

Esthetic Facial Evaluation

With the patient’s lips in repose, the amount
of maxillary incisor tooth exposure beneath the
upper lip should be noted (Fig 2-17). For indi-
viduals in whom the maxillary incisors are not
visible under the upper lip, the tooth-lip relation
should be evaluated with the mandible rotated
open until the lips just separate (Fig 2-18). The
relation of the dental midline to the facial mid-
line is an important aspect to note, since dental
midlines can be coordinated and/or corrected
either orthodontically or surgically. The etiology
of dental midline shifts may be dental or skele-
tal. Dental factors that may cause midline shifts
include spaces; missing teeth; tooth rotations;
malpositioned teeth; crowding, crowns, fixed
partial dentures, fillings, or implants, which
change the size of teeth; and tooth size dis-
crepancy.

In faces with asymmetry involving the
mandible, it is of critical importance to note the
midline of the chin and its relation to the
mandibular dental midline. The chin is evalu-
ated for symmetry, vertical relation, and shape.
The cant of the occlusal plane is evaluated, es-
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Fig 2-18 Individual with vertical maxillary deficiency. (a) It is not possible to assess maxillary
incisor/lip relationship with the teeth in ocelusion. (b) The lack of maxillary incisor exposure is
evident with the mandible rotated open until the lips just part.

pecially in individuals with facial asymmetry, by
asking the patient to bite on a wooden spatula
and then relating the occlusal plane to the in-
terpupillary plane (Fig 2-19). The maxillary den-
tal arch level (between the maxillary canine
tips) must be distinguished from the mandibu-
lar dental arch level (between the mandibular
canine tips). However, with this assessment it is
necessary to make sure that the orbits are on a
horizontal plane, as there may be an orbital de-
formity influencing this observation. Patients
who present with facial asymmetry and a cant
in the occlusal plane will require an anteropos-
terior cephalometric radiograph for further
analysis.

The amount of gingiva exposed during smil-
ing is also noted. The ideal tooth exposure with
the smile is the full tooth crown to 2 mm of gin-
giva, females more than males. When examin-
ing the smile it should be kept in mind that the
amount of tooth exposure is influenced by (1)
the vertical length of the maxilla, (2) lip length,
(3) maxillary incisor crown length, (4) amount of
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lip action with smile, and (5) shape of Cupid’s
bow of the lip.

Surgical superior repositioning of the maxilla
is indicated only when excessive gingival expo-
sure is found in combination with an increased
interlabial gap, increased maxillary incisor ex-
posure, and increased vertical height of the
lower third of the face. The amount of surgical
superior repositioning will be dictated by
amount of tooth exposure, lip length, crown
length, and gender.

Keep in mind that superior repositioning of
the maxilla will tend to shorten the upper lip.
The upper lip will lengthen with age, especially
in males. If necessary, err on the long side, as
overcorrection gives the patient a toothless and
aged look.

One should never plan treatment from the
smile pattern. Individuals may exhibit a normal
maxillary tooth-lip relationship (1 to 4 mm);
however, when smiling, a large amount (eg, /
mm) of gingiva is exposed (“gummy smile”). If
superior repositioning is planned according to



Fig 2-19 The cant in the occlusal plane can

be evaluated in relation to the interpupillary
line by asking the patient to bite on a wooden
spatula. During this assessment, make sure
that the interpupillary line is parallel to the
floor.

the amount of gingiva exposed during smiling,
the maxilla will need to be superiorly reposi-
tioned by 6 mm to establish the ideal full tooth
exposure, resulting in no tooth exposure and a
toothless look in repose.

Lips

The lips are extremely critical to overall esthet-
ics. Lip symmetry should be evaluated; if asym-
metry exists, its etiology should be determined
(eg, cleft lip, facial nerve dysfunction, underly-
ing dentoskeletal asymmetry, scarring due to
previous trauma, or congenital unilateral micro-
somia or macrosomia).

The lower lip generally exhibits 25% more
vermilion than the upper lip, and the lips should
be 0 to 3 mm apart in repose. There are specific
racial differences in lip thickness and shape that
one must bear in mind for treatment-planning
purposes. In patients with closed bites, the lips
and tooth-lips relation should be evaluated with
the lips relaxed and the jaws moved apart until
the lips just part (closed bites may be due to
maxillary vertical deficiency or severe deep

Esthetic Facial Evaluation

bites). Accentuation of Cupid’s bow of the
upper lip may lead to exposure of only the max-
illary central incisors.

Profile analysis

Upper third of the face

The supraorbital rims normally project 5 to 10
mm beyond the most anterior projection of the
globe of the eye. Frontal bossing, supraorbital
hypoplasia, exophthalmos, or enophthalmos
should be distinguished.

Middle third of the face

It is helpful to examine the middle and upper
thirds of the face in isolation, and masking the
lower third with a card eliminates any undue
influence that this third may have on the per-
ceptions of the face as a whole. The nose,
cheeks, and paranasal areas are sequentially
evaluated.
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ately overprojected.

Fig 2-20 The nasal tip projection is eval-
uated by the method of Goode. If BC is
greater than 55% to 80% of AB, the
nasal tip usually appears disproportion-

B )

1 ;"2

a b

2;3

C

g 2-21 (a) Vertical ala-columella relationship. (b) Columella-lobule relationship with a ratic of approximately 2:1. {¢) The general
shape of the alar base should resemble an isosceles triangle, with the lobule neither too broad nor too narrow,

Nose

The shape of the dorsum is noted as normal,
convex, or concave. The projection of the nasal
bridge should be anterior to the globes (5 to 8
mm). The appearance of the nasal tip is evalu-
ated for the presence of a supratip break and
for tip definition and projection (Fig 2-20). It is
important to distinguish between a dorsal
hump and a turned-down tip, since the implica-
tions for treatment are entirely different. The
possible effect of maxillary surgery on the nose
should be kept in mind when evaluating the
proportions of the base of the nose (Fig 2-21).
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Cheeks

The globes generally project O to 2 mm ahead
of the infraorbital rims, while the lateral orbital
rims lie 8 to 12 mm behind the most anterior
projection of the globes (Fig 2-22). The cheeks
should exhibit a general convexity from cheek-
bone apex to the commissure of the mouth. This
line of convexity, called the cheekbone-nasal
base-lip curve contour, requires simultaneous
frontal and profile examination. This line starts
just anterior to the ear, extending forward
through the cheekbone, then anteroinferiorly
over the maxilla adjacent to the alar base of the
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0-2 mm

7
G

8-12 mm

Fig 2-22 The lateral orbital rim lies 8to 12 Fig 2-23 (a) Cheekbone-nasal base-lip curve contour. (b) Note the smooth, uninter-
rupted curve of the contour line in an individual with good facial proportions,

mm behind the globe, while the globe
projects 0 to 2 mm ahead of the infra-
orbital rim.
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Fig 2-24 (a and b) An interruption in the curve of the cantour line at MxP, indicating maxillary anteroposterior deficiency. (¢) An im-

provement in the curve after advancement of the maxilla.

nose, and ending lateral to the commissure of
the mouth (Fig 2-23). The line should form a
smooth, continuing curve with no interruptions.
An interruption of the curve may indicate an
apparent skeletal deformity. Figure 2-24 illus-
trates a clear interruption of this line in the max-

illary area, indicating maxillary anteroposterior
deficiency. In Fig 2-25 the interruption in the
line is in the maxillary area, indicating maxillary
anteroposterior deficiency, and inferior to the
upper lip section, indicating mandibular antero-
posterior excess.
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)

2

3

Fig 2-25 (a and b) A double break in the contour line in an individual with maxillary anteropostericr deficiency and mandibular an-
teroposterior excess. (¢) The curve in the contour line is more harmonious after surgical advancement of the maxilla and mandibu-

lar sethack.

Pn

Nb Sn

Paranasal areas

The clinician should carefully assess the
paranasal area because it plays an important
role in distinguishing between middle third de-
ficiency and mandibular anteroposterior excess.
The ratio of the linear distance (horizontally)
from nasal tip to subnasale and from subnasale
to alar base crease is normally 2:1 (Fig 2-26). A
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Fig 2-26 Nasal projection. The projection
of the nose is measured horizontally from
Pnto Snand is normally 16 to 20 mm. The
ratic of Pn-Sn to Sn-Nb should be 2.1,

closer ratio than 1:1 indicates maxillary antero-
posterior deficiency. An increased ratio indi-
cates decreased nasal projection. All other fac-
tors being equal, patients with a Class IlI
malocclusion, decreased nasal projection, and a
short nose should be treated by mandibular set-
back rather than maxillary advancement.
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a b

Pog' Pog’

c

" Effect of the chin position on the subnasale-pogonion line (Sn-Pag'). (a) Effect in an indi-
vidual with mandibular anteroposterior deficiency (lips ahead of the line). (b) With the chin in normal
horizontal relationship to the maxilla, the uppper lip should be 5.5 mm and the lower lip 2.5 mm
ahead of Sn-Pog’. (¢) Effect in an individual with mandibular prognathism (lips on the line). In all three
cases, the upper lip positicn has not changed; however, a change in Pog' position results in a change

in the lip position relative to the Sn-Pog’ line.

Lower third of the face

A systematic examination of the lower third of
the face includes evaluation of the lips, labio-
mental fold, nasolabial angle, chin, and chin-
throat area.

Lips

The protrusion, retrusion, and soft tissue thick-
ness of each lip is evaluated with the lips in re-
pose. The upper lip usually projects slightly an-
terior to the lower lip. The lips' positions relate
to the underlying dental position, such as max-
illary dental protrusion or lack of upper lip sup-
port caused by, for example, Class Il, division 2
malocclusion or excessive orthodontic retrac-
tion of maxillary incisors. An individual with an
excessive increase in lower lip vermilion and a
deep labiomental fold often also has a Class Il
division 1 malocclusion.

The anteroposterior lip position may be as-
sessed with the help of the E-line or S-line as
guidelines (see the following sections on
cephalometrics). The subnasale-pogonion line,
also called the lower facial plane, is an impor-

tant guide in assessing the lip position and
planning orthodontic and surgical positioning
of the incisors, as well as surgical positioning
of the chin. The upper lip should be 3 = 1 mm
ahead of this line and the lower lip 2 = 1 mm
ahead of this line. Extractions followed by re-
traction of incisors behind the subnasale-
pogonion line should be avoided. Keep in
mind that this assessment is influenced by the
anteroposterior position of the chin and the
soft tissue thickness of the lips (Fig 2-27).

Labiomental fold

The lower lip—chin contour should have a gen-
tle S-curve, with a lower lip—chin angle of at
least 130 degrees (Fig 2-28). The angle is often
acute in cases of Class Il mandibular anteropos-
terior deficiency because of impingement of
the maxillary incisor on the lower lip or macro-
genia. The angle is flattened in individuals with
microgenia or lower lip tension caused by Class
Il malocclusion. The surgeon considering ge-
nioplasty should assess not only the anteropos-
terior position of the pogonion but also the chin
shape and the labiomental fold.
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28 Labiomental fold.

“ig 2-29 The nasolabial angle, measured

‘ig 2-30 Chinthroat angle and length.

between the columella of the nose and
the upper lip (Sn-Ls), should be 85 to 105

degrees,

Nasolabial angle

The nasolabial angle, which is measured be-
tween the inclination of the columella and the
upper lip (Fig 2-29), should be in the range of
85 to 105 degrees. In females a slightly larger
angle is acceptable, while a smaller angle is
considered esthetically pleasing in males.
Patients with mandibular anteroposterior defi-
ciency have increased nasolabial angles, while
this angle is usually acute in individuals with
Class Il relations. Surgical or orthodontic re-
traction of maxillary incisors should be avoided
in individuals with large nasolabial angles.
Where crowding necessitates tooth extraction,
the nasolabial angle should influence the deci-
sion to extract first versus second premolars.
Surgical repositioning of the maxilla also affects
the nasolabial angle. In general, the maxilla
should never be moved posteriorly, especially
in combination with superior repositioning. This
surgical movement leads to loss of lip support,
increase in nasolabial angle, increase in nasal
projection, and flattening of the nasal base.
These changes result in poor esthetics and a
premature aging effect. The maxilla should be
moved posteriorly only in individuals with true
maxillary protrusion, which occurs very rarely.
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Chin

Chin projection should be in good balance with
the entire profile. At this stage, the middle third
should be masked and the chin’s relation to the
rest of the facial structures evaluated. Various
soft tissue cephalometric analyses are available
to assist in clinical evaluation of the anteropos-
terior chin position. The chin should, however,
be evaluated in all three dimensions. The width
of the chin should be assessed in relation to the
overall facial shape. A narrow chin often has a
knobby appearance, and if surgical advance-
ment of the chin is planned, widening of the
chin should be contemplated. The labiomental
fold, chin shape, relation to the dental midline,
symmetry, and cant of the lower border should
be considered.

Chin-throat area

The presence of a “double” chin and adipose tis-
sue should be noted. The chin-throat angle (nor-
mally 110 degrees) provides chin definition (Fig
2-30). The distance from the neck-throat angle to
the soft tissue pogonion should be approxi-
mately 42 mm. These observations are pertinent
when considering mandibular setback or ad-
vancement procedures, genioplasty (advance-
ment or reduction), or submental liposuction.




The information from lateral and (if indicated)
posteroanterior cephalometric radiographs
forms an important part of the database for or-
thognathic surgical treatment planning.
Although clinical evaluation must be the pri-
mary diagnostic tool in determining surgical
treatment of the orthognathic patient, cephalo-
metric analysis is a helpful diagnostic guide. It
enables the clinician to quantify, classify, and
communicate; create a treatment plan via a vi-
sual treatment objective; help plan for tooth ex-
tractions; monitor progress during treatment;
study specific changes during and after treat-
ment to evaluate treatment results; and study
facial growth.

The cephalometric radiograph should be
taken with the patient's head in a natural pos-
ture, the teeth in centric occlusion, and the lips
in repose. The only three exceptions follow:

1. Where there is a clinically significant differ-
ence between the centric occlusion and cen-
tric relation, a second radiograph should be
taken in centric relation.

2. In patients with maxillary vertical deficiency, a
second radiograph should be taken with the
mandible rotated open until the lips just part.
The maxillary incisor-upper lip relationship,
upper lip length and shape, and the amount
of maxillary downgraft can be more accu-
rately evaluated on this radiograph.

3. In patients with severe Class Il malocclu-
sion and overclosed bites, it is difficult to
assess the lips, tooth-lip relationship, and
the relationship between the maxilla and
mandible. A second radiograph should be
taken with the mandible rotated until the
lips just part.

The primary objective of treatment is not to
make the patient's cephalometric measure-
ments normal, but rather to make the facial ap-
pearance harmonious and occlusal function
normal. In the majority of cases, function and
esthetics go hand in hand.

Lateral Cephalometric Radiographic Evaluation

The literature contains much discussion of
cephalometric analysis, which involves measur-
ing, comparing, and relating various linear and
angular measurements of the hard and soft tis-
sue structures of the face. The following analy-
sis is a compilation of measurements found to
be useful in making a diagnosis and developing
a treatment plan. It is divided into lateral
cephalometric analysis of soft tissue, hard tissue
(skeletal analysis), and dental relations.

Although soft tissue analysis is discussed as
part of cephalometric analysis, it should be
emphasized that the primary soft tissue exami-
nation of the facial esthetics guided by
cephalometric analytic values should be done
clinically. A patient’s cephalometric analysis
and photographs should be part of the perma-
nent records, but controlled, reliable records of
the clinical examination are necessary for accu-
rate diagnosis and correct treatment. The diag-
nosis should not be based only on the exami-
nation of photographs and cephalometric
analysis.

Soft tissue analysis

Soft tissue landmarks

Lateral soft tissue landmarks, shown in Fig 2-31,
include the following:

Soft tissue glabella (G’): The most anterior point
of the forehead

Soft tissue nasion (N'): The deepest point of
concavity in the midline between the fore-
head and the nose

Pronasale (Pn): The most anterior point of the
nose

Subnasale (Sn): The point at which the col-
umella of the nose merges with the upper lip
in the midsagittal plane

Labrale superior (Ls): The mucocutaneous bor-
der of the upper lip vermilion

Stomion superius (Sts): The lowest point of the
vermilion of the upper lip

Stomion inferius (Sti): The uppermost point of
the lower lip vermilion

Labrale inferior (Li): The mucocutaneous border
of the lower lip
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1 Soft tissue cephalometric landmarks.

Soft tissue pogonion (Pog’): The most anterior
point of the chin in the midsagittal plane

Soft tissue menton (Me’): The lowest point on
the contour of the soft tissue chin, found by
dropping a perpendicular line from a hori-
zontal line through skeletal menton

Soft tissue planes

Soft tissue planes are shown in Fig 2-32 and in-
clude the following:

Facial plane: Extends from nasion to pogonion
(N'-Pog’)

Upper facial plane: Extends from soft tissue
glabella to subnasale (G'-Sn)

Lower facial plane: Extends from subnasale to
soft tissue pogonion (Sn-Pog’)

S-line: Formed by connecting soft tissue pogo-
nion to a point midway between pronasale
and subnasale
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Fig 2-32 Soft tissue planes. (1) Facial plane. (2) Upper facial
plane. (3) Lower facial plane. (4) S-ine. (8) E-line (esthetic plane).

E-line (esthetic plane): Extends from the tip of
the nose (pronasale) to soft tissue pogonion
(Pn-Pog’)

Soft tissue vertical evaluation

Relationship of middle to lower facial
third height

The distance from G’ to Sn (middle facial third
height, or MFH) and from Sn to Me' (lower facial
third height, or LFH) is measured. The ratio
should be approximately 1:1.

In most orthognathic surgical patients, ab-
normalities are in the lower third of the face
(Sn-Me’). In cases where the lower third of the
face is increased in relation to the upper third,
either vertical maxillary excess or an increase
in the vertical anterior height of the mandible
should be expected (Fig 2-33). A decrease in
lower vertical height could be caused by ei-
ther vertical maxillary deficiency, vertical defi-



13 Soft tissue vertical evaluation. Vertical measurements
are made perpendicular to the Frankfort horizontal plane.

ciency of the anterior mandible or an over-
closed bite.

Upper lip length

Upper lip length (ULL) is measured from Sn to
Sts and should be 22 + 2 mm for males and 20
+ 2 mm for females (see Fig 2-33). Patients with
relatively long upper lips tend to have less max-
illary incisor exposure, while individuals with
short upper lips tend to have an increased in-
terlabial gap with increased maxillary incisor ex-
posure. When vertical repositioning of the max-
illa is contemplated, the above should be
considered to plan the correct amount of supe-
rior repositioning of the maxilla for each indi-
vidual.

Lower lip/chin length

The lower lip/chin length (LLL) is measured from
Sti to Me' and should be 44 = 2 mm for males
and 40 = 2 mm for females (see Fig 2-33). An in-

Lateral Cephalometric Radiographic Evaluation
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crease in the vertical dimension may indicate an
increased anterior vertical height of the
mandible, while a decrease may indicate a short
anterior mandibular height. This dimension may
also be short in individuals with both deep bites
and everted lower lips.

Ratio of upper lip length to lower lip/chin
length

The upper lip length (ULL, or Sn-Sts) should be
approximately half the length of the lower lip
and chin (LLL, or Sti-Me') (see Fig 2-33). A de-
crease in the vertical relation indicates either a
long upper lip or a vertical deficiency of the an-
terior mandibular height. An increase in the
ratio may be due to either a short upper lip or a
vertical excess of the anterior mandible.

Interlabial gap

When the lips are relaxed, they should just be
touching, although an interlabial gap (ILG) of 1
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Table 2-1 Summary of vertical soft tissue relationships

Vertical relationship

Normal value

Middle facial height:lower facial height (MFH:LFH) = G'-Sn:Sn-Mie’ 1531

Upper lip length (ULL) = Sn—Sts

Lower lip/chin length [LLL) = Sti-Me'

20 + 2 mm (females)
22 + 2 mm [males|
40 + 2 mm (females)
44 + 2 mm [males)

Upper lip length:lower lip/chin length (ULL:LLL) = Sn=Ss: Sti-Me' 1:2
Sn—=LV:LIV-Me! 1:0.9
Inferlabial gap (ILG) Qto 3 mm
Mazillary incisor tooth exposure (ITE] = Sts=Maxillary incisor fip 1 to 4 mm
Upper lip vermilion:lower lip vermilion (ULV:LLV] = Ls=Sts:Sfi-Li 3:4

to 3 mm is still considered normal (see Fig
2-33). An increased interlabial gap (larger than
4 mm) is usually an indication of lip incompe-
tence due to vertical maxillary excess. Patients
with a short upper lip, however, also tend to
have an increased interlabial gap.

Maxillary incisor tooth exposure

When the patient’s lips are relaxed, 1 to 4 mm
of maxillary incisors should be visible under the
upper lip. Lack of tooth exposure (ITE) may be
an indication of maxillary vertical deficiency,
while more than 4 mm of tooth exposure may
indicate vertical maxillary excess (see Fig 2-33).
The upper lip length should be kept in mind
with this assessment.

Patients with relatively normal upper lips and
excessive incisor exposure under the upper lip will
have vertical maxillary excess. This assessment
can be made only with lips in repose. Lack of
tooth exposure under a normal-length upper lip is
an indication that the maxilla is vertically deficient.
Vertical maxillary deficiency can be assessed only
with the bite opened until the lips just part.

Upper and lower lip vermilion height

The upper lip vermilion height (ULV) should be
25% less than the lower lip vermilion height
(LLV). In short, Ls—Sts:Sti-Li = 3:4 (see Fig 2-33).
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Vermilion heights are race specific, a fact that
should be kept in mind during evaluation.
Increased lower lip vermilion exposure may be
due to lower lip eversion caused by lip incom-
petence in patients with vertical maxillary ex-
cess. The lower lip is also often everted in Class
Il deep bite cases or Class I, division 1 cases
where the lower lip is rolled outward by the
maxillary incisors.

Table 2-1 summarizes the vertical soft tissue
relationships.

Soft tissue anteroposterior
evaluation

Nasolabial angle

The nasolabial angle is formed by a line tangent
to the columella and a line tangent to the upper
lip. A value of 85 to 105 degrees is considered
normal. In males the angle is usually more
acute, while in females a more obtuse angle is
considered to be attractive (Fig 2-34).

The nasolabial angle is influenced by the po-
sition of the upper lip supported by the maxil-
lary incisors and the inclination of the columella
of the nose. Excessive orthodontic retraction of
the maxillary incisors will undermine upper lip
support, leading to an unattractive increase of
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85°-105°

34 Nasolabial angle.

the nasolabial angle. The angle is more acute in
Class Il cases and more obtuse in Class |l cases.
The following factors that may influence the na-
solabial angle should be considered during
treatment planning:

* Existing maxillary incisor-upper lip relation-
ship (lip support).

® Lip strain. Strained lips tend to move posteri-
orly once tension has been released. Tense
lips, however, move less anteriorly with tooth
or bone movement.

* Lip thickness. Thin lips respond more readily
than thick lips to tooth movement.

* Magnitude of the overjet, if orthodontic re-
traction of maxillary incisors is contemplated.
The larger the overjet, the more retraction of
maxillary incisors will be necessary. This may
lead to an increase in the nasolabial angle and
loss of lip support.

The final anteroposterior position of the maxillary
incisors and anteroposterior lip position are af-

Fig 2-35 The distance of the upper lip (Ls) and lower lip (Li) to
the lower facial plane (Sn-Pog') is measured. Ls to LFP: 3 + 1
mm. Lito LFP: 2 £ 1 mm.

fected by interdental crowding or spaces in the
anterior maxilla, tooth size discrepancies (maxil-
lary versus mandibular), extraction versus nonex-
traction, extraction pattern (first versus second
premolars), and existing tooth angulation.

Lip prominence

A line is drawn from subnasale to soft tissue
pogonion (lower facial plane). The perpendicu-
lar distance of the upper lip (Ls) ahead of this
line should be 3 = 1 mm, while the lower lip (Li)
should be 2 = 1 mm anterior to the Sn-Pog’
line (Fig 2-35).

The anteroposterior position of the upper lip
is an indication of soft tissue support by the
manxillary incisors and plays an important role in
orthodontic or surgical positioning of the maxil-
lary incisors. Thus, it should be kept in mind
during treatment planning. The labrale inferior
tends to be further ahead of this line (Sn-Pog’)
in Class Il cases (with Pog’ posteriorly situated)
and to be behind the line in Class Il cases (with
Pog' anteriorly situated).
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SnV

“True harizontal”

“True
vertical”

Fig 2-36 Aline (SnV) is drawn parallel to true vertical through the
subnasale (Sn), and the distance of the upper lip (Ls) and lower lip
(Li) is measured to this line. Ls to SnV: 1 ta 2 mm. Li to SnV: O mm.,

If a vertical line is drawn through the subnasale
perpendicular to “true horizontal,” the upper lip
should be 1 to 2 mm ahead of this line (called the
subnasale vertical, or SnV). The lower lip should
be on, or just posterior to, SnV (Fig 2-36).

In cases of mandibular anteroposterior defi-
ciency, the lower lip tends to be more than 1
mm posterior to the subnasale vertical. In pa-
tients with mandibular anteroposterior excess
and/or maxillary anteroposterior deficiency, the
lower lip will be anterior to the subnasale verti-
cal. The distance of the most prominent part of
the lower lip is measured to the esthetic line (E-
line; Pn-Pog’). The lower lip should be 2 + 2 mm
behind this line (Fig 2-37).

This evaluation is influenced by the nose and
chin prominence and could also be used for
planning the final chin position. The lower lip
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Lip prominence in relation to the E-line (Pn-Pog’). Li
should be 2 £ 2 mm behind the Eline.

would tend to be ahead of this line in individu-
als with Class Il mandibular anteroposterior de-
ficiency where Pog' is situated posteriorly and
the lower lip everted.

Maxillary and mandibular
anteroposterior position

A vertical line perpendicular to the constructed
horizontal (cHP) is drawn through G'. Pog’
should be 1 to 4 mm behind the line. For max-
illary anteroposterior assessment, Sn should be
6 = 3 mm ahead of this line (Fig 2-38).

In cases of maxillary anteroposterior defi-
ciency, Sn will be less than 3 mm ahead of the
line or, in severe cases, even behind the line.
Pog’ ahead of the line indicates possible
mandibular anteroposterior excess, while in
mandibular anteroposterior deficiency Pog” will
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0-degree meridian

Fig 2-38 Maxillary and mandibular antercposterior position. Sn
should be 8 £ 3 mm ahead of, and Pog' should be 1 to 4 mm be-
hind, the vertical line drawn through the glabella (G').

be more than 4 mm behind the line. It is impor-
tant, however, to evaluate the anteroposterior
position of the chin in conjunction with other
features (particularly the shape of the chin) to
distinguish among microgenia, macrogenia,
and mandibular anteroposterior deficiency.

Chin prominence

Soft tissue chin prominence can be evaluated
by measuring the distance to a line drawn
through N’ perpendicular to the FH. This line is
also known as O-degree meridian; Pog' should
be 0 £ 2 mm ahead of it (Fig 2-39). A more
prominent chin would be more than 2 mm
ahead of the 0-degree meridian, while a hori-
zontally deficient chin would be more than 2
mm posterior to the line.

Fig 2-39 Chin prominence: anteroposterior evaluation of the
chin to the O-degree meridian and to a line perpendicular to the
Frankfort horizontal (FH) through the subnasale (Sn). Pog'
should be 0 £ 2 mm ahead of the O-degree meridian and 3 = 3
mm behind the Sn vertical line.

Another vertical line that is helpful in assess-
ing the horizontal prominence of the chin is a
line drawn perpendicular to FH through Sn.
Pog’ should be 3 = 3 mm behind this line (see
Fig 2-39). A horizontally excessive chin would
be on or ahead of the vertical line, while a defi-
cient chin would be more than 6 mm posterior
to this line.

It is extremely important, however, to use the
above measurements only as a guide when as-
sessing chin position. Chin prominence must be
evaluated in conjunction with other factors,
such as chin shape, depth of the labiomental
fold, microgenia, macrogenia, lower lip posi-
tion, and mandibular anteroposterior excess or
deficiency.
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Fig 2-40 Lower lip-chin-throat angle.

Lower lip—chin-throat angle

The lower lip—chin-throat angle is contained
between a line drawn from Li to Pog’ and a sub-
mental tangent line. An angulation of 110 = 8
degrees is considered normal. For this assess-
ment, the radiograph must be taken in natural
head posture (Fig 2-40).

This angle will be more acute in patients with
mandibular anteroposterior excess and/or
macrogenia. It will be more obtuse in cases of
mandibular anteroposterior deficiency and/or
microgenia.

Chin-throat length

The chin-throat length is measured from the
angle of the throat to Me' (Fig 2-41). A distance
of 42 + 6 mm is considered normal. This meas-
urement is only meaningful with the patient's
head in natural posture.

The distance will be excessive in individuals
with  mandibular prognathism and short in
mandibular recessive cases. This measurement is
significant in differentiating between mandibular
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Fig 2-41

Chin-throat length.

anteroposterior excess and maxillary deficiency.
Mandibular setback would obviously reduce this
length.

Facial contour angle
The angle of facial convexity is formed by lines
drawn from G’ to Sn and from Sn through Pog'.
The line from G’ to Sn is also called the upper fa-
cial plane (UFP), while the lower facial plane
(LFP) is formed by the line from Sn to Pog'. The
mean angulation is estimated to be -12 de-
grees. A clockwise angle is expressed as posi-
tive, while a counterclockwise angle is negative.
Males tend to have a straighter profile (<11 + 4
degrees), while a slightly more convex profile is
considered esthetically pleasing for females (-13
+ 4 degrees) (Fig 2-42). It is important, however,
to differentiate among the various facial defor-
mities that may produce the same facial contour
angle. The measurement of the angle does not
reveal the localization of the deformity.

In Fig 2-43, both individuals have normal an-
teroposterior relations according to the facial con-




Fig 2-42 Facial contour angle.

Lateral Cephalometric Radiographic Evaluation

-11°% £ 4° (males)
—13° + 4° (females)

Fig 2-43 Both individuals have a facial contour angle of —12 degrees, but they have different vertical deformities. (a) Vertical maxil-

lary excess. (b) Vertical maxillary deficiency.

tour angle (12 degrees). However, the vertical
height of one is long (Fig 2-43a), and the mandible
has rotated clockwise; the other has a short verti-
cal height (Fig 2-43b) due to maxillary anteropos-
terior deficiency with the mandible rotated coun-

terclockwise. In Fig 2-44 all three patients have a
Class Il malocclusion and an increased facial con-
tour angle (-20 degrees). Their identical facial con-
tour angles, however, are produced by entirely dif-
ferent skeletal patterns. The patient in Fig 2-44a
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The facial contour angle in all three individuals is -20 degrees, indicating a convex profile. The convexity, however, is
caused by different deformities: (a) mandibular anteroposterior deficiency, (b) maxillary anteroposterior excess, and (¢) vertical ex-

cess of the maxilla with clockwise mandibular rotation.
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15 The facial contour angle in all three individuals is -7 degrees. This concavity is caused by different deformities: (a) mandibu-
lar anteroposterior excess, (b) maxillary anteroposterior deficiency, and (c) maxillary vertical deficiency with counterclockwise

mandibular rotation.

has mandibular anteroposterior deficiency.
Fig 2-44b shows a patient with maxillary antero-
posterior excess, and Fig 2-44c shows an indi-
vidual with vertical maxillary excess, with clock-
wise (backward) rotation of the mandible.
Figure 2-45 shows Class |ll malocclusion and
a more concave profile with decreased facial
contour angle (-7 degrees) produced by three
entirely different skeletal patterns. The patient
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in Fig 2-45a has mandibular anteroposterior ex-
cess. Figure 2-45b shows a maxillary anteropos-
terior deficiency, and Fig 2-45c shows a maxil-
lary vertical deficiency with counterclockwise
(forward) rotation of the mandible.

E-line (Ricketts)
The E-line (esthetic plane) is drawn from nasal
tip (Pn) to Pog’ (Fig 2-46). The upper lip should
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be approximately 4 mm behind the line, while
the lower lip should lie about 2 mm behind it.
The profile contained by this line should form a
reasonably symmetrical Cupid’s bow.

Dental support for the upper and lower lips
will affect these values and distort the shape of
the Cupid's bow. In the assessment, the clinician
should keep in mind the effect of the antero-
posterior chin position (Pog’).

S-line (Steiner)

The S-line is drawn from Pog’ to the midpoint of
the S-shaped curve between Sn and Pn (Fig
2-47). The upper and lower lips should touch
this line. Lips behind this line may indicate lack
of lip support or a prominent chin. Lips may fall
ahead of this line because of dental protrusion
or a deficient chin.

Z-angle (Merrifield)

Merrifield's Z-angle is formed by the intersection
of FH and a line connecting Pog" and the most
protrusive lip point (upper or lower) (Fig
2-48). The average Z-angle is 80 + 9 degrees. An
angle greater than 80 degrees is indicative of
mandibular anteroposterior excess, while an angle
of less than 80 degrees suggests an anteroposte-
rior deficiency of the mandible. The Z-angle also

ig 2-47 Sine.

indicates the relationship of the lips to the chin, as
well as possible chin prominence or deficiency.

Lip thickness

Upper lip thickness is measured horizontally an-
terior to the bone from 2 mm below A-point to
the anterior border of the upper lip (Fig 2-49).
Upper lip strain is measured from the vermilion
border to the labial surface of the maxillary cen-
tral incisor and compared with lip thickness
above this point (see Fig 2-49).

The two measurements above should be
within 1 mm of each other. If the distance be-
tween the vermilion border and tooth surface is
more than 1 mm less than the upper lip thick-
ness, it will indicate upper lip strain, which may
be due to maxillary dental protrusion. The dif-
ference reflects the strain factor and gives the
clinician an indication of how far the incisors
would have to be retracted before the lip would
assume normal form and thickness and start re-
sponding to incisor retraction by moving poste-
riorly. Thin lips would respond more readily than
thick lips to orthodontic tooth movements.
Racial differences in facial soft tissue thickness
should be taken into account.

Anteroposterior soft tissue relationships are
summarized in Table 2-2.
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80° + 9°

Fig 2-48 Merrifield's Z-angle is formed by the intersection of FH  Fig 2-49 Soft tissue thickness of the upper lip.
and a line connecting Pog' and the most protrusive lip point
(Upper ar lower).

Table 2-2 Summary of anteroposterior soft tissue relationships

Anteroposterior relationship Normal value
Nasolabial angle 85 to 105 degrees
lip prominence:
Ls to Sn-Pag’ 3+ 1 mm ahead
li to Sn-Pog’ 2 + | mm ahead
Ls to SnV 1 to 2 mm ahead
li to SnV O mm
Chin prominence:
Pog' 1o Odegree meridian 0 + 2 mm ahead
Pog’ to Sn (perpendicular fo FH) 3 + 3 mm behind
Llower lipchinthroat angle 110 + 8 degrees
Chinthroat length 42 = & mm
Facial contour angle =11 + 4 degrees [males)
-13 + 4 degrees (females)
Eline fo Ls -4 mm
E-line to Li -2 mm
Sline o ls O mm
Sline to Li O mm
Zangle 80 = 9@ degrees
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2-50 Hard tissue cephalometric landmarks.

Skeletal analysis

Hard tissue landmarks

Hard tissue landmarks, shown in Fig 2-50, in-
clude the following:

Glabella (G): The most anterior point of the
frontal bone

Nasion (N): The most anterior point on the
frontal nasal suture in the midsagittal plane

Orbitale (Or): The lowest point on the inferior
orbital rim

Sella (S): The center of the sella turcica, as on
the lateral cephalogram, which is located by
inspection

Pterygomaxillare (Ptm): The apex of the
teardrop-shaped pterygomaxillary fissure
(lowest point of the opening)

Basion (Ba): The point where the median sagit-
tal plane of the skull intersects the lowest

point in the anterior margin of the foramen
magnum

Anterior nasal spine (ANS): Anterior tip of the
nasal spine

Posterior nasal spine (PNS): The most posterior
aspect of the palatal bone

A-point, or subspinale: The most posterior midline
point in the concavity where the lower anterior
edge of the anterior nasal spine meets the alve-
olar bone overlying the maxillary incisors

B-point, or supramentale: The most posterior
midline point in the concavity of the man-
dible between the alveolar bone overlying
the mandibular incisors (infradentale) and the
pogonion

Pogonion (Pog): The most anterior point of the
chin

Gonion (Go): The point defined by using two
lines, one tangent to the inferior border of
the mandible and the other tangent to the
posterior border of the ramus; found by bi-
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"True
vertical”

secting the angle formed by the two lines
and extending the bisector through the cur-
vature of the mandible

Gnathion (Gn): The lowest, most anterior mid-
line point on the symphysis of the mandible
(midway between the menton and the
pogonion)
Menton (Me): The most inferior point on the
symphysis of the mandible in the midline
Porion (Po): The most superior point of the ex-
ternal auditory meatus (anatomic point); the
machine porion is the uppermost point on
the outline of the rods of the cephalometer

Condylion (Co): The most posterosuperior point
on the head of the condyle

Hard tissue planes

Hard tissue planes, shown in Fig 2-51, include
the following:

“True horizontal” plane (HP): A line perpendicu-
lar to a plumb line on the radiograph will be
the HP for a specific patient.

Constructed horizontal plane (cHP): A horizontal
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: I Hard tissue planes. (1) “True harizontal” plane (HP). (2)
Constructed horizontal plane (cHP). (3) Anterior cranial base (S-
N). (4) Basion-nasion (Ba-N) plane. (5) Frankfort horizontal (FH)
plane. (B) Pterygoid vertical (Ptv). (7) Functional occlusal plane.
(8) Occlusal plane. (9) Dental plane (A-Pog). (10) Mandibular
plane (Go-Gn).

plane constructed by drawing a line through
nasion at an angle of 7 degrees to S-N (see
point 2 in Fig 2-51). This plane tends to be
close to true horizontal.

Anterior cranial base (5-N): Formed by a line
drawn from sella to nasion

Basion-nasion (Ba-N) plane: Extends between
basion and nasion and divides the face and
the cranium

Frankfort horizontal (FH) plane: Extends from
porion to orbitale

Pterygoid vertical (Ptv): A vertical line perpendi-
cular to the Frankfort horizontal plane and
drawn through the distal outline of the ptery-
gomanxillary fissure

Functional occlusal plane: A line through the
cusp contacts of the molars and premolars
defines this plane

Occlusal plane: Formed by a line drawn through
the mesial cusp contact of the molars and di-
viding the incisor overbite

Dental plane: Extends between A-point and
pogonion

Mandibular plane: Extends from gonion to
gnathion
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52 Mandibular plane angle.

Skeletal anteroposterior relationships

Mandibular plane angle (Steiner)
The mandibular plane is drawn between Go and
Gn. The mandibular plane angle is formed be-
tween the mandibular plane and the anterior cra-
nial base (S-N). Its mean is 32 degrees (Fig 2-52).
This angle interprets the difference between
anterior and posterior facial heights. Individuals
with high mandibular plane angles tend to have
Class Il malocclusions, vertical maxillary excess,
and anterior open bites. Patients with low
mandibular plane angles tend to be vertically
deficient and to have deep bites.

SNA angle (Steiner)

The SNA angle is formed between the anterior
cranial base (S-N) and a line drawn through N and
A-point. lts mean is 82 degrees (Fig 2-53).

The SNA angle gives an indication of the an-
teroposterior position of the maxilla relative to
the anterior cranial base. An angle less than 82
degrees is indicative of maxillary anteroposte-
rior deficiency, while an increased angle may in-
dicate maxillary protrusion.

Fig 2-53 Steiner analysis for maxillary and
mandibular anteroposterior positions relative to
the anterior cranial base (S-N). SNA is 82 degrees.
SNB is 80 degrees. The maxillomandibular rela-
tionship is indicated by the ANB angle (mean, 2
degrees).

SNB angle (Steiner)
The SNB angle is formed between the anterior
cranial base (S-N) and a line drawn through N and
B-point. Its mean is 80 degrees (see Fig 2-53).
The angle gives an indication of the antero-
posterior position of the mandible relative to
the anterior cranial base. Patients with man-
dibular anteroposterior excess will have an
angle greater than 80 degrees, while those with
mandibular deficiency will have a decreased
angle.

ANB angle (Steiner)

The ANB angle is formed between A-N and N-
B. Its mean is 2 degrees (see Fig 2-53). The
angle provides an idea of the anteroposterior
discrepancy between the maxilla and the
mandible. In Class Ill cases, the angle is less
than 2 degrees or even negative, while in Class
Il cases the angle is increased.

In spite of its shortcomings, Steiner analysis
continues to be a popular method of evaluating
the anteroposterior relationship of the maxilla
and mandible. However, this analysis should not
be used to make an absolute diagnosis of sagit-
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tal skeletal disharmony, since vertical and rota-
tional jaw dimensions relative to the anterior
cranial base often have a significant effect on
the measurements (see the next section).

Wits appraisal

Most cephalometric analyses, like Steiner analy-
sis, relate the maxillary and mandibular antero-
posterior position to the cranium. Measurements
from the cranial base, however, do not always
provide a reliable expression of the anteroposte-
rior relationship between the maxilla and
mandible. The Wits appraisal is a linear measure-
ment between the maxilla and mandible and is
not influenced by the cranium.

Points BO and AO are established by drop-
ping perpendicular lines from the A-point and B-
point, respectively, onto the occlusal plane (OP)
(Fig 2-54). The mean in males is BO 1 mm ahead
of AO. In females, BO and AQ coincide.

The measurement between BO and AO indi-
cates the anteroposterior discrepancy between
the maxilla and mandible. A small discrepancy
may indicate that a case can be treated ortho-
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Fig 2-54 Wits appraisal. Vertical lines are drawn perpendicular
to the occlusal plane (OP) from A-point and B-point. The poinis
of contact on the occlusal plane are labeled AO and BO, re-
spectively.

dontically, while a large discrepancy may indi-
cate that surgical correction will be required.

Clockwise or counterclockwise rotations of
the maxillomandibular complex relative to the
anterior cranial base do not affect the Wits ap-
praisal measurements. These rotations, how-
ever, do affect Steiner analysis significantly. This
is a good example of how two cephalometric
analyses may render quite contradictory meas-
urements; however, the observations assist in
treatment planning. Figures 2-55a to 2-55c¢ il-
lustrate three cases with the same Wits meas-
urements (0 mm), but ANB angles of +2, +8,
and -5 degrees and very different facial profiles.
Surgical rotation of the maxillomandibular com-
plex may be indicated for correction in the
cases depicted in Figs 2-55b and 2-55c. The
case in Fig 2-55d has an ANB angle of -1 de-
gree, indicating a mild Class Ill discrepancy be-
tween the jaws. The Wits appraisal for this case,
however, is 8 mm, indicating a substantial jaw
discrepancy; the patient could not be treated
by orthodontic means alone.
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“ig 2-55 The effect of rotation of the maxillomandibular complex relative to the
anterior cranial base and the ANB angle. (a) Normal relation: ANB angle is +2
degrees. (b) Counterclockwise rotation resulting in an ANB angle of +8 de-
grees. (c) Clockwise rotation with an ANB angle of -5 degrees. In all three
cases, the Wils appraisal indicates a normal relationship (0 mm) between the
maxilla and mandible. (d) An ANB angle of -1 degree indicates a mild Class |l

@

jaw relationship (Steiner). According to the Wits appraisal, the discrepancy be- d

tween maxilla and mandible is severe (8 mm).

Facial angle (Downs)

The facial angle is the inferior inside angle in
which the facial line (N-Pog’) intersects the
FH. lts mean is 82 to 95 degrees (Fig 2-56).
The facial angle indicates the relative antero-
posterior position of the mandible to the cra-
nium.

Maxillary depth (McNamara)

The maxillary depth is the linear distance be-
tween N perpendicular to FH and A-point (Fig
2-57). Its mean is 0 mm. A-point anterior to the
line is expressed as a positive value, posterior
to the line as a negative value. The maxillary

depth is an indication of the anteroposterior
position of the maxilla in relation to the cra-
nium.

Anteroposterior and vertical
relationships (McNamara)

The lower anterior facial height (LAFH) is meas-
ured from ANS to Me, and the midfacial length
is measured from Co to A-point. The distance
from Co to Gn constitutes the mandibular length
(Fig 2-58). There should be a correlation be-
tween the LAFH (ANS-Me), the length of the
midface (Co-A), and the mandibular length (Co-
Gn). The correlations are listed in Table 2-3.
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5 Facial angle. Mean is 82 to 95 57 Maxillary depth. A line is drawn  Fig 2-5 Lower anterior facial height:
degrees. through N perpendicular to FH. A-point is  ANS-Me. Midfacial length: Co-A. Mandibular

expressed as positive anterior to the line  length: Co-Gn.
and as negative posterior to the line.

Maxillary-mandibular anteroposterior
relationship (McNamara)

The clinician should be aware that in McNamara
analysis, the effective lengths of the midface
and the mandibular length are related and are
expressed as small, medium, and large.

The maxillomandibular differential is deter-
mined by subtracting the midfacial length from
the mandibular length. In small individuals
(mixed dentition stage), the difference should
be 20 to 23 mm. In medium-sized individuals,
there should be a difference of 27 to 30 mm,
while in large individuals the difference should
be 30 to 33 mm (Fig 2-59).

The graph in Fig 2-60 illustrates the relation-
ship between midfacial length, mandibular
length, and lower anterior facial height. A dis-
crepancy greater or smaller than the normative
values would indicate a disharmonious relation-
ship between the maxilla and mandible.
Alternative analysis should be used to identify
which jaw is at fault. The midfacial length is
measured from Co to A-point, while the
mandibular length is measured from Co to the
anatomic Gn. The linear relationship between
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the midfacial length and the length of the
mandible is called the ratio of effective maxillary
to mandibular length. Any specific maxillary
(midfacial) length will correspond to a specific
mandibular length within a given range (see
Table 2-3). The normal adult ratio should be
maxilla (Co-A):mandible (Co-Gn) = 1:1.3.

During normal growth, the ratio decreases
from 1:1.25 for an 8-year-old to the adult value.
The effective mandibular length increases faster
than the length of the maxilla, at the rate of
0.005 per year (1:1.26 at 10 years of age, 1:1.27
at 12 years, 1:1.28 at 14 years, and 1:1.29 at 16
years). The clinician should be aware that a
change in this value may indicate dispropor-
tionate growth, but it does not indicate which
jaw is at fault.

The esthetic effect of the effective maxillary
and mandibular lengths is closely related to the
anterior facial height and, therefore, the angle
formed between A-point, Co, and Gn. This
angle normally decreases with age (Fig 2-61).

Skeletal anteroposterior relationships are
summarized in Table 2-4.
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Table 2-3 Normative standards in McNamara analysis

Midfacial length

Mandibular length

Lower anferior facial height

(mm; Co-A) (mm; Co-Gn) {mm; ANS-Me)
80 @7-100 57-58
81 90-102 57-58
82 101-104 58-59
83 103-106 58-59
84 104-107 59-60
85 105-108 60-62
86 107-110 60-62
87 IES=102 61-63
88 1 1=0 04 61-63
89 P2=015 62-64
Q0 [13-116 63-64
o1 115-118 63-64
Q2 117-120 64-65
93 119-122 65-66
Q4 121-124 66-67
25 20=1E5 67/-69
/e 124127 6/-69
Q7 126-129 6870
98 128-131 68-/0
Q9 129-132 6971
100 130-133 70-74
101 132-135 7175
102 134-137 72-76
103 136-139 L5
104 137-140 74-78
105 138-14] 75-79
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Lower anterior facial height

Maxillomandibular anteroposterior relationship. The
maxillomandibular differential of 24 mm shown here would be
ideal for a small to medium individual. The maxillomandibular
ratio of 1:1.24, however, indicates a discrepancy in the relation-
ship between the jaws. According to McNamara's normative
standards (see Table 2-3), a midfacial length of 97 mm would be
better related to a mandibular length of 126 to 129 mm. This may
indicate a slight anteroposterior deficiency of the mandible.

[ £=0%

Fig 2-60 The relationship between midfacial (maxillary) length
and mandibular length is generally linear and dependent on size,
rather than on age or sex. An individual with a maxillary length of
100 mm should have an effective mandibular length of 130 mm.
The difference between the maxillary and mandibular lengths in
this instance would be 30 mm. (Adapted from McNamara and
Brudon, 1993 with permission).
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Fig 2-61 The esthatic effect of the change in lower anterior facial height and backward (a) and forward () rotation
of the chin. In both (a) and (b), the midfacial lengths (397 mm} and mandibular lengths (121 mm) are the same. In
(a) the lower anterior facial height (ANS-Me) is 78 mm, while in (b} it is 80 mm. The angle between Co-A and Co-

Gnin (a)is 35 degrees, while in (b) it is 25 degrees.
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Table 2-4 Summary of skeletal anteroposterior relationships

Lateral Cephalometric Radiographic Evaluation

Anteroposterior relationship

Normal value

82 degrees
2 degrees

AQ 1 mm behind BO (males)
AQ and BO coincide (females)

Maxillary depth: A-point o N perpendicular o FH O mm

Maxilla

To anferior cranial base (SMNA)

To mandible [ANB]

To mandible [Wits appraisal]

To mandibular length: Co-A:Co-Gn
Mandible

Mandibular plane angle SN to Go-Gn

To anterior cranial base [SNB)
To maxilla [ANB)

To maxilla (Wits appraisal)

To maxillary length: Co-Gn:Co-A

1:1.3

32 degrees
80 degrees

2 degress

BO 1 mm ahead of AD [males)
BC and AO coincide (females)
1,351

Skeletal vertical relationships:
Midface to lower face skeletal height

Skeletal vertical relationships are measured
from N to ANS and from ANS to Me. A vertical
line is drawn perpendicular to the FH anterior to
the face. In turn, perpendicular lines are drawn
to the vertical line from N, ANS, and Me, and
the distance is measured from N to ANS and
from ANS to Me (Fig 2-62). The normal values
are 53 mm from N to ANS and 65 mm from ANS
to Me. However, the relationship between the
vertical heights is more important than the
measurement. A ratio of 5:6 is normal. In most
individuals with vertical dentofacial deformities,
the lower measurement (ANS-Me) will be af-
fected, which in turn will affect the relationship
with the upper measurement (N-ANS). The
ANS-Me distance will be increased in individu-
als with vertical maxillary excess, vertical

mandibular excess, and open bites. The lower
measurement (ANS-Me) will be decreased in in-
dividuals with vertical maxillary deficiency,
closed bites, deep bites, and vertical mandibu-
lar deficiency.

Analysis of dental relationships

Maxillary incisor evaluation

Maxillary incisor position
Steiner analysis According to Steiner analysis,
the relative location of the maxillary incisor is de-
termined by relating the incisor's angulation to
the N-A line. The most anterior point of the max-
illary incisors should be 4 mm ahead of N-A,
with an axial inclination of 22 degrees to this line
(Fig 2-63).

The linear relationship of the incisor tip to
N-A provides information on the anteroposte-
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Midface and lower face skeletal heights. N-ANS:

ANS-Me = 5:6.

rior position of the incisor to the maxilla, but not
to the whole facial complex. In orthognathic
cases this measurement can be helpful in deter-
mining the preoperative positioning of the
tooth if the maxilla’s relation to the skull base is
also considered. In individuals with dentofacial
deformities, the N-A line is often not a reliable
basis for assessment of the incisor position be-
cause of the skeletal disharmony between skull
base and maxilla. In these cases, a vertical line
through A-point should be substituted for N-A
(Fig 2-64). A helpful additional measurement is
the angulation between a line through the max-
illary incisor (apex to incisor tip) and a line
through the anterior skull base (S-N), which
should be 106 + 4 degrees (see Fig 2-64).

McNamara analysis An important relationship,
especially in orthognathic patients, is that of the
incisors to the underlying basal bone of each
jaw. In McNamara analysis, the position of the
maxillary incisors to their respective bone bases
is determined by drawing a vertical line through
A-point parallel to N and perpendicular to FH.
The facial surface of the maxillary incisor should
be 4 to 6 mm ahead of the line (Fig 2-65).
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33 Maxillary incisor position (Steiner): 22 degrees to N-A,
4 mm anead of N-A.

In maxillary dental protrusion cases, the inci-
sor will be more than 6 mm ahead of the vertical
line through A-point and will be an indication for
orthodontic retraction. Where the maxillary inci-
sors are upright (eg, in Class II, division 2 maloc-
clusions), the incisor tip will be less than 4 mm
ahead of, or even behind, this line.

Mandibular incisor evaluation

Mandibular incisor position
Steiner analysis The relative location of the
mandibular incisors is determined by its rela-
tion to the N-B line (Fig 2-66). According to
Steiner analysis, the mandibular incisor angula-
tion to the N-B line should be 25 degrees,
while the most labial portion of the tooth crown
should be 4 mm anterior to the line. The N-B
line, however, often is not a reliable basis for
assessing the lower incisor position in patients
with dentofacial deformities because of a lack
of harmony between the mandible and the
skull base.

The angular and linear measurements give an
indication of the mandibular incisors’ relation-
ship to the mandible. In individuals with Class Il
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Fig 2-64 An alternative measurement of maxillary incisor angu-
lation. The angle between the skull base (S-N) and maxillary in-
cisor (apex to incisor tip) should be 106 + 4 degrees.

Fig 2-66 Mandibular incisor position (Steiner): 25 degrees to N-
B line, and 4 mm ahead of N-B.

malocclusions and compensated incisors, the
angle will be smaller and the incisor tip closer
to, or even behind, the N-B line. Protrusive inci-
sors would produce a larger angle, and the
labial surface would be more than 4 mm ahead
of N-B. These measurements can also serve as
a guide in planning for extractions and preop-

55 Maxillary incisor position (MeNamara). The labial sur-
face of the incisor should be 4 to 6 mm ahead of the vertical line
through A-point.

erative orthodontic positioning of the mandibu-
lar incisor teeth.

McNamara analysis As in the maxilla, in the
mandible it is important to determine the rela-
tionship of the mandibular incisors to the
mandibular bony base. According to McNamara,
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a b

c

" (a) Class | occlusion; incisor to vertical line through B-point: 4 mm and 25 degrees. (b) Class Il malocclusion with mandibu-
lar incisor protrusion; incisor to vertical line through B-point: 11 mm and 42 degrees. (¢) Class Il malocclusion with compensated
lower incisors; incisor to vertical line through B-point: 2.5 mm and 10 degresas,

the labial surface of the lower incisors should be
4 mm ahead of a true vertical line drawn through
the B-point and at an angle of 25 degrees to the
line (Fig 2-67a).

An increase in this measurement indicates
mandibular dental protrusion. In some racial
groups this may be normal, but in whites it is
often seen in Class Il malocclusion with mandibu-
lar skeletal deficiency (Fig 2-67b). In Class Il den-
tal and skeletal relationships, the mandibular in-
cisors are often compensated and are closer to,
or even behind, this line (Fig 2-67¢).

Downs analysis According to Downs, the ideal in-
clination of the long axis of the mandibular incisors
to the mandibular plane is 90 = 7 degrees (Fig
2-68). In individuals with Class Il malocclusion and
compensated mandibular incisors, this angle
tends to be small. It tends to be larger when the
lower incisors are protrusive (eg, in bimaxillary pro-
trusion or Class Il, division 1 malocclusion).

Interincisal angle (Downs)

The interincisal angle is formed by a line
through the incisal edge and the apex of the
root of the maxillary and mandibular central in-
cisors (130 + 6 degrees) (Fig 2-69). The more
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protrusive the incisors, the smaller the angle.
Low angles indicate protrusion of the incisors
and are often associated with Class Il, division
1 malocclusions, while high angles are fre-
quently associated with Class I, division 2
deep bites.

Maxillary molar to pterygoid
vertical (Ricketts)

The distance from the pterygoid vertical (back
of the maxilla) to the distal surface of the maxil-
lary first molar (Fig 2-70) should be equal to the
patient’s age + 3 mm. For example, a 12-year-
old has a norm of 15 mm; an 18-year-old adult,
21 mm; and a 21-year-old adult, 24 mm.

This measurement helps determine whether
a malocclusion is due to the maxillary or
mandibular molar position. It is also useful in
deciding whether extractions or headgear may
be indicated and is indicative of the anteropos-
terior position of the maxilla. A small value indi-
cates that the molar is too far distal, and thus
headgear and distalization should be avoided,
while large values indicate the opposite. This
measurement is influenced by previous maxil-
lary tooth extractions allowing mesial drifting of
the molar.
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5 (N

Gn
BO* =+ 7°

130° + 6°

Fig 2-68 Mandibular incisor position (Downs). The axial inclina-
tion of the mandibular incisor to the mandibular plane (Go-Gn) is
90 *+ 7 degrees.

Fig 2-69 Interincisal angle.

kg

Fig 2-70 Maxillary molar position. The
distance from Ptv to the first melar should
be the patient’s age + 3 mm.

Mandibular anterior dental height

Mandibular anterior dental height is measured
from mandibular incisor tip to the inferior bor-
der of the mandible. The average mandibular
dental height for males is 44 = 2 mm and for fe-
males, 40 = 2 mm (Fig 2-71).

Fig 2-71 Mandibular anterior dental height:
44 £ 2 mm for male patients and 40 = 2
mm for female patients.

An increase in the mandibular vertical height
of the face in a patient with normal upper lip
length and normal maxillary incisor exposure
may be caused by the anterior vertical height of
the mandible. In this case, vertical reduction ge-
nioplasty may be indicated.
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Fig 2-72 Qcclusal plane angle. Angle between the
occlusal plane (OP) and anterior cranial base (S-N).

Table 2-5 Summary of dental relationships

Normal value

Dental relationship

Maxillary incisor

Mandibular inciser

Inferincisal angle

Maxillary first molar

Mandibular anterior
dental height

Occlusal plane angle

Angle to N-A
Distance 1o N-A
Distance fo Apoint verlical
Angle to N-B
Distance lo N-B
Distance to B-point vertical
Angle to mandibular plane
Maxillary to mandibular incisor

Molar to Pty
Incisor tip lo mandibular border

OF to SN
OP to FH

22 degrees
4 mm chead
4 to & mm ahead
25 degrees
4 mm ahead
4 mm ahead
90 + 7 degrees
130 + & oegrees
Patient’s age + 3 mm
in growing individuals
44 + 2 mm (males)
A0 + 2 mm |females)
14 degrees
9 degrees

Occlusal plane angle

According to Steiner analysis, the occlusal plane
angle is formed between a line drawn through
the region of the overlapping cusps of the first
premolar and first molar bisecting the incisal
overbite (the occlusal plane) and the anterior
cranial base (S-N). The mean angle is 14 degrees
(Fig 2-72). According to Downs, the angle is
measured between the occlusal plane and the
Frankfort plane and should be 9 degrees.

The occlusal, palatal, and mandibular plane
angles are often used in describing an individ-
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ual as “high angle” or “low angle.” High-
angle individuals tend to have relatively long
anterior facial heights, while low-angle indi-
viduals tend to be vertically short in anterior
facial height.

The numeric values of tooth positions given
in Table 2-5 should be considered a guide to di-
agnosing abnormal tooth positions and to de-
termining final dental, skeletal, and soft tissue
positions. The clinician must subjectively evalu-
ate the positioning of the teeth to determine
whether they are positioned in the central
trough of bone.
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Fig 2-72 Posteroanterior hard tissue cephalomet-
ric landmarks.

In addition to lateral cephalometric radiogra-
phy, individuals with facial asymmetry require
posteroanterior radiographic evaluation of the
facial bones.

Hard tissue cephalometric
landmarks

Posteroanterior hard tissue landmarks, shown in
Fig 2-73, include the following:

SF: Where the smaller wing of the sphenoid
bone crosses the medial orbital ridge

Anterior nasal spine (ANS): The center point at
the base of the nose

Jugulare (J): The most superior and medial
point on the zygomatic buttress

Mastoid (M): The most inferior point on the
mastoid bone

A: The contact area between the maxillary incisors

B: The contact area between the mandibular in-
cisors

Y: The most lateral point on the buccal surface
area of the first maxillary molar, with YL des-
ignating the left Y and YR, the right Y.

Z: The most lateral point on the buccal surface
area of the first mandibular molar, with ZL
designating the left Z and ZR, the right Z.

Gonion (Go): The most inferior posterior point
at the angle of the mandible

Menton (Me): The most inferior point at the an-
terior mandibular area

CH: The most inferior lateral point on the an-
terior inferior border of the mandible, with
CHL designating the left CH and CHR, the
right CH
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CHR CHL

Fig 2-74 Transverse posteroanterior and vertical
planes. (1} Cranial base plane. (2) Mastcid plane.
(3) J-plane, (4) Occlusal plane. (5) S-plane. (8) Chin
plane.

Transverse posteroanterior
cephalometric planes

Transverse  posteroanterior cephalometric
planes, shown in Fig 2-74, include the following:

Cranial base plane (C-plane): A horizontal line
connecting the left and right SF points and
extending laterally to the cranium

Mastoid plane (D-plane): A line connecting the
left and right mastoid points

S-plane: The connecting line between the left
and right Go of the mandible

J-plane: A line drawn from the left J-point to the
right J-point, which is divided into two halves
(IR and IL) by the geometrically constructed
vertical axis (GM)
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Occlusal plane (OP): A plane formed by a line
connecting the occluding points of the max-
illary and mandibular buccal cusps left and
right

Chin plane (CHP): A line drawn on the inferior
border of the chin at maximum bone contact,
through Me

Vertical posteroanterior
cephalometric line

The vertical cephalometric line is called the
geometrically constructed vertical axis (GM)
(see Fig 2-74). It is constructed by dividing the
C-plane and the D-plane, connecting these
two midpoints, and extending this line to the
chin.
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UHL

IR IL

2-75 The maxillary triangle.

Triangular analysis

Triangles are constructed for evaluation of the
symmetry of the maxilla, mandible, and chin.
The maxillary triangle is constructed by con-
necting the midpoint of the C-plane (C-point)
with points J on either side of GM. These con-
necting lines are called the HR line and the HL
line. The base of the triangle is divided in two
halves, IR and IL, by GM (Fig 2-75).

The mandibular triangle is constructed by
connecting C-point with Go bilaterally using
lines PR and PL. The base of the mandibular tri-
angle is halved into SR and SL by GM (Fig 2-76).

The chin triangle is constructed by connect-
ing the C-point with CHR and CHL; the long
legs of the triangle are called KR and KL. A line
is drawn from B-point perpendicular to CHP to
evaluate the mandibular incisor midline in rela-
tion to the midline of the chin. The base of this
triangle is divided into two halves, GR and GL,
by GM (Fig 2-77).

By measuring the long legs of the triangles,
cants in the maxilla, mandible, and chin can be

Fig 2-76 The mandibular triangle,

evaluated in relation to the cranial base, as well
as to each other. By comparing the left and
right sides of the bases of the triangles, trans-
verse discrepancies on rotations can be as-
sessed. Midline asymmetries of the nasal spine,
menton, and dental midlines can be evaluated.
Any discrepancy between the mandibular den-
tal midline and the midpoint of the chin can be
evaluated by the vertical line perpendicular to
CHP (see Fig 2-77).

Vertical and transverse
dentoalveolar assessment

The vertical relationship between the basal
bones and the dental and alveolar structures
are evaluated by dropping perpendicular lines
from the J-plane at YR and YL to the occlusal
plane and from the S-plane to the occlusal
plane at ZR and ZL. Transverse discrepancies
are assessed by measuring the distances both
from YR and YL and from ZR and ZL to the GM
line. Vertical discrepancies are assessed by
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CHR GR GL _ CHL

GM

Fig 2-77 The chin triangle and vertical line through B-point per-
pendicular to CHF.

Fig 2-78 Vertical dentoalveolar assessment.

Go

CHR
a CHL

Fig 2-79 (a) Severe facial asymmestry. Note the severe rotation of the triangles. (b) The severe asymmetry is also evident on the lateral
cephalometric tracing. The three-dimensional nature of the facial asymmetry, a common finding in such cases, is well demonstrated.
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measuring the vertical heights from the J-plane
to the occlusal plane, comparing left and right
side heights. Mandibular dentoalveolar vertical
discrepancies can be examined by measuring
the vertical heights from the occlusal plane to
the S-plane at ZR and ZL (Fig 2-78).

The posteroanterior cephalometric analysis
is helpful in assessing facial asymmetry. Also, in
combination with the lateral cephalometric
analysis, it gives the clinician a better dimen-
sional understanding of dentofacial deformi-
ties. The lateral and posteroanterior cephalo-
metric analysis of an individual with severe
facial asymmetry involving the maxilla, man-
dible, and chin is demonstrated in Fig 2-79.

imitations of
ephalometric Analysis

E::—

)

Although cephalometric analysis is important in
both diagnosis and development of a treatment
plan, it has the following limitations:

1. Most individuals with dentofacial deformities
have anatomic variations in the location of
the cephalometric landmarks used as a base-
line in many analyses, such as sella, nasion,
and orbitale. This often results in incorrect
conclusions from the analysis.

2. The clinician must not base interpretations
on single cephalometric measurements.

3. The clinician must recognize the limitations,
as well as the advantages, of cephalometry
and be sure to integrate measurements with
clinical findings.

4. The art of cephalometric interpretation lies in
understanding abnormal findings and identi-
fying the etiologic factors behind these
cephalometric abnormalities in patients with
dentoskeletal deformities.

5. Although cephalometric analysis forms an
important part of the database for diagnosis
and treatment planning, it should not take
precedence over the clinical evaluation of the
patient.

Panoramic Radiographic Evaluation

If a patient has any indication of periapical or
periodontal pathology and/or dental caries,
periapical radiographs should be taken to ob-
tain a more detailed understanding of the
pathological condition. Periapical radiography
can also more accurately assess the deviation
of roots in areas of intended interdental os-

teotomies.

Panoramic radiography is an excellent means
to establish an overview of the paranasal si-
nuses, bony temporomandibular joint, periapi-
cal and periodontal pathology, dental caries,
position of the inferior alveolar canal, position
of the lingula, position of the mental foramen,
tooth root lengths in relation to the maxillary
sinus, and mandibular symphysis. In addition,
it can detect root deviations in areas of in-
tended interdental osteotomies (although not
as accurately as can a periapical radiograph),
unerupted and/or impacted teeth, and previ-
ously undetected pathological conditions. The
information obtained is valuable not only in the
pretreatment assessment but also in the deter-
mination of the relative position of anatomic
structures, which is important during the actual
surgical procedure. Figure 2-80 shows a
panoramic radiographic evaluation form. It is
essential that an immediate preoperative
panoramic radiograph is available at the time
of surgery because it gives the surgeon a valu-
able overview of anatomic structures relevant
in most orthognathic surgical procedures (eg,
position of the inferior alveolar canal, mental
foramen, tooth roots, impacted third molars [if
present], and maxillary sinuses).

6l



2 Systematic Patient Evaluation

Panoramic Radiographic Evaluation

Absent teeth

Unerupted teeth

Impacted teeth

Dental caries

Periodontal pathology

Maxillary sinus pathology Left: Right:
Temporomandibular joint pathology Left: Right:
Bone pathology Maxilla: Mandible:

¢ 2-80 Panoramic radiographic evaluation form. This evaluation should be used during the pre-
treatment assessment, at the presurgical examination, and at the time of surgery.

Occlusal functional evaluation

The basic aims of occlusal functional evaluation
are to determine the compatibility of centric oc-
clusion (CO) and centric relation (CR); to note
the difference between CO and CR, if present;
to note any bite of convenience or occlusal slide;
and to note interocclusal rest space. Figure 2-81
is a sample functional evaluation form.
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Study cast analysis

Intra-arch relationship

In the study cast analysis, arch form and sym-
metry, missing teeth, tooth rotations, and
overerupted teeth are noted. Maxillary and
mandibular occlusal curves are studied.
Crowding and the need for extractions are de-
termined. Bolton discrepancies of tooth sizes
are studied.



Occlusion and Study Cast Evaluation

Functional Evaluation

Difference between centric
occlusion and centric relation

Premature contact

Occlusal slide

Freeway space

Tooth attrition

Bite of convenience

2-81 Functional evaluation form.

Interarch relationship

The study cast analysis also includes examina-
tion for incisor overjet and overbite, as well as
angle classification for molars and canines. The
clinician evaluates coordination of dental mid-
lines and crossbites while moving the dental
casts into a Class | malocclusion to get an idea
of general arch compatibility.

If the possibility of establishing an acceptable
occlusion, accommodating the teeth, or provid-
ing for tooth size discrepancies is at all ques-

tionable, a Kesling diagnostic setup should be
used. This setup can also be used to test for var-
lous extraction patterns.

If a crossbite exists with the teeth in centric
occlusion and it is corrected when the dental
casts are moved into a Class | malocclusion, the
crossbite is considered relative. If the crossbite
still exists after the dental casts have been posi-
tioned in a Class | relationship, the crossbite is
considered absolute.

A sample form for study cast analysis is pre-
sented in Fig 2-82.
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Study Cast Analysis Evaluation

Intra-arch evaluation:

Arch form: Maxilla

Mandible

Missing teeth

Impacted/unerupted teeth

Occlusal plane cant

Occlusal curve

Crowding: Maxillary arch mm:

Mandibular arch mm:

Tooth rotations

Overeruption of teeth

Interarch relations:

Molar Left: Right:

Canine Left: Right:

Overjet mm:

Open bite mm:

Maxillary-to-mandibular dental midline mm:

Crossbite Absclute: Left:
Relative: Right:

Location of crossbite

Tooth size discrepancy

Fig 2-82 Study cast analysis form.




Temporomandibular Joint Evaluation

Temporomandibular Joint Evaluation

Maximal mouth opening mm:
Deviation on mouth opening Left: Right:
Maximal protrusion mm:
Deviation on protrusion Left: Right:

Temporomandibular joint signs:

Clicking/popping Left: Early (< 10 mm)
Late (> 10 mm)
Right: Early (< 10 mm)
Late (> 10 mm)
Pain Left: Joint:
Muscle(s):
Right: Joint:
Muscle(s):
Crepitations Left: Right:

Previous treatment

Fig 2-83 Temporomandibular joint evaluation form.

Temporomandibular Joint
Evaluation

The temporomandibular joint is an important
component of the orthognathic mechanism and
should be examined with care. Pathologic con-
ditions may be present in the joint at the outset,
develop during treatment, or even develop
long after treatment. Therefore, the clinician
should diagnostically and prognostically evalu-
ate the joint before orthodontic-surgical treat-
ment begins. A basic temporomandibular joint
examination evaluates three areas: (1) mandibu-
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lar movements, (2) temporomandibular joint
symptoms and signs, and (3) mouth opening
and deviations.

Careful documentation of temporomandib-
ular joint pretreatment status is very important
(Fig 2-83). The correct positioning of the
condyle in the fossa is a critical part of the or-
thognathic surgical procedure, and informa-
tion gathered at the pretreatment evaluation
may be useful during surgery. The patient
should also understand that correction of the
dentofacial deformity and malocclusion will
not necessarily correct a temporomandibular
joint problem.
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chapter 3

Diagnosis and

Treatment Planning

The information from the systematic patient
evaluation forms a database that the practi-
tioner can use in compiling a short problem list,
which in turn leads to an initial diagnosis of the
patient’s dentofacial deformity. Careful assess-
ment and consideration of soft tissue, skeletal,
and dental positions are necessary to differen-
tiate among various dentofacial deformities
that can have similar patterns. For example, a
patient with a Class lll malocclusion may have
the skeletal characteristics of anteroposterior
deficiency of the maxilla, anteroposterior ex-
cess of the mandible, maxillary vertical defi-
ciency with overclosure of the mandible, or any
combination of the above. Figure 3-1 provides
a schematic guide to the differential diagnosis
of various dentofacial deformities and their in-
terrelationships. Figure 3-2 illustrates the treat-
ment pathway—starting at the gathering of in-
formation, followed by the recording of a
database, which leads to a problem list and di-
agnosis, and ending with the development of a
treatment plan.

The following section uses a specific case to
demonstrate systematic evaluation, the forma-
tion of a database, the diagnostic process, and
the treatment planning pathway. Although the
specific treatment of cases has not yet been
discussed in the text, the visual treatment ob-

jectives, treatment, and posttreatment results
of this case are included here to give the
reader an idea of where the cumbersome initial
stages of examination and treatment planning
are leading.

Case Overview

General patient evaluation

Name: LM
Age: 16 years
Medical history: Not pertinent

Dental history: Orthodontic treatment by her
general practitioner for 18 months; currently
wearing a fixed lingual retention appliance in
the mandibular incisor area. Four impacted
third molars are present.

Main complaints: She finds it increasingly diffi-
cult to bite through food with her incisors. Her
left mandibular lateral incisor is malpositioned.
She feels she has a "toothy” look. She has to
strain to get her lips together.

Motivation: Internal (self).

Psychologic assessment: Good parental sup-
port; low self-confidence.
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Normal

Anteroposterior Dimension

excess deficieney

Mandibular Maxillary Bi-dental
deficiency excess protrusion

Vertical Dimension

Maxillary Mandibular Mandibular Maxillary
excess excess deficiency deficiency

Fig 3-1 A schematic guide to the differential diagnosis of dentofacial deformities and their interrelationships.
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General
patient
evaluation
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Database

I | E

Diagnosis
and
problem list

Treatment
objectives

S

Test objectives:
Visual treatment objectives
(ortho/surgical)

Integration
of
solutions

Treatment
plan

Clinical Analysis of
evaluation diagnostic records

Fig 3-2 Flowchart illustrating the systematic gathering of data
leading to a diagnosis and, finally, the development of a treat-
ment plan.

Clinical evaluation

A. Extraoral examination

1. Frontal view (Figs 3-3a and 3-3b)
a. Increased lower facial height
b. Increased interlabial gap
c. Excessive maxillary incisor exposure
d. “Gummy smile”
e. Slightly flattened paranasal areas
f. Narrow alar base
g. Excessive lower lip vermilion exposure
h. Mandible asymmetrical to the left

2. Profile view (Fig 3-3c)
a. Convex profile
b. Anteroposterior chin deficiency
c. Anteroposterior mandibular deficiency
d. Everted lower lip
e. Increased interlabial gap
f. Increased lower facial height

3. Three-quarters view (Fig 3-3d)
a. Paranasal flattening
b. lll-defined chin

Case Overview

c. Narrow alar base
d. Poor nasal tip definition
B. Intraoral examination (Figs 3-3e to 3-3g)

1. Mandibular arch
a. Crowding in the incisor area
b. Incisor protrusion
c. Serrated incisor edges
d. Narrow area of attached gingiva in the

incisor area

2. Maxillary arch
a. Incisor protrusion
b. Slight crowding

3. Interarch area
a. Class | malocclusion
b. Anterior open bite
c. Bi-dental protrusion
d. Mandibular dental midline 1.5 mm to

the left
C. Other

1. Slight marginal gingivitis in the incisor
areas

2. Mouth breathing

Special investigations

Radiographic evaluation

A. Cephalometric analysis
1. Soft tissue analysis (Fig 3-3h)
a. Increased facial contour angle (24 de-
grees)
b. Increased interlabial gap (8 mm)
c. Increased maxillary incisor exposure (8
mm)
d. Increased lip-chin-throat angle (150 de-
grees)
e. Decreased chin-throat length (24 mm)
2. Skeletal analysis (see Fig 3-3h)
a. Increased ANB angle (7 degrees)
b. Increased mandibular plane angle (49
degrees)
c. Increased vertical height (83 mm [mid-
face, 54 mm])
d. Decreased mandibular length (126 mm
[maxilla, 98 mm])
e. Mandible rotated clockwise
3. Dental analysis
a. Maxillary incisor protrusion (26 degrees)
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Fig 3-3 Preoperative evaluation for patient LM. (a) Frontal view. (b) Frontal view, smile. (c) Profile view. (d) Three-
quarters view. (e) Occlusion, right. (f) Occlusion, middle. (g) Occlusion, left,
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Fig 3-3 Continued (h) Pretreatment
cephalometric analysis. (i to k)
Study cast: left (i), middle (j), and
right (k).

b. Mandibular incisor protrusion (42 de- E. Occlusal plane radiographic analysis: No rel-
grees, 14 mm) evant findings
c. Anterior open bite F. Other: No relevant findings

B. Panoramic evaluation: Impacted third molars
C. Posteroanterior cephalographic analysis

1. Mandibular asymmetry to the left Dental cast analysis

2. Mandibular dental midline to the left The cast analysis (Figs 3-3i to 3-3k) confirms the
D. Dental radiographic analysis: No relevant clinical assessment.
findings
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Table 3-1 Orthodontic treatment objectives and solutions

Treatment objective

Solutions

Reduce lip prominence

)

“orect bimaxillary protrusion
Reduce crowding
F

acilitate surgical advancement
of the mandible

Ensure orthodontic stability

Retract maxillary and mandibular incisors

Refract incisors

Extract premolars

Extract maxillary second premolars and

slightly refract maxillary incisors

Extract mandibular first premelars, refract

incisors, and increase overjet

Make no cffempt to close open bife orthodontically

Diagnosis and problem list

A.

Skeletal diagnosis and problems

1. Vertical maxillary excess

2. Mandibular anteroposterior deficiency
3. Microgenia

4. Mandibular asymmetry to the left

. Soft tissue diagnosis and problems

1. Convex profile

2. Mandibular anteroposterior deficiency
3. Deficient chin

4. Increased interlabial gap

5. Everted lower lip

. Dental diagnosis and problems

1. Crowding in both arches

2. Bi-dental protrusion

3. Impacted third molars

4. Mandibular dental midline toward the left

. Other diagnoses and problems

1. Mouth breathing

Treatment objectives

A.

Soft tissue treatment objectives
1. Correct facial convexity

2. Improve chin prominence

3. Create lip seal

4. Reduce lip prominence slightly

B. Skeletal treatment objectives
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1. Reduce vertical maxillary excess

2. Advance mandible
3. Advance chin

C. Dental treatment objectives

1. Correct bimaxillary protrusion
2. Correct anterior open bite
3. Reduce crowding

Testing objectives

The clinician should now move on to set spe-
cific treatment objectives for the case. When
considering the final treatment plan, three basic
questions should be kept in mind:

1l

2.

What are the esthetic objectives, and which
surgical procedures are indicated?

What specific orthodontic treatment is re-
quired to facilitate the proposed surgery?

. What is the best sequence of treatment—

taking into account dental, periodontal,
prosthodontic, and orthodontic treatment;
surgical needs; and other requirements—to
obtain the desired result in the shortest
time? ]

Orthodontic treatment objectives and possi-

ble solutions are shown in Table 3-1. Surgical
treatment objectives and possible solutions are
shown in Table 3-2.



Case Overview

Table 3-2 Surgical treatment objectives and solutions

Treatment objective

Solutions

Correct facial convexity
Improve chin prominence
Reduce vertical maxillary excess
Correct open bite

Creat @ lip seal

Correct mandibular asymmetr
Vi

Advance the mandible

Advance fhe chin

Reposition the maxilla superiorly
Reposition the posterior maxilla superiorly
Reposition the maxilla superiorly

Reposition the mandible lo ihe right

Treatment plan

Preoperative orthodontics

The expected dental and soft tissue changes

to be effected by the preoperative orthodon-

tic treatment are predicted and illustrated by

the cephalometric tracing and orthodontic vi-

sual treatment objective (Figs 3-4a and 3-4b).
In the maxillary arch:

1. Surgically remove both third molars and ex-
tract both second premolars.

2. Retract the incisors slightly, and maintain
upper lip support.

3. Align the arch, and close the extraction
spaces.

4. Establish a good arch form to be compatible
with the mandibular dental arch.

In the mandibular arch:

1. Surgically remove both third molars and ex-
tract both first premolars.

2. Retract the incisors to increase the overjet
and create a Class |l malocclusion.

3. Level and align the arch, and establish a
good arch form to be compatible with the
maxillary arch.

4. Make no attempt to close the open bite by
extrusion of incisors or intrusion of molars.

Surgery

The surgical visual treatment objectives, out-
lined here, are shown in Fig 3-4c:

1. Le Fort | maxillary osteotomy to superiorly
reposition the maxilla both to establish ideal
tooth-lip relationship and to allow the mandible
to autorotate and close the open bite

2. Bilateral sagittal split osteotomy to advance
the mandible

3. Genioplasty to advance the chin

Postoperative orthodontics

1. Light 3.5-0z quarter-inch elastics with slight
Class Il vector to guide the occlusion

2. After 3 to 4 weeks, heavier up-down elastics
(6-0z, quarter-inch elastics)

3. Finalization of the occlusion

Retention

1. Mandibular fixed intercanine retainer
2. Removable maxillary appliance

Results

The achievement of the preoperative orthodon-
tic goals is illustrated in Fig 3-5. The end result
of treatment is demonstrated in Fig 3-6.

This case demonstrates a systematic ap-
proach, which is achieved by listing the prob-
lems under the following categories: soft tissue,
skeletal, dental, and other. Successful treatment
planning must also consider the interaction of
the specific solutions, the sequence of the vari-
ous steps, and the impact the steps are likely to
have on one another.
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a b c

Fig 3-4 Patient LM. {a) Orthedontic visual treatment objective: surgical removal of all four third molars and extraction of both maxil-
lary second premolars and both mandibular first premolars. Retraction of incisors and creation of a Class || malocclusion. (&) Visual
treatment objective of completed preoperative orthodontics. (¢) Surgical visual treatment objective: superior repositioning of the max-
illa (4 mm anterior and 3 mm posterior), advancement of the mandible (4 mm), and advancement of the chin (4 mm).

Fig 3-5 Immediate preoperative views of Patient LM. (a) Frontal view. (b) Profile view. (¢} Occlusion, right. (d) Occlusion, center. (g}
Occlusion, left,
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Fig 3-6 Patient LM, end result of treatment, (a) Frontal view.
(b) Profile view. (c) Three-quarters view. (d) Frontal view, smile.
(e) Occlusion, right. (f} Occlusion, center. (g) Occlusion, left.
(h) Pretreatment and posttreatment composite cephalometric
tracing illustrating the soft tissue, skeletal, and dental changes.

Case Overview
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=

Repositioning
The correction of a dentofacial deformity with
orthognathic surgery will result in altered facial
esthetics. To decide on the correct surgical pro-
cedure and be able to predict the soft tissue
changes, the clinician must have an in-depth
knowledge of the soft tissue reactions subse-
quent to the different surgical movements of
the jaws. The basic reactions are summarized in
the following outline.

A. Mandibular advancement
1. Frontal changes
a. Induces a vertical increase in lower-
third face height (more in cases with a
high mandibular plane angle than in
low-angle cases)
b. Reduces lower lip eversion (effect of
maxillary incisor on lower lip reduction)
c. Reduces labiomental fold (lower lip
rolls back)
d. Improves neck-chin definition
2. Profile changes
a. Increases chin prominence
b. Decreases lower vermilion exposure
(lower lip rolls back)
c. Increases lower lip fullness
d. Decreases chin-throat angle
e. Decreases labiomental fold
B. Mandibular setback
1. Frontal changes
a. Decreases mandibular prominence
b. Makes upper lip vermilion more promi-
nent
c. Decreases lower-third face height (more
in cases of high mandibular plane angle
than in low-angle cases)
2. Profile changes
a. Decreases mandibular anteroposterior
prominence
b. Reduces lower lip vermilion exposure
c. Reduces chin-throat length
d. Increases chin-throat angle
C. Maxillary advancement
1. Frontal changes
a. Increases alar base width (controllable)
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b. Increases upper lip fullness
c. Increases upper lip vermilion exposure
d. Increases paranasal fullness
2. Profile changes
a. Increases paranasal area fullness
b. Elevates nasal tip (controllable)
c. Increases upper lip fullness
d. Decreases prominence of chin and nose
(relative)
D. Maxillary superior repositioning
1. Frontal changes
a. Reduces maxillary incisor exposure
b. Reduces upper lip vermilion exposure
c. Reduces interlabial distance
d. Reduces upper lip length (controllable)
e. Reduces lower-third face height
f. Reduces gingival exposure when smiling
g. Increases alar base width (controllable)
Profile changes
a. Elevates nasal tip (controllable)
b. Reduces lower-third face height
c. Reduces interlabial distance
d. Increases mandibular anteroposterior
prominence (autorotation)
e. Increases paranasal fullness
E. Maxillary inferior repositioning
1. Frontal changes
a. Increases lower-third face height
b. Increases upper lip length
c. Increases upper lip vermilion exposure
d. Increases maxillary tooth exposure
2. Profile changes
a. Increases upper lip prominence
b. Makes nasolabial angle more obtuse
c. Makes mandible less prominent antero-
posteriorly (autorotation)

Esthetic Objectives
Sur

urgical Indications

The choice of surgical procedure is dictated by
the esthetic goals, which are determined by
the patient’s main complaint and the facial ex-
amination (examination of both hard and soft
tissues). Attainment of the esthetic goals can
be determined by developing the orthodontic
and surgical visual treatment objectives. Close
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collaboration between the orthodontist and the
surgeon is necessary for effective planning and
successful execution of the treatment plan.

Consider a case with the esthetic requirement
of increasing the mandibular prominence. The
shape of the chin, however, plays an important
role in the decision-making process. Chin sur-
gery is indicated only in cases where the chin is
too flat (microgenia) and there is an obtuse
labiomental fold.

The possible surgical solutions for increasing
chin prominence are (1) surgical advancement of
the chin, (2) surgical advancement of the man-
dible, and (3) surgical advancement of chin and
mandible. The choice of surgery is influenced
by the dental occlusion, mandibular skeletal
base position, and chin shape. The following dis-
cussion illustrates how these variables influence
treatment possibilities in various scenarios.

Class Il malocclusion

Scenario |

The patient has a Class Il malocclusion, man-
dibular anteroposterior deficiency, and good
chin shape. The solution is orthodontic align-
ment of the teeth and making the malocclu-
sion more Class Il, if necessary. Surgical ad-
vancement of the mandible is then performed.

Scenario 2

In this scenario, the patient has a Class Il mal-
occlusion, mandibular anteroposterior defi-
ciency, and microgenia (flat chin). The solution
is orthodontic alignment of the teeth, along
with surgical advancement of the mandible and
chin. Alternatively, the clinician could decide to
accept the Class Il malocclusion and recom-
mend surgical advancement of the chin.

Class | malocclusion

Scenario |

This patient has a Class | malocclusion, man-
dibular anteroposterior deficiency, and good

chin shape. The solution is to use orthodontics
to create a Class Il malocclusion, along with sur-
gical advancement of the mandible.

Scenario 2

In this scenario, the patient has a Class | maloc-
clusion, mandibular anteroposterior deficiency,
and microgenia. One solution would be to ad-
vance the chin. A second solution, which would
be useful in more severe cases, would be to use
orthodontics to create a more Class || malocclu-
sion and then surgically advance the mandible
and chin.

It is as important for the surgeon to understand
the orthodontic decision-making process as it is
for the orthodontist to have a good under-
standing of the presurgical orthodontic require-
ments. Knowledgeable practitioners not only
have good interprofessional communication
but also have improved treatment results.

The preoperative positioning of the teeth
dictates the nature and extent of the surgical
procedure and influences the final esthetic result.
Poor orthodontic preparation, dental compensa-
tion for a skeletal discrepancy, or failure to follow
the treatment plan will lead to surgical compro-
mise (Fig 3-7). It may also force the surgeon to
perform adjunctive procedures, such as seg-
mental surgery or genioplasty, that were not ini-
tially part of the surgical treatment plan in an at-
tempt to achieve a more acceptable functional
and esthetic result. The treatment result is usu-
ally a compromise rather than an ideal solution.

The orthodontic treatment objectives, ex-
traction patterns, and mechanics used in surgi-
cal-orthodontic cases often differ or may be
opposite to those used in nonsurgical ortho-
dontic cases. When developing an orthodontic
treatment plan for the surgical-orthodontic cor-
rection of a dentofacial deformity, a few basic
surgical treatment scenarios should be consid-
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Fig 3-7 Cephalometric analysis of a pa-
tient with a Class |l malocclusion and
mandibular anteroposterior deficiency. The
first premolars have been removed and the
maxillary incisors retracted excessively, de-
creasing upper lip support and overjet.
This will limit the surgical advancement of
the mandible and result in a compromised
esthetic result. The favorable shape of the
chin and normal labiomental fold do not
allow the surgeon to perform a genioplasty
without making the chin too prominent
and accentuating the poor lip support.

ered. Guidelines to assist in the orthodontic
and surgical decision-making process are pre-
sented here in various treatment scenarios in-
volving one or both jaws. When surgical cor-
rection requires repositioning of only one jaw,
the dentition of the unoperated jaw will deter-
mine the final position of the jaw to be reposi-
tioned.

Single-jaw surgery with
mandibular repositioning

The maxillary dentition, especially the incisors,
will determine the new vertical, anteroposte-
rior, and transverse positions of the mandible
(Fig 3-8). The anteroposterior and vertical posi-
tions of the chin may be altered by means of a
genioplasty. These positions will be influenced
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by the prominence and shape of the chin, as
well as the labiomental fold.

For example, when a patient has a Class |l
malocclusion and mandibular anteroposterior
deficiency combined with microgenia, the chin
should be advanced by means of a genioplasty
(Fig 3-9).

A second example is a patient with a Class ||
malocclusion who has either a mandibular den-
toalveolar process that is anteroposteriorly defi-
cient (Fig 3-10a) or macrogenia. The surgeon
should consider two alternatives:

1. Advancement of the mandible by means of a
bilateral sagittal split osteotomy combined
with a reduction genioplasty (Fig 3-10b)

2. A total subapical mandibular osteotomy with
advancement of the dentoalveolar process
(Fig 3-10c¢)



(a) Class Il malocclusion and
mandibular anteroposterior deficiency. (b)
The orthodontically prepared maxillary
arch and favorable position of the
mandibular incisors allow the surgeon to
advance the mandible into a Class | mal-
occlusion and an ideal esthetic position.

(a) Diagnosis: Class || malocelu-
sion, mandibular anteroposterior defi-
ciency, and microgenia. (b) The esthetic
requirements demand a surgical advance-
ment of the mandible and chin.

Specific Orthodontic Treatment Required to Facilitate Surgery

L°

Fig 3-10 (a) Dentoalveolar anteroposterior deficiency. (b) Surgical advancement of the mandible combined with reduction genio-
plasty. (c) Advancement of the dentoalveoclar part of the mandible by means of total subapical ostectomy. In both surgical options,
the maxillary incisors determine the amount of surgical advancement and final esthetic shape of the chin area (either by the amount
of chin reduction necessary or the amount of lower lip advancement resulting from the advanced dentoalveolar segment).
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a b

Fig 3-11 {a) An accentuated curve of Spee is present, and the incisors are upright. Labial movement of the incisors would create
the extra space needed for leveling of the arch. (b) The unfavorable position of the incisors does not allow arch leveling. Extractions
are indicated. (c) Segmental alignments of the mandibular dental arch allow surgical leveling as an alternative. This does not require

any additional arch length.

Orthodontic considerations

Patients with mandibular anteroposterior defi-
ciency and a Class Il malocclusion should not
undergo excessive retraction of the maxillary
incisors because that approach would reduce
the upper lip support and limit mandibular ad-
vancement. The desired soft tissue position of
the lips and chin, as determined by the visual
treatment objective, should show the ortho-
dontist where to place the maxillary and
mandibular incisors. From this placement, the
orthodontist can deduce the linear extent of
the mandibular advancement. The desired inci-
sor position will also help determine the cor-
rect extraction pattern, if extractions are indi-
cated.

Patients with a Class Il malocclusion and
mandibular anteroposterior excess may re-
quire the mandibular incisors and molars to be
decompensated. Once again, the desired soft
tissue position, as determined by the visual
treatment objective, will indicate the linear ex-
tent of the setback. This information will help
the orthodontist determine the ideal incisor
position.

In cases with mandibular anteroposterior de-
ficiency there is often dental crowding and an
accentuated curve of Spee in the mandibular
arch, which are conditions requiring tooth ex-
tractions. Three extraction patterns may be im-
plemented, depending on the conditions:
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1. Crowding in the anterior mandible and no
crowding in the maxilla. The mandibular first
premolars should be extracted. After man-
dibular advancement, a Class Ill molar and
Class | canine relationship will result. Extrac-
tion of the first premolars will also allow for
more retraction of the mandibular incisors,
where required.

2. Crowding in the posterior mandible and no
crowding in the maxilla. The mandibular sec-
ond premolars should be extracted. This will
allow less retraction of the mandibular inci-
sors. This extraction pattern will result in a
Class Ill molar and Class | canine relationship
after surgical advancement.

3. Crowding in the dental arches of both jaws,
requiring extraction. In cases requiring a
large overjet, the maxillary second premolars
and mandibular first premolars should be ex-
tracted. Keeping in mind the principles dis-
cussed in the two previous extraction pat-
terns, the first or second premolars in both
arches should be extracted.

Arch leveling requires arch length. Additional
arch length will be necessary with crowding.
Further considerations include the angle of the
mandibular incisors and the quality and amount
of attached gingiva in the incisor region. If the
mandibular incisors are angled lingually, im-
proving the angulation by labial movement
would create space needed for arch leveling
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(a) Anteroposteriorly deficient
maxilla with a Class Il dental relationship.
(b) The maxilla will be advanced to a Class
I malocclusal relationship determined by
the anteroposterior position of the mandibu-
lar incisors.

(Fig 3-11a). If the mandibular incisors are pro-
trusive and crowding is present, extractions will
be necessary (Fig 3-11b). The mandibular arch
may be leveled surgically. This will not require
additional arch length (Fig 3-11c¢).

Ensuring that the maxillary (unoperated jaw's)
dental midline coincides with the facial midline
is another orthodontic consideration. Finally,
the maxillary arch should be leveled, and the
dental arches should be compatible.

Single-jaw surgery with
maxillary repositioning

The mandible (the unoperated jaw), especially
the mandibular incisors, determines the new an-
teroposterior position of the maxilla (Fig 3-12).
However, the surgeon may alter the vertical
height with inferior or superior repositioning of
the maxilla. When the maxilla is superiorly reposi-
tioned (vertical maxillary excess) or downgrafted
(vertical maxillary deficiency), the mandible will
autorotate around a point at the condyle. The an-
teroposterior position of the maxillary incisors is
determined by the anteroposterior position of the

mandibular incisors after autorotation. Transverse
discrepancies (narrowing or widening), vertical
occlusal plane discrepancies (open bites), and in-
terdental spaces in the maxillary arch may be cor-
rected by segmental surgery.

When the maxilla is also vertically excessive,
superior repositioning of the maxilla will result in
some advancement due to the anterior rotation
of the mandibular incisors caused by the auto-
rotation of the mandible (Fig 3-13). If necessary,
the orthodontist should compensate the incisors
for this “added” advancement of the maxilla.
This may entail retracting the mandibular inci-
sors slightly or may necessitate two-jaw surgery
if the anteroposterior discrepancy becomes too
large to be treated by single-jaw surgery.

Orthodontic considerations

The orthodontic and surgical visual treatment
objectives determine the ideal maxillary and
mandibular incisor positions. Bear in mind that
autorotation of the mandible will alter the an-
teroposterior position of the incisors.

Maxillary anteroposterior deficiency often re-
sults in crowding in the maxillary dental arch,
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Fig 3-13 (a) Vertical maxillary excess and
an anterior open hite malocclusion. (b}
The bite is closed by surgical superior
repositioning of the maxilla with autorota-
tion of the mandible. Because of the ante-
rior component of the autorotation, the
maxilla needs to be advanced as well.

and extractions may be necessary to accommo-
date all the teeth. Three extraction patterns may
be implemented, depending on the conditions:

1. Crowding in the anterior maxillary arch and no
crowding in the mandibular arch. Extraction
of the maxillary first premolars will result in a
Class Il molar and Class | canine relationship
after surgery. Extraction of the first premolars
will also allow more retraction of the maxillary
incisors.

2. Crowding in the posterior maxillary arch and
no crowding in the mandibular arch. Extraction
of the maxillary second premolars will also re-
sult in a Class Il molar and Class | canine re-
lationship after surgery.

3. Crowding in both arches. The principles de-
scribed in the two previous extraction pat-
terns also apply here. Additionally, where a
large overjet is required, the maxillary first
premolars and mandibular second premolars
should be extracted.
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In cases where segmental surgery of the max-
illa is planned—eg, for the surgical correction of
open bites—extraction of the first premolars is
preferred because it makes the orthodontic seg-
mental alignment easier. The interdental os-
teotomy may be placed in one of two positions:
between the deviated roots of the lateral inci-
sors and canines or between the deviated roots
of the canines and first premolars.

Placing the osteotomy between the devi-
ated roots of the lateral incisors and canines
has significant advantages (Fig 3-14). The sur-
geon has control over the intercanine width,
which ensures a good Class | canine relation-
ship. Furthermore, before surgery, the canine
root is deviated distally, away from the inter-
dental osteotomy site, achieving the distalized
canine root angulation that most clinicians aim
for in their completed cases. This is important
in the postsurgical orthodontic phase because
a large canine root that requires distal move-
ment can add many months to the finishing
phase of orthodontics. Finally, with this method
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Fig 3-14 (a) Three-piece Le Fort | maxillary ostectomy, with the interdental osteatomy
between the maxillary lateral incisors and canineas. (b) Step in the occlusion between
the anterior segment (the incisors) and posterior segments (canines through second
molars bilaterally). The roots of the canine and lateral incisor are deviated. A shorter pe-
riod of postsurgical orthodontics is required to correct the canine root positions.

Fig 3-15 (a) Three-piece Le Fort | maxillary ostectomy with the interdental osteotomy
between the canines and premolars. (b) Step in the occlusion between the anterior seg-
ment (canines and incisors) and posterior segments (second premolars through sec-
ond molars). The roots of the canine and second premolar are deviated. A longer pe-
riod of postsurgical orthodontics is required to move the large canine root into a more

correct distal inclination.

the surgical site is more accessible and the in-
terdental osteotomy is easier because the alve-
olar bone is thinner in this region.

Placing the osteotomy between the devi-
ated roots of the canines and first premolars
also has its advantages (Fig 3-15). This site is
sometimes preferred when a natural step ex-
ists here in the pretreatment maxillary arch.
Even though this site may be a more appro-

priate place for the segmental osteotomy, it
necessitates significant postsurgical ortho-
dontic work because the canine root must be
tipped forward, away from the osteotomy site,
and this root angulation then must be cor-
rected. This site is also preferred when first
premolar extraction spaces are to be closed
surgically. The orthodontist must ensure that
the intercanine dimensions are coordinated,
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“ig 3-16 (a) Low-angle case with 10-mm superior repositioning of the maxilla, The mandible will ro-
tate 10 mm superiorly and 3 mm anteriorly. (b) High-angle case. A 10-mm superior repositioning will
result in a 8.5-mm anterior rotation of the mandibular incisors,

since the surgeon has control over the width
of the posterior segments only (unless further
segmentalization of the maxilla is done). Bear
in mind that residual extraction spaces in the
maxilla may be closed by segmental surgery.

Counterclockwise rotation of the mandible
will rotate the mandibular incisors anteriorly
(more so in high-angle cases than in low-angle
cases) (Fig 3-16), while clockwise rotation will
rotate the incisors posteriorly. This will have a
significant effect on the final anteroposterior
position of the maxilla.

The clinician must ensure that the mandibular
dental midline (unoperated jaw) coincides with
the facial midline. The maxillary dental midline
can be corrected by the surgery.

Finally, when segmental surgery is indicated
(for narrowing, widening, vertical change, or
closure of interdental spaces), the roots of the
teeth adjacent to the interdental osteotomy
should be deviated.

Two-jaw surgery with
maxillary and mandibular
repositioning

When two-jaw surgery is performed, surgery on

the maxilla is usually first. Therefore, the final
position of the mandible will be determined by
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the repositioned maxilla, and the principles of
single-jaw surgery (mandibular repositioning)
then apply.

Surgical decisions

Several important decisions regarding the posi-
tion of the maxilla need to be made in two-jaw
surgery cases:

1. Vertical positioning of the anterior maxilla.
This position is determined by the maxillary
incisors—upper lip relationship (Fig 3-17).

2. Vertical positioning of the posterior maxilla.
This position is determined by the mandibu-
lar molars after the mandible has autorotated
unless rotation of the maxillomandibular
complex is indicated (Fig 3-18).

3. Vertical changes of the right and left sides of
the maxilla. These changes are relevant
where a transverse maxillary cant exists (usu-
ally associated with facial asymmetry). The
cant should be corrected, usually according
to the interpupillary line. The interpupillary
line, however, may not always be in the hori-
zontal plane and should be noted. Keep the
vertical maxillary incisor-lip relationship in
mind with the correction (Fig 3-19). An alter-
ation in the transverse cant of the occlusal
plane in two-jaw surgery may have a pro-
found effect on mandibular symmetry, and it
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a}é <0

Fig 3-17 The ideal amount of maxillary  Fig 3-18 The final occlusal plane is deter-
tooth exposure under the relaxed upper mined by the mandibular occlusal plane
lip should be 1 to 4 mm (less exposure in - once the vertical position of the anterior
patients with long upper lips and more ex-  maxilla/mandible has been established.
posure in patients with short upper lips).  The vertical position of the posterior max-
Normal upper lip length in females is 20 = illary teeth will therefore be dictated by the

2 mm and in males, 22 + 2 mm. posterior mandibular teeth (after autorota-
tion).
A
I [_f ]‘I
¥ 4

C - D o D C D

a fB b B C
Fig 3-19 (a) Surgically correcting the transverse cant of the occlusal plane and, at the
same time, ensuring ideal vertical and transverse position of the maxillary incisors. A-B
represents the facial midline, while C-D indicates the ideal vertical height of the maxil- C 5

lary incisors. (b) The left side of the maxilla is downgrafted. (¢} The left side of the max-
illa is superiorly repositioned. (d) The left side of the maxilla is downgrafted, and the d

right side is superiorly repositioned.
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Fig 3-20 The constructed triangle illustrates the effect that

change in the transverse occlusal cant may have on mandibular
symmetry.

/

Lip support

Fig 3-21 (a) The ideal facial contour angle (or angle of facial convexity) is =11 to - 156 degrees. A maxilla positioned too far forward
or a mandible positioned too far posteriorly would increase this angle and vice versa, Class || cases will be more convex, while Class
Il cases more concave. (b) The support rendered by the maxilla and maxillary incisors to the upper lip is mandatory for good es-
thetics. The position and angle of the maxillary incisors are also determining factors for the nasolabial angle. Normal angulation of
the maxillary incisor to the N-A line is 22 degrees, with the incisal tip 4 mm ahead of N-A. A nasolabial angle of 90 to 110 degrees is
considered ideal.

is often integral in the correction of facial 5. Anteroposterior position of the left and right

asymmetry involving both the maxilla and the sides of the maxilla. Any arch rotations will

mandible (Fig 3-20). determine the changes in this dimension (Fig
4. Anteroposterior position of the maxilla. This po- 3-22).

sition is determined by the maxillary incisor-lip 6. Transverse position of the maxilla. This posi-

relationship (lip support), paranasal form, and tion is determined by the midline of the face.

facial contour (Fig 3-21). In two-jaw surgery, the surgeon can position
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Fig 3-22
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right sides of the maxilla in two-jaw surgery cases.

Arch relationships (compatibility) should not be confused with arch form, and
both should be corrected orthodontically. However, the maxillary arch form may be al-
tered surgically. The surgeon should ensure symmetrical positioning of the left and

1 ;2

AL

_J

AC

L

CA

b

B D

c B D

23 (a) The apical base midline is the central point vertically halfway between the central incisor roots. {b) The maxillary inci-

sors are correctly angulated; however, the apical base midline (A-B) is asymmetrical in relation to the facial midline {C-D). The maxil-
lary midline should be surgically corrected. (¢) Although the apical base midline is central to the facial midline (C-D), the incisors are
angled (A-B) and the maxillary dental midline is not centered. The midline should be corrected orthodontically in the preoperative or-
thodontic phase.

the dental midlines of both jaws and must
ensure that the dental midlines and facial
midlines coincide. The orthodontist, there-
fore, should not waste treatment time by cor-
recting dental midlines. Keep in mind that in
the mandible, the dental midline and the
midline of the chin may not coincide, and ge-
nioplasty may have to be considered to cor-
rect the symmetry of the chin. In asymmetry
cases, the clinician should distinguish be-
tween dental midline and apical base midline
(Fig 3-23).

. Transverse dimension of the maxilla. This di-

mension is determined by the width of the

mandibular dental arch unless surgical
change in the mandibular arch dimension is
contemplated (Fig 3-24). A narrow maxillary
dental arch due to dental tipping should be
corrected orthodontically. Skeletal transverse
deficiency must be corrected by rapid palatal
expansion in children or by surgically assisted
orthodontics or surgical expansion in adults
(Fig 3-25).

Repositioning of the maxilla entails accurate

planning and meticulously performed surgery
to establish the basis for mandibular reposi-
tioning.
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3-24 (a and b) Dental arch width may
be assessed preoperatively by diagnostic
casts or by measuring and comparing the
distance between the mesiolingual cusps
of the maxillary first molars versus the cen-
tral fossae of the mandibular first molars
and the distance between the lingual
cusps of the maxillary first premolars ver-
sus the centers of the distal marginal
ridges of the mandibular first premolars,

Fig 3-25 (a) The maxillary molars are
tipped lingually, while the skeletal maxil-
lary width is adequate. The crossbite
should be corrected orthodontically. (b)
The crossbite is caused by a skeletal
transverse deficiency of the maxilla and
should be corrected surgically.

Orthodontic considerations

The orthodontist should ensure that the maxil-
lary dental arch is leveled. It is very difficult for
the surgeon to place the anterior and posterior
maxilla in the correct vertical position when
there is an existing curve in the occlusal plane.
However, the maxillary occlusal plane may be
leveled surgically in some cases—eg, open bite
cases where the maxillary arch has been ortho-
dontically aligned in segments.

Tooth extraction patterns in two-jaw surgery
are influenced by the following: crowding (ante-
riorly or posteriorly), the amount of incisor dis-
crepancy (overjet or crossbite) required to ob-
tain optimal esthetics, the need to place teeth
in a stable position in the central trough of
bone, the curve of Spee, and the possibility of
surgically closing residual extraction spaces.
Following are some basic rules regarding ortho-
dontic procedures for two-jaw surgery.

1. One should not attempt to level a transverse
occlusal plane cant orthodontically in facial
asymmetry cases. The cant should be leveled
surgically as part of the surgical correction of
the facial asymmetry.
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. Correct angulation and position of the maxil-

lary incisors should be ensured. The position
of the maxillary incisors (and their relation-
ship to the upper lip) will determine the final
anteroposterior position of the maxilla.

. A good arch form should be established. The

orthodontist should not waste treatment time
correcting anteroposterior and vertical dis-
crepancies of the left or right side of the max-
illa. These discrepancies can be corrected
surgically.

. The maxillary dental midline can be corrected

surgically. As long as a good arch form exists,
the maxillary dental midline should be cor-
rected surgically.

. Transverse discrepancies involving dental

tipping should be corrected orthodontically,
while transverse skeletal discrepancies should
be corrected surgically. Any orthodontic ex-
pansion in the maxilla beyond the skeletal
base will have a strong tendency to relapse.
Because the maxillary dental arch width is
determined by the mandibular arch width, it
is necessary to establish the mandibular arch
form before surgery (eg, by decompensation
of anterior and posterior teeth). The antero-
posterior, vertical, and transverse positions
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Fig 3-26 (a) A triangle involving the anterior nasal spine (ANS), posterior nasal spine (PNS), and pogonion (Pog) is constructed in
the treatment-planning phase to assist in selecting the rotation point and developing a surgical cephalometric visual treatment ob-
jective. (b) lllustration of counterclockwise rotation of the maxillomandibular complex around ANS resulting in a pronounced anterior
movement of the mandible. (¢) lllustration of clockwise rotation of the maxillomandibular complex around Pog resulting in a large ad-

vancement of the maxilla.

of the mandible are determined by the max-
illa after surgical repositioning, while the oc-
clusal plane of the maxilla is dictated by the
occlusal plane of the mandible after auto-
rotation.

Two-jaw surgery with rotation
of the maxillomandibular
complex

Rotation of the maxillomandibular complex with
consequent alteration of the angulation of the
occlusal plane is a surgical treatment designed
to achieve esthetic and functional results that
cannot be achieved by conventional treatment.
In this treatment scenario the occlusal plane of
the mandible (after autorotation) will not be the
final occlusal plane. The surgeon, therefore, has
two more decisions to make before positioning
the maxilla:

1. The new occlusal plane angle and the direc-
tion of rotation of the maxillomandibular

complex. This decision will be influenced by
the anteroposterior position of the chin,
paranasal anatomy, and facial contour.

. The point around which the maxillomandibu-

lar complex will be rotated. By constructing a
triangle involving the anterior nasal spine
(ANS), posterior nasal spine (PNS), and
pogonion (Pog) and varying the point of ro-
tation or the direction of rotation, functional
and esthetic possibilities can be investigated
(Fig 3-26a). The position of the rotation point
will be determined by the surgical cephalo-
metric prediction tracing and will be influ-
enced by the following:

a. The anteroposterior position of the chin
(Pog). The higher and more anterior (ie,
the closer to the anterior nasal spine) the
point of rotation, the more pronounced
the anteroposterior movement of the
chin (Fig 3-26b).

b. Paranasal flattening. The lower the rotation
point (ie, the closer to Pog), the more pro-
nounced the anteroposterior movement of
the anterior nasal spine (Fig 3-26c).
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The principles of the rotation of the maxillo-
mandibular complex (alteration of the occlusal
plane) are comprehensively discussed in chap-
ter 4.

Orthodontic considerations

The orthodontic principles outlined in the previ-
ous section on two-jaw surgery with maxillary
and mandibular repositioning also apply here.
The practitioner should pay close attention to
the angulation of the incisor teeth and remem-
ber that it will change as a consequence of
changing the angle of the occlusal plane. If nec-
essary, the orthodontist should compensate for
this expected change in angulation.

It is usually preferable to perform basic restora-
tive dental and periodontal treatment before
beginning the preoperative orthodontic phase.
This sequence will ensure that the dentition and
supporting dental tissues are sound. It is also
preferable to remove any impacted teeth at this
stage.

In general, the surgery should not be per-
formed too early in the orthodontic phase for
the following reasons:

1. Delaying surgery allows the surgeon to posi-
tion the jaws more accurately at surgery.

2. Better interdigitation of the teeth, which im-
proves stability, can be achieved if the arches
are better prepared.

3. After surgery, the patient’s appearance im-
proves; as a consequence, motivation to have
small orthodontic discrepancies corrected di-
minishes, and cooperation falters.

It is usually preferable not to extend the post-
operative orthodontic treatment beyond 3 to 6
months.

In determining placement of dental implants,
overall functional and esthetic results should be
carefully considered. Implants can be placed
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during orthognathic surgery, saving the patient
a second surgical procedure. However, the ideal
time for placement of implants is after an or-
thodontic retention period of approximately 3
months. Prosthodontic restoration of dental im-
plants should begin as soon as is practical. Early
restoration will improve orthodontic stability
and reduce the possibility of prepared spaces
closing should patients not cooperate in wear-
ing retainers.

Accurate and realistic visual treatment objec-
tives are developed from the lateral cephalo-
metric radiograph tracing in combination with
all the data obtained from the systematic pa-
tient evaluation. There are two types of visual
treatment objectives: the pretreatment visual
treatment objective and the immediate presur-
gical prediction tracing.

The pretreatment visual treatment objective
is developed once the primary surgical proce-
dure has been selected. The following questions
are used in its development:

* Will the selected surgical procedure produce
the required facial esthetic changes?

» Will it be physically possible to create the skel-
etal change within the biologic boundaries?

* Will it be possible to orthodontically produce
the tooth movements called for by the pro-
posed surgery?

The pretreatment visual treatment objective is
used for overall treatment planning. It consists of
(1) an orthodontic prediction tracing illustrating
the desired presurgical orthodontic tooth move-
ment and the resulting soft tissue changes and
(2) a surgical prediction tracing predicting the
surgical repositioning of the jaws and subse-
quent soft tissue changes. The magnitude of the
surgical movements of the jaw(s) is not important
at this stage as long as the procedure falls within
the boundaries of good surgical technique. If
more than one surgical or orthodontic option is



under consideration, a series of prediction trac-
ings should be made and all advantages and dis-
advantages of each treatment possibility ana-
lyzed. Where possible, simple treatment is best.

The immediate presurgical prediction trac-
ing, which is created a few days before surgery,
plans the definitive surgical movements and
predicts the soft tissue changes. The presurgical
orthodontic treatment is complete, and accu-
rate tracing and measurement of surgical move-
ments is now paramount.

The use of the visual treatment objective has
several advantages:

1. It can accurately predict the soft tissue profile
that will result after the proposed orthodon-
tic tooth movements and surgical skeletal
repositioning. The predicted soft tissue pro-
file can be assessed and the treatment plan
adjusted, if necessary.

2. It enables the orthodontist and surgeon to in-
vestigate treatment options and evaluate the
advantages and disadvantages of each op-
tion before treatment starts.

3. It helps analyze the need for tooth extrac-
tions or which teeth to extract.

4. The need for adjunctive surgical procedures,
such as genioplasty, can be assessed.

5. The progress of orthodontic treatment can be
monitored using the orthodontic prediction.

6. The postsurgical skeletal movements can be
assessed.

7. It acts as a communication medium between
the orthodontist and the surgeon, as well as
between the clinicians and the patient.

Orthodontic prediction
tracing

The presurgical position of the teeth dictates
the surgical movement of the jaws and, ulti-
mately, the soft tissue facial balance. Correct
planning of the orthodontic tooth positioning
before surgery and accurate execution of the
presurgical orthodontic plan will enhance the
surgical potential and, hence, the esthetic result.

Because of the myriad treatment possibilities,
it is impossible to discuss method and develop-

Development of Visual Treatment Objectives

ment for every conceivable treatment objective.
Thus, the development of a few prediction trac-
ings that will be helpful in most treatment plan-
ning is discussed in the following sections.

Mandibular advancement

Figure 3-27 shows the pretreatment cephalo-
metric analysis of a patient who will benefit from
a mandibular advancement. Cephalometric pa-
rameters discussed in chapter 2 may be used as
indicators of the dental, soft tissue, and hard tis-
sue objectives. As has been noted, the cephalo-
metric values should be used as a guide, and
compromise (dental, skeletal, or soft tissue) may
be necessary in formulating the best possible
treatment for each patient.

When mandibular advancement is contem-
plated, the shape of the chin should be assessed
as part of the orthodontic treatment planning.
Esthetic planning of the soft tissue of the chin
should assess the horizontal position of the soft
tissue pogonion (Pog’), but the actual shape of
the chin is more important in the overall esthet-
ics. The following factors should be considered
in the assessment of chin esthetics (Fig 3-28):
the vertical height of the chin, lower lip length,
amount of lower lip vermilion exposed, depth of
the labiomental fold, lower lip—chin-throat
angle, chin-throat length, curvature of the chin,
and horizontal relation of the labrale inferior (Li)
and Pog'.

Figure 3-29 illustrates three patients with
ideal incisal relationships and Pog' in the same
horizontal position. Because of the variation in
the shapes of their chins, however, they have
different esthetic appearances.

Therefore, when there is a clear indication for
genioplasty to improve the shape of the chin, it
should be incorporated in the orthodontic pre-
diction tracing so the presurgical orthodontic
tooth positioning will allow for the correct
amount of mandibular advancement and incor-
porate the planned amount of chin advancement
for the best esthetic result.

Step |

Create the original tracing by tracing the hard and
soft tissue, without analysis lines, on a separate
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E-line
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Fig 3-27 The pretreatment cephalometric analysis of a patient
with the following diagnostic summary: A 17-year-old female pa-
tient whose main complaint is that her chin appears deficient.
Skeletal: mandibular anteroposterior deficiency and microgenia.
Dental: Class I, division 1 malocclusion; slightly narrow maxillary
arch; slight maxillary incisor protrusion; mandibular ingisor pro-
trusion; and crowding in the mandibular incisor area. Soft tissue:
convex prafile, deficient chin, and short chin-throat length.

Fig 2-28 Parameters used in the evaluation of the overall esthet-
ics of the chin. The esthetic line (E-ine) (1) is drawn from nasal
tip (Pn) to pogonion (Pog). The height of the chin (2) should be
equivalent to two thirds of the lower third of the face (subnasale-
stomion:stomion-soft tissue menton = 1;2). Also known as lower
lip length, chin height should be 40 £ 2 mm (females) and 44 +
2 mm {males). Vermilion exposure (3): lower lip exhibits approxi-
mately 25% more vermilion than the upper lip. Depth of the
labiomental fold (4}): the labiomental fold should have a smooth
concave curve connecting the lower lip with the chin,
Mandibular-prognathic cases often exhibit flat labiomental folds,
while mandibular-deficient cases oflen have deep folds. Lower
lip=chin-throat angle (5): 110 £ 8 degrees. This angle tends to be
less than normal in mandibular prognathism and larger than nor-
mal in mandibular deficiency cases. Chin-throat length (6): nor-
mal, 42 £ 6 mm. An advancement genioplasty will clearly in-
crease this distance, while the distance will decrease when the
chin is set back. Curvature of the chin (7): the shape of the chin
is enhanced if the profile forms a smooth S shape from stamion
inferius to soft tissue menton. The lower lip should be 2 £ 2 mm
behind the E-line (8).
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Fig 3-28 The fact that chin shape is more important than the horizontal position of Pog' in overall esthetics is demonstrated in indi-
viduals with the following characteristics: (a) a deep labiomental fold and a knobby chin, (&) an esthetically well-shaped chin, and (c)
an obtuse labiomental fold that gives the chin a flat appearance. All three individuals have Pog' in exactly the same horizontal position.

“ig 3-30 Step 1: The original tracing.

sheet of acetate. In this case, the facial depth
angle and facial contour angle are used as indica-
tors of the “ideal” hard and soft tissue positions,
respectively. The facial depth angle is formed by
passing a line from nasion (N) through A-point
and the Frankfort horizontal (FH) plane (with the
maxilla in good position: males, 90 degrees; fe-
males, 89 degrees). An extension of the N-A line
should go through Pog'. The facial contour angle

/%)

is formed between the upper facial plane (UFP)
and lower facial plane (LFP) and should be =11 to
-15 degrees for males and =13 to -17 degrees for
females. Also, draw a vertical line on the
mandible posterior to the second molar, repre-
senting the vertical osteotomy line of the sagittal
split osteotomy; draw a horizontal line on the
chin, representing the genioplasty osteotomy line
(Fig 3-30).
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31 Step 2: The prediction tracing,

Step 2

In this case, clinical and cephalometric assess-
ment of the chin shape indicates an advance-
ment genioplasty. Begin the prediction tracing
by tracing the mandible anterior to the vertical
osteotomy line and above the horizontal os-
teotomy line in red on a clean piece of acetate.
The teeth, lower lip, and chin are traced in a
dotted line. Draw the ideal soft tissue chin
shape on this tracing (Fig 3-31). Bearing in mind
that soft tissue change in relation to hard tissue
repositioning of the chin is 0.9:1.0, draw in the
actual required bony advancement by sliding
the prediction tracing to the left until the pre-
dicted soft tissue coincides with the soft tissue
on the original tracing. The soft tissue pogonion
should now be at, or very close to, the desired
horizontal position, and the shape of the chin
should be esthetically pleasing. Trace the oc-
clusal plane (Fig 3-32).

In this case, the mandibular occlusal plane is
level. However, patients with Class Il malocclu-
sion often have deep bites with an accentuated
curve of Spee. Preoperative versus postopera-
tive leveling of the curve of Spee should be
considered carefully because the choice affects
facial esthetics, the amount of surgical advance-
ment, and the need for genioplasty. An exces-
sive curve of Spee should be leveled before sur-
gery in the following cases:

1. When the chin needs to be advanced the
same distance as the mandibular incisors.
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Prediction of bony advancement of the chin (ratio of

soft tissue to hard tissue advancement = 0.9:1.0) is done after the
prediction tracing is moved to the left until predicted soft tissue at
Pog' coincides with that of the original tracing (arrow).

2. When little vertical increase in the lower facial
height is indicated. In high-angle cases, the
vertical increase is slightly more than in low-
angle cases because of the steepness of the
occlusal plane.

3. When less decompensation of the incisors
will be necessary to achieve the desired chin
projection.

The curve of Spee should not be leveled
prior to surgery in cases where a clockwise rota-
tion of the distal portion of the mandible will be
advantageous (Fig 3-33), for example:

1. Where the incisor teeth need to be advanced
more than the chin

2. Where the anterior vertical height of the
lower third need to be increased by the
amount of excess of the overbite

3. Where a deep labiomental fold (usually pres-
ent with deep bites) will improve because of
the advancement of the mandibular incisors
and downward rotation of the chin

Taking the above into account, the clinician
should choose the plane of advancement. The
mandible can be advanced along one of three
occlusal planes (Fig 3-34): (1) the functional oc-
clusal plane, (2) the molar-incisor plane of the
maxilla, or (3) the molar-incisor plane of the man-
dible (in this case, all three planes are the same).
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“ig 3-33 The curve of Spee is not leveled, and as the mandible
is advanced, the mandible will rotate clockwise. The incisors will
advance (2] more than Pog' (3), while the correction of the deep
bite (1) will increase the vertical height of the chin (4) by the same
amount.

Step 3

Slide the prediction tracing to the right along
the chosen occlusal plane (in this case, the func-
tional occlusal plane), until the bony pogonion
coincides with the facial depth line and the soft
tissue pogonion coincides with the lower facial
plane line (or best fit) (Fig 3-35). The soft tissue
should take precedence, since it will determine
the esthetic result.

Step 4

Trace the rest of the facial structures. The max-
illary teeth are drawn in dotted lines (Fig 3-36).
Itis now clear that the mandibular advancement
has resulted in an anterior crossbite. The ques-
tion is, Can the teeth be orthodontically posi-
tioned in their ideal relationship to bone and to
each other in the new jaw relationship? The cli-
nician has various options:

1. Retraction of the mandibular incisors with or
without extractions

2. Advancement of the maxillary incisors

3. Less advancement of the mandible and in-
creasing the advancement of the chin.

Three occlusal planes: the molarincisor plane of the
mandible (a), the functional occlusal plane (b), and the molarinaisor
plane of the maxilla (c).

Step 5

Various cephalometric parameters may now be
used on the prediction tracing to place the
teeth in their ideal position in each arch and in
relation to each other. Draw the incisors in their
best possible position on the prediction tracing
(Fig 3-37).

Step 6

The predicted incisor positions are now care-
fully studied. In this case, the mandibular inci-
sors will have to be retracted. The clinician,
however, should guard against excessive re-
traction of the maxillary incisors, which would
undermine the lip support and limit the
mandibular advancement. The maxillary arch in
Class Il cases often needs some expansion to
accommodate the mandibular arch after ad-
vancement. This expansion, in turn, often offers
sufficient space for ideal positioning of the
maxillary incisors. Extraction of premolars (first
or second), however, may be indicated where
crowding and an occlusal curve are present.
Every 1 mm of arch leveling will increase the
anteroposterior arch length by 1 mm. However,
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Fig 3-35 Step 3. Fig 3-36 Step 4.

there will be an approximately 1-mm increase
in arch length for every 1 mm of expansion of
the arch at the canine area and a 4-mm in-
crease for a 1-mm arch expansion in the molar
area. Taking the following factors into account,
the clinician can make a decision regarding
tooth extraction (see pages 82 to 83):

1. Current incisor position

. Required incisor position to facilitate the cor-
rect amount of mandibular advancement

. Amount and area of crowding

. Extent of the occlusal curve

. Need for arch expansion

. Possibility of interdental stripping

M
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Step 7

The required arch length can now be estab-
lished. If tooth extractions are indicated, the
width of the teeth to be extracted should be
subtracted from the existing arch length. The
remainder of space (if any) can be closed by ad-
vancing the molars.

The feasibility of the predicted position of the
incisors will now be evident. In some cases it
may be necessary to make small dental com-
promises because of lack of arch length (even
with tooth extractions), thin mandibular symph-
ysis limiting tooth movement, or increase in
treatment time. To achieve the amount of man-
dibular incisor retraction indicated on the pre-
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Fig 3-37 Step 5.

diction tracing in this case, two premolars should
be extracted. The remaining space will be made
up by advancing the molars.

The molar relationship can also be estabished.
In this case, where extractions are not indicated
in the maxillary arch, the maxillary molar will not
move and is placed in a Class Ill relationship to
the mandibular molar. The mandibular molar is
advanced slightly to close the remaining extrac-
tion space once the incisor has been retracted
sufficiently (Fig 3-38).

Step 8
The soft tissue profile prediction can now be
completed. The upper lip will change very little
because of the small amount of maxillary incisor
retraction. The lower lip, however, will roll back
subsequent to retraction (decompensation) of
the mandibular incisors, as well as because of
the elimination of the effect of the maxillary in-
cisors on the lower lip. The rotation of the lower
lip affects the soft tissue superior to the labio-
mental fold. Generally, the lower lip has the
same thickness as the upper lip (Fig 3-39).
Figure 3-40 illustrates the completed predic-
tion tracing (visual treatment objective stage).
The tracing indicates the intended orthodontic
tooth movement, the surgical repositioning of
the mandible and chin, and the expected soft
tissue result.
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Fig 3-39 Step 8.

Maxillary advancement

Figure 3-41 illustrates a cephalometric tracing
and analysis of a patient who will benefit from a
maxillary advancement procedure. Begin the
original tracing by tracing all the relevant hard
and soft tissues on a clean piece of acetate.
Also trace all the teeth, since this will assist in
the prediction of the orthodontic tooth move-
ment. Draw the Le Fort | osteotomy line on the
maxilla, as well as the mandibular occlusal
plane. The following lines are drawn and angles
constructed to assist in the ideal positioning of
the teeth and in the surgical repositioning of the
maxilla (Fig 3-42):

1. The facial depth line is drawn by dropping a
line perpendicular to FH from N. The line
should be tangent to A-point, as well as to
Pog. In this case, however, the line is 5 mm
ahead of the A-point, confirming the diagno-
sis of maxillary anteroposterior deficiency.

2. The ideal position of subnasale (Sn) is pre-
dicted by constructing the ideal facial con-
tour angle for the patient. In this case, a facial
contour angle of —13 degrees is chosen (the
normal angle is =11 to —15 degrees for males
and —13 to =17 degrees for females). The UFP

Fig 3-40 The completed prediction tracing.

and the LFP are drawn at an angle of 13 de-
grees with the help of a protractor. The
glabella (G) and Pog' are static, while Sn is
advanced.

Step |

Trace all the facial structures that will not be af-
fected by the surgery on a clean piece of acetate.
Trace the cranial base, soft tissue chin below the
labiomental fold, hard tissue above the Le Fort |
osteotomy line, mandible, mandibular occlusal
plane, forehead, and soft tissue of the nose
above the supratip break. The mandibular teeth
(molar and incisor) are drawn in a dotted line.
Trace the facial depth line and LFP in the midface
region. The facial depth line is an indicator of the
required A-point position on the maxilla, while
the LFP indicates the required position of Sn.
This tracing will develop into the prediction trac-
ing (Fig 3-43).

This case will also benefit from a slight verti-
cal increase of the maxilla. Draw a short hori-
zontal line 2 mm below the mandibular occlusal
plane in the incisor region. This line indicates
the desired vertical position of the maxillary in-
cisor tip (the 2 mm represents the incisor over-
bite) (see Fig 3-43).
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Fig 3-4

1 The cephalometric analysis of a patient with the follow-
ing diagnostic summary: A 19-year-old male patient referred for
the correction of a Class lll malocclusion. Skeletal: maxillary an-
teroposterior deficiency and a tendency to vertical maxillary defi-
ciency (clinically there is a 1-mm maxillary exposure under the
upper lip with the lips slightly apart). Dental: Class Il malocclu-
sion, crowding in the maxillary arch (the maxillary canines are
partially blocked out labially), and mandibular incisors slightly
compensated. Soft tissue: lack of upper lip support, concave
profile, and flat paranasal area.

Step 2
Slide the prediction tracing to the left. The orig-
inal tracing will move to the right, advancing the
maxilla. Advance the maxilla on the original
tracing until A-point is tangent to the facial
depth line and Sn is tangent to LFP or best fit.
In this case, A-point is moved just past the facial
depth line, while Sn falls short of LFP. Place the
maxillary incisor tip on the horizontal incisor line
(Fig 3-44). Now draw the maxillary molars and
incisors with dotted lines on the prediction trac-
ing (Fig 3-45).

The prediction tracing can now be carefully
studied and the following observations made:

1. An increased incisor overjet is present.
2. The maxilla is advanced by 6.5 mm.
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42 The facial depth line, facial contour angle, occlusal
plane, and Le Fort | maxillary osteotomy line on the original
tracing.

Eie 0
Fig 3-

3. The maxilla is inferiorly repositioned by 2 mm.
4. The molars are now in a Class Il relationship.

The clinician has the following options:

1. Advance the maxilla less to get a better oc-
clusal relationship, and retract the maxillary
incisors. However, there is still crowding in
the maxillary arch. A small advancement
would compromise the esthetic result.

2. Extract the maxillary first premolars and retract
the maxillary incisors, improving their angula-
tion. The remaining space will be taken up by
advancement of the molars. Decompensate
the mandibular incisors. Keep the maxillary
advancement at 6.5 mm.
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Fig 3-43 Step 1: The prediction tracing. All facial structures that  Fig 3-44 Step 2: The prediction tracing is moved to the left and
will not be affected by the surgery are traced in red. slightly upward until A-point is just anterior to the facial depth line
{a) and the maxillary incisor at the chosen vertical height (b).

Fig 3-45 The treatment possibilities can be studied at this stage.
Note the increased incisor overjet, amount of maxillary advance-
ment (6.5 mm), amount of inferior repositioning of the maxilla (2
mm}, and Class Il molar relationship.
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Fig 3-46
comparing the Le Fort | osteotomy lines.

It is clear that the second treatment option will
achieve the best result. Trace the maxillary hard
tissue and the Le Fort | osteotomy line (Fig 3-46).
Figure 3-47 illustrates what the prediction tracing
should look like at this stage.

Step 3

Draw the maxillary incisor on the prediction
tracing with the aid of cephalometric guide-
lines, keeping the tooth in the central trough of
bone. Draw in the maxillary molar by advancing
it slightly (the first premolars have been ex-
tracted), closing the remaining space. Decom-
pensate the mandibular incisor by moving it
slightly labially; then draw the tooth on the pre-
diction tracing. The mandibular molar position
will change very little (Fig 3-48).

Step 4

The prediction tracing is now superimposed on
its position on the original tracing. The surgical
change in the position of the maxilla is clear (Fig
3-49). The soft tissue changes subsequent to the
repositioning of the maxilla can now be drawn in:
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The intended surgical repositioning is apparent by

Fig 3-47

The maxilla has been advanced and slightly inferiorly
repositioned. The dental and soft tissue prediction should be
done now.

1. Vermilion (stomion superius): 50% to 75% of
horizontal movement

2. Nasolabial angle: decreases 1 to 4 degrees
per 1-mm advancement

3. Nasal tip: advances 30% (variable) and can
be controlled

First, draw the predicted soft tissue change
with a dotted line (Fig 3-50). When you are sat-
isfied with the prediction, complete the line.
Draw the soft tissue of the lower lip above the
labiomental fold. Because of the effect of the
upper lip on the lower lip, slight curling of the
lower lip is expected (see Fig 3-50).

Step 5

Complete the visual treatment objective by
measuring the horizontal and vertical change
between the two Le Fort | maxillary osteotomy
lines, and note the orthodontic tooth move-
ments (Fig 3-51).
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Fig 3-48 Step 3. Prediction of incisor and molar positions, Note  Fig 3-49 By comparing the position of A-point on the prediction
the Class Il molar relationship. tracing and the original tracing (arrow), the amount of bone ad-
vancement can be seen (6.5 mm in this case).

Fig 3-50 Soft tissue prediction. Fig 3-51 Completed pretreatment prediction.
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: Pretreatment cephalometric tracing of a 16-year-old
male patient with the following diagnostic summary. Skeletal: ver-
tical maxillary excess and mandibular anteroposterior deficiency.
Dental: Class || malocelusion and accentuated curve of Spee.
Soft tissue: increased interlabial gap, excessive maxillary incisor
tooth exposure, and increased lower third of the face.

Superior repositioning of the
maxilla, advancement of the
mandible, and advancement
genioplasty

Figure 3-52 shows the pretreatment cephalo-
metric tracing of a patient with a Class Il maloc-
clusion, vertical maxillary excess, mandibular
anteroposterior deficiency and microgenia. The
clinician must ensure that the teeth are in cen-
tric relation and the lips are in repose during ra-
diography.

Start the prediction by tracing the hard and
soft tissues on clean acetate, deleting the analy-
sis lines (the original tracing).To assist in devel-
oping the prediction, construct the following
lines and angles on the original tracing (Fig 3-53):
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1-53 The facial depth line and the facial contour angle on the
original tracing will act as cephalometric guidelines to evaluale
the horizontal position of the maxilla and soft tissue pogonion
and to plan the required position of A-point and the soft tissue of
the chin, respectively,

1. The facial depth line is drawn through N and
A-point and should be perpendicular to the
FH plane. In this case, the line is constructed
through N perpendicular to FH, and it is clear
that A-point is slightly ahead of the line. This
line is an indicator of the final position of the
bony chin (Pog). Therefore, plan for Pog to
also be slightly ahead of this line.

2. The facial contour angle is formed by UFP
and LFP and should be -11 to -15 degrees
in males and —=13 to —17 degrees in females.
In this case, a —15-degree facial contour angle
is chosen and constructed to show the clini-
cian where the soft tissue chin (Pog’) should
be.

3. This case will benefit from a Le Fort | maxil-
lary ostectomy (superior repositioning), a bi-
lateral sagittal split mandibular osteotomy



Fig 2-54 Step 1. All the structures that will not be affected by the
surgery are now traced in red. The desired horizontal and verti-
cal positions of the maxillary incisor are drawn, and the inferior
part of LFP is traced.

(advancement), and genioplasty (advance-
ment). For accuracy of measurement later,
draw the osteotomy lines as close to the
areas where the osteotomies will be per-
formed as possible.

Step |

On a clean piece of acetate, trace all the facial
structures that will not be affected by the treat-
ment: the cranial base, soft tissue of the fore-
head, and soft tissue of the nose above the
supratip break. This tracing will develop into the
prediction tracing. The ideal vertical position of
the maxillary incisors is indicated by a horizon-
tal line approximately 3 mm inferior to the
upper lip. This decision is based on the required
amount of incisor exposure under the upper lip
after maxillary superior repositioning, as discus-

Development of Visual Treatment Objectives

sed in chapter 2. Bear in mind that there will be
some lip shortening. A vertical line indicating
the ideal anteroposterior position of the labial
surface of the maxillary incisor is drawn crossing
the horizontal line. (The decision of where to
draw these lines is based on the soft tissue re-
quirements of each case.) Trace the inferior part
of the constructed LFP (Fig 3-54).

Step 2

Apply finger pressure just posterior to the
condylion on the prediction tracing, and rotate
the tracing counterclockwise around the
condylion. In this case, the patient has a deep
bite and an accentuated curve of Spee that will
need to be leveled before surgery. Therefore,
the maxillary occlusal plane will be the occlusal
plane of choice.
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Fig 3-55 The maxillary incisor is now in the ideal vertical position;
however, it is still slightly ahead of the chosen horizontal position.

Rotate the tracing until the maxillary incisor is
tangent to the horizontal line (Fig 3-55). Draw
the mandibular ramus proximal to the vertical
osteotomy line, as well as the maxillary occlusal
plane (Fig 3-56).

Step 3

Slide the prediction tracing to the left along the
occlusal plane until the soft tissue of the chin
(Pog’) is tangent to the predicted LFP. After
careful study of the distal section of the
mandible on the original tracing in relation to
the prediction tracing, three observations can
be made (Fig 3-57):

1. The mandibular incisor is ahead of the verti-
cal line, indicating the desired labial surface
of the maxillary incisor.

2. The mandibular incisor edge is 3 mm above
the horizontal line, indicating the vertical po-
sition of the maxillary incisor edge.

3. The vertical osteotomy line is 8 mm ahead of
the osteotomy line on the original tracing, in-
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Fig 3-56 The mandibular ramus has autorotated and is traced in.

dicating that an 8-mm surgical advancement
is required to achieve the predicted chin po-
sition.

The clinician has the following options:

1. Retraction of the mandibular incisors. In this
case, the angle of the mandibular incisors is
acceptable. Any retraction will make the teeth
very upright and require extraction of teeth.

2. Leveling the curve of Spee. This option will
increase the mandibular arch length and thus
necessitate slight advancement of the man-
dibular incisors. Extraction of teeth may be
indicated.

3. Less advancement of the mandible. This op-
tion will compromise the esthetics.

4. Less advancement of the mandible combined
with an advancement genioplasty. The patient
has a small chin and a large, everted lower
lip. An advancement of the chin will benefit
the patient.



Fig 2-57 Step 3. The prediction tracing is moved to the left along
the occlusal plane. Pog' is now tangent to the predicted LFP
{arrow), Note that the mandibular incisor is ahead of the vertical

line, indicating the desired anteroposterior position of the maxil-

lary incisor; the mandibular incisor is 3 mm above the horizontal

line, indicating the desired vertical position of the maxillary inci-

sor edge; and an 8-mm mandibular advancement is necessary to
achieve the predicted chin position.

From the above considerations, it is clear that
the best option is to level the mandibular arch
without tooth extractions. The mandibular inci-
sors will move slightly forward. Advance the
mandible less, and combine the mandibular
surgery with an advancement genioplasty. To
test the decision, follow Steps 4 through 9.

Step 4

Lay a clean piece of acetate over the original
tracing. Trace the distal part of the mandible an-
terior to the vertical osteotomy. Do not trace the
mandible inferior to the genioplasty line. Trace
the soft tissue chin below the depth of the labio-
mental fold using a dotted line. The curve of
Spee will be leveled before surgery (for reasons
discussed previously). Trace the maxillary oc-
clusal plane. The first molar is extruded and the
incisor intruded and moved slightly labially to fa-
cilitate leveling of the mandibular arch. This trac-
ing is called the mandibular tracing (Fig 3-58).

Development of Visual Treatment Objectives

Step 5

Superimpose the prediction tracing on the
mandibular tracing, and slide the prediction
tracing to the left along the occlusal plane until
the mandibular incisors are positioned 1 mm to
the left of the vertical line. This will allow the
maxillary incisors to fit in between the mandibu-
lar incisor and the vertical line, indicating the
labial surface of the maxillary incisor. The dot-
ted line indicating the soft tissue of the chin is
behind the predicted LFP, indicating the need
for an advancement genioplasty (Fig 3-59).

Step 6

Trace the distal part of the mandible (the man-
dibular tracing) on the prediction tracing. The
amount of surgical advancement is indicated by
the distance between the two vertical osteotomy
lines (Fig 3-60).
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3-59 Step 5.

Step 7

Superimpose the prediction tracing on the
original tracing with the occlusal planes coin-
ciding and the first molars in a Class | relation-
ship. The increased overjet of the incisors is
clear (Fig 3-61). The clinician now must deter-
mine whether retraction of the maxillary inci-
sors to achieve an ideal incisal relationship is
possible. In this case, it was found to be a fea-
sible option. Now trace the maxillary incisor in
its ideal relationship to the mandibular incisor,
then trace the Le Fort | osteotomy line (Fig 3-62).
These two lines indicate the maxillary superior
repositioning (it is typical that the superior
movement is more in the anterior region than
the posterior region). Figure 3-63 illustrates the
prediction tracing at this stage, with no soft tis-
sue prediction below the subnasale and the un-
finished genioplasty. The LFP indicates the re-
quired anteroposterior position of the soft
tissue chin.

Step 8

The next step is prediction of the upper lip and
nasal tip. Superimpose the prediction tracing
and the original tracing with unaffected tissues
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Fig 3-60 Step 6.

coinciding. Draw the upper lip using the original
lip position as a guide, bearing in mind that there
will be lip shortening (10% to 20% of total maxil-
lary superior repositioning). The subnasale would
move slightly forward, and the lip curve would fill
out. The tip of the nose below the supratip break
will advance slightly (Fig 3-64).

Step 9

To predict the hard and soft tissue chin and the
lower lip, lay the prediction tracing over the
original tracing with the mandibular skeletal tis-
sues. Slide the prediction tracing to the left
along the genioplasty osteotomy line until the
soft tissue of the chin (dotted line) is tangent to
the LFP line (Fig 3-65). Trace the soft tissue of
the chin below the depth of the labiomental
fold, as well as the hard tissue below the genio-
plasty osteotomy line. Draw the lower lip, bear-
ing in mind that the effect of the maxillary inci-
sors on the lower lip is eliminated. The lip will
rotate backward, reducing the vermilion expo-
sure (Fig 3-66).

Figure 3-67 illustrates the final visual treatment
prediction of hard and soft tissue.
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Fig 3-61 The maxillary incisor is 2 mm ahead of the vertical line.  Fig 3-62 The amount of superior repositioning of the maxilla is
indicated by the distance between the two Le Fort | ostectomy
lines (arrow).

Fig 3-63 The soft tissue of the nasal tip, the upper lip, the slid- Fig 3-64 Prediction of the nasal tip and upper lip.
ing genioplasty, and the soft tissue of the chin must still be pre-
dicted.
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Fig 3-65 Prediction of the chin. Fig 3-66 Lower lip prediction.

Fig 3-67 Completed treatment objective.
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Fig 3-68 Original tracing.

Final surgical visual
treatment prediction

The surgical visual treatment objective is based
upon the immediate preoperative cephalomet-
ric radiograph (the preoperative orthodontic
preparation is now completed) and will accu-
rately determine the skeletal surgical move-
ments necessary to achieve the functional and
esthetic treatment goals. The visual treatment
objective can also be used after surgery to
check whether the predicted surgical results
have been achieved.

Because of the extreme diversity of surgical
procedures and the combination of proce-
dures employed in the surgical correction of
dentofacial deformities, it is impossible to illus-
trate the method of developing the cephalo-
metric prediction tracing for every conceivable
deformity. By creating the visual treatment pre-
dictions through trial and error and comparing
the actual soft and hard tissue treatment results
with the predicted results, surgeons will de-

Development of Visual Treatment Objectives

velop their own data for soft tissue predictions
to perfect their prediction tracing techniques.

A few days before surgery, a cephalometric
radiograph is obtained with the patient’s teeth
in centric relation and the lips in repose. To cre-
ate the original tracing, the radiograph is accu-
rately traced to demonstrate all the relevant
hard and soft tissue structures. All the dental
structures are also traced in to accurately
demonstrate the crowns and roots of the teeth.
The analysis lines are not drawn on this tracing.
The tracing is removed from the radiograph for
better visualization when constructing the pre-
diction tracing.

Advancement genioplasty

Step |

The patient shown in the original tracing in Fig
3-68 will benefit from an advancement genio-
plasty. Draw a line on the original tracing repre-
senting the osteotomy cut on the chin. Bear in
mind anatomic structures, such as the mental
foramen and roots of the teeth. Also remember
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659 No vertical change of the anterior mandibular vertical

g 3-70 Step 2. All structures that will not be affected by the sur-

height is required. The ostectomy for genioplasty is therefore gery are traced in red,

made horizontal,

that the angle at which the osteotomy is per-
formed will influence the vertical dimension of
the chin as it is advanced (see chapter 5). Draw
the facial contour angle formed by the upper
and lower facial planes. Construct a predicted
lower facial plane (in this case, an angle of -15
degrees to the upper facial plane is chosen)
using dotted lines (Fig 3-69).

Step 2

Lay a clean sheet of acetate over the original
tracing. Trace the osteotomy line and all skeletal
and soft tissue structures that will remain un-
changed by the surgical procedure—in this case,
everything above the genioplasty line. This trac-
ing is called the prediction tracing (Fig 3-70).

Step 3

The clinician, guided by all the available refer-
ences for the ideal soft tissue position of the
chin (in this case, the facial contour angle is
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used) and an artistic sensibility, draws the soft
tissue chin on the prediction tracing (Fig 3-71).

Step 4

The prediction tracing is now moved toward
the left until the original tracing’s soft tissue
chin line is tangent to, or just ahead of, the
prediction tracing’s soft tissue chin line (soft
tissue change to hard tissue movement is 90%
to 100%). Trace the skeletal change as super-
imposed on the original tracing (Fig 3-72).
Vertical changes can now be made where in-
dicated (eg, ostectomy to vertically shorten
the chin, downgrafting for vertical increase, or
changing the angulation of the osteotomy so
that the chin will slide superiorly when ad-
vanced or slide more horizontally when re-
duced). The skeletal advancement can be
measured and recorded on the completed
prediction tracing (Fig 3-73).
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Fig 3-71 Step 3. Soft tissue prediction. Fig 3-72 Step 4. Hard tissue prediction.

Fig 8-73 Completed prediction tracing.
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Fig 3-74 Original tracing of a patient requiring advancement of

the mandible.

Mandibular advancement

Step |

Trace all the hard and soft tissue structures on a
clean piece of acetate without the analysis lines.
Draw a line just posterior to the second molar
on the body of the mandible representing the
vertical cut of the bilateral sagittal split os-
teotomy. This tracing is called the original trac-
ing (Fig 3-74).

Step 2

Lay a clean sheet of acetate over the original
tracing, and trace all skeletal and soft tissues
that will not be affected by the surgery. Do not
trace the hard and soft tissue structures of the
mandible distal to the vertical osteoctomy line.
This tracing will develop into the prediction
tracing (Fig 3-75).

Step 3

Slide the prediction tracing to the left (the orig-
inal tracing structures will move to the right).
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Fig 3-75 Step 2. All structures that will not be affected by the sur-
gery are traced in red.

Position the mandibular teeth of the original
tracing in the best interincisal and molar rela-
tionship with the maxillary teeth on the predic-
tion tracing (Fig 3-76). Trace the mandibular
skeletal structures and the teeth. Also trace the
soft tissue of the chin below the labiomental
fold (the pogonion response to hard tissue ad-
vancement is 0.9:1.0 to 1:1) (Fig 3-77).

Step 4

Now trace the lower lip. As a guide, use the
available knowledge of the soft tissue response
to hard tissue changes (Fig 3-78). The labio-
mental fold flattens. The lower vermilion ad-
vances 75% (66% to 100%) of horizontal skele-
tal movement. The effect of the maxillary
incisor on the lower lip is now removed, and
the lower lip will curl back, reducing the ver-
milion exposure. Figure 3-79 shows the com-
pleted prediction. The amount of mandibular
advancement can be determined by measuring
the distance between the two vertical os-
teotomy lines.
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Fig 3-76 The mandibular teeth on the original tracing are now in  Fig 3-77 Step 8. The mandibular skeletal structures and testh
a Class | molar relationship and in the ideal incisor overbite and and the soft tissue of the chin below the labiomental fold are
overjet with the maxillary teeth on the prediction tracing. traced.

R

Fig 3-78 Step 4. The everted lower lip will rotate back as the ef- Fig 3-79 Completed prediction tracing.
fect of the maxillary incisor is eliminated.
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g 3-80 Original tracing of a patient with a Class Ill malocclu-
sion. The surgical treatment plan consists of a mandibular set-

back procedure.

Mandibular setback

Step |

Draw a line on the original tracing to represent
the vertical cut of the bilateral sagittal split os-
teotomy on the body of the mandible. This line
should be drawn as close as possible to where the
actual osteotomy will be performed (Fig 3-80).

Step 2

Lay a clean sheet of acetate over the original
tracing, and trace all skeletal and soft tissues that
will not be affected by the surgery. Do not trace
the upper lip or the hard and soft tissues distal
to the mandibular ostectomy line (Fig 3-81).

Step 3

Slide the prediction tracing toward the right
(the distal mandible will move toward the left)
until the best interincisal and molar relationship
is achieved (Fig 3-82). Trace the skeletal tissue,
as well as the osteotomy line of the distal seg-

6

Fig 3-81 Step 2. All structures that will not be affected by the sur-
gery are traced in red.

ment. Trace the soft tissue of the chin below the
labiomental fold (soft tissue change to hard tis-
sue movement is 0% to 100% at the pogonion)
(Fig 3-83).

Step 4

The effect of the mandibular incisor on the
upper lip (Class lll deep bite cases) is now re-
moved, and the lip will move back slightly. Draw
the new position of the upper lip. In some Class
Il cases (eg, open bite cases), the mandibular in-
cisors will have no effect on the upper lip. When
this is true, as in this case, the lower lip can be
traced in from the start. Thus, with the predic-
tion tracing still in the same position, draw the
lower lip. In Class Ill deep bite cases (overclo-
sure), the lower lip will change in response to the
influence of the upper lip and maxillary incisor.
The amount of mandibular setback can now be
determined on the completed prediction trac-
ing by measuring the distance between the two
vertical osteotomy lines (Fig 3-84).
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Fig 3-82 The mandibular teeth on the original tracing have a Fig 3-83 Step 3,
Class | molar relationship and ideal incisal relationship with the
maxillary teeth on the prediction tracing.

Fig 3-84 Completed prediction tracing.
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Fig 3-85 The original tracing of a patient who will benefit from Fig 3-86 Step 1. The Le Fort | ostectomy line is drawn and the

an advancement of the maxilla for the correction of a Class |l
malocclusion.

Maxillary advancement

Step |

The original tracing of a patient with a Class Il
malocclusion is illustrated in Fig 3-85. Draw a
line on the original tracing to represent the Le
Fort | maxillary osteotomy. This line should be
anatomically as close as possible to where the
actual osteotomy will be performed on the
maxilla. It makes the measurement of maxillary
repositioning more accurate.

The line should be parallel to the occlusal
plane of the maxilla so that the maxilla will be
advanced along this plane. If the line is angled
upward, the height of the maxilla will be re-
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desired height of the maxillary incisor indicated.

duced; if bone contact is maintained, the bite
will open anteriorly. If the line is angled inferi-
orly, the maxilla will slide downward. In a Le Fort
| advancement procedure, the final anteropos-
terior position of the maxilla is dictated by the
mandibular dentition. However, the vertical po-
sition of the maxilla is controlled by the sur-
geon. The mandible will autorotate (clockwise
subsequent to an increase in the maxillary
height and counterclockwise subsequent to su-
perior repositioning of the maxilla). The clinician
can therefore decide on the final vertical posi-
tion of the maxillary central incisor based on the
ideal tooth-lip relationship. Draw a horizontal
line in the incisor region indicating the ideal ver-
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Fig 3-87 Step 2. All structures that will not be affected by the sur-

Fig 3-88 The prediction tracing is rotated around the condylion

gery are traced in red. The horizontal line representing the de-  until the mandibular incisor edge is 2 mm above the horizontal

sired vertical position of the maxillary incisor edge is also drawn.,

tical position of the maxillary incisor. In this
case, the existing height of the maxilla will be
maintained (Fig 3-86).

Step 2

Lay a clean sheet of acetate over the original
tracing. Trace all skeletal and soft tissue struc-
tures that will not be affected by surgery (Fig
3-87). Do not trace the bone and teeth of the
maxilla below the osteotomy line or the soft tis-
sue inferior to the supratip break of the nose,
upper lip, and lower lip. The soft and hard tis-
sues of the mandible are also not traced at this
stage. In this case, it is clear that the mandibu-
lar incisor is tangent to the line indicating the

line. This projection represents the incisor overhite,

ideal vertical position of the maxillary incisor. To
achieve a normal incisor overbite, the mandibu-
lar incisor needs to be rotated to 2 mm above
the line. Place a pencil posterior to the
condylion, and rotate the prediction tracing
clockwise until the incisor is 2 mm above the
horizontal line. Now trace the mandibular hard
tissue and soft tissue of the chin below the
labiomental fold (Fig 3-88).

Step 3

Move the prediction tracing to the left (the orig-
inal tracing structures will move to the right),
and superimpose the skeletal tissue of the orig-
inal tracing to establish the best interincisal and
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1 3-89 The maxillary teeth on the original tracing are now in
occlusion with the mandibular teeth of the prediction tracing.

molar relationship with the teeth on the predic-
tion tracing (Fig 3-89). Trace the skeletal tissues,
as well as the osteotomy line (Fig 3-90).

Step 4

The soft tissue can now be drawn; bear in mind
the soft tissue changes caused by maxillary ad-
vancement procedures. Lay the prediction trac-
ing over the original tracing to superimpose the
structures that did not move. The nose and
upper lip changes are now predicted. Draw the
soft tissue first in dotted lines until the predic-
tion is satisfactory; then complete the lines of
the nose and upper lip (Fig 3-91). Vermilion
(stomion) movement will represent 50% to 75%
of the horizontal movement. The nasolabial angle
decreases 1 to 4 degrees per 1 mm of advance-
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Fig 3-90 Step 3.

ment. The nasal tip advances 30% (although
this is variable) and can be controlled.

To predict the soft tissue change of the lower
lip, superimpose the prediction tracing on the
original tracing with the mandibular hard tissue
and soft tissue chin coinciding. The new rela-
tionship between the upper and lower lips is ev-
ident. The upper lip will tend to push the lower
lip slightly down, somewhat everting the lower
lip. First draw the predicted change with a dot-
ted line, and then finish the prediction tracing
(Fig 3-92).

Figure 3-93 shows the completed tracing pre-
dicting the hard and soft tissue changes. The
amount of surgical advancement can be meas-
ured by comparing the preoperative and post-
operative osteotomy reference lines.
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Fig 3-91 Soft tissue prediction of the tip of the nose and upper lip.  Fig 3-92 Prediction of the lower lip.

Fig 2-93 Completed prediction tracing.
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Maxillary superior repositioning

Step |

The original tracing of a patient requiring supe-
rior repositioning of the maxilla for correction of
vertical maxillary excess is shown in Fig 3-94.
The radiograph must show the lips in repose
and the teeth in centric occlusion. When cor-
recting vertical maxillary excess, the maxillary
central incisor-upper lip relationship forms the
basis of the development of a visual treatment
objective.

Draw a horizontal line on the original tracing
with a vertical step that simulates the Le Fort |
maxillary osteotomy as close as possible to
where the actual osteotomy will be performed
on the maxilla. The most important decision of
the surgical treatment objective—the final verti-
cal position of the maxillary incisor tip—must
now be made. The decision is made with the
aid of cephalometric guidelines, knowledge of
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Fig 3-94 Original tracing of a patient with vertical maxillary ex-
cess. The maxilla will be superiorly repositioned.

soft tissue response to maxillary superior repo-
sitioning, clinical experience, and artistic sense.
A few guidelines to assist in making this deci-
sion follow:

* Maxillary incisor exposure of 1 to 4 mm under
the upper lip is considered normal.

e Less maxillary incisor will show under long
upper lips, and more maxillary incisor will show
under short upper lips.

¢ Never treat the “gummy smile.” The smile
may expose a larger amount of gingiva than
the amount of superior repositioning indi-
cated by the incisor exposure under the upper
lip. Treatment of the “gummy smile” will lead
to excessive superior repositioning of the
maxilla, resulting in a toothless appearance.

* Superior repositioning of the maxilla com-
bined with maxillary setback undermines soft
tissue support of the upper lip and paranasal
areas, leading to poor esthetic results.
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Fig 3-95 Step 1.

* Superior repositioning of the maxilla will lead
to upper lip shortening (10% to 20% of the
amount of superior repositioning).

* Never treat the interlabial gap. Correction of
vertical maxillary excess and establishment
of the ideal tooth-lip relationship will create
lip seal in most cases. An interlabial gap of 1
to 3 mm is acceptable and often very attrac-
tive. The amount of superior repositioning
should not be guided by the interlabial dis-
tance.

* The upper lip length, lip thickness, and over-
all esthetics are also influenced by the surgical
technique (see chapter 5).

* Err on the long side rather than the short side
in superior repositioning of the maxilla.

Consider these guidelines while drawing a hor-
izontal line on the original tracing to indicate
the required vertical position of the maxillary in-
cisor edge (Fig 3-95). The anteroposterior posi-

Fig 3-96 Step 2,

tion of the maxillary incisor will be determined
by the mandibular incisors after autorotation.

Step 2

Lay the prediction tracing over the original trac-
ing, and trace all skeletal and soft tissue struc-
tures that will not be affected by the superior
repositioning of the maxilla. In other words, the
nasal tip and the maxillary and mandibular hard
and soft tissue are not traced (Fig 3-96).

Step 3

The mandible is now autorotated by placing a
pencil just posterior to the condylion and rotat-
ing the prediction tracing clockwise until the
mandibular incisor tip projects 2 mm above the
horizontal line. The amount of incisor above
the line represents the amount of overbite (Fig
3-97). Trace the mandibular hard tissue and soft
tissue of the chin below the labiomental fold
(Fig 3-98).
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“ig 3-897 The mandible has been autorotated until the mandibu-
lar incisor projects 2 mm above the horizontal line,

Step 4

Superimpose the mandibular teeth of the pre-
diction tracing on the original tracing to obtain
the best incisor and molar relationship. The an-
teroposterior position of the maxilla is dictated
by the mandibular incisor position. The occlusal
plane is dictated by the mandibular occlusal
plane after autorotation (Fig 3-99). Trace the
maxillary hard tissue, as well as the Le Fort | os-
teotomy reference line (Fig 3-100).

Step 5

Slide the prediction tracing on the original trac-
ing to superimpose the structures that were not
affected by the surgery. The superior reposi-
tioning of the maxilla is now apparent. The max-
illary advancement subsequent to the counter-
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Fig 3-98 Step 3.

clockwise rotation of the maxilla is also clearly
visible. The expected soft tissue changes can
be drawn in according to knowledge of soft tis-
sue change in relation to skeletal repositioning.
In Le Fort | superior repositioning, the vermilion
(stomion) movement represents 10% to 20% of
the vertical movement, and the nasolabial angle
tends to decrease. In Le Fort | advancement,
vermilion (stomion) movement represents 50%
to 75% of the horizontal movement. The naso-
labial angle decreases 1 to 4 degrees per 1 mm
of advancement. The nasal lip turns upward (a
change that is variable, but controllable).

First, draw the predicted soft tissue with a
dotted line. When the prediction is satisfactory,
the nasal tip and upper lip predictions can be
drawn in (Fig 3-101).
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Fig 3-99 The mandibular teeth on the prediction tracing now oc-  Fig 3-100 Step 4. The maxillary structures and the osteotomy
clude with the maxillary teeth on the original tracing, line are traced to indicate the maxillary repositioning (arrow).

Fig 3-101 Soft tissue prediction of the nasal tip and upper lip.
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Fig 3-102 Prediction of lower lip change.

Step 6
Move the prediction tracing to superimpose the
mandibular hard tissue structures on the origi-
nal tracing’s mandibular hard tissue structures.
Trace the mandibular soft tissue, bearing in
mind that with lip competence now established,
the mentalis muscle will relax (the chin soft tis-
sue thickness will increase), and the lower lip
will roll back slightly. However, the maxillary in-
cisor may now have an influence on the lower
lip, moving it slightly forward. Draw the lip with
a dotted line, and when confident about the
prediction, finalize it with a solid line (Fig 3-102).
By measuring the distance between the os-
teotomy lines on the original tracing and the
prediction tracing, the actual skeletal move-
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Fig 3-103 Completed prediction tracing. The maxilla is superiorly
repositioned 4 mm in the posterior area and 6 mm in the anterior
area. By following the forward rotation of the mandible, a 3-mm
maxillary advancement is necessary.

ments can be recorded. The following facts are
clear in the case demonstrated here (Fig 3-103):

1. The superior repositioning of the maxilla is
less in the posterior area (4 mm) than in the
incisor areas (6 mm). This is due to the fact
that a severe anterior open bite is corrected,
as well as to the fact that more superior repo-
sitioning was necessary in the molar area to
allow for mandibular autorotation.

2. The anteroposterior position of the maxilla is
determined by the mandibular incisor posi-
tion after autorotation. As the mandible (the
unoperated jaw) is rotated counterclockwise,
it is also rotated forward. The maxilla, there-
fore, has to be advanced (3 mm in this case).



Fig 3-104 Original tracing of a patient with vertical maxillary ex-
cess, maxillary anteroposterior excess, and mandibular antero-
posterior deficiency. The malocclusion is Class |,

Maxillary segmental superior
repositioning with extraction of
first premolars and advancement of
the mandible

Step |

Begin the prediction by tracing the original trac-
ing (Fig 3-104). Draw lines on the original trac-
ing to simulate the osteotomies. A horizontal
line with a step simulating the Le Fort | os-
teotomy is drawn as close as possible to the ac-
tual osteotomy on the maxilla. Two vertical lines
indicating the limits of the interdental ostec-
tomy are then drawn between the second max-
illary premolar and the canine. The first premo-
lars will be removed at the time of surgery and
the space closed surgically.

The very important decision—the predicted
vertical position of the maxillary incisor—is now
made. Guided by the information on the ideal
incisor-upper lip relationship discussed else-
where, a horizontal line is drawn to indicate the
vertical position of the maxillary incisor. A verti-
cal line transecting this line, indicating the de-

Development of Visual Treatment Objectives
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sired anteroposterior position of the maxillary
incisor, is then drawn. The final position of the
maxillary incisor tip is indicated by the inter-
section of these two lines. The fact that surgery
will involve both jaws allows the clinician to
choose the final vertical, as well as the final an-
teroposterior, position of the maxillary incisor.
Guidelines to assist in the vertical positioning
of the incisor have been discussed earlier.

The following guidelines will help the clini-
cian locate the ideal horizontal positioning of
the maxillary incisor:

* The maxillary incisors are responsible for
upper lip support. Excessive retraction of the
anterior maxillary segment will result in loss
of lip support and poor esthetic results.

* Retraction of the anterior segment will in-
crease the nasolabial angle and accentuate
the nose.

* Lip thickness is often a good indicator of how
much retraction of the anterior segment a pa-
tient will tolerate before the lip will react to
the tooth movement. In general, the thickness
of the upper and lower lips is equal.
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Step 1. The intendad osteotomy lines, as well as the ; Step 2. All structures that will not be affected by the
required vertical and horizontal positions of the maxillary incisor  surgery are traced in red.
edge, are drawn on the original tracing. The first maxillary pre-

molars will be removed at surgery and the space closed.

e Vermilion exposure of the upper lip will de-
crease after retraction of the anterior maxillary
segment.

» Avoid excessive retraction of the anterior
teeth. A fuller lip is esthetically more pleasing
than a flat, unsupported upper lip.

A vertical line simulating the vertical os-
teotomy of the bilateral sagittal split osteotomy
is drawn on the body of the mandible (Fig 3-105).

Step 2

Lay a clean sheet of acetate over the original
tracing, and trace all hard and soft tissue struc-
tures that will not be affected by the surgery
(Fig 3-106). The maxillary and mandibular skele-
tal structures, soft tissue of the nose below the
supratip break, upper lip, and mandibular soft
tissue structures are not traced.

Place a pencil just posterior to the condylion.
Rotate the prediction tracing in a clockwise di-
rection until the mandibular incisor projects ap-
proximately 2 mm above the horizontal line (the

128

amount of mandibular incisor above the line in-
dicates the desired overbite) (Fig 3-107). Next,
trace the skeletal structure of the mandible,
proximal to the vertical mandibular osteotomy
line. The mandibular incisor is now a few mil-
limeters behind the vertical line (Fig 3-108).

Step 3

Slide the prediction tracing to the left. The orig-
inal tracing structures will move to the right.
Superimpose the prediction tracing so that the
mandibular incisor on the original tracing is
1 mm behind the vertical line (the amount of
mandibular incisor behind the vertical line indi-
cates the desired overjet) (Fig 3-109). The two
vertical osteotomy lines on the mandibular
body should be parallel, indicating that no rota-
tional movements of the mandible have taken
place. Trace the mandibular skeletal structures
distal to the vertical line, as well as the soft tis-
sue on the chin below the labiomental fold
(pogonion 1:1 response) (see Fig 3-109).
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Fig 3-107 The mandible is autorotated until the mandibular inci-  Fig 3-108 After autorotation of the mandible, the mandibular in-

sor projects 2 mm above the horizantal line (arrow), cisors are still a few millimeters behind the vertical line indicating
the labial surface of the maxillary incisors (arrow). The mandible
will have to be advanced.

Fig 3-109 The mandible is advanced by moving the prediction
tracing to the left.
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Fig 3-110 The testh of the anterior maxillary segment on the
original tracing now fit on the teeth of the mandible on the pre-

diction tracing (arrow).

Step 4

Move the prediction tracing so the teeth in the
anterior maxillary segment fit on the teeth in the
mandible (which is now autorotated and ad-
vanced). The incisor tip position is indicated by
the intersection of horizontal and vertical lines
drawn as the first step of the tracing, and the
maxillary occlusal plane is adapted to the
mandibular occlusal plane (Fig 3-110). Now
trace the anterior maxillary skeletal structures,
including the vertical (interdental osteotomy)
and horizontal (Le Fort | osteotomy) lines on the
segment (Fig 3-111).

Step 5

Slide the prediction tracing to the left. The orig-
inal tracing structures will move to the right.
Position the original tracing’s posterior maxillary
teeth (molars and premolars) so they fit on the
mandibular posterior teeth. This should be
done realistically, keeping in mind the roots of
the teeth adjacent to the extraction socket of
the first premolar and interdental ostectomy.
The vertical interdental reference lines must, at
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Fig 3-111 The maxillary incisor is placed between the mandibu-
lar incisor and the vertical line. The maxillary incisor's labial sur-
face is now tangent to the vertical line.

most, touch. Further movement will be surgi-
cally unrealistic and increase the risk of damage
to the adjacent teeth. Again, the mandibular
occlusal plane dictates the vertical position of
the posterior maxillary segment (Fig 3-112).
Trace the skeletal structures, as well as the hor-
izontal osteotomy line of the posterior maxillary
segment (Fig 3-113).

Step 6

Slide the prediction tracing on the original trac-
ing to superimpose the structures that were not
affected by the surgery. A vertical and horizon-
tal change is apparent in the relationship of the
maxillary incisor and upper lip. The soft tissue
change of the nasal tip and upper lip can now
be predicted by drawing the soft tissue with
dotted lines (Fig 3-114). As a guide, the vermil-
ion (stomion) will shorten by 10% to 20%, the
nasolabial angle change will vary (but tends to
increase slightly), and the nasal tip will tip up
slightly. Once the clinician is confident with the
prediction, the maxillary soft tissue can be
drawn in.
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Fig 2-112 The posterior maxillary teeth on the original tracing are  Fig 3-113 The interdental osteotomy lines are 1 mm apart, indi-
advanced by sliding the prediction tracing to the left and placed cating that the interdental ostectomy can be performed safely
on the posterior mandibular teeth on the prediction tracing. The  without damage to the roots of the teeth adjacent to the os-

vertical lines (interdental limits of bone removal) must not overlap  teotomy.
and at most be tangent (arrow).

Fig 3-114 Prediction of the soft tissue of the nasal tip and upper lip.
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Fig 3-115 Lower lip prediction.

Step 7

Move the prediction tracing to superimpose its
skeletal and distal mandibular structures on
those of the original tracing. Trace the lower
lip, using as a guide the known soft tissue re-
sponse to mandibular advancement proce-
dures (Fig 3-115). The lower vermilion will de-
crease by 75% (66% to 100%) of the horizontal
movement, the lower lip will curl back, and the
labiomental fold will flatten.

Figure 3-116 illustrates the completed surgical
visual treatment objective. The hard tissue
movements required at surgery can be
recorded by measuring the distance between
the osteotomy reference lines.

Rotation of the maxillomandibular
complex

In all the previous prediction tracings, the final
occlusal plane was dictated by the mandibular
occlusal plane (after autorotation in cases where
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Fig 3-116 Completed surgical visual treatment objective.

vertical repositioning of the maxilla occurred).
The mandible (and therefore the mandibular
occlusal plane) will rotate around a point at or
just posterior to the condyle. Any anteroposte-
rior changes will take place along this “"new”
plane (Fig 3-117). This principle is not adhered
to in treatment planning requiring rotation of
the maxillomandibular complex and conse-
quent alteration of the occlusal plane.

Case |: Surgical prediction tracing
involving clockwise rotation of the
maxillomandibular complex
The presurgical cephalometric analysis of the
patient in Case 1 is seen in Fig 3-118. The di-
agnosis is Class Il malocclusion, maxillary an-
teroposterior deficiency, macrogenia, and
mandibular alveolar anteroposterior deficiency.
Figure 3-119 illustrates a conventional surgi-
cal prediction involving maxillary advancement,
mandibular advancement, and reduction genio-
plasty. However, it is not possible to achieve
both good esthetic chin contour and an accept-
able anteroposterior position by means of a re-



Fig 3-117 The maxilla has been superiorly repositioned and the
mandible autorotated around a point (R) at or just posterior to
the mandibular condyle. The occlusal plane has changed from
A-B to A-B'. Any anteroposterior carrections will take place along
this "new" occlusal plane.

Development of Visual Treatment Objectives

Fig 3-118 Presurgical cephalometric analysis of the patient in
Case 1.

Fig 8-119 Surgical prediction tracing according to conventional
principles. The surgery involves advancement of both the maxilla
and mandible, as well as a large reduction genioplasty necessary
to reduce the chin praminence. However, an unasthetic chin con-
tour results from obliteration of the labiomental fold and poor def-
inition of the lower border of the mandible.
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Fig 3-120 Original tracing of the patient in Case 1. For more ac-
curate measuring, the intended ostectomy lines are drawn as
close as possible to the actual anatomic site of the ostectomies,
Both the horizontal and vertical ostectomy lines of the sagittal
ramus ostectomy are drawn to monitor both horizontal and verti-
cal mandibular movement.

duction genioplasty. The alternative of clock-
wise rotation of the maxillomandibular complex
can be tested by means of a surgical cephalo-
metric prediction.

Step | Draw lines on the original tracing repre-
senting the intended osteotomies on the max-
illa, mandible, and symphysis. Where no vertical
change of the chin is indicated, the line is drawn
horizontally with the mental nerve and root
apexes of the mandibular teeth in mind.
However, this case requires a vertical increase,
as well as anteroposterior reduction. The os-
teotomy line, therefore, should be angulated
downward. For accurate measurement, the os-
teotomy lines should be drawn as close as pos-
sible to the anatomic position where the os-
teotomies will be performed (Fig 3-120).
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Prediction tracing. All the hard and soft tissue struc-
tures that will not be influenced by the surgery are traced.
Guidelines for the ideal maxillary incisor position are indicated by
a vertical line (indicating the ideal anteroposterior position of the
anterior tooth surface) and a horizontal line (indicating the ideal
vertical position of the incisor tip), and a vertical line is drawn to
indicate the ideal anteroposterior position of the chin.

Fig 3-121

Step 2 Lay a piece of acetate over the original
tracing, and trace all the structures that will not
be altered by the surgery. This tracing will be
called the prediction tracing (Fig 3-121). The
ideal position of the maxillary incisor edge
should be indicated on the prediction tracing
by a “box,” where the horizontal line indicates
the ideal vertical position of the incisor tip and
the vertical line, the ideal anteroposterior posi-
tion of the anterior tooth surface relative to the
upper lip. The desired anteroposterior position
of the chin should also be indicated by a verti-
cal line. Helpful guidelines in determining this
line are the angle of facial convexity, the
O-degree meridian, and the clinician’s judgment
(Fig 3-122).
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Fig 3-122 The facial contour, the O-degree meridian, and the sur-
geon's clinical judgment act as guidelines to establish the ideal
anteroposterior position of the chin.

Step 3 Remove the prediction tracing from the
original tracing, and lay a new sheet of acetate
over the original tracing. Trace the part of the
maxilla below the Le Fort | maxillary osteotomy
line. Move the acetate (to the left, in this case)
to achieve the optimal occlusal relationship be-
tween the traced maxillary teeth and the
mandibular teeth on the original tracing, and
trace the mandibular teeth and the distal part of
the mandible anterior to the vertical osteotomy
line. Retrace the osteotomy line for the genio-
plasty at the symphysis (Fig 3-123). Keep the
maxillomandibular complex tracing (Fig 3-124)
in this position on the original tracing.

Step 4 Place the prediction tracing over the
original tracing. The maxillomandibular com-
plex tracing can now be moved between the
original tracing and the prediction tracing. In

Fig 3-123 Maxillomandibular complex tracing developed by first
tracing the bone and dentition of the maxilla below the Le Fort |
osteotomy line. The tracing is then moved to the left (in this case)
to achieve an ideal occlusion between the maxillary teeth of the
maxillomandibular complex tracing and the teeth on the original
tracing. The mandibular teeth and bone anterior to the vertical
ostectomy line are traced. The genioplasty line is also indicated
on this tracing.

this case, this tracing is rotated in a clockwise
direction, advancing the maxilla and rotating
the mandible posteriorly using the "box” for
the maxillary incisor tip and the vertical line for
the chin as guidelines. In this case the clinician
should keep in mind that a reduction genio-
plasty is indicated to correct the macrogenia
and increase the vertical height of the sym-
physis. When a satisfactory position has been
achieved, trace the maxillomandibular complex
on the prediction tracing. The part of the sym-
physis below the genioplasty osteotomy line,
however, is not traced at this time (Fig 3-125).

Step 5 Remove the maxillomandibular complex
tracing, and superimpose the prediction tracing
on the original tracing. Draw the soft tissue pre-
diction using the same principles used for con-
ventional prediction of soft tissue response to
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Fig 3-124 Maxillomandibular complex tracing. Fig 3-125 The maxillomandibular complex tracing is placed be-
tween the prediction tracing and the original tracing and rotated
clockwise, guided by the "box" (indicating the maxillary incisor
position) and the vertical line (indicating the chin position). The
hard tissue of the maxilla and mandible is traced,

Fig 3-126 Prediction tracing superimposed on the original trac-  Fig 3-127 The prediction tracing is moved to the right to estab-

ing. The expected soft tissue change, including the ideal soft tis-  lish the chin reduction required for the predicted soft tissue re-
sue position of the chin, is drawn. sult.
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Fig 3-128

Completed surgical prediction tracing for Case 1.
The rotation point (R) is located at the point where the Le Fort |
osteotomy lines cross—in this case, 5 mm posterior to the piri-
form rim.

hard tissue change (Fig 3-126). Complete the
prediction tracing by tracing the ideal soft tis-
sue of the chin and the required reduction ge-
nioplasty (Fig 3-127). Note that in this instance,
a much smaller reduction is indicated than in
the conventional prediction (see Fig 3-119), re-
sulting in a better soft tissue chin contour.

Step 6 Evaluate the predicted esthetic and func-
tional results shown on the completed surgical
prediction tracing (Fig 3-128). Changes may be
indicated to improve the results. In the case
demonstrated here, the magnitude of the chin re-
duction can be reduced by increasing the rotation
of the maxillomandibular complex, keeping in
mind the effect of the increased advancement of
the maxilla. The surgical prediction tracing, how-
ever, should always stay within the limitations of
sound surgical technique.

Fig 3-129 The composite tracing of the conventional prediction
tracing (dotted lines) and the prediction tracing involving clock-
wise rotation of the maxillomandibular complex (solid lines)
demonstrates the improved soft tissue contour achieved with the
latter.

Step 7 Note the point (R) where the Le Fort | os-
teotomy lines of the original tracing and the
prediction tracing cross (see Fig 3-128). This is
the point around which the maxillomandibular
complex will be rotated during surgery. The
exact position of the rotation point should be
noted and used during the model surgery, as
well as during the actual surgical procedure. All
jaw movements should be measured on the
prediction tracing and model surgery and be
recorded as in conventional treatment.

A comparison of the prediction tracing of
conventional treatment planning and the pre-
diction tracing reflecting clockwise rotation of
the maxillomandibular complex shows that the
|latter yields superior esthetic results (Fig 3-129).
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g 30 Presurgical cephalometric analysis of the patient in
Case 2,

Case 2: Surgical prediction tracing
involving counterclockwise rotation of
the maxillomandibular complex

The presurgical cephalometric analysis of the
patient in Case 2 is shown in Fig 3-130. The di-
agnosis is Class Il malocclusion, mandibular an-
teroposterior deficiency, vertical maxillary ex-
cess, and microgenia.

Figure 3-131 illustrates the conventional sur-
gical prediction involving maxillary superior
repositioning, mandibular autorotation, and
mandibular advancement combined with an ad-
vancement genioplasty. For an ideal chin posi-
tion, the chin needs to be advanced more; how-
ever, further advancement by genioplasty will
cause poor esthetic chin contour. The alternative
of counterclockwise rotation of the maxillo-
mandibular complex is tested by means of a sur-
gical prediction tracing. This can lead to an im-
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31 Surgical prediction tracing according to conventional
principles. The surgery involves maxillary superior repasitioning.
The mandible will autorotate around a point just posterior to the
condyle and is then advanced. The chin is advanced by a sliding
genioplasty. The profile is still convex, and the chin is positioned
too far posteriorly. Any further advancement of the chin through
genioplasty, however, will lead to an unesthetic chin contour,

proved esthetic result, as illustrated in Fig 3-132.
Note the rotation point (R), in this case at the
posterior nasal spine. The difference in surgical
outcome results is demonstrated in a composite
tracing in Fig 3-133.

Immediate preoperative
model surgery

The primary goal of model surgery is to func-
tionally and spatially simulate the patient's jaws
and dental structures as accurately as possible
to allow accurate simulation of the intended
surgery. The preoperative position of these
structures can be measured and recorded. The
surgical movement of the jaw(s) or dentoalveo-
lar segments, as indicated by cephalometric
prediction tracings, is simulated on the casts,
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Fig 3-132 The surgical prediction tracing demonstrates coun-
terclockwise rotation of the maxillomandibular complex around a
point (R) at the posterior nasal spine. The rotation of the maxilla
enables the surgeon to advance the mandible further than is
possible with conventional planning. The anteroposterior posi-
tion of the chin is acceptable and allows good soft tissue contour.

and the specific spatial changes are then
recorded. In short, model surgery is the dental
cast version of cephalometric prediction of sur-
gical results.

The first step in defining the patient's defor-
mity in three planes of space is to place the
dental casts on an anatomic articulator using a
facebow transfer in centric occlusion. The plas-
ter is trimmed to simulate the anatomy of the
maxilla and mandible as closely as possible.
Reference lines are then drawn on the mounted
casts to record their positions in three planes of
space. The second step is to determine the de-
sired final position, aided by the cephalometric
prediction tracing and clinical data. In the third
step, premovement and postmovement meas-
urements are compared. The clinician can now
accurately determine what dimensional move-

Fig 3-138 The difference in results is demonstrated by the com-
posite tracing. The conventional prediction tracing (dotted lines)
is compared with the prediction tracing using the counterclock-

wise rotation of the maxillomandibular complex (solid lines).

ments will be necessary to accomplish the in-
tended surgical goals. The surgical options fall
into three basic categories: (1) mandibular sur-
gery only, (2) maxillary surgery only, and (3) two-
jaw surgery.

Mandibular surgery only

When mandibular surgery alone is contem-
plated, the mandibular anterior or posterior
movement or rotational movements are dictated
by the maxillary dentition. The occlusion of the
mandible is adapted to that of the maxilla.
For example, in mandibular advancement,
model surgery would proceed as follows:
1. Draw a horizontal "osteotomy” line parallel
to the mandibular occlusal plane (Fig 3-134).

139



3 Diagnosis and Treatment Planning

v
> ]

rig 3-134

Surgical repositioning of the mandible should take

ig 3-135 The mandibular cast has been advanced to establish

place along the mandibular occlusal plane. The “osteoctorny” line  an occlusion. The movements can now be recorded.

on the cast should therefore be made parallel to the mandibular
occlusal plane to allow the cast to slide along this plane.
Clockwise and counterclockwise rotations at the surgical site can
be detected and recorded.

2. Draw vertical reference lines from the cusps
of the molar, canine, and central incisors to
the base of the cast (see Fig 3-134).

3. Measure the length of the vertical lines, and
record the data.

4. Cut the mandibular cast on the horizontal os-
teotomy line.

5. Advance the cast into the most favorable
dental occlusion (Fig 3-135).

6. Measure anteroposterior vertical and/or rota-
tional movements and compare them with
the premovement data.

Maxillary surgery only

When maxillary surgery alone is contem-
plated, the mandibular dentition dictates the
position of the maxilla. If any vertical changes
of the maxilla are planned, the mandible will
autorotate, which in turn will affect the antero-
posterior position of the maxilla. The antero-
posterior position is therefore dictated by the
mandible, while the vertical position can be al-
tered by vertical repositioning of the maxilla. A
basic rule is that the postoperative position of
the operated jaw is determined by the unoper-
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ated jaw, except in the vertical plane when the
maxilla is the jaw to be repositioned.

Following are the procedures to be used in
the case of maxillary repositioning (advance-
ment in this case):

1. Draw a horizontal "osteotomy” line as close
as possible to where the actual Le Fort | os-
teotomy will be performed (Fig 3-136).

2. Draw two horizontal lines, one line 5 mm
above the osteotomy line and one line 5 mm
below it (the two lines are 10 mm apart) (see
Fig 3-136). The lateral walls of the maxilla are
not parallel and taper downward. This situa-
tion often leads to telescoping, especially of
the posterior maxilla, which limits bone con-
tact, accurate surgical positioning, and ade-
quate bone fixation. By measuring the dis-
tance between the horizontal lines close to
the osteotomy line, a more accurate assess-
ment of the necessary amount of bone re-
moval can be made (Fig 3-137).

3. Draw vertical lines from the buccal cusps of
the teeth to the base of the cast.

4. Measure the length of the vertical lines, and
record the data.
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Fig 3-136 The “ostectomy” line is drawn parallel to the occlusal
plane. Failure to keep this line parallel to the occlusal plane will
lead to vertical lengthening or shartening of the maxilla as it is ad- Y
vanced. For more accurate measurement, trimming of plaster C; _[
should be limited to between the two lines drawn 5 mm above
and 5 mm below the "ostectomy” line.
= : |

5 i

Fig 3-137 The discrepancy in measuring actual vertical height Fig 3-138  Maxillary cast in the planned position. Surgical

and measuring the tapering maxillary surface is demonstrated,

5. Cut the cast along the osteotomy line.
6. Perform anteroposterior maxillary repositioning:

a. Advance the cast into the planned occlu-
sion (Fig 3-138).

b. If no vertical changes of the face are con-
templated, the articulator pin should be kept
fixed and the vertical height maintained.

c. It may be necessary to trim the casts to fit
into position.

d. Remeasure the vertical and horizontal dis-
tances to record the required surgical
movement.

Another example of maxillary surgery only is
vertical maxillary repositioning. Following are

changes can be recorded.

the procedures to be used for model surgery in
such cases:

A. Superior repositioning of the maxilla

1. Loosen the articulating pin to allow free

movement.

2. Trim the cast to allow the necessary supe-

rior repositioning.

3. Place the cast into the planned occlusion,
and measure the vertical height from the
incisor edge to the base of the cast to en-
sure that the required vertical reduction
has been achieved (Fig 3-139).

. Tightening of the articulator pin
5. Wax the cast into position.

I
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‘ig 3-189 Trim the superior aspect of the cast. Measure the dis-
tance from the maxillary incisor tip to the base of the cast to en-

sure that the required vertical repositioning has been achieved.

Measuring the distance between the horizontal lines can estab-

lish the exact amount of bone to be removed at the anterior and
posterior maxilla.

6. Remeasure the vertical and horizontal dis-
tances, and record the changes required

at surgery (see Fig 3-139).
B. Vertical increase of maxillary height (down-

grafting)

1. Loosen the articulating pin to allow free
movement.

2. Place the cast into the planned occlu-
sion.

3. Open the articulator while monitoring the
vertical increase from incisor tip to the
base of the cast (Fig 3-140).

4. Once the desired vertical increase has
been obtained, tighten the articulator pin.

5. Wax the cast into position.

6. Remeasure the vertical and horizontal dis-
tances, and record the surgical move-
ments (see Fig 3-140).

Two-jaw surgery

Planning two-jaw surgery involves the most
complex combination of procedures; therefore,
a systematic approach is essential. After careful
clinical, cephalometric, and occlusal analysis,
the surgeon faces the following decisions:
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] 10 Open the articulator until the correct amount of verti-
cal increase has been achieved. (Measure from the incisor tip to
the base of the cast.)

1. Position of maxillary incisors. This decision in-
volves the anteroposterior position (lip sup-
port), vertical position (tooth-lip relationship),
cant of the occlusal plane (transverse and hor-
izontal), and dental midline (facial midline).

2. The occlusal plane and, therefore, the vertical
position of the posterior maxilla. This decision
is determined by the position of the mandible
after autorotation, unless either manipulation
of the occlusal plane is contemplated or a
transverse cant of the mandibular occlusal
plane is present and should be corrected.

3. Most ideal anteroposterior relationship of the
mandible. Once the mandible has been au-
torotated to the ideal vertical relationship to
the new maxillary incisor position, it can be
advanced or set back along the “new” oc-
clusal plane to its most ideal anteroposterior
relationship to the maxillary incisor.

4. Coordination of anteroposterior changes of
the left and right sides of the maxillary arch
with the mandibular arch rotations.

5. Evaluation of transverse arch discrepancies
(arch widths) and their correction (by poste-
rior segmental model surgery) once the
mandibular position has been established.
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Fig 3-141 Preoperative cephalometric tracing.

Example of model surgery

The presurgical problem list of the patient de-
picted in the cephalometric tracing shown in
Fig 3-141 consisted of the following:

* Class | molar and Class Il canine relationships

* Anterior open bite

* Narrow maxillary arch

* Increased overjet

* Interdental space between maxillary canines
and second premolars (the first premolars
have been removed)

* Mandibular first premolars removed and the
spaces closed orthodontically

e Vertical maxillary excess

* Mandibular anteroposterior deficiency

The surgical treatment plan follows (Fig 3-142):

* A three-piece Le Fort | maxillary osteotomy
with differential superior repositioning of the

Fig 3-142 Surgical visual treatment objective. The surgical treat-
ment plan consists of a three-piece Le Fort | maxillary osteotomy
with 5-mm superior repositioning of the anterior segment, 6-mm
superior repositioning of the posterior segment, and 5-mm ad-
vancement; expansion of the posterior maxillary segments; and
3.5-mm advancement of the mandible after autorotation.

anterior and posterior segments to allow the
maxilla to autorotate

* Expansion of the posterior maxillary segments

* Closure of the spaces between canines and
second premolars

* Advancement of the mandible

Step |

Articulate the casts on an anatomic articulator in
centric occlusion using a facebow recording (Fig
3-143). Trim the casts to resemble as closely as
possible the true anatomy of the maxilla and
mandible. Make a duplicate cast of the
mandibular dentition. Remove the articulated
mandibular cast from the articulator, and articu-
late the duplicate cast in exactly the same way.
Change the casts again, and keep the duplicate
cast for use in the construction of an intermedi-
ate splint.
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Fig

3-143 Casts articulated in centric occlusion.

144 Draw the roots of the teeth.

5 Horizontal lines for vertical measurements.

Step 2

Draw reference lines:

. Draw the tooth roots on the casts, using the

panoramic radiograph as a guide. Pay special
attention to the teeth adjacent to the inter-
dental osteotomy (Fig 3-144).

. Draw a line high on the maxillary cast and a

line low on the mandibular cast parallel to the
respective occlusal planes. These lines will
serve as references for vertical measurement
(Fig 3-145).
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Vertical lines to record preoperative heights and

measure planned vertical surgical changes.

3. Perpendicular to each horizontal line, draw

vertical lines to the buccal cusps of the teeth
(Fig 3-146).

. Draw "osteotomy” lines representing the ac-

tual planes along which surgical movements
will take place. It is important, especially on
the maxillary cast, to draw the osteotomy line
at the same angle and plane at which the ac-
tual Le Fort | osteotomy will be performed.
The mandibular osteotomy line (a sliding
plane) should be parallel to the mandibular
occlusal plane (Fig 3-147).
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Fig 3-147 "Osteotomy" lines drawn parallel to the occlusal plane
of the maxilla and mandible.

Fig 3-149 Measurement the anteroposterior position of maxillary
incisor teeth (a) and the vertical distance from the horizontal line
to the incisor tips and buccal cusps (b).

5. Draw two horizontal lines the same distance
(eg, 5 mm) above and below the “osteotomy”
lines. Measure the distance between them
(eg, 10 mm) (Fig 3-148; see Fig 3-137).

6. Draw two vertical lines, one on each side of
interdental “osteotomies.” Measure the dis-
tance between these lines (see Fig 3-148).
They should be drawn on a plane so that
bone can safely be removed without risk of
injury to the roots of the teeth next to the in-

Fig 3-148 Horizontal lines equidistant to (5 mm from) the “os-
teotomy” lines. The two vertical lines (arrows) indicate a safe dis-
tance from the roots of the teeth to perform the interdental os-
teotomy.

N

terdental osteotomies. The lines will act as
the limits of safe bone removal during model

surgery.

. Measure the distance between the buccal

surface of the maxillary incisor and the verti-
cal pin of the articulator (Fig 3-149).

. Draw transverse lines on the palatal surface

of the maxillary cast from left to right, joining
lingual cusps of molars, premolars, and ca-
nines. Measure these distances, and record
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Fig 3-150 Transverse palatal measure-

Fig 3-151 The cast is cut and interdental  Fig 3-152 Palatal cut separating the pos-

ments. hone removed, (a) Posterior maxillary seg-  terior segments,
ment. (b) Interdental bone removed. (c)
Anterior maxillary segrment. (d) Mandibular

segment.

them for use when transverse movements
(expansion, narrowing, or differential move-
ment of left and right maxillary segments) are
contemplated (Fig 3-150).

9. Record all the measurements on the cast.
Because some of the recorded data may be
lost during handling of the articulated casts,
these measurements should also be recorded
on a separate form.

Step 3

Using a thin saw, cut the casts along the “os-
teotomy” lines. The interdental cuts should not
exceed the guiding lines (Fig 3-151). Also com-
plete the palatal cut to allow expansion of the
posterior segments (Fig 3-152). The articulator
pin should still be tightened. If more than 5 mm
of superior repositioning is contemplated, a few
millimeters of plaster should be removed from
the maxillary cast base (Fig 3-153).

Step 4

Position the anterior maxillary segment ac-
cording to the cephalometric visual treatment
objective (on which the postoperative antero-
posterior and vertical positions of the maxil-
lary central incisor have been planned) (see
Fig 3-146). This is done by removing plaster
from the plaster segment and using measure-
ments from reference lines and the articulator
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pin. The segment is then waxed into position
(Fig 3-154).

Step 5

Loosen the vertical pin of the articulator. Place
the mandibular cast on the sliding plane and
move it anteriorly while altering the vertical po-
sition by closing the articulator (autorotation).
Ideal incisor and canine relationships are now
established, and the mandibular segment is se-
cured to the base with sticky wax (Fig 3-155).

Step 6

Trim the superior aspect of the posterior maxil-
lary segment, and place the segment into posi-
tion with the maxillary teeth to fit the mandibu-
lar occlusion. If any transverse discrepancies
exist, consider a midline palatal osteotomy to fa-
cilitate either expansion or narrowing of the pos-
terior maxilla. Trim the cast according to the ac-
tual anatomic structures (Fig 3-156). Unrealistic
movements planned during model surgery
cause problems during surgery.

Step 7

Measure the vertical and horizontal changes,
and record the surgical movements (Fig 3-157).
Transverse changes are measured from palatal
cusp to palatal cusp (Fig 3-158). Replace the ar-
ticulator pin and tighten it.
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Fig 3-153 The base of the maxillary cast is trimmed, but not be-
yond the parallel line.

Fig 3-154 The anterior maxillary segment is waxed into the cor-
rect vertical (a) and horizontal (b) positions according to the treat-
ment plan.

=

Fig 3-155 The articulating pin is loosened to allow mandibular
autorotation. The mandibular cast is then advanced into the
planned anteroposterior position.

Fig 3-157 Vertical changes are measured by remeasuring the
vertical lines from the cusps of the teeth to the horizontal lines (a).
For accurate measurement of the amount of bone to be re-
moved, the distance between the horizontal lines above and
below the “ostectomy” line is remeasured (b).

Fig 3-156 The posterior maxillary segments are trimmed to fit
into the occlusion.
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Fig 3-159 Surgical splint reinforced with a palatal bar,

Step 8

An acrylic splint can now be constructed to se-
cure all the segments in their planned positions
during surgery. The occlusal surfaces of the
casts are covered with separating solution to
prevent acrylic from sticking to the plaster dur-
ing the curing phase. Mix an adequate amount
of self-curing acrylic. Once the acrylic has
reached the “dough” stage, mold it into a thin
roll, long enough to cover the dental arch. The
thickness of the roll is critical. If it is too thick it
will be difficult to remove from the cast and will
tend to fracture the plaster. If the splint is too
thin, however, it could easily fracture at a critical
stage of surgery. When a large palatal expan-
VERSITE

WOTH 1 DE L'UNI
|48 Wt E(géFPAms v

WE R, PODGNTON
, rue Maurica 2
$2120 WIONT Hulta

E1l=

Fig 3-158 Surgical expansion is measured between the palatal
cusps of the teeth,
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Fig 3-160 The duplicate “unoperated" mandibular cast (A} is ar-
ticulated to establish the relationship between the repositioned
maxilla and the unoperated mandible. The intermediate splint is
made on these casts.

sion is contemplated, consider reinforcing the
splint with a palatal bar (Fig 3-159).

Place the acrylic roll on the mandibular oc-
clusal surface. Slowly close the articulator, gen-
tly forcing the teeth into the planned occlusion.
Trim off any excess acrylic with a sharp knife.
Place the articulator into a pressure pot, and
allow the acrylic splint to cure under pressure.
Once it has cured, remove the splint carefully,
and trim and polish it. Make small interdental
holes on the buccal side to facilitate intermaxil-
lary wire placement. Some surgeons prefer to
keep the splint on the maxilla for some time
after surgery. The interdental holes facilitate fix-
ation of the splint to the maxilla only.




Step 9

Remove the mandibular cast from the articula-
tor, and replace it with the duplicate cast (see
Step 1). An intermediate splint can now be con-
structed, as described above. This splint will as-
sist in the accurate positioning of the maxilla in
relation to the unoperated mandible during sur-
gery (Fig 3-160).
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chapter 4

Basic Guidelines for the
Diagnosis and Treatment
of Specific Dentofacial

This chapter uses case studies to demonstrate
individual dentofacial problems, combinations
of problems, and the nuances involved in treat-
ing these patients to achieve optimal results.
Patients with similar skeletal, soft tissue, and
occlusal characteristics are grouped for conven-
lence in description. Clinicians should remem-
ber, however, that each patient has a unique set
of dentofacial problems requiring a specific
treatment response, and a patient may have
more than one deformity.

The following basic deformities and treatment
principles for each deformity are discussed: (1)
mandibular anteroposterior deficiency, (2) man-
dibular anteroposterior excess, (3) maxillary an-
teroposterior deficiency, (4) maxillary anteropos-
terior excess, (5) maxillary vertical deficiency, (6)
maxillary vertical excess, (7) cases requiring rota-
tion of the maxillomandibular complex, (8) open
bite deformities, and (9) dentofacial asymmetry.

Deformities

Patients with mandibular anteroposterior defi-
ciency are without a doubt the largest single
group of surgical orthodontic patients.

Class I, division |
malocclusion

Clinical characteristics

Profile view

* A retruded, weak chin

* A deficient mandible giving the illusion of a
large nose

* A short chin-to-throat length

* An obtuse lower lip—chin-throat angle
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4 Basic Guidelines for the Diagnosis and Treatment of Specific Dentofacial Deformities

* An everted lower lip that wedges in behind
the incisors

» Often, an upper lip that appears short, curled,
and protrusive

* An acute labiomental fold

* An increased facial contour angle (convex pro-
file)

Frontal view

* A curled lower lip

* A weak chin with the appearance of a double
chin

* A deep labiomental fold

Dental characteristics

* A large overjet

¢ Usually, an increased overbite and an accen-
tuated curve of Spee

* Usually, crowding in the mandibular incisor
area

* A tendency for maxillary incisor spacing

Treatment

Growth modification is not feasible after ado-
lescence. Without surgical correction of the jaw
relationship, an orthodontic compromise will
consist of the following:

1. Correction of excessive overjet
a. Retraction of maxillary incisors (with or
without extraction of first premolars)
b. Proclination of mandibular incisors
2. Correction of excessive overbite
a. Intrusion of maxillary incisors
b. Intrusion of mandibular incisors
c. Downward rotation of the mandible by
opening the bite

At the beginning of treatment, the clinician
must decide whether the treatment approach
will be solely orthodontic or orthodontic and
surgical. Because the orthodontic treatments in
the two approaches differ substantially, it does
not make sense to tell patients who are begin-
ning orthodontic treatment, “Let’s see how the
treatment progresses; we may get away without

surgery.”

152

Presurgical orthodontics

The basic presurgical orthodontic goals for pa-
tients with Class Il, division 1 malocclusion are
as follows:

1. Align both dental arches.

2. Place incisors in their planned anteroposte-
rior and vertical plane positions. It is ex-
tremely important to position the incisors
correctly. Incisor position dictates surgical
movement, and surgical movement in turn
dictates esthetic results.

3. Establish arch compatibility.

Note particularly the orthodontic goal of prop-
erly positioning the maxillary and mandibular
incisors presurgically in both anteroposterior
and vertical planes of space. The position of the
incisors dictates the surgical movement, and
failure to eliminate dental compensation limits
surgical correction. Because of crowding in the
incisor area and a severe curve of Spee, it is
often necessary to extract two first premolars in
the mandibular arch. Extractions in the maxilla,
however, frequently are not indicated. If there is
some crowding in the maxillary arch, it is often
possible to avoid extraction by gaining addi-
tional space through expansion of the maxillary
arch—an adjustment often needed to accom-
modate the mandibular arch after surgical ad-
vancement. If extraction in the maxilla is
deemed necessary, it may be advantageous to
extract second premolars to enable minimal re-
traction of incisors. Retraction of these incisors
otherwise would not only limit surgical move-
ment but also have adverse esthetic effects (loss
of lip support and increased nasolabial angle).

Patients with a Class Il, division 1 malocclu-
sion often have an excessive curve of Spee. Itis
important not to level the curve routinely before
surgery. Patients with short faces often have
prominent chins and, from an esthetic point of
view, do not tolerate mandibular advancement.
In these cases it is preferable not to level the
curve of Spee presurgically. Surgical advance-
ment of the mandible will result in a rotational
movement, advancing the mandibular incisors
with only slight advancement of the chin (see
chapter 3). As a general rule, it is better to level
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Fig 4-1 Orthodontic leveling of the curve  Fig 4-2 The curve of Spee can be leveled  Fig 4-3 Leveling of the mandibular arch

of Spee will increase the antercposterior
arch length. If crowding is present in the
incisor area, additional anteroposterior
space will be reguired for arch alignment.

surgically by segmental orthodontic align-
ment of the dental arch (a), followed by
surgical inferior repositioning of the ante-
rior dentoalveolar segment (b).

should include the second molars, An un-
banded molar (arrow) often interferes with
establishing the planned occlusion at sur-
gery.

Every 1 mm of curve leveling will result in
a 0.6- to 1.0-mm increase in arch length.

the curve by extrusion of premolars after sur-
gery in short faces. The greater the facial
height, the greater the likelihood that leveling
should be done presurgically by intrusion of the
incisors. Because anteroposterior space is
needed for leveling and alignment, extractions
are more likely to be necessary when a severe
curve of Spee is combined with mandibular in-
cisor crowding (Fig 4-1). Surgical leveling of the
curve may be considered (Fig 4-2).

Arch compatibility plays an important role in
immediate postsurgical stability and gives the
surgeon an exact idea of where to position the
mandible when a splint is not used during sur-
gery. Three important aspects of arch compati-
bility follow:

1. Intercanine width is important. If the maxillary
intercanine width is insufficient, it will not be
possible to advance the mandible into the
planned occlusion and anteroposterior posi-

tion. Because a premature contact may shift
the mandible laterally, a rotated canine may
make it impossible to correct dental midlines.
The use of an acrylic splint at surgery to elim-
inate this problem does not make sense,
since the correct intercanine width must be
achieved eventually. If it is achieved before
surgery, the surgery will be more accurate,
and tooth interdigitation will improve.

. The mandibular second molars should be

banded and leveled with the first molars. An
overerupted, elevated, often rotated, un-
banded second molar often causes occlusal
interference at surgery (Fig 4-3).

. Similar maxillary and mandibular arch forms

should be established to prevent possible
postsurgical crossbites. In mandibular defi-
ciency cases, the maxillary arch is often
slightly narrow and will need expansion to ac-
commodate the mandibular arch after ad-
vancement.
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Orthodontic mechanics

Crowded cases: Maxillary arch \When the maxil-
lary arch is crowded, the following approach is
recommended:

1. Second premolars should be extracted.
2. Headgear use may be necessary to support
the Class llI elastics.

Crowded cases: Mandibular arch When the
mandibular arch is crowded, the following
methods should be used:

1. Extraction of premolars may be required. In
cases with crowding, accentuated curve of
Spee, and the need for mandibular incisor re-
traction, the first premolars should be ex-
tracted. The second premolars should be
extracted in cases requiring less anteroposte-
rior space for the planned mandibular incisor
positioning.

2. Sectional arch retraction of the mandibular
canines is recommended, because the an-
chorage characteristics are excellent.

3. Class lll mechanics (eg, Class Ill elastics) may
be needed, depending on the severity of the
mandibular canine position problem, the
mandibular incisor position, crowding, and
the curve of Spee.

Noncrowded cases WWhen minimal crowding or
mild spacing between the teeth is present, a
nonextraction approach is recommended:

1. During the leveling process in these cases,
the use of Class Il mechanics is mandatory.
2. As much retraction or uprighting of the
mandibular incisor as possible is achieved
with the aid of Class Il mechanics (eg, J-
hooks or Class Il elastics and maxillary head-

gear support).

3. In these cases, maxillary and mandibular
arches are coordinated to fit. When the over-
jet is not too great (4 to 5 mm), the patient is
asked to move the mandible forward so the
coordination of the maxillary and mandibular
arches can be checked. The best way of
checking coordination, however, is to take
rough study casts and hand-simulate the sur-
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gical advancement of the mandible. Be sure
to coordinate the overjet with the orthodontic
prediction tracing.

Surgical treatment: Advancement of the
mandible

The surgical technique of choice is the bilateral
sagittal split ramus osteotomy advancing the
distal (tooth-bearing) segment to maximum
dental intercuspation. The position of the max-
illary and mandibular incisors controls the
amount the mandible can be advanced, as well
as the facial height after surgery. Correct
condyle positioning during surgery is extremely
important (see the discussion of condylar sag in
chapter 5).

The chin may still appear deficient after ad-
vancement of the mandible, and an advance-
ment genioplasty may be indicated to improve
final esthetics. The clinician makes this decision
according to the presurgical visual treatment
objective.

Light (2.5- to 3.5-0z) Class |l elastics are
placed after the completion of surgery. These
elastics will override proprioception, guide the
"new” occlusion, and bring the teeth into a
solid occlusion.

Postsurgical orthodontics

The goals of postsurgical orthodontics are to
bring the teeth into final occlusion and maintain
them in that position. Treatment usually consists
of final leveling of the curve of Spee, correction
of minor crossbites, and final closure of small
extraction spaces.

Case A.B.

A.B., a 16-year-old female patient, was referred
to the orthodontist for the orthodontic treat-
ment of a Class Il malocclusion.

Main complaint
The patient mainly wanted her increased over-
jet corrected and also felt that her chin ap-
peared too small.

Medical history
Her medical history was noncontributory.
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Fig 4-4 Case A.B. Pretreatment frontal view (a), profile view (b),
and occlusion (c). The skeletal, soft tissue, and dental relation-
ships are demonstrated by the cephalometric analysis (d).
Increased facial contour angle = —14 degrees; decreased SNB d
angle = 73 degrees; increased ANB angle = 5 degrees.

Clinical examination b. Profile view (Fig 4-4b)
1. Soft tissue - Convex profile
a. Frontal view (Fig 4-4a) - Deep labiomental fold
- Short, deficient chin - Deficient mandible
- Everted lower lip 2. Dental (Fig 4-4c)
- Short lower facial third - Class Il, division 1 malocclusion

- Slightly accentuated curve of Spee
- Slightly narrowed maxillary arch
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Fig 4-5 Case A.B. (a) Immediate presurgical occlusion. The patient was treated with lingual orthodontics in the maxilla, and buccal
attachments (lingual buttons) were bonded presurgically to assist in intraoperative maxillomandibular fixation and postsurgical elas-
tic control. (b) Surgical visual treatment objective indicating that a 6-mm mandibular advancement will be required. The expected

soft tissue result is demonstrated.

3. Skeletal (Fig 4-4d)
- Anteroposteriorly deficient mandible
4. Radiographic (see Fig 4-4d)
a. Panoramic radiograph
- Four impacted third molars
b. Cephalometric
- Class I, division 1 dental relationship
- Slight maxillary dental protrusion
- Mandibular anteroposterior deficiency

Problem list

. Class Il malocclusion

. Mandibular anteroposterior deficiency
. Deep bite

. Slightly accentuated curve of Spee

. Narrow maxillary arch

. Slight protrusion of maxillary incisors

o~ U BN —
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Presurgical orthodontics

The surgical removal of impacted third molars
preceded presurgical orthodontic treatment,
which consisted of the following (Fig 4-5):

* Maxillary arch: use of lingual orthodontics
- Slight expansion of the maxillary arch to ac-
commodate the mandibular arch after ad-
vancement
- Slight retraction of maxillary incisors
* Mandibular arch: leveling of the curve of Spee
- Establishment of a good arch form
- Use of buccal orthodontics in the mandibu-
lar arch
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Fig 4-6 Case A.B. Posttreatment results are demonstrated in frontal view (a). profile view (b}, and occlusion (c).

Surgical treatment

The surgical treatment in this case consisted of
a bilateral sagittal split ramus osteotomy to ad-
vance the mandible.

Postsurgical orthodontics

The surgery was performed after a 10-month
period of orthodontic preparation. The postsur-
gical orthodontic treatment, which lasted 4
months, involved finalization of the occlusion.
After band removal, the patient was placed in
retention. Figure 4-6 illustrates the treatment
result 8 months after orthodontic band removal.

Because of the general underdevelopment of
the mandible, microgenia, or chin deficiency, is
often found in combination with mandibular an-
teroposterior deficiency. In these cases, correc-
tion requires an augmentation sliding genio-
plasty in addition to mandibular advancement.
Augmentation genioplasty, however, is not a
substitute for mandibular surgery. Case O.J. il-
lustrates the improved esthetic result after both
mandibular advancement and augmentation
genioplasty (Fig 4-7).
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SNA 83
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Fig 47 Case O.J. Preoperative profile view (a), postoperative profile view (b), preoperative occlusion (¢), and postoperative occlusion (d).
The cephalometric analysis (e) and surgical prediction tracing (f) demonstrate the esthetic enhancement from a 6-mm mandibular
advancement combined with a 4-mm advancement of the chin.
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Class Il, division 2
malocclusion

Clinical characteristics

Profile view

* The “chin button” is pronounced.

* A deep labiomental fold is often present.

* The lower lip appears anteroposteriorly defi-
cient and is curled.

* The lower facial height is short, and the
mandible appears square.

* The mandibular plane angle tends to be low.

Frontal view

* The face appears short because of decreased
vertical height.

* There is a curled lower lip and a deep labio-
mental fold.

* The elevator muscles of the mandible are usu-
ally well developed.

Dental characteristics

* Retroclined maxillary central incisors

* Labially flared maxillary lateral incisors

* A deep overbite, which is both skeletal and
dental in origin

* Excessive curve of Spee

* Gingival tissue irritation behind the maxillary
incisors and sometimes also on the labial as-
pect of the mandibular incisors due to deep
bite

* A tendency toward clicking of the temporo-
mandibular joints, probably related to the
anterior locking effect of the deep bite

Treatment

Presurgical orthodontics

The basic presurgical orthodontic principles
apply in Class Il, division 2 malocclusion—
namely, the need to properly position the maxil-
lary and mandibular incisors (vertically, as well as
in the anteroposterior plane), the need to level
the curve of Spee, and the need to coordinate
the dental arches. It is especially important to tip
the maxillary incisors labially to create a good
arch form, lip support, and a sufficient overjet. In

Mandibular Anteroposterior Deficiency

severe deep bite cases it may be difficult to level
the curve of Spee in the mandibular arch, and it
may be necessary to open the bite with a glass
ionomer bite plane cemented to the molars.
Surgical leveling by segmental surgery may be
considered, in which case segmental orthodon-
tic alignment will be necessary (Fig 4-8).

In patients with a Class Il deep bite occlusion,
postsurgical leveling of the curve of Spee is in-
dicated. Advancement of the mandible before
total leveling of the curve will increase the facial
height, and because of the rotation of the oc-
clusal plane, the chin will not advance as much
as the incisors (Fig 4-9).

Orthodontic mechanics

Maxillary arch The maxillary incisors can be
leveled and advanced with a curved archwire or
a simple flexible archwire followed by a steel
round wire with a pronounced inverse occlusal
curve. A stabilizing archwire should be fitted as
soon as possible. The change in the maxillary
incisor position should be reconciled with the
arch length and lip support.

Mandibular arch In the mandibular arch, the
teeth should be leveled with the aid of Class Il
elastics and soft flexible wires, but it is not nec-
essary to completely correct the curve of Spee.
This can be done after surgery, especially if
there is a deep overbite and an increase in
lower facial height is required. The stabilizing
wire should have the curve of Spee bent into it.
Presurgically, a deep curve is advantageous be-
cause the anterior part of the mandible is ad-
vanced downward and forward to create a Class
I incisor relationship while the lower anterior fa-
cial height is increased (Fig 4-10).

Surgical treatment

A few surgical options for the correction of the
occlusion and esthetic improvement may be
considered:

1. Advancement of the mandible by means of a
bilateral sagittal split ramus osteotomy.

2. Advancement of the mandible by means of a
bilateral sagittal split ramus osteotomy com-
bined with a reduction genioplasty to reduce
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Fig 4-8 When a natural step exists in the mandibular arch, the
dental arch may be leveled in segments, followed by surgical lev-
eling. Surgical leveling has two advantages: no additional antero-
posterior arch length is required and orthodontic treatment time
is shortened.
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Fig 4-9 The incisor advancement (1) is greater than the ad-
vancement of pogonion (Pog) (2) because of the forward and
downward rotation of the mandible.

Fig 4-10 Downward rotation of the incisors during correction of
the deep bite (1) will increase the anterior height of the mandible.
Menton will be inferiorly repositioned (2).
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Fig 4-11

Bilateral sagittal split ramus osteotomy combined with a reduction genioplasty. By angling the ostectomy for reduction ge-

nioplasty (a), the anterior height of the mandible is increased as the chin slides posteriorly and inferiorly (b).

a

b

Fig 4-12 The curve of Spee may be surgically leveled after segmental orthodontic alignment by a subapical osteotomy (a) or an os-
teotomy including the lower border (b), which will increase the vertical height of the face.

the chin prominence. By angling the os-
teotomy of the genioplasty, a vertical increase
in the facial height can be achieved (posterior
and inferior slide of the chin) (Fig 4-11).

3. A bilateral sagittal split osteotomy advancing
the mandible combined with an anterior seg-
mental osteotomy leveling the occlusal
plane. The segmental osteotomy may be
subapical or may include the body of the

mandible, which will increase the vertical
height of the face (Fig 4-12).

. A total subapical osteotomy of the mandible

advancing the dentoalveolar segment of the
mandible. In this case, the chin position is
maintained while the lower lip is advanced
because of the dentoalveolar advancement.

. Rotation of the maxillomandibular complex is

a possible solution in cases with a severely
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low mandibular plane angle (see the section
on rotation of the maxillomandibular com-
plex, pages 201 to 213).

The following are a few important points re-
garding positioning of the mandible during sur-

gery:

1. If rigid fixation is used, the incisors are posi-
tioned in ideal relationship.

2. Keep skeletal midlines correct even if it
means a slight dental discrepancy. The ortho-
dontist can correct a mild dental midline dis-
crepancy but not an incorrect skeletal mid-
line.

3. There is often a tendency for posterior cross-
bites, so keep the crossbites symmetrical. It is
much easier to orthodontically correct small
bilateral crossbites than a large unilateral
crossbite.

Postsurgical orthodontics

After surgery, patients often have a three-point
contact occlusion, with the contact points on
the incisors and the second molars. When a bi-
lateral open bite (created by advancing the
mandible where the curve of Spee has not
been completely leveled) will be corrected by
orthodontic movement of mandibular teeth,
the maxillary stabilizing arch is left in place. The
mandibular stabilizing archwire is removed and
replaced by a working wire, and light up-down
or slightly Class Il elastics are placed. The elas-
tics serve a dual purpose: (1) to bring the teeth
into a solid occlusion and (2) to "override” the
patient's proprioception, which will tend to
place the mandible in maximum intercuspa-
tion.

Postoperative crossbites can be corrected by
through-the-bite elastics. From this point for-
ward, the patient’s orthodontic treatment will
be routine.

The retention phase of these patients is the
same as for routine orthodontic cases. After 3
to 4 months, retainer use can be reduced to
only nighttime. If the teeth are stable, retainer
use may be discontinued after a few more
months.
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Case T.G.

T.G., a 16-year-old female patient, consulted
with the orthodontist about her deep bite and
the flat appearance of her maxillary incisors.

Main complaint
As noted, T.G.'s main complaint was a deep bite
and the flat appearance of her maxillary incisors.

Medical history
The patient was allergic to penicillin.

Clinical examination
1. Soft tissue
a. Frontal view
- Vertically short chin
- Prominent, knobby chin
- Broad mandible
b. Profile view (Fig 4-13a)
- Deep labiomental fold
- Prominent chin
- Short lower-third facial height
2. Dental (Fig 4-13b)
- Class Il, division 2 malocclusion
- Deep bite
- Retroclined maxillary incisors
3. Skeletal (Fig 4-14a)
- Mandibular anteroposterior deficiency
- Macrogenia
4. Radiographic
a. Panoramic radiograph
- Impacted third molars
b. Cephalometric (see Fig 4-14a)
- Class Il, division 2 malocclusion
- Deep bite
- Retroclined maxillary incisors
- Mandibular anteroposterior deficiency
- Macrogenia

Problem list

1. Class Il occlusion

2. Mandibular anteroposterior deficiency
3. Deep bite

4. Retroclined maxillary incisors

5. Prominent chin
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Fig 4-13 Case T.G. Pretreatment profile
view (a) and occlusion (b).
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Fig 4-14 Case T.G. Pretreatment cephalometric analysis (a) and cephalometric prediction tracing (b).
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Presurgical orthodontics
e Maxillary arch
- Improvement of the angulation of the maxil-
lary incisors by labial tipping
- Establishment of a good arch form
* Mandibular arch
- Leveling and alignment of the arch and es-
tablishment of interarch compatibility

Surgical treatment

Advancement of the mandible was accom-
plished by means of a bilateral sagittal split
ramus osteotomy, and the chin was anteropos-
teriorly reduced using a sliding genioplasty (Fig
4-14b).

Postsurgical orthodontics: Refinement of
the occlusion and retention

The surgery was performed after an 18-month or-
thodontic preparatory phase and the orthodontic
bands removed 3 months after surgery. The post-
treatment results are illustrated in Fig 4-15.
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Fig 4-15 Case T.G. Posttreatment profile
view (a) and occlusion (b).

Mandibular Anteroposterior
Excess

As early as 1907, Edward Angle suggested that
the only way to correct severe Class |ll malocclu-
sion in adults was to combine surgery and ortho-
dontics. Before the 1970s most thought that
Class lll malocclusions were primarily caused by
excessive anteroposterior growth of the man-
dible, and most were corrected by mandibular
setback procedures. However, later studies indi-
cated that isolated mandibular anteroposterior
excess occurs in only approximately 20% to 25%
of Class Il cases. Some makxillary skeletal antero-
posterior deficiency is involved in 75% of cases
with Class lll malocclusions. Therefore, in Class |l
cases the clinician must determine whether one
jaw is primarily at fault or a combination of max-
illary deficiency and mandibular excess is causing
the malocclusion.



Class Il malocclusion

Clinical characteristics

Profile view

* There is a long chin-throat length with a well-
defined inferior border of the mandible.

* A protrusive chin results in a prominent lower
third of the face.

* The labiomental fold is reduced.

* The lip-chin-throat angle is acute.

Frontal view

* The lower third of the face appears “flat.”

* The chin button is not prominent.

* A thin upper lip has reduced vermillion expo-
sure.

* The labiomental fold is reduced.

* The mandible appears strong.

* The chin is often asymmetrical.

Dental characteristics

* There is often minimal attached gingival tis-
sue over the mandibular anterior teeth.

* The mandibular incisors are often compen-
sated and lingually inclined. However, some
patients have generalized interdental spacing
and flared incisors, often combined with an
anterior open bite. These characteristics may
point to a large tongue.

* There is a Class lll malocclusion with anterior
and posterior crossbites.

* A dental midline discrepancy is often present.

Treatment

The timing of treatment of adolescents with
Class Il malocclusion is important. Many pa-
tients with severe Class Ill dentofacial deformi-
ties want definitive treatment as soon as possi-
ble, and early treatment may be desirable from
a social and psychologic point of view.
However, if surgery is performed before com-
pletion of mandibular growth, the malocclusion
is likely to recur as a result of growth.

Maxillary growth may be completed at age
15 or even age 14; therefore, when maxillary
deficiency is the primary problem, delaying sur-

Mandibular Anteroposterior Excess

gery until completion of growth is usually a fea-
sible option. However, mandibular growth may
continue until the early 20s. Some patients with
severe mandibular excess are not willing to wait
and elect to have surgery earlier, recognizing
the fact that a second procedure may be nec-
essary later. Case C.M., discussed later in the
chapter, is an example of a case where surgery
was offered to the patient before the comple-
tion of growth.

Presurgical orthodontics
Orthodontic preparation prior to surgery has
five basic goals:

1. Eliminate (or reduce) anterior and posterior
dental compensation with guidance from the
orthodontic visual treatment objective.

2. Establish appropriate anteroposterior and
vertical incisor positions. Improper incisor po-
sitions will curtail optimal esthetic correction.

3. Achieve compatible arch forms and interca-

nine widths, which are essential to make den-
tal midlines compatible at surgery.

. Deal with tooth size discrepancy problems.

5. Correct the mandibular asymmetries that often
accompany mandibular prognathism. If the chin
shape is acceptable, the mandibular dental
midline should be placed in the middle of the
chin. The asymmetry will be corrected during
the mandibular setback procedure. It also can
be corrected by a genioplasty, if one is indi-
cated to correct poor chin shape or vertical or
anteroposterior chin deformities. Thus, it is not
always necessary to orthodontically place the
mandibular dental midline in the midline of the
chin.

~

Orthodontic mechanics

Mandibular arch The following techniques are
recommended for orthodontic treatment of the
mandibular arch:

1. Class lll mechanics, including molar tie-backs,
are not used when leveling, and the teeth are
allowed to level forward. The orthodontic vi-
sual treatment objective should be refered to
regularly to confirm the extent of incisor de-
compensation required.
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2. On completion of leveling, Class Il elastics
may be used to advance the mandibular buc-
cal segments and further procline the
mandibular incisors. This movement should
be monitored on sequential cephalometric
films.

3. Arch length discrepancies should be recon-
ciled with the desired mandibular incisor po-
sition.

4. When decompensating the mandibular inci-
sors, the clinician should bear in mind that
patients with mandibular anteroposterior ex-
cess often have a very thin, bony symphysis
and a small area of attached gingiva in the in-
cisor region.

Maxillary arch For orthodontic treatment of the
maxillary arch, the following approach is recom-
mended:

1. High-pull headgear should be applied to the
maxillary incisor area nightly. This should be
used with Class Il mechanics to prevent ex-
trusion of the maxillary incisors when advanc-
ing the mandibular dentition.

2. Headgear anchorage should aid retraction of
the maxillary incisors or merely prevent their
proclination during the leveling process.

Surgical treatment

Bilateral sagittal split osteotomy is the proce-
dure of choice, although a transoral vertical
ramus osteotomy may be indicated in cases re-
quiring large setback procedures.

Correct positioning of the condyle is very im-
portant. The surgeon should carefully free the
medial pterygoid muscle and the stylomandibu-
lar ligament from the medial side of the ramus.
Otherwise, the proximal segment will be
pushed back by the distal (tooth-bearing) seg-
ment, leading to a backward rotation of the
ramus. With the return of muscle function, the
patient will tend to position the mandible for-
ward again.

If bicortical screws are used for rigid fixation,
positional self-tapping screws are preferred to
maintain bone segment positions. With setback
procedures, especially where simultaneous cor-
rection of asymmetry is required, small inter-
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segmental defects may develop. If these de-
fects are closed by tightening the screws, the
torquing effect will displace the condyles later-
ally (peripheral condylar sag; see the discussion
of condylar sag in chapter 5).

The incidence of neurosensory morbidity
with transoral vertical ramus osteotomy is less
than that associated with a bilateral sagittal split
ramus osteotomy, but the procedure carries an
increased risk of poor condylar control.

On rare occasions, procedures such as body
ostectomies or segmental subapical os-
teotomies are indicated to correct mandibular
anteroposterior excess.

A genioplasty is often indicated to place the
chin in its most esthetic anteroposterior, verti-
cal, and midsagittal positions. The labiomental
fold is often obtuse in Class Il cases; reduction
genioplasty would make this angle more ob-
tuse, causing the chin to appear flat and result-
ing in an overall poor esthetic result. Chin shape
is more important than the anteroposterior po-
sition of soft tissue pogonion.

Postsurgical orthodontics

Postsurgical orthodontics for Class Il cases is
very similar for all patients. In Class Il open bite
cases, the occlusion should be prepared presur-
gically so that the only postsurgical orthodontic
tooth movements required are those with little
or no potential to open the bite.

If a tendency to relapse is noticed, light (2.5-
to 3.5-0z) Class lll elastics should be placed im-
mediately. A rectangular archwire should be in
place in the maxilla to prevent molar extrusion.

The clinician should design the retention plan
according to the original malocclusion and its
possible relapse tendency.

Case D.G.

A 19-year-old male patient was referred to the
orthodontist by his general practitioner for the
correction of an open bite.

Main complaint

The patient said he was unable to bite properly,
and the flat appearance of his midface both-
ered him.
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Fig 4-16 Case D.G. Pretreatment frontal view (a), profile view (b), and occlusion (c).

Fig 4-17 Case D.G. Pretreatment cephalometric analysis. Maxil-
lary anteroposterior deficiency: SNA = 77 degrees; Class |l skele-
tal relationship: ANB = -5 degrees; concave profile: facial contour
angle = -9 degrees.

Medical history b. Profile view (Fig 4-16b)
The patient had asthma. He had contracted hep- - Concave profile
atitis A at age 15 and recovered satisfactorily. - Midface deficiency
- Everted lower lip
Clinical examination - Increased interlabial distance
1. Soft tissue - Deficient chin
a. Frontal view (Fig 4-16a) 2. Dental (Fig 4-16¢)

- Deficient paranasal areas - Class Il malocclusion

- Increased interlabial distance - Anterior open bite

- Excessive lower lip vermilion exposure - Slightly compensated mandibular incisors
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3. Skeletal (Fig 4-17)

- Maxillary anteroposterior deficiency
- Mandibular anteroposterior excess

- Posterior maxillary vertical excess

- Microgenia

4. Radiographic
a. Panoramic radiograph

- Impacted maxillary third molars and par-
tially erupted mandibular third molars

b. Cephalometric (see Fig 4-17)

- Class Il malocclusion

- Class Ill skeletal relationship

- Maxillary anteroposterior deficiency

- Anterior open bite

- Slightly lingually inclined incisors

- Lack of dental support for the upper lip

- Everted lower lip

- Mandibular anteroposterior excess

- Flat chin

Problem list

1. Class lll malocclusion
2. Maxillary anteroposterior excess
3. Posterior maxillary vertical excess
4. Incisor compensation
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Fig 4-18 Case D.G. Orthodontic change: decompensation of
the incisors.

Presurgical orthodontics
¢ Maxillary arch (Figs 4-18 and 4-19)
- Removal of the third molars
- Leveling and alignment of the arch
- Establishment of arch compatibility with the
mandibular dental arch
- No attempt to close the open bite by ex-
trusion of incisors or by intrusion or expan-
sion of posterior teeth
e Mandibular arch (see Figs 4-18 and 4-19)
- Removal of the third molars
- Leveling and alignment of the arch
- Creation of a slight decompensation of incisors

Surgical treatment
A Le Fort | maxillary osteotomy was used to
advance the maxilla by 3 mm. At the same
time, the maxilla was superiorly repositioned
3 mm anteriorly (to establish the ideal tooth-
lip relationship) and 6 mm posteriorly (to allow
the mandible to autorotate) (Fig 4-20).
Because autorotation of the mandible wors-
ened the Class Ill relationship, the mandible
was set back 8 mm by means of a bilateral sagit-
tal split ramus osteotomy.
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Fig 4-19 Case D.G. Presurgical frontal view (a), profile view (b), three-quarters view (c),
and occlusion (d).

Fig 4-20 Case D.G. The surgical visual
treatment objective includes maxillary su-
perior repositioning with advancement,
mandibular setback, and advancement
genioplasty.
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Finally, a 4-mm advancement genioplasty was
performed. The advancement of the chin not
only enhances the chin shape but also maintains
the chin-throat length after mandibular setback.

Postsurgical orthodontics

Postsurgical orthodontic treatment involved fi-
nalization of the occlusion and retention. The
presurgical orthodontic preparation took 8
months, and the orthodontic bands were re-
moved 3 months after surgery. Figure 4-21 illus-
trates the treatment result after a total treat-
ment time of 11 months.

Continued mandibular growth after

surgical correction
Late or continued growth of the mandible after
correction of Class Ill cases is an important fac-

tor in postsurgical stability, so the clinician must
ensure that facial growth is completed prior to
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Fig 4-21 Case D.G. Posttreatment results are demonstrated in frontal view (a), prcfile
view (b), three-quarters view (c), and occlusion (d).

surgical correction. Serial cephalograms and
hand-wrist radiographs are helpful in monitor-
ing growth and estimating whether a growing
patient has experienced his or her growth
spurt.

The surgeon may consider performing sur-
gery before the completion of growth in ex-
ceptional cases, since "biological interest is not
always in the patient’s psychological interest”
(Enlow, 1990). Ages 12 to 19 years are proba-
bly the most formative, and to postpone the
correction of severe dentofacial deformities
until completion of growth in individuals this
age is not best for them psychologically.
Surgical correction should be offered to these
patients with the full understanding of the risk
of relapse due to the continued growth. Upon
the completion of growth, surgical correction
can be performed. The following case illustrates
a satisfactory outcome to the above problem.
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Fig 4-22 Case C.M. Pretreatment profile view (a), occlusion (b), and cephalometric analysis (c) 1 week after

banding the mandibular arch (age, 12 /2 years). Class lll skeletal relationship: ANB = -5 degrees, mandibular
length to maxillary length = 84:128 mm; maxillary vertical excess: interlabial gap = 7 mm, maxillary tooth ex-
posure under the upper lip = 9 mm; compensated mandibular incisors: mandibular incisor to N-B = 0 mm and
10 degrees, mandibluar incisor to mandibular plane = 66 degrees.

Case C.M.

Main complaint

According to the patient’s parents, her facial ap-
pearance was a burden to her, affecting her
schoolwork and social life. She was unhappy and
was teased by her peers about her large man-
dible. She was also concerned about the fact
that the unfavorable jaw relationship caused an
increasingly severe speech problem.

Medical history
Her medical history was noncontributory.

Clinical examination
1. Soft tissue
a. Frontal view
- Increased interlabial distance
- Unsupported upper lip that appears flat

- Prominent chin
- Increased lower facial height
b. Profile view (Fig 4-22a)

- Mandibular anteroposterior excess
- Maxillary anteroposterior deficiency
- “Gummy smile”
- Increased maxillary incisor exposure
- Increased lower facial height
- Concave profile

2. Dental (Fig 4-22b)
- Class Il malocclusion
- Compensated mandibular incisors
- Posterior crossbites
- Canines partially blocked out

3. Skeletal (Fig 4-22¢)
- Maxillary vertical excess
- Maxillary anteroposterior deficiency
- Mandibular anteroposterior excess
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Fig 4-23 Case C.M. Immediate presurgical profile view (a), occlusion (b), and cephalometric tracing (c¢). Note the profound antero-

posterior and vertical growth,

4. Radiographic (see Fig 4-22¢)
a. Hand-wrist radiography
- Patient still actively growing
b. Cephalometric
- Confirms the clinical observations

Problem list

. Vertical maxillary excess

. Maxillary anteroposterior deficiency
. Mandibular anteroposterior excess
. Class Il malocclusion

. Blocked-out maxillary canines

. Compensated mandibular incisors

. Patient still actively growing

~N OB WM =

Presurgical orthodontics

e Maxillary arch
- Extraction of both maxillary first premolars
- Arch alignment and closure of the spaces
- Movement of the canines into the arch
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* Mandibular arch
- Decompensation of the incisors
- Leveling of the curve of Spee
- Establishment of interarch compatibility

The profound vertical and anteroposterior growth
during orthodontic treatment is evident when
the pretreatment (see Fig 4-22) and immediate
presurgical records (Fig 4-23) are compared.

Surgical treatment

- A Le Fort | osteotomy that superiorly reposi-
tioned the maxilla (6 mm anteriorly and pos-
teriorly), rotating the maxillomandibular com-
plex slightly clockwise (Fig 4-24a) (see the
section on rotation of the maxillomandibular
complex, pages 201 to 213)

- Maxillary advancement (8 mm) (see Fig 4-24a)

- A bilateral sagittal split ramus osteotomy set-
ting the mandible back (12 mm) (see Fig 4-24a)
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Fig 4-24 Case C.M. (a) Surgical prediction tracing. (b) Immediate postsurgical profile view. (¢) Immediate postsurgical occlusion.

The surgical movements are large. This, along
with the fact that the surgery is performed on a
growing individual, makes the relapse potential
significant in this case.

Postsurgical orthodontics
Postsurgical orthodontic treatment entails final-
ization of the occlusion and retention. In this
case, the postsurgical skeletal change should
be accurately monitored, and the dentition not
compensated for any relapse or further growth.
When surgery is performed early and further ex-
cessive mandibular growth is expected, the
dentition should not be orthodontically com-
pensated for this growth because (1) it will dis-
guise the skeletal growth and (2) the teeth will
need to be decompensated again before final
surgical correction.

The postoperative results are demonstrated
in Figs 4-24b and 4-24c. Postsurgical growth is

evident in Fig 4-25 (10 months after surgery)
and Fig 4-26 (4 years after surgery). Five years
after the initial correction, the clinician decided
to perform the final correction. After a short pe-
riod of orthodontic treatment to decompensate
the mandibular incisors slightly (Fig 4-27), the
mandible was set back by means of a bilateral
sagittal split osteotomy. The final result is illus-
trated in Fig 4-28 (1 year after the second sur-
gery). This patient certainly benefited from early
surgery, even though a second surgical proce-
dure had to be performed 5 years after the ini-
tial correction. The fact that the bicortical
screws had to be removed prior to performing
the bilateral sagittal split osteotomy made the
second surgery challenging. To facilitate this
procedure, the use of resorbable fixation at the
first surgery is indicated.
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Fig 4-25 Case C.M. Relapse is evident 10 months after surgery. (a) Profile view. (b) Occlusion. (¢) Cephalometric tracing indicating
some signs of further mandibular growth.

Fig 4-26 Case C.M. Four years after the initial correction, a Class |ll malocclusion is present. The maxilla remained stable. A profile
view (a), the occlusion (b), and a cephalometric tracing (c) illustrate the further growth of the mandible.
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Fig 4-27 Case C.M, The decompensation of the mandibular incisors is completed before the second corrective procedure. (a) Profile

view. (b) Occlusion. (c) Cephalometric tracing.

after the second surgical procedure.
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Maxillary anteroposterior deficiency has often
been misdiagnosed as mandibular anteroposte-
rior excess because of the similarity in appear-
ance. Therefore, the clinician must carefully dis-
tinguish between the two deformities. In the
majority of Class Ill cases, the deformity is due
to a combination of the two. As many as 75% of
Class Il patients have some degree of maxillary
skeletal deficiency. If there is any doubt about
which jaw should undergo surgery, the maxilla
should be advanced.

Class Il malocclusion

Clinical characteristics

Profile view

e Sunken cheeks

e Chin and lower lip in balance with nose

* Sunken or flat appearance of upper lip

* Upper lip length reduced and vermillion thin

* Frequently, an acute nasolabial angle with the
columella of the nose oriented more horizon-
tally

Frontal view

e Flat and relatively short upper lip

e Often, a narrow alar base

e Often, sclera seen inferiorly of the iris of the
eye

e Sunken cheeks

* Normal to deficient maxillary tooth-to-lip rela-
tionship

* Less vermillion of the upper lip showing

e Paranasal flattening

The relationship of each individual jaw to the
cranium can be evaluated clinically by blocking
out the mandible and then the maxilla with a
hand or card.

Dental characteristics

e Class Il malocclusion
 Often, crowding in the maxillary arch

176

» Often, small or absent maxillary lateral incisors

e Often, normal inclination of mandibular inci-
sors in comparison with the lingual inclination
seen in mandibular anteroposterior excess

* Tendency of the maxillary arch to be narrow
and often in lingual crossbite with the
mandibular arch

Treatment

Presurgical orthodontics

The treatment of maxillary anteroposterior defi-
ciency has the same basic goals as does the
treatment of mandibular anteroposterior ex-
cess:

1. Eliminate compensations.

2. Establish ideal incisor position (indicated by
the orthodontic visual treatment objective).

3. Establish arch compatibility.

4. Level and align arches.

It is important to keep in mind that the trans-
verse discrepancy that often accompanies the
maxillary anteroposterior deficiency may have
to be corrected by surgical expansion of the
maxilla. If this is contemplated, the arch should
be aligned accordingly and the roots of the
teeth next to the interdental osteotomy devi-
ated.

Two-jaw surgery may be indicated in severe
Class Il cases. Here the orthodontist should
adopt the “two-patient” concept, in which the
mandibular and maxillary arches are treated in-
dependently, almost as if they belong to two
different patients. The objective is to align the
manxillary and mandibular incisors in both verti-
ca| and anteroposterior planes of space so the
surgeon can achieve optimal skeletal and es-
thetic correction without the limitations of den-
tal interference.

Cases of maxillary deficiency often involve
crowding in the maxilla, and retraction of inci-
sors is indicated. This will necessitate extrac-
tions, which follow these principles:

1. If maximum retraction is necessary or signifi-
cant crowding is present, removal of maxil-
lary first premolars is indicated.



2. If little retraction is necessary and crowding is
slight, removal of second premolars is indi-
cated.

3. Advancement of mandibular incisors from an
upright or lingually tipped position may be
limited by lack of attached gingiva and/or a
thin alveolar bone and symphysis. Mandibular
second premolar extraction may be necessary
to provide the required space to manage
crowding.

4. The most common extraction pattern in Class
Il cases is extraction of maxillary first premo-
lars and, when extraction in both arches is in-
dicated, extraction of maxillary first premo-
lars and mandibular second premolars (the
opposite of Class Il cases).

Orthodontic mechanics

Crowding is often present in the maxillary arch
and requires tooth extraction. The canines are
usually blocked out, which is often the patient’s
main complaint before treatment. The decision
whether to extract the first or second premolars
is influenced by the amount of crowding and re-
quired decompensation of the incisors.
Presurgically, the maxillary incisors should be
placed in good angulation in the central trough
of bone. To achieve the best esthetic result,
their anteroposterior positioning should be
based on the visual treatment objective.
Decompensation of the mandibular incisors is
seldom indicated. The mandibular arch should
be leveled and aligned so as to act as the “tem-
plate” for the maxillary dental arch.

Surgical treatment
The maxilla is advanced by means of a Le Fort |
osteotomy. This versatile procedure enables the
surgeon to correct discrepancies in the vertical,
transverse, and occlusal planes. Grafting is rec-
ommended both in cases with large advance-
ments and cases with expansion of the palate.
Various grafting materials are available, includ-
ing bone harvested from local or distant sites,
including the chin or iliac crest; allogenic freeze-
dried bone; and artificial bone substitutes such
as hydroxyapatite blocks.

Undesirable soft tissue changes may occur,
including widening of the alar base, tipping up

Maxillary Anteroposterior Deficiency

of the tip of the nose, and an increase in the na-
solabial angle. The patient should be informed
about expected soft tissue changes. These
changes, however, can be controlled (for details
on surgical technique, see the section on Le
Fort | maxillary osteotomy in chapter 5).

Postsurgical orthodontics
Postsurgical orthodontic treatment is very simi-
lar to that of mandibular setback cases. A splint
is used only when a multipiece Le Fort | maxil-
lary osteotomy is performed. In two-jaw sur-
gery, an intermediate splint is always used to
accurately position the maxilla. The patient
would be able to function with the occlusal
splint until adequate healing has taken place
and active orthodontics can be resumed.
Ligature wires between teeth adjacent to inter-
dental osteotomies should be placed by the sur-
geon and be removed only by the orthodontist
during the placement of a continuous archwire.
When surgical expansion has been per-
formed, the transverse dimension should be
maintained by an occlusal splint reinforced by a
palatal bar. The palatal bar prevents bending of
the splint during and after surgery. Once the
splint is removed, the orthodontist should place
an orthodontic palatal bar and a continuous
archwire as soon as possible to further control
the transverse dimension.

Case M.P.

This 17-year-old female patient was seen by the
orthodontist for alignment of her teeth.

Main complaint

The patient wanted her teeth aligned and her
“bad bite"” corrected. She also felt that her
mandible appeared too prominent.

Medical history
Her medical history was noncontributory.

Clinical examination
1. Soft tissue
a. Frontal view (Fig 4-29a)
- Flat paranasal areas
- Lack of upper lip support
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Fig 4-29 Case M.P. Pretreatment frontal view (a), profile view (b), and occlusion (c).

- Relatively small amount of upper lip ver-

milion exposure
b. Profile view (Fig 4-29b)

- Concave profile

- Lack of upper lip support

- Lower lip ahead of the upper lip

- Obtuse labiomental fold

- Acute nasolabial angle

2. Dental (Fig 4-29¢)

- Class Ill malocclusion

- Anterior and posterior crossbites (ab-
solute)

- Compensated mandibular incisors

- Narrow maxillary dental arch

- Maxillary dental midline 1.5 mm toward
the left

- Maxillary left first premolar absent

- Crowding in the maxillary and mandibu-
lar arches

3. Skeletal (Fig 4-30)

- Maxillary anteroposterior deficiency

- Maxillary transverse deficiency

- Vertical excess of the anterior mandible

- Tendency toward anteroposterior defi-
ciency of the chin
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4. Radiographic
a. Panoramic radiograph
- Maxillary left first premolar absent
- Four impacted third molars
b. Cephalometric (see Fig 4-30)
- Confirms clinical observations

Problem list

. Class Il malocclusion

. Maxillary anteroposterior deficiency

. Maxillary transverse deficiency

. Maxillary dental midline toward the left
. Lingually inclined mandibular incisors

. Anterior mandibular vertical excess

oUW N =

Presurgical orthodontics
* Maxillary arch (Fig 4-31)
- Extraction of the maxillary right first premolar
and removal of impacted third molars
- Correction of the dental midline
- Establishment of a good arch form in two
segments, from the maxillary right central
incisor to second molar and from the
maxillary left central incisor to second
molar
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Fig 4-30 Case M.P. Cephalometric analy- O ! 34
sis. Class Ill dental relationship; Class Il 88
skeletal relationship; maxillary anteropos- be A
terior deficiency: SNA = 79 degrees, ratio
of maxillary length to mandibular length = 18 6
88:125 mm; increased lowerthird facial " 125 4
height: ratio of middle third to lower third
= 54:71 mm; increased anterior mandibu- 6 71
lar height: height = 46 mm, ratio of upper
lip to lower lip = 21:46; obtuse labiomen- 8o
tal fold; lingually inclined mandibular inci-
sors: mandibular incisor to mandibular 55
plane, 82 degrees; acute nasolabial angle,
70 degrees; concave profile: facial con-
tour angle = -2 degrees.

Fig 4-31 Case M.P. Presurgical frontal view (a), profile view (b), and occlusion (c). Note the orthodontic correction of the dental mid-
lines and the decompensation of the mandibular incisors.

- Expansion of the arch within the bony base Surgical treatment
- Deviation of the roots of the central incisors - The maxilla was advanced and expanded by
* Mandibular arch (see Fig 4-31) means of a two-piece Le Fort | maxillary os-
- Extraction of both mandibular second pre- teotomy. The interdental osteotomy was per-
molars and removal of impacted third molars formed between the maxillary central incisors.
- Establishment of a good arch form The maxilla was superiorly repositioned to im-
- Decompensation of the incisors prove the tooth-lip relationship (Fig 4-32).
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Fig 4-32 Case M.P. Surgical visual treat-
ment objective. The surgical plan consists
of (1) a Le Fort | maxillary osteotomy ad-
vancing the maxilla by 7 mm and superi-
orly repositioning it by 1.5 mm and (2) a
genioplasty with a 3-mm vertical reduction
and a 3-mm advancement,

- Finally, genioplasty was performed to reduce
the vertical height of the chin and advance the
chin slightly (see Fig 4-32).

Postsurgical orthodontics

- Corrected the angulation of the maxillary inci-
SOrs.

- Controlled the surgical expansion by placing a
palatal bar as soon as possible after surgery.
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Fig 4-33 Case M.P. Posttreatment results are demonstrated in frontal view (a), profile view (b), and occlusion (c).

- Refined the occlusion.
- Initiated orthodontic retention after debanding.

The surgery was performed after a 17-month
presurgical period of orthodontics, and the or-
thodontic bands were removed 4 months after
surgery. The treatment results 6 months after
band removal are illustrated in Fig 4-33.



Maxillary Anteroposterior
Excess

Maxillary anteroposterior excess is certainly
not as common as was implied when Class ||
malocclusions were classified strictly according
to the Angle dental classification. According to
McNamara (1981), only approximately 10% of
a group of 277 patients with Class | malocclu-
sions had true maxillary anteroposterior ex-
cess.

The clinician should carefully differentiate
between maxillary anteroposterior excess and
mandibular anteroposterior deficiency be-
cause of the previously discussed esthetically
unfavorable results achieved after the surgical
or orthodontic retraction of maxillary incisors
in a patient with mandibular anteroposterior
deficiency. Of course, maxillary anteroposte-
rior excess can occur in combination with
mandibular deficiency (see Case O.M. later in
this section).

Overview

Clinical characteristics

Profile view

* General protrusion of the middle third of the
face

* Nose that often appears large and has a dor-
sal hump

* Prominent infraorbital rims and cheekbones

* Upper lip often short and everted

* Deep labiomental sulcus due to the fact that
the lower lip curls under the maxillary incisors

* Lip incompetence

* Acute nasolabial angle

Frontal view

* Noticeable prominence of the middle third of
the face

* Often, a long lower facial height

e Short, curled upper lip

* Curled lower lip under maxillary incisors

Maxillary Anteroposterior Excess

Dental characteristics

* Tendency toward an open bite

* Tendency toward a narrow, constricted maxil-
lary arch

* High, arched palatal vault

Treatment

In the growing child, orthodontic correction is
certainly most effective. It usually involves the
use of headgear and multibanded fixed appli-
ance therapy. Depending on the severity and
crowding, it also may involve the extraction of
four premolars.

In the nongrowing patient, surgery that sets
back the total maxilla or anterior maxillary seg-
ment hastens treatment and avoids headgear
therapy. Total maxillary setback is performed at
the Le Fort | level and is technically difficult.

Surgical treatment

Three surgical techniques for repositioning the
anterior maxilla have been described by
Wassmund (1935), Cupar (1954), and Wunderer
(1963). When posterior movement of the ante-
rior maxillary segment is the main objective, the
technique described by Wunderer is the most
practical approach.

An anterior segmental osteotomy of the max-
illa is often performed as part of a multisegment
Le Fort | procedure because patients who need
anterior maxillary correction often need addi-
tional corrections to the maxilla (eg, superior
repositioning and/or expansion of the posterior
maxilla). The author finds it easier to perform a
multipiece Le Fort | procedure than an anterior
segmental osteotomy.

In the presurgical phase, the roots of the
teeth on either side of the osteotomy cut must
be deviated sufficiently. Inadequate deviation
of the roots of these teeth will:

=iy

. Limit the surgical setback

2. Increase the risk of damage to the tooth roots
at surgery

3. Force the surgeon to rotate the segment, there-

by either elevating the canines out of occlu-

sion or tipping the incisors inferiorly (Fig 4-34)
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a
Fig 4-34 Inadeguate orthodontic root deviation (a) will force the
surgeon to either lift the canine superiorly out of the occiusion (b)

c or tip the incisors inferiorly (), increasing the anterior height of
the maxilla.

a

Fig 4-35 (a) Adequate orthodontic deviation of the roots of the teeth adjacent to the interdental osteotomy will allow the surgeon to
close an interdental space. (b) To ensura the integrity of the periodontium, the space should never be completely closed, and a small
amount of alveolar bone should always be left intact at the alveolar crest.

Adequate deviation of the roots allows setback Maxillary setback procedures are seldom indi-
of the anterior maxillary segment. A small area cated. The clinician contemplating such a proce-
of interproximal bone should be maintained dure should consider the esthetic effects care-

and the crowns of the teeth not forced together fully before making a final decision.
(Fig 4-35).
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Maxillary Anteroposterior Excess

Fig 4-36 Case O.M. Pretreatment frontal view (a), profile view (b), three-quarters view
(c), and occlusion (d).

Clinical cases - Everted lower lip
- Chin that appears narrow
Case O.M. b. Prgﬁle view
- Convex profile
The general practitioner referred this 32-year- - Increased interlabial gap
old female patient to the orthodontist for the - Protruding upper and lower lips
correction of her protruding teeth. - Deficient chin
2. Dental (Fig 4-36d)
Main complaint - Maxillary and mandibular dental protrusion
The patient was self-conscious about her promi- - Class Il malocclusion
nent front teeth and inability to close her lips - Increased incisor overjet
without strain. - Small area of attached gingiva in the
mandibular incisor region
Medical history - Gingival recession at the maxillary sec-
Her medical history was noncontributory. ond premolars
3. Skeletal (Fig 4-37)
Clinical examination - Vertical maxillary excess
1. Soft tissue (Figs 4-36a to 4-36c) - Maxillary anteroposterior excess
a. Frontal view - Mandibular anteroposterior deficiency
- Increased interlabial gap - Microgenia
- Increased maxillary incisor exposure - Narrow chin
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Fig 4-37 Case O.M. Pretreatment cephalometric analysis. Con-
vex profile: facial contour angle = —18 degrees; increased inter-
labial gap: 10 mm; increased lower-third facial height: ratio of
middle facial height to lower facial height = 49:72 mm; maxillary
anteroposterior excess: SNA = 86 degrees; maxillary dental pro-
trusion: maxillary incisor to 5-N = 124 degrees, maxillary incisor
to N-A = 15 mm and 40 degrees; mandibular dental protrusion:
mandibular incisor to mandibular plane = 116 degrees, mandibu-
lar incisor to N-B = 17 mm and 44 degrees.

Fig 4-38 Case O.M. Frontal view (a), profile view (b), and right side of the occlusion (c) after completion of orthodentic preparation.

4. Radiographic
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a.

Panoramic radiograph

- Root treated at the maxillary left first
molar

Cephalometric (see Fig 4-37)

- Confirms the clinical observations

Problem list

1. Bidental protrusion

2. Maxillary anteroposterior excess

3. Vertical maxillary excess

4. Mandibular anteroposterior deficiency
5. Microgenia

6. Class Il malocclusion



Maxillary Anteroposterior Excess

d

Fig 4-38 Continued Case O.M. The dental change after presur-

gical orthodontics is illustrated in (d).

Presurgical orthodontics
* Maxillary arch (Figs 4-38a to 4-38d)
- Extraction of both maxillary second premo-
lars
- Retraction of the incisors
- Establishment of a good arch form
* Mandibular arch (Figs 4-38a to 4-38d)
- Extraction of both mandibular first premolars
- Retraction of the incisors
- Leveling of the curve of Spee
- Establishment of interarch compatibility

Surgical treatment

- Le Fort | maxillary osteotomy to superiorly repo-
sition the maxilla with a setback (Fig 4-39)

- Bilateral sagittal split osteotomy to advance
the mandible (see Fig 4-39)

Fig 4-39 Case O.M. The surgical correction consisted of a Le
Fort | osteotomy to superiorly reposition and set back the maxilla,
bilateral sagittal split ostectomy to advance the mandible, and ge-
nioplasty to advance and widen the chin {inset).

- Genioplasty to simultaneously advance and
widen the chin (see Fig 4-39)

Postsurgical orthodontics

Postsurgical orthodontic treatment completed
the interdigitation of the teeth and also in-
volved retention. The surgery was performed
24 months after the commencement of ortho-
dontic treatment, and the orthodontic bands
were removed 8 months after surgery. The treat-
ment results are illustrated in Fig 4-40.

Case M.G.

Case M.G. illustrates the anteroposterior and ver-
tical reduction of the maxilla by means of a seg-
mental Le Fort | procedure (Figs 4-41 to 4-43).
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Fig 4-40 Case O.M. Posttreatment results are demonstrated in frontal view (a), profile
view (b), three-quarters view (c), and occlusion (d).

Fig 4-41 Case M.G. Pretreatment frontal view (a), profile view (b), smile (¢), and occlu-
sion (d).
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Maxillary Anteroposterior Excess

Fig 4-42 Case M.G. The maxillary first
premolars were removed and the maxil-
lary arch aligned in three segments.
Excessive space was maintained (a) and
surgically closed by posterior preposition-
ing of the anterior maxillary segments (b).
The maxilla was superiorly repositioned
and the mandible advanced.

Fig 4-43 Case M.G. Posttreatment frontdl view (a), profile view (b), smile (¢}, and oc-
clusion (d). Note the correction of the maxillary midline.
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Maxillary Vertical Deficiency

Maxillary vertical deficiency is very often associ-
ated with maxillary anteroposterior deficiency in
which the maxilla did not develop in a forward
and downward direction. It is common in pa-
tients with cleft lip and cleft palate, where early
surgery often curtails normal development of the
maxilla. Because overclosure of the mandible
makes patients with maxillary vertical deficiency
appear clinically similar to those with mandibular
anteroposterior excess, the clinician should dif-
ferentiate between the two deformities.

Overview

Clinical characteristics

Profile view

* The lower and middle thirds of the face are
proportionally reduced in height when the pa-
tient's teeth are in occlusion.

* The nasolabial angle is acute.

» Overclosure causes the chin to appear excessive.

* The profile improves when the mandible is in
the rest position.

* The maxillary incisors are not visible under the

upper lip.

Frontal view

* The face appears short and square, with
strong, exaggerated masseter muscles.

* The maxillary incisors are often not visible with
the mouth open, creating an edentulous ap-
pearance, and the incisors are only partially
exposed when the patient smiles.

¢ \When the mandible is closed, the corners of
the mouth are turned down, and skin folds are
apparent lateral to the oral commissure.

* Nasal base may be broad and the nostrils large.

* The mandible appears excessive.

Dental characteristics

* The heavy musculature and overclosed occlu-
sion frequently predispose the patient to
bruxism and resulting attrition.

* Interocclusal freeway space is often increased.

¢ There is a Class lll dental relationship.
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Treatment

The surgical treatment objective in cases of
maxillary vertical deficiency is to reposition the
maxilla forward and downward. The mandible
will rotate clockwise, and the vertical height of
the face will increase. Patients with maxillary
vertical deficiency invariably have an increased
interocclusal freeway space, which should be
carefully evaluated. The increase in vertical
height achieved by downgrafting the maxilla
should be less than the “available” interocclusal
freeway space.

The extent of the vertical deficiency can be
measured only with the patient’s lips in repose
and almost touching. Pretreatment cephalo-
metric radiographs should be taken with the
mandible in the rest position and the lips barely
touching. This can be facilitated by the use of a
wax splint. The cephalometric visual treatment
objective should be created on a radiograph
taken with the mandible rotated open and the
lips barely apart. This radiograph will give the
surgeon a good indication of (1) the required
amount of maxillary downgrafting to achieve an
ideal lip-tooth relationship and (2) the mandibu-
lar anteroposterior position following clockwise
rotation.

Presurgical orthodontics

The objective in presurgical orthodontic treat-
ment in maxillary vertical deficiency cases is to
(1) level and align the teeth and (2) coordinate
the arches. Significant anteroposterior compen-
sations are seldom present, and the incisors can
often be left in their original anteroposterior po-
sitions. If severe crowding is present, the maxil-
lary and mandibular first premolars are ex-
tracted; with mild crowding, the maxillary and
mandibular second premolars are extracted.
Where larger maxillary advancement is needed
in cases with crowding, the first maxillary pre-
molars and second mandibular premolars are
extracted to create a large crossbite.

If a transverse deficiency of the maxilla is
present, it is best to correct it surgically. The
maxillary arch can often be coordinated in two
halves to “fit” the mandibular arch and the
archwire cut in the center. A stabilizing palatal
arch should be placed as soon as possible



after surgery, and it should be anticipated
presurgically.

Surgical treatment

The maxilla can be repositioned inferiorly by a
Le Fort | downgrafting procedure. This proce-
dure was unstable in the past, and as high as a
70% loss of vertical height has been reported.
However, rigid fixation has substantially im-
proved the stability of the procedure.

Definitive presurgical planning of the exact
amount of maxillary inferior repositioning is crit-
ical. The clinician should be guided by both the
amount of interocclusal rest space and the max-
illary incisor-upper lip relationship.

After the maxilla is mobilized on the Le Fort |
level, intermaxillary fixation is placed. The
condyles are seated in the glenoid fossae, and
with gentle backward and upward pressure at
the mandibular angles, the maxilla is rotated
closed until the desired, preplanned in-
terosseous distance is achieved. Four bone
plates—two at the zygomatic buttresses and
two at the piriform rims—are placed.

An interpositioning graft is then placed (or it
may be placed before the bone plates). This
graft is shaped to fit snugly into the bony defect
to prevent displacement into the maxillary
sinus. If the transverse dimension of the maxilla
is increased by surgical expansion, an acrylic oc-
clusal splint is placed and the palatal bone de-
fect grafted. An interdental wire is inserted be-
tween the teeth adjacent to the interdental
osteotomy.

Patients with a combination of vertical and
anteroposterior deficiency may be candidates
for the Le Fort | downsliding osteotomy design.
The surgical plan for these patients should in-
clude maxillary advancement in addition to
correction of the vertical discrepancy. In these
cases, the osteotomy is angled to provide an
inclined plane that will increase the vertical di-
mension as the maxilla slides forward. The hor-
izontal length from the piriform rim to the lat-
eral aspect of the zygoma is measured on a
lateral cephalogram. This measurement is used
to calculate the downward angulation of the
osteotomy and the position of the vertical
steps.

Maxillary Vertical Deficiency

Postsurgical orthodontics

At the first postsurgical visit, the orthodontist
checks the occlusion and instructs the patient to
wear appropriate elastics. If surgical expansion
of the maxillary arch was performed, the ortho-
dontist should do the following:

1. Remove the sectional archwire and replace
it with a continuous archwire.

2. Place a palatal arch that is carefully adapted
to the lingual surface of all teeth distal to
the canines.

At first, the orthodontist sees the patient
once every 1 to 2 weeks for routine adjustment
of archwires and elastics. With good progress,
the patient goes to a 4-week adjustment sched-
ule, and postsurgical orthodontic treatment is
concluded as previously discussed.

Clinical case

Case B.E.

This 15-year-old female patient was referred by
her practitioner for the correction of a Class IlI
malocclusion.

Main complaint

The patient’s main complaint was that she was
unable to bite anything with her front teeth and
that her face appeared too flat.

Medical history
The patient’s medical history was noncontributory.

Clinical examination
1. Soft tissue
a. Frontal view (Figs 4-44a and 4-44b)
- Paranasal flattening
- Lack of upper lip support
- Maxillary incisors barely visible when the
patient’s lips are apart
- Mandible that appears large
b. Profile view (Fig 4-44c)
- Concave profile
- Upper lip that appears flat
- Mandible that appears to be strong and
overclosed
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Fig 4-44 Case B.E. Pretreatment frontal view (a), lips apart (b), profile view (c), and oc-

clusion (d).

53
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Fig 4-45 Case B.E. Pretreatment cephalometric analysis. Class
Il malocelusion; maxillary antercposterior deficiency; Class I
skeletal relationship: ANB = -3 degrees; mandibular inciser
compensation: mandibular incisor to mandibular plane = 80 de-
grees, mandibular incisor to N-B = 11 degrees; concave profile:
facial contour angle = 5 degrees.



Fig 4-46 Case B.E. Tracing of a pretreatment cephalometric ra-
diograph taken with the patient's mandible rotated clockwise until
the lips just part. Note the maxillary incisor-lip relationship. The
final vertical position of the maxilla is planned from this tracing.

Fig 4-47 Case B.E. Immediate presurgical occlusion.

2. Dental (Fig 4-44d)
- Edge-to-edge incisor relationship with
an open bite tendency
- Class lll malocclusion
- Narrow maxillary arch
- Tendency to posterior crossbites
- Compensated mandibular incisors
3. Skeletal (Figs 4-45 and 4-46)
- Anteroposterior maxillary deficiency
- Vertical maxillary deficiency
4. Radiographic (see Figs 4-45 and 4-46)
a. Cephalometric
- Confirms the clinical diagnosis of a Class
lIl'malocclusion with vertical and antero-
posterior maxillary deficiency

Problem list

1. Vertical maxillary deficiency

2. Anteroposterior maxillary deficiency
3. Class Il malocclusion

Maxillary Vertical Deficiency

e

68

4. Anterior open bite
5. Narrow maxillary arch

Presurgical orthodontics
* Maxillary arch (Fig 4-47)
- Alignment of the arch
- Expansion of the posterior teeth within the
bony limits
* Mandibular arch (see Fig 4-47)
- Decompensation of the incisors
- Establishment of interarch compatibility

Surgical treatment

Surgical treatment involved a Le Fort downslid-
ing osteotomy. The osteotomy is performed at
a predetermined angle so that the maxilla will
slide downward as it is advanced, thus increas-
ing the vertical height while bone contact is
maintained (Fig 4-48).
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Fig 4-48 Case B.E. {a) Surgical plan illus-
trating the angled Le Fort | osteotomy. (b)
As the maxilla is advanced, it will slide
downward, increasing the vertical height.

Fig 4-49 Case B.E, Posttreatment results are demonstrated in frontal view (a), lips
apart (b), profile view (c), and occlusion (d).

Postsurgical orthodontics surgery took 6 months, and the bands were re-
The postsurgical orthodontic treatment final- moved 4 months after surgery. Figure 4-49 illus-
ized the occlusion and advanced to the reten- trates the posttreatment results 7 months after
tion stage. The orthodontic preparation before surgery.
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Approximately 30% of patients seeking treat-
ment have a vertical increase in the lower third
of the face. In our experience, the main com-
plaints of patients with vertical maxillary excess
are a gummy smile and/or functional problems
due to the anterior open bite, the hallmarks of
the long face deformity.

Overview

Clinical characteristics

Profile view

* Increased total facial height due to an increased
lower facial height

* Mandible rotated downward and backward

* Increased interlabial distance (greater than 4
mm)

* Increased maxillary incisor exposure (except
in some open bite cases)

* Sunken cheeks

» Often, a well-developed, almost excessive,
curled lower lip

Frontal view

* Narrow alar base width

* Excessive maxillary incisor exposure (except in
some open bite cases)

* Increased interlabial distance

* Often, increased vermillion exposure of the
lower lip

* Increased lower-third facial height

* Gummy smile

* Depressed paranasal areas with a tendency to
flat cheeks

Dental characteristics

® Often, an anterior bite

* High, arched palate with a large distance
between the root apexes and the nasal
floor

* V-shaped maxilla and teeth often in palatal
crossbite

* Mandibular incisors that tend to become
more upright and therefore more crowded

Maxillary Vertical Excess

Because of the excessive vertical growth of the
maxilla, the mandible tends to rotate downward
and backward. These patients, therefore, often
also have problems in the anteroposterior plane.
Patients with long faces can be described as
being skeletal Class | rotated to Class Il or as
Class Ill rotated to Class I. It can be concluded
that excessive vertical growth of the maxilla will
make mandibular anteroposterior deficiencies
appear worse and mandibular anteroposterior
excesses appear better. Frequently there is an
accentuated curve of Spee due to overeruption
of mandibular incisors, especially in cases with-
out open bites.

There is a tendency for anterior open bites in
two thirds of these patients. The clinician should
note that some diagnostic characteristics may
be camouflaged in patients with vertical maxil-
lary excess and deep bites (Fig 4-50). First, be-
cause of the deep bite, the lower facial height
may not be increased. Second, the maxillary in-
cisors may be excessively exposed under the
upper lip; however, this exposure is covered by
the lower lip.

The combination of three main characteristics
may be considered diagnostic for vertical max-
illary excess:

1. Increased mandibular plane angle

2. Increased total anterior facial height

3. Decreased percentage contribution of upper
facial height to total facial height

Treatment

The two most important rules in the treatment
of vertical maxillary excess follow:

1. Never treat the smile.
2. Always plan the treatment with the lips in re-
pose.

There is no alternative to surgery for adult pa-
tients with vertical maxillary excess. Attempts to
close the open bite by orthodontic extrusion of
anterior teeth or intrusion of posterior teeth are
not a solution, for two reasons: (1) relapse into
open bite almost always occurs, and (2) extrusion
of the maxillary incisors will worsen the esthetics.
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Fig 4-50 Frontal view (a) and profile view
(b) of a patient with a severe Class |l deep
bite (c). The vertical height of the maxilla
cannot be assessed because of the over-
closed bite, The vertical excess (excessive
tooth exposure under the upper lip) is evi-
dent (d and e) when the mandible is ro-
tated into the correct interincisal overbite,
Note the gummy smile (f). Vertical excess
g (disguised by the deep bite) is demon-
strated on the cephalometric tracing (g).
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Presurgical orthodontics

As in all surgical orthodontic cases, the ap-
proach is to align the teeth presurgically to fa-
cilitate the planned surgery so that the teeth will
fit into occlusion after surgery:

1. It is preferable to level the mandibular arch
before surgery (in contrast to the approach in
patients with short faces).

2. Patients with vertical maxillary excess and se-
vere open bites often have an excessive re-
verse curve in the maxillary arch. In these
cases it is advantageous to level the arch in
segments and deviate the roots of teeth to
allow interdental osteotomies. Therefore, level
within the segments. Do not attempt to close
the open bite; rather, open the bite further.

3. A similar principle applies in the decision to
expand a narrow maxilla orthodontically. The
teeth should not be expanded beyond their
bony base. Any relapse of an expanded max-
illary arch will tend to open the bite anteri-
orly. Surgical expansion is recommended, es-
pecially in more severely narrowed maxillae
and in older patients.

Orthodontic mechanics
* Mandibular arch
- Routine orthodontic techniques are used to
level, align, close all spaces, and achieve a
good arch form.
- Extractions and Class Il or Class Ill mechanics
may be necessary, depending on the case.
* Maxillary arch
- Teeth adjacent to the proposed interdental
osteotomies (eg, between maxillary canines
and premolars or between maxillary lateral
incisors and canines) are bonded with brack-
ets that will “diverge” the roots away from
the surgical site to prevent accidental surgi-
cal insult to the roots. For example, a maxil-
lary left canine bracket is placed on the right
canine and vice versa. This still applies if pre-
molars are removed to provide crowding re-
lief. After surgery is completed, these brack-
ets are removed and the correct brackets
bonded to obtain normal root inclination.
- Leveling is accomplished using sectional
nickel-titanium alloy (Nitinol) wires or similar

Maxillary Vertical Excess

wires. Stabilization is then undertaken with
sectional finishing archwires bent to con-
form to the arch form for each segment.
Extraction spaces can be closed by surgi-
cally approximating the segments.

If no vertical segmental discrepancies exist,
the maxillary arch is leveled with a continu-
ous archwire, taking care that the maxillary
incisors do not level forward; nightly head-
gear use may be required. The maxillary
and mandibular arches are coordinated
with the aid of study casts.

Intrusive posterior mechanics, such as
palatal bars or high-pull headgear, should
be avoided.

Mandibular molars should be brought up-
right to encourage bite opening. This will
accentuate the vertical problem and intro-
duce less chance of relapse.

Surgical treatment

To correct the vertical discrepancy, the maxilla
must be superiorly repositioned by a Le Fort |
osteotomy. Two critical elements must be con-
sidered in the final treatment planning:

1. How far must the maxilla be superiorly repo-
sitioned?

2. After straight vertical repositioning of the
maxilla, where will the mandible be?

Extent of superior repositioning The amount of
superior repositioning is critical, because moving
the maxilla too far superiorly is more detrimental
to facial esthetics than leaving the vertical excess
uncorrected. Consider the following points when
planning superior repositioning of the maxilla:

1. Patients with short upper lips show more
teeth than patients with long upper lips.

2. Younger patients tolerate (esthetically and
psychologically) more upward movement of
the maxilla than do older patients. Remember
that the upper lip will lengthen with age.

3. Exposure of 30% to 40% of the clinical
crowns of the maxillary incisors beneath the
upper lip is esthetically pleasing.

4. During superior repositioning of the maxilla,
the upper lip will shorten.
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. Plan, in general, for a 4-mm tooth exposure
after surgery.

. It is not mandatory to elevate the maxilla
until the lips make contact. A few millimeters
of lip incompetence is acceptable and, in
many cases, attractive.

. Large movements, if not controlled, may lead
to widening of the alar base of the nose and
tipping up of the nasal tip. Because both ef-
fects are controllable, take them into consid-
eration in treatment planning and surgical
technique.
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Fig 4-51 Assessment from a profile view (a) and a lateral cephalometric tracing (b) re-
veals an interlabial distance of 10 mm, reguiring superior repositioning of the maxilla,
If only this view is considered, superior repositioning of at least 6 mm is indicated. (c)
Because of an accentuated Cupid's bow of the upper lip, the central incisors’ entire
crowns are exposed under the upper lip, while the lateral incisors are exposed much
less. If planning of superior repositioning of the maxilla considers only the central in-
cisor exposure, excessive superior repositioning will result in only the tips of the cen-
tral incisors being visible under the upper lip.

8. Moving the maxilla too far superiorly gives

poor esthetic results, but moving it posteri-
orly at the same time yields even worse re-
sults.

. Consider the upper lip shape. Patients with

an extreme Cupid’s bow may only have ex-
cessive exposure of the two central incisors.
If surgery is planned using the lateral ceph-
alometric radiograph without considering the
lip shape, treatment may result in only the
tips of the two central incisors being visible
under the upper lip (Fig 4-51).



Anteroposterior position of the mandible The
mandible will autorotate counterclockwise
around a point at the condyle. As a conse-
quence, the mandibular incisors will rotate for-
ward (more so in high-angle cases than in low-
angle cases). When the extent of maxillary
superior repositioning has been decided, the
anteroposterior position of the mandibular inci-
sor should be considered. It may be necessary
to advance the maxilla slightly to achieve a
Class | malocclusion. If the mandible is antero-
posteriorly deficient, a maxillary setback may
be considered to achieve a Class | malocclu-
sion; however, advancing the mandible is
preferable. It is much better to accept the need
for two-jaw surgery to achieve a good occlu-
sion than to significantly compromise the es-
thetics and limit the surgery to one jaw. In Class
Il cases, the Class Il dental relationship will
worsen as the mandible is autorotated, neces-
sitating either maxillary advancement or
mandibular setback.

Important surgical considerations The amount
of superior repositioning of the maxilla is criti-
cal. Take great care during surgery to accurately
position the maxilla in the planned position. An
intermediate splint is helpful.

Condyle positioning, again, is critical. The
condyle can be displaced by minor bony inter-
ferences in the posterior maxilla. With maxillo-
mandibular fixation, this condylar displacement
will not be revealed until 6 weeks after surgery,
after removal of maxillomandibular fixation.
With rigid internal fixation, the malpositioning
can be detected after intraoperative removal of
maxillomandibular fixation and can be corrected
by the removal of bone plates and the elimina-
tion of posterior interferences (see the section
on intraoperative diagnosis of condylar sag dur-
ing Le Fort | maxillary osteotomy in chapter 5).

It is often necessary to surgically expand the
posterior maxilla through parasagittal osteo-
tomies in the palate. A bone graft or hydroxy-
apatite blocks should be grafted into the defect
and the segments stabilized by a splint with a
palatal bar. Grafting should be used for any ex-
pansions greater than 3 mm.

Maxillary Vertical Excess

The piriform rim should be contoured to ac-
commodate the soft tissue of the nose.

The bony and cartilaginous septum should be
shortened appropriately to prevent warping of
the nasal septum during superior repositioning
of the maxilla. To centralize the septum, a sep-
tum suture may be used to attach the septal car-
tilage to the base of the nasal spine as it passes
through a hole in the nasal spine.

Wound closure should be meticulous. A cinch
suture can control the alar base width, and V-Y
closure can create lip lengthening or control the
length of the upper lip. Resuture the perioral
muscles, and then carefully suture the mucosa,
taking thin bites. Be sure to maintain the soft
tissue midline when suturing.

Postsurgical orthodontics

If a splint is used during surgery, the orthodon-
tist should see the patient immediately after its
removal. Stabilizing archwires are removed and
replaced with working archwires, and light (2.5-
to 3.5-0z) vertical or slightly Class Il elastics are
placed.

After surgical expansion, the most important,
and possibly the most challenging, part of post-
surgical orthodontics is to maintain the trans-
verse dimension of the palate. The expanded
dentoalveolar segments must be held in their
expanded position during orthodontic finishing.
This can be accomplished using either a heavy
auxiliary wire in the headgear tubes, along with
working wires, or a transpalatal arch (the latter
may be more practical). The dentoalveolar seg-
ments do not stabilize until 4 to 6 months after
surgery. In general, the postsurgical orthodontic
treatment of patients with long faces is often
quick because the arches were leveled either
before or during surgery.

Clinical case
Case J.S.

The mother of this 16-year-old patient was
treated by the author 10 years previously for the
correction of vertical maxillary excess and man-
dibular deficiency. The patient was now referred
for surgical correction of the same problem.
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Main complaint

The patient was unhappy about his gummy
smile and inability to create a lip seal without
strain.

Medical history
The patient’s medical history was noncontribu-

tory.

Clinical examination
1. Soft tissue
a. Frontal view (Figs 4-52a and 4-52b)
- Gummy smile
- Increased interlabial gap
- Excessive maxillary incisor exposure

under the upper lip
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Fig 4-52 Case J.S. Presurgical frontal view (a), smile (b), profile view (c), and occlusion (d).

- Increased lower-third facial height
- Increased lower lip vermillion exposure
b. Profile view (Fig 4-52c)
- Convex profile
- Deficient chin
- Prominent lower lip
- Increased lower-third facial height
- Increased tooth exposure
- Increased interlabial gap
2. Dental (Fig 4-52d)
- Class Il malocclusion
- Missing first premolars
3. Skeletal
- Vertical maxillary excess
- Mandible rotated clockwise and relatively
deficient
- Microgenia



Maxillary Vertical Excess

Fig 4-53 Case J.S. Presurgical cephalometric analysis.
Vertical maxillary excess: interlabial gap = 13 mm, maxil-
lary incisor tooth exposure = 10 mm, ratio of middle-third
to lowerthird height = 65:88 mm; convex profile: facial
contour angle = -25 degrees; normal maxillary and
mandibular length relationship: 109:139 mm.
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4. Radiographic
a. Panoramic radiograph
- Missing first premolars
b. Cephalometric radiograph (Fig 4-53)
- Confirms clinical observations

Problem list

1. Vertical maxillary excess
2. Microgenia

3. Class Il malocclusion

Presurgical orthodontics
The presurgical orthodontic treatment was
completed by the time of the final referral.

Surgical treatment

- Le Fort | maxillary osteotomy to reposition the
maxilla superiorly (Fig 4-54)

- Mandible autorotated counterclockwise into a
Class | dental relationship (see Fig 4-54)

- Advancement genioplasty (see Fig 4-54)

Postsurgical orthodontics

Postsurgical orthodontic treatment involved
completing the interdigitation of the teeth and
retention. The pleasing postsurgical result is
demonstrated in Fig 4-55.
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Fig 4-54 Case J.S. Surgical cephalometric visual treatment
objective.

Fig 4-55 Case J.8. Postsurgical frontal view (a), smile (b), profile view (c), and occlusion (d).
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Rotation of the Maxillomandibular Complex

“ig 4-56 (a) Lateral cephalometric tracing of a patient with vertical maxillary excess, maxillary anteroposterior excess, and mandibu-
lar anteroposterior deficiency. The presurgical occlusal plane is A-B. (b) The maxilla is superiorly repositioned and the mandible au-
torotated around R. The "new" occlusal plane (A-B') has been changed from the presurgical occlusal plane (A-B) by the autorota-
tion of the mandible. The mandible is advanced, and the anterior segment of the maxilla is set back along this plane.

Most dentofacial deformities can be treated
successfully using conventional treatment plan-
ning. With conventional treatment planning,
alteration of the occlusal plane is often an in-
evitable consequence of any surgical adjust-
ment to the vertical position of the maxilla and
the resultant autorotation of the mandible (Fig
4-56a). This rotation of the mandibular occlusal
plane occurs around a point at or just behind
the head of the condyle. To achieve occlusal con-
tact in these cases, the maxilla must be aligned
along a "new” occlusal plane, which is deter-
mined by the extent of the autorotation of the
mandible. Hence, it is the position assumed by
the mandible that dictates the final anteropos-
terior cant of the occlusal plane. Any antero-
posterior repositioning of the maxilla or mandible

must take place along this “new” occlusal plane
(Fig 4-56b).

Any counterclockwise rotation of the distal
segment around a point beyond the condyle (at
the surgical site) of the mandible may jeopardize
posttreatment stability (Figs 4-57a and 4-57b).
A more stable result can be achieved by supe-
rior repositioning of the posterior maxilla and
autorotation of the mandible (rotation at the
condyle) (Fig 4-57¢).

Difficulty achieving acceptable esthetic results
in the treatment of cases with Class Il low man-
dibular planes and deep bites led to the devel-
opment of a surgical treatment design in which
the occlusal plane is deliberately altered. This
treatment design has been used to successfully
treat other dentofacial deformities as well. The
clinician cannot arbitrarily decide to manipulate
the occlusal plane angulation; this decision is
made only when the desired results cannot be
obtained by conventional treatment planning.
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Fig 4-57 (a) Lateral cephalometric tracing of a patient with an anterior open bite. The relationship of the maxillary incisor to the lip
line is favorable. The occlusal plane of the mandible (A-B) differs from the maxillary occlusal plane. (b) Apparent correction of the
open bite by surgical adjustment of the mandible (4-B'). The occlusal plane has been rotated counterclockwise from A-B to A-B' (ro-
tation at the surgical site). Stability is doubtful. (¢} Surgical correction of the open bite by superior repositioning of the posterior max-
illa and autoratation of the mandible (rotation at the condyle). Presurgical occlusal plane is denoted by a dashed line and postsurgi-

cal, by a selid line.

This change in occlusal plane angulation—
which is also called manipulation, alteration, or
rotation of the occlusal plane—might be better
defined as a rotation of the maxillomandibular
complex to enhance esthetic and functional treat-
ment results. The rotation should take place around
a preselected point in a clockwise or counter-
clockwise direction and thus will alter the occlusal
plane. It is by no means an attempt to correct the
occlusal plane angle to a normal angulation.

Manipulation of the occlusal
plane: Geometry and planning

Surgical repositioning of the jaws involves com-
plicated three-dimensional movements of geo-
metrically complex structures. The diagnostic
information gained from the preoperative clini-
cal examination, study casts, and radiographic
evaluation must be carefully integrated to es-
tablish the appropriate surgical treatment plan.

Alteration of the occlusal plane should be
considered only if conventional treatment plan-
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ning does not yield satisfactory results. It is ex-
tremely difficult to simply “place” or "select” a
new occlusal plane without selecting a point
around which to rotate the maxillomandibular
complex or alter the occlusal plane. It is easier
and more accurate, both in planning and in sur-
gery, to rotate the maxillomandibular complex
around a preselected point.

The geometry of maxillomandibular complex
rotation is best illustrated by constructing a tri-
angle involving the posterior nasal spine (PNS),
anterior nasal spine (ANS), and pogonion (Pog)
(Fig 4-58). Any point on the triangle posterior or
inferior to ANS may be chosen as the rotation
point. The location of the point and the direc-
tion of rotation are dictated by the esthetic re-
quirements of each patient. Opposite esthetic
results can be achieved by either clockwise or
counterclockwise rotation of the maxillo-
mandibular complex. In addition, the effects
can be enhanced by moving the point more an-
teriorly or posteriorly between ANS and PNS or
inferiorly or superiorly between ANS and Pog.
The desired position of the maxillary incisor,



Rotation of the Maxillomandibular Complex

PNS

———, ANS

Fig 4-58 Atriangle involving the posterior
nasal spine (PNS), anterior nasal spine
(ANS), and pogonion (Pog) is used to
plan the rotation of the maxillomandibular

Pog

complex.

Fig 4-59 (a) Clockwise rotation of the tri-
angle (maxillomandibular complex)
around the ANS. (b} The vertical height
of the anterior maxilla is maintained while
the posterior maxilla is superiorly reposi-
tioned. The maxillary incisor (1) and a

Pog

pogonion rotate posteriorly.

paranasal anatomy, and chin prominence will
help establish the point of rotation.

The selection of the precise point of maxillary
rotation is guided primarily by the esthetic re-
quirements of the patient. When patients re-
quire more upper lip and paranasal support
(and less chin retraction), the maxillary incisor
tip is used as the center of rotation. When no
maxillary advancement is desired and definitive
posterior displacement of the chin is planned,
the rotation point is placed superiorly at ANS.
The facial changes to be expected after rotation
at different points and direction of rotations are
described in the following sections.

Rotation point at the anterior
nasal spine

Clockwise rotation

Surgical superior repositioning of PNS as a re-
sult of clockwise rotation around a point at ANS
will result in the following changes (Fig 4-59):

1. Increased occlusal plane angle

2. Retraction of the maxillary incisor tip
3. Decreased maxillary incisor angulation
4. Decreased chin projection

5. Increased mandibular plane angle

6. Increased mandibular incisor angle
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ANS

PNS

Pog

a b

Ib,|

60 (a) A triangle (the maxillomandibular complex) is rotated counterclockwise

| Center of clockwise rotation (in

around a point at the ANS. (b) The posterior maxilla is inferiorly repositioned. The pogo-  this case) is located at the ANS. a, = su-

nion and maxillary incisor (1) rotate forward and slightly superiorly.

Counterclockwise rotation

Downgrafting of the posterior maxilla (PNS) as a
result of counterclockwise rotation around a
point at ANS will result in the following changes
(Fig 4-60):

1. Decreased occlusal plane angle

2. Decreased mandibular plane angle

3. Decreased mandibular incisor angle

4. Increased chin projection

5. Increased maxillary incisor angulation

6. Slight advancement of the maxillary incisor

The anterior or posterior movement of Pog
(b,) is greater than the superior or inferior
repositioning of the posterior maxilla (a,), be-
cause the height of the lower third of the face
(ANS to Pog [B,]) is greater than the antero-
posterior maxillary length (ANS to PNS [A.])
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perior repositioning of the posterior max-
illa; b, = posterior rotation (displacement
of the pogonion); A, = maxillary length;
B, = lower-third facial height.

(Fig 4-61). The ratio of the movements may be
expressed as:
a, A

1 1

B E

Rotation point posterior to the
anterior nasal spine

Clockwise rotation

The following effects of clockwise rotation will
be enhanced by placing the rotation point fur-
ther posterior (Fig 4-62):

. Increased occlusal plane angle

. Increased mandibular plane angle
. Increased mandibular incisor angle
. Increased lower facial height

. Increased mandibular inciscr angle

g B whN =




Rotation of the Maxillomandibular Complex

ANS

(a) A triangle (the maxillo-
mandibular complex) is rotated clock-
wise around a point at the PNS. (&) The
anterior maxilla is moved inferiorly, the
maxillary incisor (1) moves posteriorty
with a slight vertical increase, and the
Pog rotates posteriorly and inferiorly.

C (a) A triangle (the maxillo-
mandibular complex) is rotated counter-
clockwise around a point at the PNS. (b)
The anterior maxilla is repositioned su-
periorly, while Pog and the maxillary inci- a
sors (1) are advanced.

6. Decreased maxillary incisor angulation
7. Decreased chin projection

Counterclockwise rotation

In counterclockwise rotation, the following ef-
fects of the rotation will increase the more pos-
terior the point of rotation is placed (Fig 4-63):

. Decreased occlusal plane angle

. Decreased mandibular plane angle

. Decreased exposure of the maxillary incisors
. Decreased anterior lower facial height

. Decreased mandibular incisor angle

. Increased chin projection

. Increased maxillary incisor angulation

~ O~ W =

Rotation point inferior to the
anterior nasal spine

Clockwise rotation

Surgical superior repositioning of the posterior
maxilla as a result of rotation around a point in-
ferior to ANS (eg, the maxillary incisor tip) will
result in the following (Fig 4-64):

1. Increase in occlusal plane angle

2. Advancement of the maxilla at the ANS (b,)

3. Decrease in the maxillary incisor angle (less
decrease than is seen when the rotation point
is at ANS)

4. Posterior repositioning of Pog (c,) (less than
when the rotation point is at ANS)
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NG ANS PNS

N\ L

PNS

Pog
a b

ANS A

|_;

w Fog |

Fig 4-64 (a) Clockwise rotation of the maxillomandibular complex around the maxillary ~ Fig 4-65 The ratio of the anterior move-
incisor tip. A counterclockwise rotation with a selected rotation point inferior to the ANS — ment of the ANS (b,) to the posterior

is seldom indicated. (b) Clockwise rotation with the rotation point at the maxillary inci-  movement of Pog (c,) is equal to the ratio
sor tip (1) will have the following effects: advance the ANS, set Pog back, and superi- between the distance from the ANS to the

orly reposition the PNS. The incisor will become slightly upright.

The ratios of the extent of movements (Fig
4-65) are:
o, By
g C
where B, = the distance from the ANS to the
maxillary incisor tip and C, = the distance from
the maxillary incisor tip to Pog.

Counterclockwise rotation
Counterclockwise rotation would result in pos-
terior repositioning of the maxilla, which is very
rarely indicated, technically difficult, and not
recommended.

Indications for the rotation
of the maxillomandibular
complex

Figure 4-66a, the cephalometric tracing of a pa-
tient with a Class lll malocclusion, illustrates the

applicability of rotation of the maxillomandibu-
lar complex. The problem is characterized by
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maxillary incisor tip (B,) and the distance

from incisor tip to Pog (C,). A, represents
the maxillary length, a, the amount of su-
perior repositioning of the posterior maxilla.

vertical maxillary excess and mandibular antero-
posterior excess.

First, a prediction tracing is created to test
the esthetic effect of the conventional ap-
proach, which involves superior repositioning of
the maxilla to permit autorotation and subse-
quent setback of the mandible. The cant of the
occlusal plane, therefore, would be dictated by
the inclination of the mandibular dental arch
after autorotation. The prediction tracing is ex-
amined to assess whether the desired esthetic
result can be achieved. The lower third of the
face is still too prominent (a facial contour angle
of -5 degrees) (Fig 4-66b). Superior reposition-
ing of the posterior maxilla, however, allows for
a clockwise rotation of the entire lower third of
the face (maxillomandibular complex) around a
center at the anterior nasal spine (Fig 4-66¢).
This modification of the operative plane could
enable the surgeon to achieve a more ideal es-
thetic result and is tested on a second predic-
tion tracing (compare Fig 4-66b with Fig 4-66c¢).
A facial contour angle of —11 degrees has now
been achieved.




Rotation of the Maxillomandibular Complex

a

c

Fig 4-66 (a) Lateral cephalometric tracing of a patient with a vertical maxillary excess and mandibular anteroposterior excess. The
ocelusal plane (A-B) facial contour angle is -3 degrees. (b) Trial prediction tracing of the patient. The maxilla has been superiorly
repositioned, and A-B,, the new occlusal plane, is determined by the mandible after autorotation around condyle (R). The mandible
is now set back according to this plane. Note the facial contour angle of -5 degrees. The chin is still toe prominent. (¢) Surgical pre-
diction tracing of the patient. After autorotation of the mandible (A-B.), the occlusal plane is manipulated by further superior repo-
sitioning of the posterior maxilla (A,-B,). The center of rotation (R) is now located at the ANS. A more esthetic facial contour angle is
established (-11 degrees) as a result of the further distalization of the chin point.

In addition to the esthetic objectives,
anatomic considerations also influence the se-
lection of the center of rotation and the extent
of change of the occlusal cant. Excessive supe-
rior repositioning of the posterior nasal spine
(more than 5 to 6 mm) may compromise the
nasal airway. Where indicated, therefore, it may
be necessary to perform a horseshoe-shaped
Le Fort | osteotomy to separate the dentoalve-
olar portions of the maxilla from the palate,
which thus remains attached to the nasal sep-
tum. The vertical dimension of the nasal airway
is thereby maintained, while the dentoalveolar
segments are free to be repositioned.

An excessive change in the occlusal plane
angle could affect the balance between the
condylar guidance of the eminentia articularis
and the cuspal angulations responsible for pro-
trusive disclusion. However, the interrelation-
ship and possible effects of changes require fur-
ther research.

Clockwise rotation of the distal segment of
the mandible may lead to interference of the
step of the horizontal osteotomy on the medial
side of the ramus. This step may need to be
contoured (Fig 4-67a) to allow free movement

of the segment. The anterior edge of the seg-
ment often also requires contouring (Fig 4-67b).
The method for developing a cephalometric
prediction tracing involving the rotation of the
maxillomandibular complex is discussed in
chapter 3.

Clockwise rotation of the maxillomandibular
complex around a point posterior to the nasal
spine allows vertical lengthening of the anterior
facial height. In Case E.H., shown in Figs 4-68 and
4-69, the maxillomandibular complex is rotated
clockwise around a point at the zygomatic but-
tress. Figure 4-68b shows the expected soft tissue
result after conventional treatment planning—a
flat labiomental curve. The expected soft tissue
result after rotation of the maxillomandibular
complex is demonstrated in Fig 4-68c.

Rotation of the maxillomandibular complex
around a point at the tip of the maxillary incisors
is illustrated by Case B.T. in Figs 4-70 to 4-73.
The treatment is complicated by the fact that
the first maxillary premolars were extracted
when the patient was young.

Case G.M. demonstrates clockwise rotation
of the maxillomandibular complex around the
anterior nasal spine (Figs 4-74 to 4-78).
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.II ‘\\ l .'.I . .5“ 2
= | ,é)/ Fig 4-67 (a) Before the posterior aspect of
£/ 7 the distal segment is rotated posteriorly,

S o & the bone on the proximal segment above
! b ) the horizontal part of the ramus osteotomy
must be removed to allow the segments to
fit passively together, If this bony interfer-
ence is not removed and the segments
are forced together by rigid fixation, the
condyle will be displaced laterally. (b)
: After clockwise rotation, the vertical part
a g b of the distal segment may be pronounced
and tharefore should be contoured.

Fig 4-68 Case E.H. (a) Pretreatment cephalometric analysis. (b) Surgical plan. (c) The maxillomandibular complex is rotated clock-
wise around the zygomatic buttress (R). Note the difference between the conventional profiles in (b) and (c).
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Rotation of the Maxillomandibular Complex

Fig 4-69 Case E.H. Pretreatment frontal view (a); profile view (b); three-quarters view (c/: occlusion, right (d); occlusion, center (e):

and occlusion, left (). Treatment results: frontal view (g); profile view (h); three-quarters view (i); occlusion, right (f); occlusion, center
(k); and occlusion, left (/).
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Fig 4-70 Case B.T. Pretreatment cephalometric analysis (a) and surgical plan (b and ¢). Note that the extraction spaces are closed
surgically.

/msfq (C%}

8 mm M

Fig 4-71 Case B.T. (a) Surgical prediction
tracing done according to conventional
treatment planning. Note that the chin ap-
pears prominent (facial contour angle is
-8 degrees), and further reduction of the
chin will obliterate the labiomental curve.
(b) The maxillomandibular complex is ro-
tated clockwise around the incisor tip, fa-
cilitating a more convex profile.
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Fig 4-72 Case B.T. (a) Pretreatment occlusion. (b) Presurgical occlusion. (¢) Posttreatment occlusion.

Fig 4-73 Case B.T. (a) Pretreatment frontal
view. (b) Pretreatment profile view. (¢) Post-
treatment frontal view, (d) Posttreatment
profile view.
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Fig 4-74 Case G.M. Presurgical frontal view (a). profile view (b), three-quarters view (c),
and occlusion (d).

SNA 73 9
SNB 83
ANB -10
i
114
L N
A 1
91
4b )
2
[ 135 2
27 2
18
8 Fig 4-75 Case G.M, Presurgical cephalometric tracing analysis.
Maxillary anteroposterior deficiency: SNA = 73 degrees; mandibu-
lar anteroposterior excess: SNB = 83 degrees; Class Il skeletal
relationship: ANB = —10 degrees; concave profile: facial contour
angle = 9 degrees.
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Fig 4-76 Case G.M. Presurgical visual treatment objective. Con- Fig 4-77 Case G.M. Clockwise rotation of the maxillomandibular
ventional treatment planning does not render an esthetically complex at point R allows for a larger amount of mandibular set-
pleasing profile. The facial contour still appears concave (facial back and a more pleasing facial contour angle of -9 degrees.

contour angle = -1 degree).

Fig 4-78 Case G.M. Posttreatment results are demonstrated in frontal view (a), profile
view (b), three-quarters view (c), and occlusion (d).
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Open Bite Deformities

Data suggest that one third of the patients who
seek treatment for dentofacial deformities have
vertical maxillary excess. Their chief complaint
often includes the gummy smile and/or the an-
terior open bite that are the hallmarks of the
long face. Nearly 60% of patients with vertical
maxillary excess have an open bite or a ten-
dency to an open bite. A major component of
the vertical problem is posterior vertical maxil-
lary excess leading to a backward and down-
ward rotation of the mandible. We therefore
seldom see patients with increased vertical fa-
cial height and no anteroposterior problem.
Patients with long faces can be described as
skeletal Class | rotated to Class Il, or as skeletal
Class Ill rotated to Class |. Maxillary vertical ex-
cess makes mandibular anteroposterior ex-
cesses better and mandibular anteroposterior
deficiencies worse.

Patients with long faces who have anterior
open bites are very likely to be labeled as having
a tongue thrust because they place the tip of the
tongue in the opening when swallowing. Most
people, however, position their tongues forward
when trying to swallow with their teeth apart.
This positioning of the tongue is often a neces-
sary physiologic adaptation to the open bite, not
its cause. The size of the tongue is probably a
more important factor in causing an open bite.

The following are clinical characteristics of
patients with long faces who have anterior open
bites:

1. Excessive anterior facial height, particularly in
the lower third.

2. Increased interlabial gap (> 4 mm).

3. Gummy smile. Assessment of the vertical
maxillary excess should not be based on the
smile.

4. Open bite. Two thirds of patients with vertical
maxillary excess have open bites. Others may
have normal or deep bites.

5. Tendency to Class || malocclusion. The back-
ward and downward rotation of the mandible
affects the relative anteroposterior position
of the mandible.
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6. Tendency to more crowding in the mandibu-
lar incisor region than in the maxillary incisor
region.

7. Tendency to a narrow maxillary arch.

Cephalometric characteristics of these patients
include:

1. Rotation of the palatal plane. The posterior
vertical height of the maxilla is almost always
increased.

2. Excessive dentoalveolar height of the poste-
rior maxilla.

3. Backward and downward rotation of the
mandible with an increase in the mandibular
plane angle.

4. Excessive anterior maxillary and mandibular
dentoalveolar height as partial compensation
for the mandibular rotation.

Class | open bite

Clinical characteristics

1. Vertical maxillary excess—more posterior
than anterior

2. Mandible rotated clockwise (backward)

. Increased interlabial gap

4. Often, increased exposure of maxillary inci-
sors under the upper lip

5. Often, transverse maxillary deficiency

6. Possibly a skeletal Class lll rotated to a Class |

w

Orthodontic preparation

Two decisions have to be made in orthodontic
preparation. The first is to decide between
continuous archwire (one-piece) and segmen-
tal arch (multipiece) mechanics. When a dual
occlusal plane exists, segmental arch ortho-
dontics is indicated to avoid possible ortho-
dontic extrusion of anterior teeth, which may
lead to unpredictable stability (Fig 4-79).
Conversely, when a single occlusal plane ex-
ists, continuous archwire mechanics is pre-
ferred (Fig 4-80).

The second decision is extraction versus
nonextraction. The decision to extract teeth is
influenced by two factors: (1) crowding and (2)
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a b c

Fig 4-79 (a) Dual occlusal plane of the maxilla. The maxillary arch is aligned in three segments, and the segments are aligned to
conform to the mandibular arch form. (b) Interdental osteotomies are performed between the canines and premolars to allow for sur-
gical correction of vertical discrepancies. A palatal osteotomy (unilateral or bilateral) is performed lateral to the nasal septum and me-
dial to the greater palatine neurovascular bundle to allow the correction of transverse maxillary discrepancies. The orthodontist
should ensure that the intercanine width is sufficient to accommodate the mandibular arch. (c) Interdental ostectomies performed
between the lateral incisors and canines allow the surgeon to control the intercanine distance, Correction of transverse discrepan-
cies is facilitated by palatal osteotomies.

S

a b c

Fig 4-80 (a) Single occlusal plane of the maxilla. A continuous arch will be used to level the maxillary occlusion on a single plane.
Maxillary transverse arch discrepancy is corrected by segmental surgery, and, depending on the orthodontic arch alignment, the po-
sition of the interdental osteatomy may vary: (b) a unilateral segmental ostectomy with interdental osteotomy between lateral incisor
and canine teeth or (c) a maxillary midline osteotomy with an interdental osteotomy between the maxillary central incisors.

the anteroposterior position of the mandibular Surgfca[ solutions
incisors. When no mandibular surgery is con-

templated (according to the orthodontic and Following are surgical solutions to Class | open
surgical prediction tracings), the final antero- bites (Fig 4-81):

posterior position of the maxilla will be dictated

by the anteroposterior position of the mandibu- 1. Superiorly reposition the maxilla (using seg-
lar incisors after autorotation of the mandible. mental or one-piece mechanics). When a pre-
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b

Fig 4-81 (a) (1) Maintenance of maxillary incisor-upper lip relationship (anteroposterior and vertical). (2) Superior repositioning of
posterior maxilla. (3) Autorotation of mandible. (4) Occlusal plane of mandible, which determines the final occlusal plane. (5) Forward
rotation of the anterior nasal spine. (b) (1) Maintenance of ideal maxillary incisor-lip relationship. (2) Posterior maxilla superiorly repo-
sitioned. (3) Mandible rotated counterclockwise (rotation around a point at the condyle). (4) Class | malocclusion. (5) Anterior nasal
spine advanced. (8) Condylefossa relationship maintained.

existing dual occlusal plane is present, seg-
mental orthodontic alignment followed by
segmental surgical correction is indicated.

. Surgically expand the maxillary buccal seg-

ments (segmental surgery). In cases with a
dual occlusal plane and transverse maxillary
deficiency, a three-piece Le Fort | osteotomy
with interdental osteotomies between the
lateral incisor and canine is usually per-
formed. Single maxillary occlusal plane or-
thodontic preparation requires a two-piece
Le Fort | osteotomy, and depending on the
orthodontic preparation of the two seg-
ments, the interdental osteotomy is usually
performed between the maxillary central in-
cisors or unilaterally between the lateral inci-
sor and canine.
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3. The mandible will autorotate superiorly and
anteriorly (the anterior vector is larger in
high-angle cases than in low-angle cases).

Individuals with facial esthetic features in-
dicative of maxillary anteroposterior deficiency
(large nose, convex nasal dorsum, deficient
paranasal anatomy, lack of supratip break, and
poor lip support) would benefit from the oblig-
atory maxillary advancement. Individuals with
normal midface esthetic features will experi-
ence unesthetic changes with isolated superior
and anterior repositioning of the maxilla. For
these individuals, simultaneous mandibular set-
back is necessary to avoid undesirable maxillary
advancement. Finally, the facial esthetics of a
small percentage of individuals may necessitate
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Fig 4-82 Case K.S. Presurgical frontal view (a), profile view (b}, and occlusion {c¢). Note the placement of white lingual buttons on
the buccal surfaces of the maxillary teeth just prior to surgery.

more maxillary advancement than is dictated by
the mandible after autorotation. In these cases,
the clinician should consider additional ad-
vancement of the maxilla, which will require si-
multaneous surgical advancement of the
mandible.

The anteroposterior position of the chin is
not a primary determining factor in the cases
discussed above. In most of these patients,
excessive or deficient chin projection can be
corrected by an appropriate genioplasty;
however, the shape of the chin and the depth
of the labiomental fold should be considered.

In summary, the surgical solutions may include:

1. Maxillary superior repositioning with or with-
out genioplasty

2. Maxillary superior repositioning with mandibu-
lar setback, with or without genioplasty

3. Maxillary superior repositioning with mandibu-
lar advancement, with or without genioplasty

4. Possible maxillary superior repositioning in
one piece (more posterior than anterior, as
indicated by the mandibular occlusal plane
after autorotation) or in segments, allowing
differential superior repositioning of the an-
terior and posterior segments and simultane-
ous expansion of the buccal segments
(again, as dictated by the occlusal plane of
the mandible and the mandibular dental arch
form)

Correction of a Class | anterior open bite is
demonstrated in Figs 4-82 to 4-86 for Case K.S.
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Fig 4-83 Case K.S. Presurgical cephalometric analysis.
Posterior vertical maxillary excess: interlabial gap = 12
mm, increased lower facial height; middle to lower third =
67:80 mm; slight anterior maxillary vertical excess: maxil-
lary incisor exposure = 5 mm; convex profile: facial con-
tour angle = -21 degrees; mandible rotated clockwise be-
cause of vertical maxillary excess: mandibular plane = 49
degrees; microgenia: lip-chin-throat angle = 130 degrees,
chinthroat length = 19 mm.

Fig 4-84 Case K.S. Surgical cephalometric visual treat-
ment objective—Le Fort | maxillary osteotomy: superior
repositioning of posterior maxillary segments (5 mm pos-
terior and 4 mm anterior), superior repositioning of ante-
rior maxillary segment (2 mm), expansion of the posterior
segments (inset), counterclockwise autorotation of the
mandible, and advancement genioplasty (6 mm).
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Fig 4-85 Case K.S. Immediate postsurgical occlusion. Note the
interdental wires placed around the presurgically placed buccal
brackets of the teeth next to the interdental osteotomies. Brackets
are placed on all the testh just prior to surgery to facilitate inter-
maxillary fixation during surgery and the placement of elastics

after surgery.

Class Il open bite

Clinical characteristics

1. Increased lower facial height

2. Recessive chin

3. Vertical maxillary excess

4. Often, excessive exposure of maxillary incisors

5. Increased interlabial gap

6. Skeletal Class Il relationship

7. Transverse maxillary deficiency (posterior
crossbite)

8. Increased mandibular plane angle

9. Could be a skeletal Class | rotated to a Class |l

|

- Fig 4-86 Case K.S. Posttreatment frontal view (a), profile view (b), and occlusion (c).

Orthodontic preparation

1. One-piece Le Fort | osteotomy

- Level, align, and coordinate the maxillary
arch, and align the mandibular arch.

- Do not attempt to close the open bite by
expansion of the buccal segments, extru-
sion of the anterior teeth, or intrusion of the
posterior teeth.

- Expand buccal segments of teeth only
where the teeth are palatally inclined in re-
lation to the basal bone.

2. Segmental Le Fort | osteotomy

- Level and align the maxillary dental arch in

segments.
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Fig 4-87 (a) (1) Maintain maxillary incisor-
upper lip relationship (anteroposterior
and vertical). (2) Superiorly reposition the
posterior maxilla. (3) Mandible will auto-
rotate. (4) The mandibular occlusal plane
determines the final occlusal plane. (5)
The anterior nasal spine is rotated for-
ward. (b) (1) The posterior maxilla is su-
periorly repositioned. (2) The mandible
has autorotated. (3) There is still a Class I
malocclusion with an increased overjet.
Options include maxillary setback (sel-
dorm used) (4), mandibular advancement
(5), and genioplasty advancement (6).

- Align the segments to be compatible with
the mandibular arch.

- Deviate the roots at the intended interden-
tal osteotomy areas.

- Do not attempt to expand or close bites or-
thodontically.

- Level and align the mandibular arch.

Surgical solutions

Following are surgical solutions to Class Il open
bites (Fig 4-87):

1. Superior repositioning of the maxilla (total or
segmental). The cpen bite can be corrected
by more superiorly repositioning the posterior
maxilla (segment) than the anterior maxilla.

2. Surgical expansion of buccal segments by

segmental surgery.

. Autorotation of the mandible.

. Surgical advancement of the mandible.

5. Advancement genioplasty.

W

As a consequence of superior repositioning
of the maxilla, the mandible will rotate counter-
clockwise (superiorly and forward) around a
point at or just behind the condyle. The forward
vector may be sufficient to allow only superior
repositioning of the maxilla with no anteropos-
terior change. Cases with a high mandibular
plane angle will have more forward rotation of
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the mandibular incisors than will low-angle
cases.

Individuals who do not require mandibular
advancement may require slight posterior
movement of the maxilla; however, this move-
ment will compromise the facial esthetic results.
For patients with normal midface facial esthet-
ics and especially for those with large noses, de-
ficient concave paranasal areas, or obtuse na-
solabial angles, maxillary setback should not be
attempted. These patients require simultaneous
superior repositioning of the maxilla and ad-
vancement of the mandible. The above princi-
ple is demonstrated in Fig 4-88.

Case K.P.

This 32-year-old patient sought treatment after
being told by her general practitioner that she
would eventually lose her teeth as a conse-
quence of her open bite.

Main complaint

The patient's main complaint was her inability to
maintain closure of her mouth and difficulty in
chewing, which was sometimes socially embar-
rassing.

Medical history
The patient has asthma and takes medication
only before physical exercise.
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Fig 4-88 (a) Lateral cephalometric analysis of a patient with a Class || anterior open bite
malocclusion requiring surgical correction. (b) On the surgical prediction tracing, the
maxilla has been superiorly repositioned and the mandible autorotated around a point
at the condyle. The occlusion is still Class I, with an increased overjet. The surgeon
now has two choices: to set the maxilla back (1) or to advance the mandible (2). (c)
Prediction tracing illustrating the expected hard and soft tissue changes after maxillary
setback. The midface is flattened, the upper lip support is diminished, and the na-
solabial angle is increased. (d) The maxilla has been superiorly repositioned, while the
mandible has autorotated and has been advanced on the prediction tracing. A more es-
thetic result will be achieved with this treatment option.

Clinical examination
1. Soft tissue
a. Frontal view (Fig 4-89a)
- Increased interlabial distance
- Increased lower facial third
- Nasal asymmetry

b. Profile view (Fig 4-89b)
- Convex profile
- Increased lower facial third height
- Increased interlabial distance
- Mandibular anteroposterior deficiency
- Protruding upper lip
- Acute lip-chin-throat angle
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2. Dental (Fig 4-89c¢)
- Anterior open bite
- Mandibular left first molar root has been
treated but is broken down, with a poor
prognosis
- Narrow makxillary arch
- Class Il malocclusion
- Tendency to posterior crossbites
- Maxillary dental protrusion
3. Skeletal
- Mandibular anteroposterior deficiency
- Posterior maxillary vertical excess
- Transverse maxillary deficiency
4. Radiographic (Fig 4-90)
a. Panoramic radiograph
- Broken-down crown of the left mandibu-
lar first molar (tooth has had root canal
treatment)
- Several restored teeth
b. Cephalometric
- Class Il malocclusion
- Mandible rotated clockwise
- Vertical excess of the posterior maxilla
- Increased lower facial height
- Large interlabial gap
- Ideal upper lip-maxillary incisor relation-
ship (3-mm incisor exposure)
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Fig 4-89 Case K.P. Pretreatment frontal view (a), profile view (b), and occlusion (c).

Problem list

. Anterior open bite

. Increased interlabial gap

. Mandibular anteroposterior deficiency

. Maxillary transverse deficiency

. Posterior maxillary vertical excess

. Broken-down left mandibular first molar
. Maxillary dental protrusion

~ 0 U N —

Presurgical orthodontics
* Maxillary arch (Fig 4-91)

- Alignment of the maxillary arch in three
segments, from the right second premolar
to the right second molar, the right canine
to the left canine, and the left second pre-
molar to the left second molar.

- Extraction of both first premolars at the
time of surgery to allow ideal surgical po-
sitioning of the anterior maxillary seg-
ment.

- Deviation of the roots of both canines and
both second premolars to allow surgical
closure of the extraction spaces of both first
premolars.

* Mandibular arch (see Fig 4-91)

- Extraction of the left mandibular first

molar.
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SNA 80
SNB 73
ANB 7

110

]

Fig 4-90 Case K.P. Pretreatment cephalomestric analysis. Class Il occlusion; anterior  Fig 4-91 Case K.P. Immediate presurgical
open bite; increased interlabial gap: 6 mm; increased lower facial height: middle third  occlusion. Note the segmental orthodon-
to lower third = 50:78 mm; mandibular anteroposterior deficiency: SNB = 73 degrees; tic alignment of the maxillary arch. The
increased mandibular plane angle: 40 degrees; maxillary incisor protrusion: maxillary in-  first premolars are not banded and will be
cisor to S-N = 110 degrees, maxillary incisor to N-A = 28 degrees and 7 mm. The max-  extracted at surgery.

illary incisor-upper lip relationship is good (1.5-mm tooth exposure); it is important to

maintain this relationship during treatment.

- Closure of the space where the left first
molar was extracted.
- Leveling and alignment of the arch.

Surgical treatment

- Extraction of both maxillary first premolars (Fig
4-92).

- Performance of a three-piece Le Fort | os-
teotomy with the interdental osteotomy
through the extraction sites of the maxillary first
premolars. Removal of bone in the extraction
spaces allowed surgical closure of the spaces,
and a palatal osteotomy allowed expansion of
the posterior segments (see Fig 4-92).

- Repositioning of the anterior maxillary seg-
ment. This was critical in two respects:

1. The vertical upper lip-maxillary incisor rela-
tionship had to be maintained.

2. The segment could not be retracted exces-
sively, as that would undermine lip support
and increase the labiomental angle.

- Superior repositioning of the posterior seg-
ment to allow the mandible to autorotate (see
Fig 4-92).

- Advancement of the mandible by means of a
bilateral split osteotomy (see Fig 4-92).
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a b

Fig 4-92 Case K.P. (a) Immediate presurgical tracing that plans the extraction of the first premolars, superior repasitioning of the
posterior maxillary segments, expansion of the maxilla, slight retraction of the anterior maxillary segment, and advancement of the
mandible. (b} The predicted postsurgical result.

Fig 4-93 Case K.P. Posttreatment frontal view (a}, profile view (b), and occlusion (c).
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94 (a)(1) The maxillary incisor-upper
lip relationship is ideal and should be
maintained anteroposteriorly and verti-
cally. (2) Autorotation of the mandible. (3)
Forward rotation of the anterior nasal
spine. (4) Superior repositioning of the
posterior maxilla. (5) Final occlusal plane
determined by the mandibular occlusal
plane after rotation. (b) (1) Ideal maxillary
incisar-upper lip relationship. (2) Mandible
has autorotated. (3) Occlusion is more
Class lll with an anterior crosshite. Options
include maxillary advancement (4), man-
dibular setback (5), both options 4 and 5,
or genioplasty (6).

Postsurgical orthodontics

- Final closure of extraction spaces
- Finalization of the occlusion
- Retention

Closure of the extraction space of the
mandibular left first molar prolonged the ortho-
dontic preparation, and surgery was performed
25 months after commencement of orthodontic
treatment. The orthodontic bands were removed
9 months after surgery. The 2-year postsurgical
results are illustrated in Fig 4-93.

Class Ill open bite

Clinical characteristics

1. Mandibular anteroposterior excess (magnitude
of the anteroposterior discrepancy masked by
backward rotation of the mandible).

2. Maxillary vertical excess (more posterior than

anterior).

. Transverse maxillary deficiency.

. Posterior crossbites.

. Class lll malocclusion.

. Often, a reverse curve of Spee.

. Increased mandibular plane angle.

. Clockwise rotation of the mandible makes the

Class Ill relationship better; vertical correction
will make the Class lIl relationship worse.

0 ~NOo- U1 W

Orthodontic preparation

* Remove any existing dental compensation.

* Where segmental surgery is contemplated,
align the maxillary arch in segments, and de-
viate roots at interdental osteotomy areas.

* Level and align the mandibular arch.

Surgical solutions

Following are surgical solutions to Class Ill open
bite (Fig 4-94):

* One-piece Le Fort | osteotomy with superior
repositioning of the maxilla (more posterior
than anterior) to achieve the ideal maxillary
incisor—upper lip relationship

» Segmental surgery with differential superior
repositioning of the maxilla (the posterior seg-
ments more superiorly than the anterior seg-
ment)

* Expansion of the buccal segments

* Mandibular setback

* Genioplasty

Comments on Class Ill open bite

Inferior repositioning of the anterior maxilla
and superior repositioning of the posterior
maxilla are often indicated. The anterior max-
illa often may be vertically deficient in Class
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Fig 4-95 Case K.F. Pretreatment frontal view (a), profile view (b), smile (c), and occlu-
sion {d).

Il open bite cases, and the maxillary tooth-
lip relationship is an important consideration
in planning the final vertical position of the
maxilla.

The mandible will autorotate, and the Class
Il occlusal relationship will worsen.

The anteroposterior discrepancy can be cor-
rected by advancement of the maxilla, man-
dibular setback, both maxillary advancement
and mandibular setback, and/or genioplasty.
The treatment of choice depends on the es-
thetic requirements of the case.

Before treatment planning, the cause of the
open bite should be determined. Open bites
may develop because of:
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1. Deficient eruption of maxillary incisors (ante-
rior)

2. Deficient eruption of mandibular incisors (an-
terior)

3. Deficient eruption of maxillary and/or
mandibular molars (posterior)

4. Excessive vertical development of the poste-
rior maxilla

The key element of the analyses is evaluation
of the vertical relationship of the maxillary inci-
sors to the relaxed upper lip (keep lip length in
mind). Deficient eruption of mandibular incisors
with a reverse curve of Spee is often due to an
abnormal size and resting posture of the tongue.
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Fig 4-96 Case K.F. Pretreatment cephalo-
metric analysis. Increased lower facial
height: middle to lower facial height =
5374 mm; maxillary-mandibular discrep-
ancy in length: maxilla to mandible =
89:126 mm; mandibular anteroposterior
excess: SNB = 82 degrees, ANB = 0 de-
grees; mandibular incisor compensated:
mandibular incisor to mandibular plane =
80 degrees, mandibular incisor to N-B =

74

20 degrees.

Posterior open bites can develop in three ways:

1. Excessive vertical development on one side,
often associated with facial asymmetry (eg,
unilateral condylar hyperplasia)

2. Deficient eruption of teeth on one side (eg,
impacted teeth), with normal symmetry

3. Bilateral deficient eruption of posterior teeth
(eg, cleidocranial dysostosis or large tongue)
with normal symmetry

Figures 4-95 to 4-99 demonstrate the correc-
tion of a Class Il anterior open bite in a 15-year-
old female patient (Case K.F.). Superior reposi-
tioning of her maxilla to facilitate autorotation
of the mandible and correction of the open bite
worsened the Class Ill relationship, which ne-
cessitated mandibular setback.

Maxillary expansion

The transverse dimension of the maxilla can be
increased in four ways: (1) orthodontically,
through dental tipping (torquing); (2) by rapid
palatal expansion (in growing individuals); (3)
through surgically assisted palatal expansion (in
nongrowing individuals); and (4) through surgi-
cal expansion.

Dental tipping

Dental tipping is indicated where the skeletal
base width is adequate and where the required
transverse arch dimension can be achieved by
moving the teeth buccally by orthodontic force.
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Fig 4-97 Case K.F. Immediate presurgical frontal view (&), profile view (b), and ocelusion (c). Note the worsening of the asymmetry
and Class |ll dental relationship.

ns”

Fig 4-98 Case K.F. Presurgical cephalometric tracing (a) and the surgical visual treatment objective (b). The maxilla will be superi-
orly repositioned by 6 mm anteriorly and 5 mm posteriorly. The maxilla will be advanced by 3 mm at the same time. The mandible
will be set back by 7 mm on the left side and 4 mm on the right side.
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Fig 4-99 Case K.F. Posttreatment frontal view (a), profile view (b), smile (c), and occlu-

sion (d).

Rapid palatal expansion

Rapid palatal expansion achieved by opening
the midpalatal suture is indicated in young,
growing individuals with narrow palatal vaults.
An ideal patient for this form of expansion has a
combination of transverse dental and skeletal
deficiency because tooth movement is also pro-
duced by the force systems designed to open
the suture. The expansion force has an age-
dependent threshold; as a child matures, the
resistance to suture separation increases. The
ratio between sutural expansion and tooth
movement is approximately 50:50. Depending
on the bone-tooth relationship, between 40%
and 60% of the distance gained by dental
movement will be lost.

Open Bite Deformities

Surgically assisted palatal expansion

Surgically assisted palatal expansion is a form of
distraction osteogenesis. This form of expan-
sion is recommended in patients younger than
25 years who would not require any other or-
thognathic surgical procedures. The surgical
technique involves reducing the skeletal resist-
ance to orthodontic expansion by performing
osteotomies at the lateral maxillary buttress
and/or in the palate. Surgically assisted expan-
sion is not recommended in patients older than
30 years because of the increased interdigita-
tion of the remaining suture lines. The expan-
sion appliance should remain in place at least 2
months after expansion has stopped, and a
fixed retainer should remain in place after re-
moval of the distraction device for another 6 to
12 weeks.
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Fig 4-100 Categorization of possible facial asymmetry patterns. The diagram assists in differenti-
ating between a specific area of asymmetry and a combination of areas influencing the symmetry

of the face.

Surgical expansion

Surgical expansion can be accomplished by ei-
ther posterior segmental osteotomies or a Le
Fort | osteotomy, segmenting the maxilla in the
down-fractured position. Where a large
amount of expansion is required, bilateral
palatal osteotomies should be performed. The
osteotomy should be made just lateral to the
nasal septum, where the palatal bone is thin
and the mucosa thick. Soft tissue release may
be helpful for large expansion and should be
performed off the osteotomy line. Grafting and
appropriate rigid fixation should be used in
palatal expansions of more than 3 mm.
Postsurgical orthodontic control of the ex-
panded segments is paramount for optimal
postsurgical stability.

Dentofacial Asymmetry

Very few faces are perfectly symmetrical. Mild
asymmetries of the dental arches and other fa-
cial structures are common and often clinically
and functionally insignificant. Slight asymmetry
of the face is often of little importance to pa-
tients, but some are very sensitive regarding fa-
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cial asymmetry. Thus, the clinician should warn
patients that very few faces are perfectly sym-
metrical and that it would be impossible to
achieve perfect facial symmetry with treatment.

The many causes of facial asymmetry can be
classified as congenital, developmental, post-
traumatic, or the result of pathology. Some of
the more common abnormalities affecting the
face and leading to asymmetry are unilateral
condylar hyperplasia, hemifacial microsomia,
temporomandibular joint ankylosis, and defor-
mities induced by trauma.

Like all orthognathic patients, mdwlduals with
facial asymmetry require a systematic and com-
prehensive examination, diagnosis, and treat-
ment planning, as discussed in chapter 2.
During the examination the clinician should pay
special attention to three important factors: the
location of the asymmetry, the tissues involved,
and the dimensions involved.

The asymmetry of the face may be in the
chin, mandible, maxilla, nose, orbits, zygoma,
frontal areas, or a combination of these struc-
tures. Figure 4-100 presents a way to categorize
facial symmetry patterns. The diagram should
also assist the clinician in differentiating be-
tween the specific area and combination of
areas of asymmetry. The involvement of other
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a b
Fig 4-101 (a) Diagrammatic illustration of the three-dimensionality
of the maxillomandibular complex. (b and c) Construction of a
prism representing the maxillomandibular complex to assist in
the visualization of three-dimensional alterations of the midface c

and lower face during the correction of facial asymmetry.

facial structures, ie, the nose, orbits, and frontal
bone, should be considered, and the soft tissue
involvement either primary or secondary to the
skeletal asymmetry evaluated.

The clinician should determine what tissues
are causing the asymmetry and whether the in-
volvement is primary or secondary. This infor-
mation will influence the treatment plan. For ex-
ample, soft tissue asymmetry caused by
mandibular asymmetry will be corrected by the
skeletal correction, while the soft tissue defor-
mity seen in hemifacial microsomia often re-
quires further attention.

The dimensions involved in the asymmetry
also should be determined. The maxillo-
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mandibular complex is a three-dimensional
structure, as illustrated in Fig 4-101a. To simplify
the determination of the three-dimensional
skeletal, dental, and soft tissue alteration re-
quired for the correction of dentofacial asym-
metries, a prism can be constructed to repre-
sent the maxillomandibular complex (Fig
4-101b). The prism helps the clinician visualize
and evaluate the various three-dimensional sur-
gical movements (Fig 4-101c). Figure 4-102
shows the effect of unilateral condylar hyper-
plasia on the spatial position of the prism. The
opposite effect is demonstrated in Fig 4-103.
In the above cases, where facial asymmetry
involves three dimensions, the transverse cant
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Fig 4-102 Unilateral increase in the height
of the left mandibular ramus (eg, condylar
hyperplasia) will be followed by the left
posterior maxilla. A cant of the base of the
“prism" will develop (more posterior than
anterior), and the apex of the prism will ro-
tate forward and toward the right. (a)
Frontal view. (b) Lateral view.

Fig 4-102 Unilateral lack of vertical devel-
opment of the right mandible will inhibit
vertical growth of the right posterior max-
illa. The base of the "prism” will cant
(more posterior than anterior), and the
apex of the prism will rotate backward and
toward the right. (a) Frontal view. (b)
Lateral view.

of the occlusal plane obviously differs from an-
terior to posterior. Three-dimensional deformi-
ties can be best assessed by combining the
data from the lateral, basal, and anteroposterior
cephalometric radiographs with articulated
dental casts (recorded with a facebow and artic-
ulated on an adjustable articulator) and clinical
observations. As in the correction of other
dentofacial deformities, the anteroposterior
vertical and transverse positions of the maxillary
incisors play an extremely important role in the
final treatment planning (see chapter 2).
Neither presurgical nor postsurgical ortho-
dontic treatment differs significantly from the
orthodontic treatment in other dentofacial de-
formities. However, the clinician should con-
sider the following guidelines for presurgical or-
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thodontic treatment in cases with facial asym-
metry:

* As in the previously discussed cases of dento-
facial deformities, the dentition should not be
orthodontically compensated for skeletal
disharmony.

* An existing cant of the occlusal plane should
not be corrected. The dental arch, however,
should be leveled, and the orthodontist
should ensure that the apical base midline and
incisor midlines follow the cant.

» When skeletal asymmetry exists, the dental
midlines should not be made to coincide but
rather positioned in the midline of each jaw.

» Where facial asymmetry will be corrected by
single-jaw surgery, the dental midline of the



unoperated jaw should coincide with the fa-
cial midline.

* In cases of hemifacial microsomia and tem-
poromandibular joint ankylosis where a unilat-
eral open bite is created after increasing the
ramus height, the height should be main-
tained while allowing the vertical alveolar
growth of the maxilla.

Asymmetry in the adolescent

The two major causes of severe facial asym-
metry in children are hemifacial microsomia
and early trauma to the mandibular condyle.
Both conditions primarily affect the mandible
and lead to deficient growth on the affected
side. The maxilla is affected secondarily by the
inhibition of vertical growth of the alveolar
process on the affected side. The basic differ-
ence between the two conditions is that in
hemifacial microsomia, missing soft and hard
tissue structures may affect the growth poten-
tial, while in ankylosis, all structures are pres-
ent but underdeveloped because of the lack of
function. The basic principle in treating these
conditions is to restore and maximize the ex-
pression of growth so that the development of
both hard and soft tissue structures can be as
normal as possible.

Hemifacial microsomia

The severity of this deformity varies widely.
Both jaws and soft tissue in all three dimen-
sions may be underdeveloped or missing. The
surgical treatment can be divided into three
stages.

First stage of surgery (5 to 7 years old)

In cases where the condyle is present but un-
derdeveloped, it is better to accept the articula-
tion regardless of the morphology. Distraction
osteogenesis may be considered in these pa-
tients. When the proximal part of the mandible
is missing, the missing elements should be re-
constructed at this stage. To correct the vertical
and anteroposterior dimension, the condyle can
be reconstructed by a costochondral graft; this

Dentofacial Asymmetry

will create a unilateral open bite. Functional
therapy after surgery is mandatory for these pa-
tients to stimulate jaw function and soft tissue
development, as well as to minimize maxillary
canting.

Second stage of surgery (14 to 16 years old)
Orthognathic surgery is performed for the final
correction of the occlusion and skeletal asym-
metry.

Third stage of surgery (late teens)
Final soft tissue procedures establish soft tissue
symmetry.

Temporomandibular joint ankylosis

The ability to move the mandible forward and
toward the affected side indicates how suc-
cessful the treatment will be and whether sur-
gery should be performed early or not. If the
patient cannot move the mandible to a posi-
tion where the dental midlines coincide, func-
tional therapy alone will not result in growth
modification. Early surgery that releases the
ankylosis, followed by active functional ther-
apy, is indicated for these patients. Surgical re-
lease should include removal of all soft and
hard tissue (including the coronoid process), as
well as mandible release. This may be techni-
cally difficult. It is futile to perform the above
procedure without physical therapy to maintain
the mouth opening obtained at surgery; either
the joint will reankylose or soft tissue scarring
will limit mouth opening. The surgical treat-
ment for patients with ankylosis can be per-
formed in two stages.

First stage of surgery (5 to 7 years old)
The first stage is surgical release of the ankylo-
sis, followed by long-term physical therapy. A
costochondral graft may be indicated to recon-
struct the temporomandibular joint and correct
the vertical and anteroposterior dimensions of
the mandible on the affected side. This will cre-
ate an open bite, which will allow vertical maxil-
lary growth under orthodontic control.
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Fig 4-104 Case R.C. Pretreatment frontal view (a), profile view (), and right side of the occlusion (c). The presurgical occlusion (d)

and maximal mouth opening before surgery (e) also are shown.

Second stage of surgery (14 to |16 years old)
The second surgical stage involves the final cor-
rection of facial asymmetry and occlusal cants
by means of orthognathic surgery.

Case R.C.

Case R.C. was a patient who developed ankylo-
sis of her temporomandibular joint after trauma
to her chin at 3 years of age. When her ortho-
dontist saw her at the age of 6, she had a severe
malocclusion and a maximum mouth opening
of 1 mm. Her parents recalled that she had
fallen on her chin in a park when she was 3 years
old. Although she experienced some pain at
the time, she recovered uneventfully.
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Main complaint

The patient’s main concerns were limited mouth
opening, an inability to eat properly, and a
“crooked” face.

Medical history
The patient's medical history was noncontributory.

Clinical examination

1. Soft tissue
a. Frontal view (Fig 4-104a)
- Severe asymmetry of the mandible to-
ward the left side
- Everted lower lip
- Flat appearance of the right side of the
chin and mandible



- Excessively rounded appearance of the
left side of the mandible
b. Profile view (Fig 4-104b)
- Mandibular anteroposterior deficiency
- Microgenia
- Everted lower lip
- Increased interlabial gap
2. Dental (Figs 4-104c and 4-104d)
- Class Il malocclusion, more on the left
side
- Increased overjet
- Crowding in the maxillary and mandibu-
lar arches
- Mandibular dental midline toward the
left
- Maximal mouth opening of 1 mm (Fig
4-104e)
3. Skeletal
- Mandibular anteroposterior deficiency
- Microgenia
- Mandibular asymmetry toward the left
- Ankylosis of the left temporomandibular
joint
4. Radiographic
a. Panoramic radiograph (Fig 4-105a)
- A large, bony mass in the left temporo-
mandibular joint area
- An elongated coronoid process
b. Lateral cephalometric (Fig 4-105b)
- Severe mandibular anteroposterior defi-
ciency
c. Anteroposterior cephalometric (Fig 4-105c)
- Severe asymmetry of the mandible to-
ward the left
- Transverse cant of the occlusal plane

Problem list

1. Ankylosis of the left temporomandibular joint

2. Deficiency of the left side of the mandible

3. Mouth opening of 1 mm

4. Slight cant in the maxillary occlusal plane due
to deficient vertical growth of the maxilla on
the left

5. Class Il malocclusion

Treatment plan

1. Surgical removal of bony ankylosis and cre-
ation of an articular fossa (Figs 4-106a and
4-106b)

Dentofacial Asymmetry

2. Surgical removal of scar tissue that may in-
hibit normal mouth opening

3. Coronoidectomy of the left coronoid process
(see Figs 4-106a and 4-106b)

4. Harvesting of a costochondral graft from the
left eighth rib

5. Placement of a costochondral graft to recon-
struct the left temporomandibular joint (Figs
4-106c and 4-106d)

6. Physical therapy to maintain the mouth open-
ing achieved at surgery and establish func-
tion to encourage growth of the deficient
hard and soft tissues

7. Continuation of the orthodontic treatment to
establish normal occlusion

Presurgical orthodontics

Because the patient could not open her mouth,
the presurgical orthodontic treatment was lim-
ited.

Surgical treatment

* The left temporomandibular joint was recon-
structed by means of a costochondral graft,
and a mouth opening of 35 mm was achieved
at surgery.

* A gap was created between the maxillary and
mandibular teeth on the left and was main-
tained by means of a splint (Figs 4-107a and
4-107b).

* A coronoidectomy was performed on the left
side,

* The patient followed an active physical ther-
apy program, assisted by a mouth-opening
appliance placed at the time of surgery.
Excellent patient cooperation led to a mouth
opening of 33 mm after 1 year.

Postsurgical orthodontics

Postsurgical orthodontic treatment began only
6 months after surgery and was completed after
15 months. The postsurgical growth of the hard
and soft tissue on the affected side and the final
mouth opening are evident in Fig 4-108. It is
again important to stress that the success of sur-
gical treatment of temporomandibular ankylosis
is dependent on diligent postsurgical physical
therapy.
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Fig 4-105 Case R.C. (a) Left side of the pancramic radiograph.
The large bony mass obliterating the left temporomandibular joint
{black arrows) and the elongated coronoid process (white ar-
rows) are clearly visible, (b) The pretreatment lateral cephalomet-
ric tracing illustrating anteroposterior deficiency: SNB = 65 de-
grees, ANB = 13 degrees; convex profile: facial contour angle =
-32 degrees; and the vertical difference of the left and right lower
border of the mandible. (¢) The presurgical anteroposterior
cephalometric tracing clearly illustrates the severe asymmetry of
the mandible. The transverse cant of the maxillary occlusion is
only slightly affected at this stage and would probably respond fa-
vorably to functional cerrection of the mandible.



Dentofacial Asymmetry

Fig 4-106 Case R.C. The extent of the joint surgery and coronoidectomy, as well as the
surgical repositioning of the left side of the mandible, is indicated from a lateral view (a)
and a frontal view (b). Also depicted are the costochondral graft and mandibular posi-
tion after surgery: lateral view (c) and frontal view (d).

Fig 4-107 Case R.C. (a) The lateral open
bite on the left was created by elongation
of the left mandibular ramus by the rib
graft. (b) The height of the left ramus is
maintained by an acrylic splint placed at
surgery.

237



4 | Basic Guidelines for the Diagnosis and Treatment of Specific Dentofacial Deformities

Asymmetry in the adult

Facial asymmetry in adults will be discussed ac-
cording to location.

Asymmetry of the chin

The fact that the chin is three-dimensional
should always be considered during assessment
and correction of the chin asymmetry.

Transverse asymmetry

Transverse asymmetry of the chin is corrected
by a sliding genioplasty that repositions the
chin toward the left or right side (Fig 4-109a).
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Fig 4-108 Case R.C. Postsurgical frontal view (a) and profile view (b) demonstrate the
soft and hard tissue response to normal jaw function. The pestsurgical occlusion (c)
and mouth opening of 33 mm (d) are shown 2 years after surgery.

Cant of the lower border of the chin

A cant of the lower border of the chin is cor-
rected by vertical change at the osteotomy
site. The vertical height can be unilaterally re-
duced or increased by either downgrafting one
side or performing an ostectomy on the other
(Fig 4-109b). An alternative is a propeller os-
teotomy (see chapter 5).

Anteroposterior asymmetry
Anteroposterior asymmetry can be corrected by
differential anterior or posterior repositioning of
the chin (Fig 4-109c¢).

Case O.A. demonstrates the correction of
asymmetry of the chin in a transverse and verti-
cal dimension (Fig 4-110).



Dentofacial Asymmetry
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Fig 4-109 (a) Left or right sliding genioplasty for correction of transverse asymmetry of the chin. (b) Vertical reduction or dewngraft
of the chin to correct an asymmetrical cant of the lower border. (c) Differential anterior or posterior repositioning of the chin to cor-
rect anteropostericr asymmetries.

|
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Fig 4-110 Case O.A. The transverse asymmetry of the chin toward the right (a} and the cant of the lower border of the chin (b) are
evident. (¢) A symmetrical chin has been established by means of a genioplasty, sliding the chin toward the left side and down-
grafting it on the left.

Asymmetry of the mandible sagittal split osteotomy is used to correct se-
vere asymmetry, the proximal segments tend to

Most patients with mandibular anteroposterior ~ flare, leading to poor bone contact, posterior

excess have some form of asymmetry. Facial mandibular asymmetry, and a greater tendency
asymmetry caused by mandibular asymmetry for peripheral condylar sag after placement of
can be corrected by surgical repositioning of internal rigid fixation.

the mandible. It is important that the orthodon- Case PH. illustrates the correction of
tist position the lower incisors in the middle of mandibular asymmetry. The mandible was
the chin so that when the dental midlines are asymmetrical toward the right, and there was
corrected, the middle of the chin is in the facial mandibular anteroposterior excess (Fig 4-111).
midline. The bilateral split ramus osteotomy is No attempt was made to correct the dental
the procedure of choice for small corrections, midlines during the preorthodontic preparation.
whereas bilateral vertical osteotomies of the The mandibular dental midline was positioned
mandibular ramus are indicated for the correc- in the midline of the chin, while the maxillary in-
tion of large asymmetries. When a bilateral cisor midline was positioned in the midline of
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Fig 4-111 Case PH. Facial asymmetry (a)
and asymmetrical Class Il malocclusion (5).

the face (Fig 4-112). Facial and dental symmetry
were established by a bilateral sagittal split
ramus osteotomy. The treatment results 2 years
after debanding are seen in Fig 4-113.

Asymmetry of the mandible and chin

Mandibular asymmetry often occurs in combina-
tion with chin asymmetry. When both kinds of
asymmetry are present, the dental midline does
not coincide with the midline of the chin. After
surgical correction of the mandibular asymmetry
with correction of the dental midline, additional
correction of the chin midline will be necessary.
Accurate presurgical assessment of dental and
chin midlines in relation to the facial midline is
essential. When facial asymmetry will be cor-
rected by mandibular surgery, the orthodontist
must ensure that the maxillary dental midline is
corrected orthodontically before surgery.

240

Fig 4-112 Case PH. Slight worsening of

Fig 4-113 Case P.H. Posttreatment results
the facial symmetry (a) and dental asym- are demonstrated in frontal view (a) and
metry after presurgical orthodontic treat-  occlusion (b) 2 years after debanding.

ment (b).

Correction of a combination of mandibular
and chin asymmetry is demonstrated in Case
P.C. The patient's mandible was asymmetrical
toward the right and anteroposteriorly deficient
with a Class I| malocclusion (more on the right
side than the left side). The mandibular dental
midline was 4 mm to the right of the maxillary
incisor midline (facial midline); however, the
midline of the chin was 11 mm to the right of
the facial midline. There was a slight transverse
cant in the maxillary occlusal plane, but it was
not clinically significant (Fig 4-114). The
mandibular asymmetry was corrected by a bilat-
eral sagittal split ramus osteotomy, advancing
the mandible and rotating it toward the left to
correct the dental midlines. Final facial symme-
try was established by a genioplasty, which slid
the chin to the left, downgrafted it on the right,
and reduced the chin height on the left. The
treatment results are illustrated in Fig 4-115.



Dentofacial Asymmetry

Fig 4-114 Case P.C. (a) Frontal view, in which the asymmetry of the mandible and chin
are clearly visible. {b) Mandibular anteroposterior deficiency and microgenia. (c)
Presurgical occlusion. (d) Anteroposterior cephalometric tracing showing that the facial
midline and maxillary dental midline coincide, while the mandibular midline is dis-
placed toward the right and the chin midline even further toward the right.

Fig 4-115 Case P.C. Posttreatment frontal view (a), profile view (b), ccelusion (¢}, and d
anteroposterior cephalometric tracing illustrating the surgical correction (d).
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Fig 4-116 Transverse cant of the anterior maxillary occlusal plane (a), the lower border of the chin (b), and the lower borders of the

posterior mandible (¢) are illustrated using a tongue spatula.

L

b

Fig 4-117 Correction of the cant of the occlusal plane in cases where the anterior and posterior cants are the same will involve two
dimensions of change, vertical and transverse, as indicated by the arrows on the frontal view (a) and lateral view (b).

Asymmetry of the maxilla and
mandible

Facial asymmetry involving both the maxilla and
mandible often includes a cant in the occlusal
plane. The cant can be assessed clinically using
a Fox plate or tongue spatula. Both the anterior
and posterior cants of the occlusal plane, as
well as the lower border of the mandible, should
always be evaluated and noted (Fig 4-116). The
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cant in the occlusal plane of the maxilla is most
easily and accurately evaluated on casts articu-
lated on an adjustable articulator from a face-
bow recording.

In cases where the anterior and posterior
cants are equal, the correction involves two di-
mensions, transverse and vertical (Fig 4-117).
The maxillary incisor-lip relationship is very im-
portant in the correction of the occlusal cant of
the maxilla (see chapter 3).



Dentofacial Asymmetry

Fig 4-118 The cant of the occlusal plane is demonstrated by the tongue spatula (a), while the facial asymmetry involving the maxilla
and mandible is seen in (b). The postsurgical result after correction of the occlusal cant by means of a Le Fort | maxillary ostectomy

and bilateral sagittal split ramus osteotomy is seen in (c).

b

Fig 4-119 The three-dimensional changes are indicated by the arrows following carrection of the different cants in the anterior and

posterior maxilla. (a) Frontal view. (b) Lateral view.

When surgery will involve both jaws, the ortho-
dontist should not waste treatment time by cor-
recting the dental midlines, which can be cor-
rected surgically. Arch form, however, should be
maintained to accommodate the rotational move-
ment during the correction of dental midlines.

An example of facial asymmetry involving the
maxilla and mandible is illustrated in Fig 4-118.

There is a transverse cant of the occlusal plane,
and the mandible is asymmetrical toward the
left. The patient has a Class | malocclusion, and
the dental midlines coincide. The mandibular
dental midline is in the middle of the chin. By
correcting the occlusal cant (and, at the same
time, the maxillary incisor-lip relationship), fa-
cial symmetry is restored (Fig 4-119).
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The presurgical cant of the oc-
clusal plane is illustrated by the tongue
spatula (a), while the presurgical trans
verse, vertical, and anteroposterior dimen
sions are demonstrated in frontal (b) and
profile (c) views. The correction of facial
asymmetry in all three dimensions is illus-
trated in frontal {d and e} and profile (7}
views. (g) Presurgical anteroposterior
cephalometric tracing. (h) Surgical correc-
tion.
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Difference in anterior and posterior
occlusal cants

A dual cant of the occlusal plane almost always
results from unilateral excessive or deficient
growth of the mandibular ramus—eg, patients
with unilateral condylar hyperplasia or unilateral
hypoplasia (hemifacial microsomia or temporo-
mandibular ankylosis). The unilateral increase
in, or lack of vertical growth of, the mandibular
ramus secondarily influences the vertical growth
of the maxilla and leads to a cant in the occlusal
plane. The cant is more severe in the posterior
than in the anterior maxilla, necessitating three-
dimensional correction.

Asymmetry of the maxilla,
mandible, and chin

When the maxilla, mandible, and chin are all in-
volved in the facial asymmetry, three-dimensional
correction is usually needed. Correction of the
transverse cant of the maxillary occlusal plane will
be more challenging than in cases where the an-
terior and posterior cants are equal. The poste-
rior vertical change will differ on the right and left
sides, as well as in the anterior maxilla. This cor-
rection will eventually have a profound effect on
the chin in the anteroposterior, vertical, and
transverse dimensions (see Fig 4-119). Thus,
these cases benefit from the propeller genio-
plasty (see chapter 5), a procedure that allows
the surgeon to control the chin in the vertical,
transverse, and anteroposterior dimensions.

The patient shown in Fig 4-120 had unilateral
condylar hyperplasia on the right side. The
asymmetry involved the maxilla, mandible, and
chin. Surgical correction included the correction
of the occlusal cant with a Le Fort | maxillary os-
teotomy. This change in the cant was followed
by a bilateral sagittal split ramus osteotomy in
the mandible. A propeller genioplasty was per-
formed to establish final chin symmetry. Better
symmetry of the lower border of the posterior
mandible was achieved with an ostectomy of
the lower border of the right side of the
mandible (after repositioning the inferior alveo-
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chapter 5

Surgical Technique

Our knowledge and understanding of all as-
pects of orthognathic surgery have grown con-
siderably during the past two decades.
Diagnostic skills and treatment planning have
become more sophisticated, and we have de-
veloped surgical techniques that enable us to
treat most complex jaw deformities with confi-
dence. This chapter presents surgical techniques
for the three procedures most often used in the
correction of dentofacial deformities in a con-
cise, step-by-step format. Complications and
their possible solutions are included.
Orthognathic surgery requires not only sophis-
ticated and accurate technique but also the ut-
most respect for the hard and soft tissues in-
volved. The formulation of a treatment plan
involving accurate tooth movement by the or-
thodontist does no good if what follows is inac-
curate surgery, sloppy technique, and disregard
for soft tissue that lead to unsatisfactory results.
Good surgical technique involves the following:

1. Treatment planning. Before surgery, accurate
and comprehensive surgical treatment plan-
ning involving cephalometric treatment objec-
tives and model surgery should be carried out.

2. Surgical routine. As much as possible, the
surgeon should develop a routine for each

procedure that will enable assistants and the
rest of the surgical team to anticipate each
step, thus increasing efficiency and decreas-
ing operating time. The surgeon should
clearly understand the surgical steps of each
procedure and be aware of complications
that may arise with each step. It is essential to
have a basic routine, from the selection of
scalpel blades to suture material. An estab-
lished step-by-step operating technique also
prevents intraoperative uncertainty and often
eliminates postoperative complications. The
details and sequence of a surgical procedure
may vary from surgeon to surgeon, but the
ultimate objective is the same. The surgeon
must be able to clearly visualize every step,
as well as the sequence of the surgical pro-
cedure, in order to operate with confidence
and achieve the surgical goal and optimal re-
sults.

. Instrumentation. A large number of instru-

ments are available to help the surgeon
achieve the same goals. When the surgeon
uses a small, select group of instruments
rather than a whole range of instruments,
however, it is less confusing to both the sur-
geon and the surgical team.
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The first report of surgical repositioning of the
mandible was written by V. P. Blair and pub-
lished in an American medical journal, Surgery,
Gynecology and Obstetrics, in July 1907. Since
then, the surgical correction of dentofacial de-
formities has developed into not only a well-
defined science but also a fascinating art form.

The development of surgical repositioning of
the mandible includes ingenious work by sur-
geons such as New and Erich; Dingman; and
Burch, Bowden, and Woodward, who described
body osteotomy procedures. Procedures to
reposition the mandible using various ramus os-
teotomies were described by Caldwell and
Letterman, Hinds and Girotti, and Robinson. In
1955, Obwegeser and Trauner described a sur-
gical procedure involving a sagittal split os-
teotomy through the ramus of the mandible.
This technique was later modified by Dal Pont
and further refined by Epker in 1977.

The surgical repositioning of the mandible
has developed from a life-threatening proce-
dure to outpatient surgery (in some parts of the
world). The ingenuity of the procedures, devel-
opment of special instruments, and improve-
ment of surgical skills have made it possible to
achieve our surgical goals relatively quickly and
atraumatically. The advent of rigid fixation has
also made postoperative recovery safer and
more comfortable. The technique described in
the following text has evolved over many years
and, because of its simplicity, has been found
beneficial in the training of postgraduate stu-
dents at the University of Witwatersrand, in
Johannesburg, South Africa.

Step |: Infiltration of soft
tissue with a vasoconstrictor

Infiltrate the area of dissection with a local anes-
thetic containing a vasoconstrictor (epinephrine
in a concentration of 1:100,000) 10 minutes be-
fore surgery. Place the needle deep in the soft
tissue, aspirate, and infiltrate the area.
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The patient's lips should be kept lubricated
with steroid ointment throughout the surgical
procedure.

Step 2: Soft tissue incision

Make an incision through mucosa, muscle, and
periosteum from just lingual of the external
oblique ridge halfway up the mandibular ramus
superiorly to mesial of the second molar inferi-
orly (Fig 5-1). Leave at least 5 mm of nonkera-
tinized mucosa buccally at the lower end of the
incision for ease of suturing later.

Third molars ideally should be removed 6
months before surgery. A partially erupted or
erupted third molar present at the time of sur-
gery, however, should be included in the soft
tissue incision. The early removal of impacted
third molars should be part of the treatment
plan. If these teeth are still present at the com-
pletion of the preoperative orthodontic phase,
the surgeon can either remove the impacted
teeth at this stage and delay definitive surgery
for at least 6 months to allow for bone healing
or go ahead with the definitive treatment and
deal with the third molars at the time of surgery.

Step 3: Buccal subperiosteal
dissection

The dissection must remain subperiosteal, deci-
sive, clean, and neat. The masseter muscle at-
tachment should be maintained as far as possi-
ble without sacrificing adequate exposure. Strip
enough of the masseter muscle to allow easy vi-
sualization of the osteotomy area. It is not nec-
essary, however, to strip the entire masseter
muscle attachment off the mandible. The prox-
imal segments of the mandible will not be repo-
sitioned; in fact, it is important that apart from
autorotation, this segment be maintained in its
original position and not be totally detached
from the masseter muscle. Total stripping of the
muscle increases dead space, which encour-
ages swelling and hematoma formation and
may cause devascularization of part of the
bone, leading to necrosis.



Bilateral Split Ramus Osteotomy

5-1 The soft tissue incision is made from just lingual of the
external obligue ridge above to mesial of the second molar
below. At least & mm of nonkeratinized mucosa is left buccally for
ease of suturing.

Step 4: Superior
subperiosteal dissection

Once the buccal and lingual sides of the anterior
ramus have been exposed, place a notched
ramus retractor over the anterior border of the
mandibular ramus, and strip the lower fibers of
the temporalis muscle attachment from the ante-
rior border and coronoid process. Alternatively, a
coronoid clamp may be used to retract the soft
tissue superiorly. Dissect the periosteum from the
internal oblique ridge down to the medial aspect
of the retromolar area.

Step 5: Medial subperiosteal
dissection and exposure of
the lingula

The dissection must remain subperiosteal by
keeping the periosteal dissector against the
bone at all times. Start the dissection from the

2 Subperiosteal dissection is carried posteriorly to identify

the lingula. Start from above and dissect downward. The panag-
ramic radiograph may be helpful in determining the relative posi-
tion of the lingula.

internal oblique ridge above, and then dissect
inferiorly to the region of the lingula (Fig 5-2).
The lingula must be carefully identified and well
visualized (see Step 6).

Step 6: Identification of the
lingula

The medial osteotomy should never be per-
formed without positive identification of the lin-
gula. The panoramic radiograph may be a help-
ful guide. However, the lingula is often difficult
to visualize because of the convexity of the in-
ternal oblique ridge. If visualization is difficult,
the ridge should be reduced with a large trim-
ming bur (Fig 5-3). If the periosteum is perfor-
ated, a brisk hemorrhage may result and prob-
ably will originate from the vessels of the medial
pterygoid muscle; however, it often subsides
spontaneously. Do not stretch the inferior alve-
olar nerve at its entrance to the foramen, since
this may result in prolonged anesthesia of the
lower lip.
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Step 7: Medial ramus
osteotomy

While aiming at the notch of the lingula, angle
the medial ramus osteotomy parallel to the oc-
clusal plane (Fig 5-4a) using a 701 fissure bur or
a Lindeman bur. Terminate the osteotomy just
posterior to the lingula (see Fig 5-4a), and en-
sure that the osteotomy is carried through the
lingual cortex into the medullary bone of the
mandibular ramus. When mandibular setback
procedures will be performed, a small segment
of bone should be removed superior to the hor-
izontal osteotomy line (Fig 5-4b).

When the medial ramus osteotomy is termi-
nated anterior to the lingula, the bone tends to
split anterior to the lingula. The lingula and su-
perior part of the alveolar canal (including the
nerve) thus remain attached to the proximal seg-
ment during the splitting procedure (Fig 5-4c).
This is one of the most common reasons surgeons
have difficulty splitting at the superior aspect of
the sagittal split osteotomy.

Step 8:Vertical section of the
osteotomy

Start the vertical section of the osteotomy from
the medial osteotomy superiorly, staying just in-
side the buccal cortex of the mandibular ramus.
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Fig 5-3 Visualization of the lingula can be improved by reduction
of a convex internal oblique ridge using a large trimming bur.

End inferiorly just mesial to the second molar.
Ensure that the osteotomy is made through the
cortex well into medullary bone (approximately
5 mm). The presence of an impacted third molar
may make the osteotomy difficult. It should be
treated as bone, however, and the osteotomy
made through the tooth. Ideally, third molars
should be removed at least 6 months before
surgery.

Step 9: Removing the
notched ramus retractor and
placing a channel retractor

Place the channel retractor around the inferior
border of the mandible. Remain subperiosteal
at all times. Visibility may be increased by remov-
ing the mouth prop and closing the mandible
slightly.

Step 10: Buccal osteotomy of
the mandibular body

Start the buccal osteotomy of the mandibular
body at the lower border, and join it superiorly
with the vertical part of the ramus osteotomy
(Fig 5-5a). Cut toward the mandible, “feel” the
bur perforate the buccal cortex, and angle the
osteotomy slightly obliquely and posteriorly
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Fig 5-4 (a) The horizontal ramus ostectomy should be made parallel to the occlusal plane. The osteotomy should end posterior to
the lingula in the fossa. (b) The distal segment will be positioned posteriorly and also tend to move superiorly in mandibular setback
cases with high occlusal plane angles. In these cases, a small segment of bone should be removed superior to the horizontal os
teotomy line to prevent interference between the segments. (¢) The horizontal osteotomy should be carried past the lingula.
Otherwise, there will be a strong tendency for the mandible to split anterior to the lingula.

(Fig 5-5b). Ensure that the cortex of the lower
border of the body of the mandible is included
in the osteotomy. The actual start of the sagittal
split osteotomy should be at the lower border
and must include part of the lingual cortex (Fig
5-5¢). When placing the sagittal separator instru-
ment, make sure it engages the lower border so
that this part of the mandible stays attached to
the proximal segment (see the discussion of the
“bad"” split in Step 16). The surgeon should be
careful in cases with mandibular anteroposterior
excess, mandibular asymmetry (the excessive
side), and unilateral condylar hyperplasia, where
the inferior alveolar neurovascular bundle tends
to be situated very close to the buccal cortex
and lower border.

Step | I: Drilling holes for a
holding wire

The holes for a holding wire should be posi-
tioned in such a way that the proximal segment
is directed distally. The direction of the anterior
hole (proximal segment) should be posterior
and that of the posterior hole (distal segment),
anterior. The placement of holding wires is op-
tional. The author, however, feels that condylar
positioning (the most important step of the pro-
cedure) is more accurate if performed as a sep-
arate step prior to the placement of the screws.
Once the condyle has been positioned (see
Step 27), it is held in place using a condylar-
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Fig 5-5 (a) The buccal ostectomy is started at the lower border and joined superiorly with the vertical ramus osteotomy. (b) The buc-
cal osteotomy is angled slightly obliquely and posteriorly to enhance the start of the split. (¢} It is mandatory to include the lingual
cortex in the buccal osteotomy to ensure that it forms part of the proximal segment at the start of the split.

positioning instrument and digital pressure
while the assistant tightens the holding wire.
This process will be facilitated if the interrela-
tionship of the segments and the condylar posi-
tion was established and maintained by the
holding wire at the time of rigid fixation. This is
particularly helpful in the placement of resorb-
able fixation when the drilled holes have to be
tapped before placement of the screws.

The ideal distance between the holes after
repositioning the segments is 4 mm, with the
hole in the proximal segment positioned anteri-
orly. The vectors of pull should always be in the
proximal segment posteriorly and distal seg-
ment anteriorly (the direction of the wire must
always be Class Il). Two examples follow:

1. In a case where a mandibular advancement
of 6 mm is planned, the holes should be
drilled 10 mm apart (Fig 5-6a). After ad-
vancement of the distal segment by 6 mm,
the holes will be 4 mm apart.
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2. In a case where a mandibular setback proce-
dure of 6 mm is planned, the holes should be
drilled 2 mm apart, with the hole in the distal
segment positioned anteriorly (Fig 5-6b). If
the holes are more than 4 mm apart after jaw
repositioning, bone approximation between
distal and proximal segments will be less ac-
curate because of the long span of the wire
and may lead to inaccurate placement of
rigid fixation.

Alternative techniques

A bone clamp may be used as an alternative to
a holding wire. Some surgeons prefer simply to
hold the proximal segment in position by means
of a condylar positioner (ramus pusher or wire
director) while placing the bicortical screws.
Whatever method is used, the proximal seg-
ment (and condyle) must be secured in the ideal
relationship to the glenoid fossa when the bi-
cortical screws are placed (see Step 27).
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Fig 5-6 (a) Positioning of the holes for mandibular advancement. (top) For a 4-mm advancement, the holes are placed 10 mm apart
(the hole in the distal segment should be posterior to that in the praximal segment). (bottom) After a 8-mm mandibular advancement,
the holes will be 4 mm apart, ensuring a vector that will support the advancement of the tooth-bearing segment and seat the condyle.
(b) Positioning of holes for mandibular setback. (top) For a mandibular setback of 6 mm, the holes are placed 2 mm apart, with the
hole in the proximal segment posterior to that in the distal segment. {bottom) After a 6-mm setback, the holes will be 4 mm apart

with the vector of the holding wire supporting the tooth-bearing segment and the condyle.
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7 The hole for the engagement of the condylar positioner

Fig 5-8 The split is started by tapping a 10-mm-wide osteotome

is placed in a low, anterior position on the proximal segment (see  along the vertical osteotomy, from the medial to the buccal os-

Step 28).

Step 12: Drilling a hole for
the condylar positioner

A hole is drilled in the buccal cortex of the prox-
imal segment and angled posteriorly (Fig 5-7).
This hole will serve as a purchase point for the
condylar positioner during condylar positioning
before the tightening of the holding wire.

Step 13: Lavage

Wash the surgical area thoroughly with saline
solution, and place a small wet sponge lightly in
it. Once the osteotomy cuts have been per-
formed on one side, it is recommended that the
surgeon complete them on the other side be-
fore splitting the mandible.

Step 14: Defining the
osteotomy cut with an
osteotome

It is important not to manipulate the jaw unnec-
essarily when splitting the contralateral side, since
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tectomy:.

this may cause hard and soft tissue damage on
the side already split.

A 10-mm-wide, thin but rigid osteotome is
used to tap along the vertical osteotomy from
the medial osteotomy downward to the buccal
osteotomy (Fig 5-8). Keep the osteotome just
inside the buccal cortex, and support the
mandible at the inferior border with the channel
retractor. The osteotomy cuts are only defined
during this step; make no attempt to completely
separate the segments. Vigorous indiscriminate
tapping may fracture the buccal cortical plate
from the distal segment, while failure to support
the mandible during this step may cause trauma
to the temporomandibular joint (eg, hemarthro-
sis or disc displacement).

Step 15: Splitting the mandible

The actual splitting of the mandible can be di-
vided into two stages. The first stage involves the
initiation of the split. At the start of the split, the
surgeon must be able to see that (1) the lower
border of the mandible splits toward the proxi-
mal segment and (2) the neurovascular bundle is
intact and separates from the proximal segment.



Fig 5-9 A small Reyneke sagittal split separator is
placed deep into the buccal osteotomy and the lower

border is engaged.

In the second stage, the split is completed.
Here the surgeon must be able to see that (1)
the lower border continues to split with the
proximal segment, (2) the neurovascular bundle
detaches from the proximal segment as the split
continues, and (3) the inferior alveolar foramen
and proximal part of the canal detach from the
proximal segment.

The surgeon places a large osteotome superi-
orly into the vertical osteotomy of the ramus and
a small sagittal split separator into the buccal os-
teotomy of the lower body of the mandible to
engage the lower border (Fig 5-9). It is very im-
portant that the mandible be supported at all
times by a channel retractor and digital pressure
to protect the temporomandibular joint. In case
the split does not start spontaneously, stop and
redefine all the osteotomies.

Step 16: Completion of the split

To continue the separation between the distal
and proximal segments, the osteotome is now
replaced by a larger osteotome and the small
sagittal split separator by a larger separator,
and the instruments are rotated. Always ensure
that the lower border continues to split with the
proximal segment and that the neurovascular
bundle is protected and intact.

The neurovascular canal is often attached to
the proximal segment, especially in cases where
the mandible is anteroposteriorly excessive or
asymmetrical (excessive side), where there is uni-
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lateral condylar hyperplasia (excessive side), and
where there is an unerupted third molar (Fig
5-10a). As soon as the surgeon realizes that
the neurovascular bundle is still attached to the
proximal segment, the split should be stopped,
and the bundle very carefully dissected from the
proximal segment using a blunt (Howarth) dis-
sector (Fig 5-10b). In cases where the inferior
alveolar canal splits toward the proximal seg-
ment, the surgeon should stop the split and very
carefully dissect the medial wall of the canal
from the proximal segment using a small os-
teotome (Fig 5-10c). Carefully remove the bone
from the neurovascular bundle with a small non-
toothed forceps. During the splitting, it is im-
portant not to use the retromolar bone (on the
distal segment) as a fulcrum, especially if an im-
pacted third molar is still present, since this will
fracture the thin retromolar segment and make
fixation difficult. Again, it is important to handle
the proximal segment with care to maintain the
integrity of the temporomandibular joint.

Any resistance to the split encountered at the
latter stage is probably due to one of the fol-
lowing:

1. A greenstick fracture of the bone, in which
the lower border starts fracturing superiorly
toward the distal part of the medial ramus os-
teotomy, posterior to the lingula. The solu-
tion is to use a large osteotome to carefully
separate the bone attachment between the
segments under good visualization.
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Fig 5-10 (a) The neurovascular bundle is attached to the proximal segment. (b) Before continuing with
the split, the neurovascular bundle should be carefully dissected from the bone using a blunt instrument.
(c) The neurovascular bundle may still be encased in the bony canal. An osteotome should be used very
carefully to dissect the canal from the proximal segment and the bundle from the canal.

2. A fracture of the vertical osteotomy of the
ramus anterior to the inferior alveolar fora-
men (due to the medial osteotomy of the
ramus stopping short of the lingula). The so-
lution is to revise the horizontal osteotomy
and carefully separate the canal and foramen
from the distal segment using a small os-
teotome.

Support both segments during detachment to
prevent nerve damage.

The “bad” split

Prevent an unfavorable split by following the
surgical steps meticulously. If the split does not
seem to be proceeding favorably, however, stop
and identify the problem area under good visu-
alization. It is much easier to salvage the split if
a potential problem is diagnosed early. The fol-
lowing sections describe the clinical features of
an unfavorable split, which occur either singly or
in combination.

Fracture of the buccal cortex of the body
of the mandible

Early diagnosis If a fracture of the buccal cortex
of the body of the mandible is diagnosed early,
the beginning of a fracture that does not in-
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clude the lower border is seen (Fig 5-11a). If
this is detected, redefine the buccal osteotomy,
especially around the lower border. Place the
sagittal split separator down low into the os-
teotomy, and recapture the lower border to
fracture it with the buccal cortex. When apply-
ing rigid fixation, place bicortical screws in the
nonfractured part of the proximal segment while
also securing the buccal cortex (Fig 5-11b).

Late diagnosis If a fracture of the buccal cortex
of the body of the mandible is diagnosed late,
the buccal cortex will have fractured unfavorably
and be totally separated from the mandible (Fig
5-11¢). In this case, remove the buccal plate,
and save the bone in a wet saline sponge. Re-
define the remaining part of the buccal osteo-
tomy, especially around the lower border. The
osteotomy at the buccal cortex fracture line
may also be redefined, paying particular atten-
tion not to damage the inferior alveolar neuro-
vascular bundle. Proceed with the split, using a
straight osteotome positioned at the superior
aspect of the vertical ramus osteotomy and
placing the sagittal split separator down low in
the buccal osteotomy (Fig 5-11d). The separated
buccal cortex can be replaced when rigid fixa-
tion is completed (Fig 5-11e). Use a lag screw to
secure this bone segment back into position.
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(a) The buccal cortex starts to separate from the distal
segment while the lower border of the mandible remains at-
tached. A small fracture of the cortex starts running superiorly.
The splitting maneuver is stopped immediately and the lower
part recaptured to include it with the proximal segment. (b) The
buccal bone segment is still attached to the proximal segment
and is secured by means of rigid fixation. (c) Late diagnosis of a
buccal plate fracture. The fractured bone is completely sepa-
rated from the proximal segment. (d) The split is completed by
capturing the lower part of the proximal segment and continuing
with the split. (e) The separated bone cortex is replaced and the
segment secured in position by means of a lag screw. Adequale
fixation of the remaining part of the proximal segment is ensured.
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Fig 5-12 (a) The buccal cortex fractures separately from the lower border, while the fracture runs superiorly toward the coronoid
notch. The splitting maneuver is stopped and the lower border captured to form part of the proximal segment. (b) The buccal cor-
tex fracture continues superiorly and includes the coronoid process. The buccal osteotomy is redefined and the lower border cap-
tured. Rigid fixation Is achleved using a bone plate and by securing the fractured cortex by means of bicortical screws,

Fracture of the buccal cortex involving the
body and ramus of the mandible

Early diagnosis If fracture of the buccal cortex
involving the body and ramus of the mandible
is detected early, the cortex is seen as starting
to fracture separately from the lower border
(Fig 5-12a). The buccal osteotomy should be
redefined, especially around the lower border.
The sagittal split separator should be placed
down low into the osteotomy, and the lower
border captured to facilitate fracture with the
rest of the buccal cortex.

Late diagnosis In late diagnosis of fracture of the
buccal cortex involving the body and ramus of
the mandible, the buccal cortex, including the
coronoid process, will have fractured and be-
come separate from the rest of the mandible.
Because the bone is still attached to the tem-
poralis muscle, it should not be removed.
Redefine the buccal osteotomy of the body
with what remains of the attachment at the
lower border. Carefully attempt to start the split
along the fracture line of the cortex. Using an
osteotome in the fracture line and the sagittal
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split separator down low in the buccal os-
teotomy, recapture the split. Very little bone will
overlap after repositioning of the distal seg-
ment, which makes the placement of rigid fixa-
tion difficult. A bone plate should be used to
fixate the fragments. Monocortical screws can
be placed on the distal fragment, and the frac-
tured segment can be secured with bicortical
screws (Fig 5-12b).

Fracture of the vertical osteotomy on the
medial aspect of the mandibular ramus
anterior to the inferior alveolar foramen
Early diagnosis If diagnosed early, fracture of
the vertical osteotomy on the medial aspect of
the mandibular ramus anterior to the inferior
alveolar foramen may be detected by the sur-
geon as resistance to the splitting maneuver at
the superior aspect of the ostectomy. If this
occurs, redefine the medial osteotomy of the
ramus. Make sure that the osteotomy extends
past the lingula. Take care not to damage the
inferior alveolar neurovascular bundle, and de-
fine the osteotomy with a small osteotome. Pro-
ceed with the osteotomy.
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Fig 5-13 (a) The lingula and proximal part of the nerve canal is still attached to the proximal bone segment. This usually occurs when
the horizontal ostectomy is terminated short of the lingula. (b) The canal containing the inferior alveolar neurovascular bundle is care-

fully dissected from the proximal bone segment.

Late diagnosis |f the condition is diagnosed late,
the split will have been completed. However, the
proximal part of the inferior alveolar canal and
lingula will be attached to the proximal segment
because the vertical ramus osteotomy fractured
anterior to the lingula (Fig 5-13a). Support both
segments to protect the inferior alveolar neu-
rovascular bundle, and redefine the medial
ramus osteotomy. Carefully split the lingula and
inferior canal off the proximal segment of the
mandible using a small osteotome (Fig 5-13b).

Fracture of the retromolar segment of
the mandible distal to the second molar
Early diagnosis The retromolar segment of the
mandible distal to the second molar is particu-
larly fragile, especially when an impacted third
molar is present. When the surgeon finds that
this segment is fragile, extreme care should be
taken not to lever against this part of the jaw dur-
ing the splitting procedure (Fig 5-14a).

Late diagnosis If this aspect of the bone is frac-
tured (Fig 5-14b), rigid fixation with bicortical

screws will be impossible. The surgeon will be
forced to use bone plates, as previously de-
scribed (Fig 5-14c¢).

Step |7: Stripping the
pterygomasseteric sling

Place a curved periosteal elevator between the
bone segments and at the inferior border of the
distal segment, and proceed to strip the ptery-
gomasseteric sling from the distal segment (Fig
5-15). This step will ensure that no greenstick
bony attachments have remained between the
distal and proximal segments. The neurovascu-
lar bundle should be protected at all times.
Insufficient stripping of the pterygomasseteric
sling or inadequate removal of bony attach-
ments between the proximal and distal seg-
ments will lead to difficulty in repositioning the
distal segment and inaccurate positioning of
the condyle.
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Step |8: Stripping the medial
pterygoid muscle and
stylomandibular ligament

The medial pterygoid muscle and the stylo-
mandibular ligament are attached to the medial
side of the angle of the mandible. Failure to
strip them from the bone may interfere with the
posterior repositioning of the distal segment
(Fig 5-16). This may distract the condyle from
the glenoid fossa or rotate the proximal seg-
ment posteriorly, thereby increasing the relapse
potential.
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14 (a) Indiscriminate force applied to the fragile retromolar
bone may cause this part to fracture, (b) The posterior lingual as-
pect of the proximal segment. An impacted third molar often
weakeng this part of the bone, rendering it more fragile. A frac-
ture of this part of the proximal segment is demonstrated. (c) A
bone plate is used to fixate the bone segments, while the frac-
tured lingual part is secured by means of the bicortical screws,

Step 19: Removal of
impacted third molars

It is the author's policy to remove impacted
third molars at least 6 months before perform-
ing a bilateral sagittal split osteotomy. Because
this is not always possible, it is often necessary
to remove third molars during the sagittal split
procedure if they prevent optimal bone contact
between the proximal and distal segments. The
clinician should be careful not to fracture the
retromolar bone (lingual cortex) or damage the
neurovascular bundle during tooth removal.
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-15 A curved periosteal elevator is used to strip the ptery- Fig 5-16

gomasseteric sling from the distal bone segment and also to en-
sure that the split is complete at the lower and posterior borders.

The presence of an impacted third molar or an
empty tooth socket (after removal of the tooth)
will limit the availability of bone and thus the
placement of bicortical screws.

Step 20: Smoothing contact
areas of bone segments

A large pear-shaped vulcanite bur is used to
smooth the medial aspect of the proximal seg-
ment to ensure good bone contact between
the segments and prevent nerve damage by
sharp bony edges. Bone should not be re-
moved from the lateral aspect of the distal seg-
ment because of potential damage to the alve-
olar neurovascular bundle.

Step 21: Placement of a
holding wire
Place a 0.018-inch wire through the holes (see

Step 11) in the distal (medial) segment. Support
the distal segment when the wires are pulled

The attachments of the medial pterygoid muscle (ante-
rior) and the stylomandibular ligament (posterior) on the medial

aspect of the mandibular angle are demonstrated, These attach-

ments will interfere when the proximal segment is set back and

therefore should be stripped in mandibular setback cases.

through to prevent any damage to the tem-
poromandibular joint.

Step 22: Noting the position
of the inferior alveolar
nheurovascular bundle

The inferior alveolar neurovascular bundle is
often visualized (and dissected) during the split-
ting procedure. The surgeon should take ad-
vantage of this visualization and make a mental
note of the position of the neurovascular bun-
dle to ensure safe placement of bicortical
SCrews.

Step 23: Noting the position
of the third molar (or its
socket)

The third molar (or its socket after removal of the
tooth) will influence the placement of the bicor-
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tical screws. Thus, the position and size of the
tooth or socket should be noted to ensure later
safe placement of efficient bicortical screws.

Step 24: Mobilization of the
distal segment

Remove the sponge placed during lavage (see
Step 13). Mobilize the distal segment on each

side by pulling it anteriorly while supporting the
proximal segment with the index finger (Fig 5-17).

Step 25: Selective
odontoplasty and
maxillomandibular fixation

The selective odontoplasty should now be per-
formed as indicated by the model surgery using
a diamond bur and copious water cooling.
Maxillomandibular fixation is then applied with
the teeth in the planned occlusion. A prefabri-
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The proximal segment is mobilized by pulling the man-
dible forward while supporting the distal segment with digital
prassure.

cated splint may be used when necessary. The
use of an acrylic splint is not always indicated.
Where it is possible to achieve a stable occlu-
sion and no segmental surgery is contemplated,
the use of an acrylic splint is superfluous. The in-
tercuspation of the teeth can be observed bet-
ter without the use of a splint. The central inci-
sors are fixated first to establish the planned
incisor relationship; the maxillomandibular fixa-
tion is then applied to the posterior teeth. It is
important to place the wires with a vector as-
sisting the surgical repositioning.

Ensure that the teeth are placed into the
planned occlusion without any bony or soft tis-
sue interference. At this stage, interference may
be caused by (1) an incomplete split; (2) a ptery-
gomasseteric sling that has not been com-
pletely stripped; or (3) sharp, bony interference
between the proximal and distal segments that
prevents free movement between segments.
Forcing the teeth into occlusion against muscu-
lar, bony, or dental interference will result in in-
accurate positioning and poor stability. Poor
immediate preoperative orthodontic prepara-
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Fig 5-18 (a) The condylar positioner is placed in a hole drilled into the buccal cortex (see Step 12). (b) The condyle is carefully
pushed superiorly and slightly anteriorly in the fossa by the condylar positioner and digital force on the mandibular angle, The as-

sistant can now tighten the positioning wire.

tion (loose orthodontic brackets, lack of or too
few K-hooks, or incorrect positioning of the K-
hooks) may make it impossible to maintain the
occlusion because of inadequate wire fixation.

Step 26: Removal of bone
from the proximal segment

When the teeth have been wired into occlusion
and the proximal segment has been pushed
back gently, the bony overlap (which should co-
incide with the planned setback amount) will be
evident. The overlapping bone should now be
removed, with the surgeon taking care not to
damage the neurovascular bundle or facial ar-
tery during bone removal. There is no advantage
to an accurate fit of bone at the buccal osteo-
tomy. In contrast, if the proximal segment is
forced to fit tightly against the distal segment at
the buccal osteotomy site, the condyle may be
forced too far posteriorly or eccentrically in the
fossa, leading to condylar sag. The result will
also be less stable if the segments are forced

together at the vertical osteotomy, because the
proximal segment may also rotate backward
and downward. The small piece of bone re-
moved may be used as a bone graft in other
areas (eg, where there are intersegmental bone
defects in bilateral sagittal split osteotomies or
Le Fort | osteotomies).

Step 27: Condylar positioning

A condylar positioner is placed into the hole
drilled into the buccal cortex (see Step 12), and
while the angle of the mandible is supported by
extraoral digital pressure (Fig 5-18a), the condyle
should be positioned in its preoperative rela-
tionship to the fossa. Posterior digital pressure
on the positioning instrument and superior and
slightly anterior extraoral digital pressure at the
angle of the mandible will give the surgeon
control of the proximal segment (Fig 5-18b).
This control, combined with an awareness of
the anatomic relationship of the condyle and
glenoid fossa, should enable the surgeon to
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achieve the correct condylar position. Excessive
force on the proximal segment during this ma-
neuver may displace the articular disc in the
fossa or lead to hemarthrosis or joint effusion.

The positioning of the proximal segment
(condyle) in its preoperative relationship to the
glenoid fossa is the most challenging and im-
portant aspect of the bilateral sagittal split os-
teotomy procedure. Numerous techniques and
devices to position the condyle have been de-
scribed and used with varying degrees of suc-
cess. The technique described here has been
developed during the performance of more
than 2,800 bilateral sagittal split osteotomies in
15 years.

Step 28:Tightening the
holding wire

Hold the proximal segment in its desired posi-
tion (described in Step 27) while the assistant
gently tightens the holding wire. Visualize the
segments while carefully tightening the hold-
ing wire, and ensure that the wire is twisted
until it passively holds the segments in posi-
tion. Do not force the segments together.
Incorrect positioning of the holes may place
unfavorable vectors of force on the bony seg-
ments and thus prevent correct condylar posi-
tioning. Excessive tightening of holding wire
may cause undesirable force on the condyle
and lead to condylar sag.

Step 29: Placement of the
trocar

An extraoral stab incision is made on the lower
border of the mandible, just behind the gonial
notch. The surgeon places the trocar through
the skin incision, ensuring that the tip of the tro-
car perforates the periosteum intraorally. The
initial placement should be superior to the
bone, avoiding damage to the neurovascular
bundle or bony segments. Incorrect placement
of the skin incision may damage the mandibular
branch of the facial nerve, resulting in palsy of
the lower lip.
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Step 30: Drilling bicortical
holes and placing screws

When drilling bicortical holes and placing screws,
keep in mind the following factors:

* The position of the inferior alveolar neurovas-
cular bundle (noted in Step 22)

* The bone thickness, to assist in estimating the
screw length

* The position of an impacted third molar (or
socket, if the tooth has been removed)

¢ The distal root of the second molar

Drill the holes with a sharp drill while applying
light pressure (Fig 5-19a). Keep in mind that if
the shaft of the bur is forced against the trocar
while drilling, it will generate heat and, without
sufficient water cooling, may burn the skin and
subcutaneous tissue in contact with the tube of
the trocar. Position three holes in either a trian-
gle or a straight line along the superior border.
Angle the holes slightly backward to support
the repositioning of the condyle.

Once a hole has been drilled, keep the trocar
absolutely still to avoid "losing” the hole or its
direction. While keeping the trocar in position,
measure the depth of the hole. (With increased
experience, the surgeon may estimate the
length of the screw.) The screw is now “fed”
into the trocar and gently tightened (Fig 5-19b).
Visualize the cortex of the distal segment while
tightening the screw to ensure that the screw
engages the lingual cortex. If the two segments
are pushed apart, the screw should be removed
and a new hole drilled. The screwdriver should
be pushed gently; keep in mind that position-
ing screws are self-tapping and need only be
turned to engage.

After placing the first screw, place two more
screws in appropriate positions. Make sure the
screws do not compress the bone segments or
close any intersegmental gaps, since this may
result in displacement of the condyle and pe-
ripheral condylar sag (Fig 5-19c; see discussion
of peripheral condylar sag, pages 299 to 301).
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9 (a) With the transbuccal trocar in position, bicortical
lee::. are drilled at the appropriate positions. (b) Bicortical
screws are placed though the trocar, Be careful not to force the
trocar against the bone, which may displace the segments or the

occlusion. (c) Bone defects should not be eliminated by tighten-

ing the screws since this may displace the condyle in the fossa
(peripheral sag).

Step 31: Removing
maxillomandibular fixation
and checking the occlusion
The occlusion should not be checked immedi-

ately after removal of fixation wires. Before as-
sessing the final occlusion, open and close the

mandible, and gently translate it to the left and
right. Then wait a minute, and with light digital
pressure under the chin, close the mandible
and assess the occlusion. The occlusion should
be exactly as planned; do not accept an incor-
rect occlusion. There is no better time to correct
a problem than at this stage.
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Step 32: Intraoperative
diagnosis of a malocclusion

A malocclusion due to incorrect positioning of
the condyle in the glenoid fossa should be ap-
parent immediately after removal of maxillo-
mandibular fixation (see Step 31). However, if
the proximal segment is not handled with care
during the surgery, intracapsular edema, hem-
arthrosis, condylar disc displacement, or condylar
disc damage may result. These problems will
become apparent only postoperatively and may
lead to the need for further surgery.

The causes of incorrect occlusion at this stage
of the procedure include incorrect condylar po-
sition (condylar sag), mobility at the osteotomy
site, and movement of the occlusion during
placement of rigid fixation. The differential diag-
nosis of an incorrect occlusion and correction of
the cause are discussed elsewhere.

Step 33: Placing intraoral
and extraoral sutures

Resorbable sutures are used intraorally, while
5-0 nylon sutures are used extraorally. Extraoral
sutures are removed 2 days after surgery.

Step 34: Placing elastics

A 4-oz, 0.25-inch elastic is placed on each side
to assist in directing the surgical positioning of
the jaw. The direction of the elastics should re-
inforce the movement (ie, use Class Il elastics
for mandibular advancement cases and Class IlI
elastics for mandibular setback cases). Immedi-
ate postoperative placement of a strong vertical
component is advocated.

Step 35: Placing a pressure
bandage

A pressure bandage should remain on the face
for 2 days.
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After Le Fort described the natural planes of
fracture of the midface in 1901, maxillary surgery
developed through the work of Wassmund,
Auxhauser, Schuchardt, Obwegeser, Willmar,
and others. It was not, however, until Bell and
his coworkers' excellent research in the mid-
1970s on the biologic basis of the hemodynam-
ics and vascular supply of the maxilla during
and after maxillary down-fracture surgery that
the Le Fort | maxillary osteotomy developed
into the refined science and art that it is today.

Maxillary abnormalities contribute to many
facial deformities that should be recognized
and treated successfully by adhering to basic
biologic and technical treatment principles.
Numerous techniques for Le Fort | maxillary os-
teotomy have been described and reflect a
strong tendency to operator preference. The
technique described here has been developed
during the performance of more than 2,600 Le
Fort | maxillary osteotomies over the course of
the last 17 years. It has been found to be bene-
ficial in the training of many residents partici-
pating in the oral and maxillofacial program at
the University of the Witwatersrand, Johannes-
burg, South Africa.

Step |: Infiltration of the soft
tissue with a vasoconstrictor

Infiltrate the area of dissection with local anes-
thetic containing a vasoconstrictor (epinephrine
in a concentration of 1:100,000) 10 minutes be-
fore surgery. Inject the soft tissue areas at the in-
tended osteotomies by placing the needle
deep into the maxillary buccal sulcus, aspirat-
ing, and then injecting the anesthetic as the
needle is withdrawn.

Step 2: Mucosal incision

Make an incision in the maxillary buccal sulcus,
through the mucosa only, with a No. 15 blade or
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20 The mucosal incision {dotted line).

diathermy knife. The incision is started at the
buttress area and then carried forward to the
center line, leaving approximately 5 mm of
nonkeratinized mucosa on the alveolar side for
later ease of suturing. This incision should be in-
creased posteriorly to approximately 10 mm at
the buttress area. A V-shaped incision at the
labial frenum helps with alignment in later sutur-
ing (Fig 5-20).

Step 3: Completing the soft
tissue incision through
periosteum

The blade is angled superiorly to leave more
submucosal tissue on the alveolar side for sub-
mucosal suturing later (Fig 5-21). The incision
onto bone should be clean and decisive to fa-
cilitate neat subperiosteal dissection. If the inci-
sion is carried too far posteriorly or too high, it
may cause herniation of the buccal fat pad and
make surgery cumbersome.

5-21 Because the incision is angled superiorly, more soft tis-

sue is left inferiorly for ease of later suturing.

Step 4: Subperiosteal dissection

1. Dissect the buccal periosteum from anterior
to posterior around the tuberosity, and place
the pterygoid retractor subperiosteally.

2. Identify the piriform rim, and carefully elevate
the nasal periosteum from the rim, nasal floor,
and lateral nasal wall.

3. Place a Howarth dissector laterally in the nasal
cavity to protect the nasal mucosa.

4. Dissect neatly. Do not perforate the perios-
teum, especially not posteriorly, to prevent
herniation of the buccal fat pad through the
periosteum.

5. Push the nasal mucosa inward with the back
of the periosteal dissector to tent the mucosa
for the beginning of the nasal dissection.

6. Continue the nasal dissection from the floor
of the nose laterally to the lateral wall of the
nose and medially to the nasal septum.

7. |dentify the position of the infraorbital fora-
men and nerve—first, to protect the nerve,
and second, to influence the height of the os-
teotomy cut (especially with superior reposi-
tioning of the maxilla) (Fig 5-22).

8. If the buccal fat pad is exposed, it should be
covered with a small wet sponge and re-
tracted with the pterygoid retractor.
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The subperiosteal dissection is carried superiorly and

23 Vertical and horizontal reference marks are scored on

posteriorly to identify the piriform rim, infraorbital nerve, zygo- the bone and the distances between them measured.

matic buttress, and posterior maxilla.

Step 5: Placement of
reference marks

Vertical and horizontal reference marks are
scored (approximately 10 mm apart) on either
side at the canine and buttress area using a 701
bur. The distance between the marks is recorded
(Fig 5-23). The height of the osteotomy is signif-
icant in more than one way, and the reference
marks should be made accordingly:

1. With maxillary advancement procedures, os-
teotomy height depends on the esthetic re-
quirements of the case. The osteotomy can
be made high (just inferior to the infraorbital
nerve, in the "high Le Fort | osteotomy) or
low (not less than 5 mm above the tooth
apexes).

2. When superiorly repositioning the maxilla,
the amount of bone removed dictates the
positioning of the osteotomies. Other deter-
mining factors include structures such as the
infraorbital nerve and tooth apexes, as well
as the positioning of rigid fixation.
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Step 6: Anterior buccal
osteotomy

Use a reciprocating saw to perform the os-
teotomy from the buttress to the piriform rim at
least 5 mm superior to the apex of the canine
(Fig 5-24a). In principle, horizontal Le Fort | os-
teotomies should be parallel to the occlusal
plane to allow repositioning to take place along
it. Therefore, during the planning phase, the os-
teotomy must be performed on the same plane,
both in model surgery and cephalometric visual
treatment objective tracing. Measurements on
these records are then more accurate when ap-
plied at surgery. The osteotomy, however, may
be angled intentionally in the downsliding Le
Fort | technique (Fig 5-24b). Incorrect angula-
tion of the osteotomy will make it difficult to
achieve the surgical treatment objective, since
the maxilla will be moved along this plane,
which may vertically shorten the maxilla as it is
advanced (Fig 5-24c).
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1 (a) A reciprocating saw is used to perform the os-
teotomy. In most cases the osteotomy should be kept parallel to
the occlusal plane. (b) The ostectomy is angled to allow the max-
illa to slide downward along this plane as it is advanced. Bone
contact is therefore maintained as the height of the maxilla is in-
creased. (c) The osteotomy is angled superiorly, This will result in
an open bite, while the height of the maxilla will be reduced as it
is advanced to correct the Class lll occlusion.

Step 7: Posterior buccal
osteotomy

Perform the posterior buccal osteotomy with a
reciprocating saw on a plane approximately 3
mm lower than the anterior osteotomy extend-
ing from the buttress to the tuberosity. This will
create a step between the anterior and poste-
rior osteotomies. This osteotomy design has cer-
tain advantages:

(0]

. It enables the surgeon to keep the osteotomies

parallel to the occlusal plane (Fig 5-25a).

. It enables the surgeon to make the posterior

osteotomy lower at the tuberosity, thus facil-
itating easy and safer down-fracture.

. The steps act as a guide in repositioning the

maxilla. The extent of the advancement or
any rotations of the makxilla can also be meas-
ured and monitored at the steps (Fig 5-25b).

. After advancement of the maxilla, the defect

created at the step area facilitates placement
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5-25 (a) The ostectomies can be kept parallel to the occlusal plane by placing a vertical step at the buttress area. (b) The max-
illa can now be advanced parallel to the occlusal plane without any vertical changes.

of a bone graft. The osteotomy should be
limited to the lateral wall of the maxilla and
not carried too far medially. Rotating the ptery-
goid retractor upward when performing the
osteotomy protects the periosteum and thus
prevents buccal fat pad herniation. (It also
improves visualization.)

Step 8: Connecting the
anterior and posterior
osteotomies

Connect the two horizontal osteotomies with a
vertical osteotomy at the buttress using a 701 bur.

Step 9: Placing the holes for

interosseous wires
The holes should be placed in thick bone at the
buttress areas and positioned in such a way that

the vector of the positioning wire will support
the repositioning of the maxilla (Fig 5-26).
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Step 10: Separation of the
tuberosity from the
pterygoid plates

The pterygoid osteotome is placed between
the tuberosity and pterygoid plates while the
hamulus is palpated palatally with the index fin-
ger. The assistant then taps the osteotome care-
fully. The osteotome is directed medially and
downward (Fig 5-27). Avoid overstretching the
buccal mucosa and periosteum. Take extreme
care not to damage the palatal soft tissue; per-
foration of the palatal mucosa with the os-
teotome may compromise the blood supply
and lead to catastrophic consequences. Failure
to separate the tuberosity from the pterygoid
plates will lead to failure or difficulty in down-
fracturing the maxilla or to an unfavorable frac-
ture (through the palatine bone or through the
pterygoid plates).
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Fig 5-26 For maxillary advancement procedures, the holes for
|r1terosseou9 wires are positioned to support the movement. The
lower hole is placed posterior to the top hole.

The contents of the pterygoid maxillary fissure and soft  Fig 5-28 The ostectomy is completed using a small osteotome
pal'ite are protected by placing the index finger at the hamulus  while the pterygoid ostectome is still in position, protecting the
palatally to feel the osteotome as it separates the tubercsity and  soft tissue behind the maxilla.
the pterygoid plates. Note that the ostectome is directed medially
and downward.

Step I1: Comp|etion of the of the posterior wall of the maxilla. The osteotome

. should protect the contents of the pterygo-

posterior osteoto my palatine fossa during completion of the osteotomy

(Fig 5-28). Do not stray too far medially, because

With the pterygoid osteotome still in position, the osteotome may damage the descending
use a thin osteotome to complete the osteotomy palatine artery or tear the soft palate.
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9 The lateral nasal wall is separated. Note that the wall de-  Fig 5-30

The nasal mucosa is dissected from the anterior nasal

viates posteriorly; therefore, care should be taken not to damage spine, nasal septum, and piriform rim.

the descending palatine neurovascular bundle at the posterior

end of the wall.

Step |12: Osteotomy of the
lateral nasal wall

A lateral nasal osteotome is placed on the piri-
form rim and directed slightly laterally (keep in
mind that the nasal fossa widens posteriorly)
(Fig 5-29). The nasal mucosa should be protect-
ed to prevent tearing during the osteotomy.

Step |13: Repeating the
procedure on opposite side

A small wet sponge is placed on the completed
side. The osteotomies should be placed at the
same level and angle on both sides, according
to the surgical treatment plan.

Step 14: Completing the nasal
spine subperiosteal dissection

Place a ramus retractor subperiosteally in the
midline over the anterior nasal spine. Dissect

the rest of the periosteum from the anterior
nasal spine.
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Step 15: Completing the
nasal mucosa dissection

Separate the septal cartilage from the anterior
nasal spine. Complete the dissection of the
nasal mucosa from the nasal septum and floor
(Fig 5-30):

* Protect the nasal mucosa; do not perforate or
tear it.

¢ A light tug on the ramus retractor (swallowtail
retractor) will separate the septal cartilage
from the anterior nasal spine and facilitate fur-
ther dissection.

* Dissection of the nasal mucosa from the sep-
tum and floor will be facilitated by removal of
the anterior nasal spine.

* Remove the anterior nasal spine with a bone
nibbler, but leave enough bone at the base of
the spine to accommodate a hole, which will
later be used for a cinch and septal suture.

* Keep in mind that removal of the nasal spine
will have soft tissue implications.
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Fig 5-31 The nasal cartilage and vomer are separated from the Fig 5-
sure on the anterior maxilla.

maxillary bone using a nasal septal ostectome.

Step 16: Osteotomy of the
septal cartilage and vomer

Complete the separation of the septal cartilage
and vomer from the maxillary bone using a
nasal septal osteotome (Fig 5-31). Angle the os-
teotome toward the floor of the nose to prevent
tearing the nasal mucosa.

Step |7: Maxillary
down-fracture

Down-fracture the maxilla by pushing downward
on the anterior maxilla. Place a small wet sponge
between the thumb and the maxilla (Fig 5-32).
The assistant should stabilize the patient’s supe-
rior midface. The maxilla should down-fracture
easily. If it does not, revise all the osteotomies,
especially at the junction between the tuberos-
ity and the pterygoid plates (see Step 18). If nec-
essary, complete the elevation of the nasal mu-
cosa from the nasal floor under direct visualization
once the maxilla has been down-fractured. Do
not use excessive force for the following reasons:

32 The maxilla is down-fractured with downward pres-

* Excessive pressure may mobilize the maxillary
teeth. (Remember that the teeth may be slightly
mobile because of the orthodontic tooth move-
ment.)

* Prolonged and excessive pressure on the maxil-
lary gingiva may compromise the blood supply.

* Excessive force may loosen the orthodontic
brackets on the anterior teeth.

» Excessive force may cause the maxilla to frac-
ture unfavorably (eg, fracture through the pala-
tine bone or the pterygoid plates, resulting in
excessive hemorrhage and/or difficult reposi-
tioning of the maxilla).

Step |8: Redefining
osteotomies when maxillary
down-fracture fails

The maxilla should down-fracture with ease. If it
doesn't, following are the most probable rea-
sons for the failure:

1. The pterygoid plates and tuberosity are not
sufficiently separated.
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Fig 5-33 (a) The right side of the maxilla is mobilized by pushing the maxilla anteriorly using a mobilizer (or pterygoid ostectome).
(b) The left side of the maxilla is mobilized, using a finger as a fulcrum and protecting the soft tissue at all times.

2. The lateral nasal wall osteotomy is incom-
plete (too short).

3. Occasionally, the bone of the maxilla is very
thick, making down-fracture difficult. In such
cases, tap the lateral nasal wall osteotomes
into position (bilaterally), and carefully push
down on the osteotomes to assist in the
down-fracture.

Step 19: Mobilization of the
maxilla

Place the maxillary mobilizer securely behind
the tuberosity while the assistant pulls the max-
illa downward using a cricoid hook placed in the
incisive canal. Push the maxilla carefully anteri-
orly, finally separating the maxilla from the
pterygoid plates (Fig 5-33). Mobilization can
also be completed by placing a sponge on each
side at the posterior osteotomies and then
pushing the anterior maxilla superiorly so that
the posterior maxilla is distracted, thus separat-
ing it from the pterygoid plates.
A few helpful hints at this stage follow:

* Protect the soft tissue; take care not to tear the
buccal mucosa with the mobilizing instrument.
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* Ensure that the maxilla is completely mobile
and separated from the pterygoid plates.

* Ensure that the cricoid hook is positioned se-
curely in the incisive canal.

* Use controlled force.

» Keep the osteotome securely down behind the
tuberosity to prevent fracture of the posterior
maxillary wall and keep the instrument from
slipping.

e Support the instrument with one finger, using
it as a fulcrum, while pushing forward with the
other hand (see Fig 5-33).

Step 20: Placement of a
maxillary positioning wire

Drill a hole through the lateral part of the piri-
form rim on each side of the down-fractured
maxilla. Feed a 0.018-inch wire through the
holes, and attach a wire twister to the wire (Fig
5-34). The wire is removed when rigid fixation
has been completed. The positioning wire is
helpful to (1) assist with the final mobilization of
the maxilla; (2) pull the maxilla anteriorly for
better visualization of, and access to, the poste-
rior area of the maxilla; and (3) assist in the final
positioning of the maxilla.



J 5-34 Altach a 0.018-inch wire through holes lateral to the pir-
iform rims bilaterally. This wire is helpful in mebilizing the maxilla,
improving the visualization of the posterior maxilla, and final po-
sitioning of the maxilla.

Step 21: Exposure of the
posterior maxilla

Place one pterygoid retractor on the medial
side of the lateral nasal wall to completely visu-
alize the posteromedial area of the maxillary
sinus. Place another pterygoid retractor sub-
periosteally on the buccal aspect of the maxilla
around the tuberosity (Fig 5-35a). This retrac-
tion will expose one side of the posterior max-
illa sufficiently to allow the surgeon to do the
following:

1. Identify the descending palatine neurovascu-
lar bundle.

2. Examine the osteotomies for refinement.

3. Recheck all the osteotomies, especially the
level of the fracture in the area of the per-
pendicular plate of the palatine bone and
posterior wall of the maxilla.

4. Examine the maxillary sinus mucosal lining and,
when necessary, remove pathological mucosa.

It is extremely important to be able to visualize
the posterior wall of the maxilla, the descending
palatine neurovascular bundle, the posterior part
of the lateral nasal wall (containing the neurovas-
cular bundle), and the anterior aspect of the
pterygoid plates. Bony interference in these areas
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is often the cause of incorrect maxillary reposi-
tioning and condylar sag. Sharp bony edges may
perforate blood vessels (ie, descending palatine
vessels) and lead to intraoperative or postopera-
tive hemorrhage. Removal of irregular bony
edges in this area without adequate visualization
may damage the contents of the pterygopalatine
fossa (ie, the maxillary artery) (Fig 5-35b).

Step 22: Checking fracture
level in the perpendicular
plate of the palatine bone

The fracture ideally should be at the junction
between the tuberosity and pterygoid plates. If
the fracture is high and not visible, an os-
teotomy should be performed lower, at a visi-
ble level. The fracture may also be too short,
occurring through the tuberosity (involving an
unerupted third molar) and continuing be-
tween the horizontal plate of the palatine bone
and the maxilla. Using the pterygoid chisel
placed between the tuberosity and pterygoid
plate, the separation should be carefully estab-
lished at the correct site. A short fracture in-
volving the horizontal plate of the palatine
bone will make accurate repositioning of the
maxilla impossible.
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a

Fig 5-35 (a) Visualization of the posterior maxilla is improved by placing pterygoid retractors around the tuberosity. (b) Bone irregu-
larities at the posterior wall of the maxillary sinus should be removed under good vision while the soft tissue is protected adequately.

Step 23:Trimming the lateral
nasal wall

Next, the lateral nasal wall should be trimmed
according to the treatment plan using a bone
nibbler and a vulcanite bur. Take care not to
damage the descending palatine neurovascular
bundle (Fig 5-36).
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Fig 5-36 The lateral nasal wall is timmed using a bone nibbler;
care is taken to carefully remove bone around the descending
palatine neurovascular bundle.

Step 24: Refining the
osteotomy at the posterior
maxillary wall

Refining the osteotomy at the posterior maxillary
wall is an important step. Take special care in re-
moving bony interference in the following areas
(Fig 5-37): the posterior part of the lateral wall,
the palatine bones, the maxillary tuberosities,
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b

Fig 5-37 (a) Refinement of the ostectomy at the posterior maxillary wall and adeqguate removal of bone is mandatory. Pay special at-
tention to the posterior part of the lateral wall (A), the palatine bone (B), the nasal septum (C), and the maxillary tuberosity (D). (b) It
is important to remove adequate bone from the pterygoid plates (E) and the tuberosities (F), especially in cases where the maxilla
will be superiorly repositioned. It is preferable to remove bone from the tuberosities rather than from the pterygoid plates.

Fig 5-38 (a) The nasal septum and remaining part of the vomer is trimmed from the nasal floor using a bone nibbler. (b} Adequate
trimming of the voemer and even creation of a trough in the nasal floor is essential to accommodate the nasal septum after maxillary
repositioning. This is especially important when the maxilla will be superiorly repositioned.

the posterior wall of the maxilla, the pterygoid
plates, and the nasal septum.

It is important to remove all bony interfer-
ences to facilitate unhindered and accurate
repositioning of the maxilla. Bone should be re-
moved from the posterior maxilla at the inferior
aspect rather than from the superior aspect of
the maxilla or pterygoid plates. The descending
palatine neurovascular bundle should be pro-
tected at all times, especially when removing the
bony interferences posterior to this structure.

Step 25: Reduction of the
palatal aspect of the nasal
septum

The remaining part of the nasal septum is re-
moved from the nasal floor using a bone nibbler
(Fig 5-38a). Then, using a large trimming bur, a
trough is created on the nasal floor to accom-
modate the nasal septum after maxillary reposi-
tioning (Fig 5-38b). This is especially important
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Fig 5-39 (a) The piriform rim should be contoured using a vulcanite bur to accommodate the soft tissue of the base of the nose after
maxillary repositioning. (b) A hole is drilled horizontally through the anterior nasal spine. This hole will be used later for the placement

of a cinch suture and for securing the nasal septum.

when the maxilla is superiorly repositioned.
Failure to remove enough bone will result in a
deviated septum, an asymmetrical columella,
and an unpredictable soft tissue result.

Step 26: Contouring the
piriform rim

The piriform rim should be contoured to ac-
commodate the nasal tissue after maxillary
repositioning (Fig 5-39a). At the same time, a
hole is drilled horizontally through the base of
the anterior nasal spine (Fig 5-39b). This hole
will be used later to position and secure the
nasal septum, as well as to assist in the place-
ment of a cinch suture. Insufficient removal of
the bone at the piriform rim areas, especially in
cases where the maxilla will be superiorly repo-
sitioned, may lead to flaring of the alae, lifting
of the nasal tip, and/or asymmetry of the nose.
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Step 27: Reversing the
hypotensive anesthesia and
checking for hemorrhage

Before the maxilla is finally repositioned and fix-
ated, it may be wise to reverse the hypotensive
anesthesia. At this time, while the patient is nor-
motensive, undetected arterial hemorrhage can
be discovered and addressed. This will help
prevent postoperative hemorrhage.

Step 28: Feeding a wire
through the holes at the
buttress

Semirigid fixation is used in most cases. The
maxilla is fixated with two bone plates (1.5 mm)
placed anteriorly in the thick bone of the piri-




form rim and 0.018-inch interosseus wires
placed at the buttress area bilaterally. After a Le
Fort | maxillary osteotomy, semirigid fixation
provides the necessary fixation, as well as the
flexibility for optimal results. In cases where
more rigidity is required (eg, maxillary expan-
sion, maxillary downgrafting, multipiece Le Fort
| procedures, and large movements [greater
than 6 mm]), more plates are recommended.

Step 29: Maxillomandibular
wire fixation

The vector of pull of the fixation wires should
support the direction of jaw positioning. Place
the first maxillomandibular wire around the four
central incisors to achieve the planned inter-
incisal relationship. Place the wires around the or-
thodontic brackets, guided by Kobayashi hooks
(or Lewis brackets with integral hooks). However,
be careful not to detach the orthodontic brackets.

Orthodontic movement causes the teeth to
be more mobile than normal. They could easily
be “pulled into occlusion” or into the acrylic
splint by the maxillomandibular fixation wires.
Once the wires are removed, the teeth will re-
turn to their original position. For example, the
bone next to the midpalate is often very thin,
and once alveolar bone support is removed by
segmental surgery (eg, an anterior maxillary seg-
ment), the palate may be bent easily by the
force of the maxillomandibular fixation. When
maxillomandibular fixation is removed, however,
relapse will occur immediately because the max-
illa will return to its original shape.

Step 30: Maxillary
repositioning

Rotate the maxillomandibular complex closed,
and check the reference marks for accurate
maxillary positioning. Positioning the condyles
in their ideal relationship to the fossa while the
maxilla is positioned in its new planned position
is the most challenging and difficult part of the
procedure. The surgeon, with experience, will
develop a feel for positioning the condyles and
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will usually be able to detect bony interferences
that might distract the condyles out of the gle-
noid fossa. Numerous condylar positioning de-
vices have been designed to achieve condylar
positioning by recording the preoperative
mandibular position in relation to a fixed part of
the facial skeleton. This position is then repro-
duced after repositioning the maxilla. However,
the use of these devices is time consuming and
leads to varying degrees of success.

A few hints for the maxillary repositioning
stage follow:

* Take great care during this step to ensure that
the maxilla is in its planned position while
both mandibular condyles are in an ideal rela-
tionship with the glenoid fossa.

* Place one hand on either side of the mandible,
and with light, controlled digital pressure on
the chin and the angles of the mandible, rotate
the maxillomandibular complex closed until
bone contact is achieved (Fig 5-40a).

* The vectors of force in positioning the con-
dyles are a slight backward pressure on the
chin and an upward and slightly anterior pres-
sure on the angles.

* Make sure there are no bony interferences
during the rotation (Fig 5-40b).

* Do not force the mandible closed to achieve
the planned maxillary position.

When any bony interferences are detected, ro-
tate the mandible open, inspect the area where
interferences are suspected, and remove them
under good visualization (see the discussion of
condylar sag, pages 304 to 306).

Step 31:Turbinectomy

If an enlarged inferior turbinate interferes with
superior repositioning of the maxilla, it should
be reduced. Enlargement of the turbinate could
be caused by soft tissue hypertrophy alone or
both soft tissue and bone hypertrophy. A tur-
binectomy could be performed from a ventral
approach through an incision or tear in the nasal
mucosa by grasping the hypertrophied soft tis-
sue with an artery clamp and resecting the tissue

279



5 | Surgical Technique

Fig 5-40 (a) With intermaxillary fixation in position, the maxillomandibular complex is rotated to achieve bone contact. The vector of

force on the condyle should be superior and slightly anterior. There should be no bony interferences during the rotation. (b) Bony in-
terferences usually occur at the posterior maxilla (circle). As the maxilla is rotated, the interference will cause the condyle to be dis-
tracted downwards. Once the intermaxillary fixation is removed, the condyle will move superiorly, creating an anterior open bite (see
the section on intraoperative diagnosis of condylar sag during Le Fort | ostectomy, pages 304 to 308).

above the clamp using a diathermy knife (Fig
5-41). Hypertrophied bone may be removed by
elevating the mucoperiosteum above the bone
and then removing the desired portion of bone
with a small bone nibbler. The overlying hyper-
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The hypertrophied turbinate is grasped with a tissue
clamp and then removed using a diathermy knife.

Fig 5-4

trophied mucoperiosteum may be removed with
a diathermy knife and need not be sutured. The
nasal mucosa incision (tear) is sutured with a 4-0
chromic suture.



Step 32: Suturing the nasal
mucosa

Identify any tears in the nasal mucosa, and re-
pair them with a 4-0 chromic suture. Failure to
repair a tear in the nasal mucosa may cause ex-
cessive intraoperative and/or postoperative
hemorrhage and may also jeopardize the suc-
cess of any bone grafts in the palate.

Step 33: Checking the
position of the nasal septum

Rotate the maxillomandibular complex closed
to achieve the predetermined maxillary posi-
tion. Ensure that the condyles are seated in the
glenoid fossa, and then check the position of
the nasal septum. The septum should lie freely,
without any interference in the trough created
in the nasal floor (see Step 25). The nasal sep-
tum cartilage and vomer may be trimmed to en-
sure that the septum lies passively. The nasal
septum may be secured in position by placing a
suture through it and through the horizontal
hole in the base of the nasal spine after maxil-
lary fixation (see Step 39). If nasal reconstruction
with cartilage graft is contemplated, the carti-
lage can be harvested from the septum at this
stage. If nasal reconstruction will be deferred
for a second operation, the harvested cartilage
can be “stored” subperiosteally on the lateral
wall of the maxilla for later use.

Step 34:Tightening the
buttress wires

Copious lavage of the maxillary sinuses and
nasal floor with saline solution should be carried
out before tightening the buttress wires; small
bone fragments remaining in the sinus or nasal
cavities will lead to postoperative infection. Re-
tract the soft tissue bilaterally away from the
osteotomy line using pterygoid retractors to
allow the necessary bone contact and avoid soft
tissue entrapment. Carefully rotate the maxillo-
mandibular complex superiorly to achieve bone

Le Fort | Maxillary Osteotomy

apposition, and tighten the interosseus buttress
holding wires. Avoid overtightening the wires in
an attempt to achieve better bone apposition,
since the tension it would place on the bone
would result in displacement and occlusal dis-
crepancy once maxillomandibular fixation was
removed.

Step 35: Checking maxillary
position using a caliper

If there is any doubt about the condylar position
at this stage, the maxillomandibular fixation
should be removed and the occlusion checked
by referring to intraoral bony reference marks or
to an extraoral reference point (eg, a Kirschner
wire in the frontal bone). The interosseous wires
are usually sufficient (in single-piece maxillary or
segmental surgery with the teeth wired into an
acrylic splint) to maintain the maxilla in position
while the occlusion is checked. If necessary, small
adjustments in the maxillary position can now be
made to achieve the planned occlusion. An un-
acceptable occlusion should be corrected by
removing the interosseous wires, finding the
reason for the discrepancy, and correcting the
problem.

Step 36: Replacing the
maxillomandibular fixation
Recheck the position of the maxilla using a cali-
per and the reference marks made in Step 5. If

the maxillary position and occlusion are satis-
factory, replace the maxillomandibular fixation.

Step 37: Placement of bone
plates

Selection and adaptation of plates

Use 1.5-mm titanium bone plates or resorbable
bone plates. The decisions about the method
of stabilization and type of plate (titanium or re-
sorbable) are influenced by several factors, in-
cluding bone thickness, bone quality and con-
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tact, amount of surgical movement, and direc-
tion of movement. The methods of fixation are
interosseous wires, suspension wires, bone plat-
ing (titanium or resorbable), and a combination
of the above.

Most cases use semirigid fixation, which con-
sists of bilateral titanium (1.5-mm) bone plates
or resorbable (2.0-mm) plates placed anteriorly
in the thick bone at the piriform areas and two
interosseous (0.018-inch) wires placed at the zy-
gomatic buttresses. Some cases, however, may
demand additional fixation—for example, cases
with large movements (more than 6 mm) and
poor bone contact, downgrafting procedures,
or segmental osteotomies of the maxilla. Sus-
pension wires are seldom used today.

The plates should be adapted to fit passively.
Two screws should be placed on either side of
the osteotomy, and care should be taken not to
place screws into the roots of teeth, too close to
the edge of the bone, or in thin bone. If thin
bone must be used, self-drilling screws are rec-
ommended.

Segmental maxillary surgery

Segmental surgery should be used to facilitate
narrowing or widening of the maxillary dental
arch, close interdental spaces, or surgically level
the occlusal plane.

Interdental osteotomy

The surgeon should ensure that there is suffi-
cient space between the roots of the teeth ad-
jacent to the proposed interdental osteotomy
site. For vertical movements of the segments,
the roots should be at least parallel; when clo-
sure of an interdental space is contemplated,
the roots should be divergent. The interdental
osteotomy should be initiated before the maxilla
is down-fractured. This technique has two dis-
tinct advantages. First, when the maxilla is stable,
the initial bur cut and tapping with the interden-
tal osteotome are easier. Second, because the
osteotome is tapped while the maxilla is stable,
the technique prevents stretching of the vital soft
tissue pedicle of the maxilla.
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The interdental bone should be exposed by
careful reflection of the mucoperiosteum inferi-
orly. Using a small fissure bur (701), penetrate
only the cortical bone between the roots of the
adjacent teeth (Fig 5-42a). Place a finger on the
palate to palpate the osteotome as the inter-
dental osteotomy is completed with a thin spat-
ula osteotome. Hold the osteotome in one hand
while placing a finger of the other hand in the
palate. The assistant should then tap the osteo-
tome carefully. As the osteotome passes through
the alveolar bone and thick palatal bone, the re-
sistance to the tapping helps in determining the
position of the osteotome tip. To avoid damag-
ing the periodontal tissue, do not tap the os-
teotome right down to the alveolar crest (Fig
5-42b). The segment should be mobilized only
once the maxilla is down-fractured; mobilization
should be achieved by completion of the pala-
tal osteotomy through the nasal floor. Mobilize
the segment using finger pressure or rotation of
a flat instrument placed into the line of the in-
terdental osteotomy.

Nasal floor or palatal osteotomy

The palatal osteotomy in the nasal floor is per-
formed once the maxilla is down-fractured. Pro-
tect the mucoperiosteal pedicles by supporting
the maxilla while the osteotomies are performed.
Perimidline sagittal osteotomies are performed
lateral to the nasal septum, where the bone is
thin and the palatal mucosa is slightly thicker
than in the midline of the palate. Use a fissure
bur to drill through the bone lateral to the nasal
septum, taking care not to perforate the palatal
periosteum (Fig 5-43). The palatal osteotomy is
connected to the interdental osteotomy and
completed with a thin osteotome. Be extremely
careful not to tear the palatal mucosa, especially
in a transverse direction, because this will limit
blood supply. Mobilize the segments with finger
pressure or by placing a small, flat instrument in
the interdental osteotomy areas and rotating it.
Bilateral osteotomies should be contemplated for
palatal expansion of more than 5 mm.

For large expansions, it may be desirable to
graft the defect. When doing so, ensure that
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12 (a) Interdental ostectomy. First only the cortical bone between the roots of the adjacent teeth is penetrated by the drill. (b)
The interdental osteotomy is completed by tapping a thin, sharp ostectome between the roots. The position of the ostectome is mon-

itored by placing a finger on the palate behind the teeth.

Fig 5-43 The palatal osteotomy is placed just |ateral to the nasal
septum. The bone is thin here and the mucosa thick. Placement
of the osteotomy too far laterally may damage the greater pala-
tine neurovascular bundle.

the nasal and palatal mucosa are intact. Large
palatal expansions may result in tension in the
palatal soft tissue, which may be released by
further lateral mucoperiosteal dissection or by
incising the periosteum (anteroposteriorly) in an
area that is not overlying the osteotomy. Ensure
that the nasal mucosa is intact, and never incise
or tear the palatal mucosa transversely.

Fixation and stabilization after
segmental osteotomies

To establish the planned occlusion, use an acrylic
splint prefabricated according to the model sur-
gery. Place a two-hole bone plate across the in-
terdental osteotomy, one screw on either side,
to secure the segment. Using the orthodontic
brackets, place an interdental wire around the
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teeth adjacent to the osteotomy. The bone
plates should be bent accurately to conform
passively to the bony contour and must be se-
cured with two screws on either side of the Le
Fort | osteotomy. Each segment should be se-
cured with a bone plate.

Bone defects may be grafted to promote
more rapid healing of bone at the osteotomy
sites without forcing bone into the defects and
thus displacing the segments. It is recommend-
ed that palatal bone defects larger than 3 mm
be grafted to enhance the stability of the result.
Bone grafts at the piriform rim and zygomatic
buttress areas should be stabilized with wire or
screw fixation because unsupported bone
grafts may be dislodged in the maxillary sinus
and thus lead to infection.

Step 38: Removing the
maxillomandibular fixation
and checking the occlusion

Before the occlusion is checked, the mandible
should be gently opened and closed, as well as
translated forward and from side to side, to en-
sure that the articulating disc was not displaced
while teeth were in intermaxillary fixation. Any
displacement of the articulating disc will pro-
duce a malocclusion and may cause temporo-
mandibular joint dysfunction later. Wait a few
minutes after removing maxillomandibular fixa-
tion before checking the occlusion. Then, with
slight pressure on the chin, close the mandible
until the teeth occlude. If the planned occlusion
has not been achieved, remove rigid fixation
and diagnose and correct the reason for failure.
Keep in mind that the occlusal splint may be at
fault. Accepting an incorrect occlusion may ne-
cessitate another operation. There is no better
time to correct a problem than now.

Step 39: Placement of nasal
septum and cinch sutures

Secure the septum in the trough created in the
floor of the nose by a suture through the sep-
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tum and the hole in the base of the anterior
nasal spine. Depending on the esthetic require-
ments, the width of the alar base may need to
be controlled by a cinch suture. Roll the upper
lip outward with the thumb while placing the
index finger extraorally at the alar rim. With the
lip everted, grasp the lateral alar soft tissues op-
posite the index finger using a toothed forceps
(Fig 5-44a). Release the lip while lightly pulling
the toothed forceps medially. Observe the alar
base moving medially with the forceps. Insuf-
ficient movement of the alar indicates that the
correct tissue (fibroareolar extension of the lower
lateral cartilage) has not been grasped, and an-
other attempt should be made to grasp it.

Place a 3-0 Vicryl suture through the tissue
held by the forceps, feed the suture through the
hole at the base of the anterior nasal spine, and
repeat the procedure on the contralateral side
in a figure-eight configuration (Fig 5-44b). Tight-
en the suture to narrow the base to approxi-
mately 3 mm less than the desired width to allow
for postoperative widening.

Step 40: Submucosal suturing

The soft tissue incision is closed in layers—first
the submucosal tissue and then the mucosa.
Suturing is one of the most important steps of
the procedure and should be performed metic-
ulously. It is the last step of the surgical proce-
dure, and the surgeon may be tired at this stage
and not give this important step enough atten-
tion. It is essential to realize that incorrect sutur-
ing may result in poor esthetic results. Start pos-
teriorly and end atthe piriform rim on both sides
by pulling the superior tissues slightly forward.

Step 41: Mucosal suturing

Perform a V-Y closure (Fig 5-45), and reapproxi-
mate the mucosal midline using 4-0 chromic
sutures. Place two interrupted sutures on both
sides of the midline to reapproximate it. Com-
plete the mucosal suturing using a continuous
suture starting posteriorly and pulling the supe-
rior tissue slightly forward. When lip lengthen-
ing is indicated, more horizontal sutures (or
even bilateral V-Y suturing) may be used.
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5-44 (a) The lateral alar soft tissue is grasped with a toothed forceps. (b) The cinch suture is placed in a figure-eight fashion

through the hole in the anterior nasal spine.

Fig 5-45 V=Y closure of the upper lip.

Step 42: Placement of
elastics or maxillomandibular
fixation

Maxillomandibular fixation is seldom used and
may be reserved for patients requiring immobi-
lization because of multiple segmental surgery
or large movements that require an occlusal
splint. The period of maxillomandibular fixation
may vary from a few days to 3 weeks. Alterna-

tively, for most patients, two to four elastics may
be placed interocclusally to guide the teeth into
the new occlusion. The direction of the elastics
should support the repositioning.

Step 43: Applying a pressure
dressing

A pressure dressing is applied to help control
swelling and/or prevent hematoma formation.
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Fig 5-46 The soft tissue incision is angled to maintain more sub-
mucosal tissue for ease of later suturing.

To correct a chin deformity, a sliding genio-
plasty may be performed as an isolated proce-
dure or in conjunction with other surgical pro-
cedures. Over the last 25 years or so, the
versatility of an osteotomy of the anterior part
of the inferior border of the mandible has en-
abled the surgeon to modify the genial area in
all three dimensions. The chin is one of the
most noticeable facial structures; therefore, the
surgeon must develop both artistry and surgical
technique.

Step I: Infiltration of soft
tissue with a vasoconstrictor

Infiltrate the area of dissection with 2 mL of
local anesthetic containing a vasoconstrictor
(epinephrine in a concentration of 1:100,000)
10 minutes before surgery.

Do not inject more than 2 mL of local anes-
thetic into this tissue because a large volume
will distort the shape of the chin and make clin-
ical judgment of the esthetics difficult at the
time of surgery. Avoid injecting anesthetic into
the mental neurovascular bundle.
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17 Subperiosteal dissection is carried downward and lat-
erally to identify the mental nerve. The mucoperiosteum at the su-
perior aspect is also elevated to make reapproximation of the
mentalis muscle and mucosa easier.

Step 2: Mucosal incision

Make the first soft tissue incision through the
labial mucosa of the mandible from just distal to
the canine to a similar point on the contralateral
side. Branches of the mental nerve can often be
identified in the submucosal tissue laterally.
Leave at least 5 mm of nonkeratinized mucosa
superiorly to make later suturing easier.

Step 3: Submucosal incision

Make the second incision through the submu-
cosal tissue and periosteum onto the bone,
avoiding damage to the mental nerve at the lat-
eral aspects of the incision. This incision is an-
gled at 45 degrees to the bone so that more
submucosal tissue and periosteum remain at
the superior aspect to make later suturing eas-
ier (Fig 5-46).

Step 4: Mucoperiosteal
dissection

Start the mucoperiosteal dissection from the cen-
ter, and dissect laterally and inferiorly. Identify
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Fig 5-48 (a) The dental midline is marked on the bone. Two vertical reference lines are placed lateral to this line. (b) A superiorly an-
gled hole is drilled in the midline below the intended osteotomy line. A positioning wire will be placed through this hole once the chin

has been mobilized.

the mental nerves bilaterally. Also elevate the
mucoperiosteum at the superior aspect (Fig 5-47)
to make later suturing easier.

Step 5: Establishing
reference points

Use a 707 bur to mark the dental midline on the
bone superiorly and inferiorly to the intended
osteotomy. Make small, shallow holes, keeping
the roots of the incisors in mind, and score a line
into the cortex to connect the holes (Fig 5-48a).
Deepen the inferior hole by angling the bur su-
periorly and extending the hole well through
the cortex. This hole is intended for the place-
ment of a positioning wire later in the procedure.
Place the hole in thick bone to ensure that the
wire will not pull through (Fig 5-48b). For accu-
rate repositioning of the chin, place reference
marks approximately 15 mm lateral to the mid-
line to assist with symmetrical repositioning.

Step 6: Osteotomy design

The osteotomy should be performed at least 5
mm below the roots of the incisors and 5 mm

below the mental foramen. Visualize and mark
the angle of the osteotomy as planned on the
surgical visual treatment objective (Fig 5-49a).

The following text will discuss the basic tech-
nique for the advancement of the chin using tri-
cortical screw and bone plate fixation. The tech-
niques for anteroposterior reduction, vertical
change, correction of asymmetry, and change in
width are discussed in steps 16 through 20.

Most genioplasty procedures are performed
to improve the anteroposterior position of the
chin. Consideration must be given to the angu-
lation of the osteotomy, however, because vari-
ations in the angle will lead to changes in the
vertical dimension of the chin, with obvious es-
thetic consequences. The angle of the os-
teotomy creates a plane along which the bony
segment will slide (Fig 5-49b). The steepness of
the angle of the osteotomy will be influenced
by the esthetic requirements, the roots of the
incisor and canine teeth, and the position of the
mental foramen. Keep in mind that the course
of the mental nerve prior to its exit through the
mental foramen is approximately 5 mm inferior
and anterior to the foramen.
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Fig 5-49 (a) The angle and position of the ostectomy is visualized. Note that the position of the mental nerve and the roots of the in-
cisor and canine teeth should be kept in mind. (b) The change of the angulation of the osteotomy and its effects on the vertical di-

mension after repositioning are demonstrated.

Step 7: Osteotomy of the chin

Perform the osteotomy with an oscillating saw
by starting in the center and cutting laterally.
Ensure that both cortices are osteotomized. Fail-
ure to include the lower border in the osteo-
tomy will lead to an unfavorable fracture at the
inferior border of the bone segment and thus
inaccurate repositioning of the chin (unless con-
toured).

Step 8: Mobilization of the
chin

After completion of the osteotomy, the chin
segment should be mobile.

However, it may be necessary to finally mobi-
lize it with a light tap and then rotate a small os-
teotome in the osteotomy line. The need for ex-
cessive force to mobilize the chin indicates that
the osteotomy is not completely through both
cortices or the inferior border of the mandible,
which may lead to an unpredicted fracture of
the lower border.

When the genioplasty is combined with a bi-
lateral sagittal split osteotomy of the mandible,
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it is preferable to perform the genioplasty after
completing the sagittal split osteotomy. At this
stage, the mandible is still held in position by
maxillomandibular fixation. Performing the ge-
nioplasty at this point allows the surgeon to
evaluate the esthetics and, if necessary, make
small positional changes to the chin to improve
the appearance. Keeping the teeth in occlusion
while performing the genioplasty provides the
added advantage of supporting the mandible
and reducing the forces on the recently placed
rigid fixation screws. Avoid applying too much
force to the mandible, however, because this
may dislodge the orthodontic brackets. (An al-
ternative method is to perform the genioplasty
before the sagittal split osteotomy.)

Step 9: Engaging the
positioning wire

Place a 0.018-inch wire through the hole drilled
in the osteotomized segment during marking
(Step 5), and attach a wire twister to it. This wire
will be helpful during the mobilization phase
(Step 10) and in accurate repositioning of the
chin.
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0 Mobilizing the chin. A Howarth elevator is placed be-
hind the chin segment while the chin is pulled forward by the po-
sitioning wire.

Step 10: Final mobilization
of the chin segment

Place a Howarth elevator behind the lingual cor-
tex, and pull the chin forward by stretching the
soft tissue (the suprahyoid muscles and perios-
teum) (Fig 5-50). Adequate mobilization of the
segment will facilitate easy and accurate reposi-
tioning of the chin.

Step | I: Refinement of the
osteotomy

Check the posterior aspect of the osteotomized
segment for any sharp or irregular edges, and
remove the interferences using a large round
vulcanite bur (Fig 5-51). Failure to smooth any
irregularities will prevent accurate repositioning
of the chin. Interferences are often found at the
posterolingual area of the mobilized segment
and the soft tissue; the sublingual salivary gland,
facial artery, mentalis nerve, and geniohyoid
muscles should also be protected during re-
moval of these bony interferences.

All bony interferences should be removed and irregu-

larities smoothed prior to repositioning. Note that special atten-
tion should be given to the posterior area of the chin segment.

Step |2: Repositioning the
chin

Use the positioning wire and extraoral digital
pressure to accurately reposition the chin ac-
cording to the treatment plan (Fig 5-52).

Although a golden rule in orthognathic sur-
gery is "Never change your treatment plan on
the operating table,” genioplasty may be the
exception. The surgeon may use clinical judg-
ment at the time of surgery to slightly alter the
repositioning of the chin for a better esthetic
result.

Step 13: Countersinking
holes for tricortical screw
fixation

When tricortical bone screw fixation is contem-
plated, countersink two holes in the buccal cor-
tex approximately 8 mm on either side of the
marked midline of the osteotomized segment.
Position the countersink holes at least 5 mm

289



5 Surgical Technique

' The chin segment is placed in its planned position

using the positioning wire.

. Placement of a countersink hole o accommadaie the

head of the screw.

(a) A hole is drilled through all three cortices using a trocar to protect the soft tissue. (b) A trocar is used to place a tricor-
tical screw to fixate the chin segment. At least two screws should be placed to secure the bone segment.

from the superior edge of the segment to ac-
commodate the head of the screw (Fig 5-53).

Step |4: Placement of
tricortical screws

Drill the holes and place the bone screws while
the assistant holds the chin in its planned posi-
tion using the holding wire and digital pressure.
Drill the holes into the center of the countersink
hole using a trocar to protect the soft tissue, and
simultaneously guide the drill at an appropriate
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angle to engage all three cortices (Fig 5-54a).
Ensure that the screw is long enough to engage
all three cortices (Fig 5-54b).

Step 15: Bone plate fixation
as an alternative to screw
fixation

Use a prefabricated chin fixation plate or an X-
or H-shaped bone plate or two straight bone
plates with two screws on either side of the



: 5 As an alternative to tricortical screw fixation, bone
plates may be used as rigid fixation.

osteotomy. The positioning wire and digital
pressure help stabilize the chin segment in its
planned position (Fig 5-55) while the bone
plates are bent to fit accurately and passively.
Avoid damaging the roots of the incisors with
the screws. It is recommended that fixation be
placed on each side of the midline.

Step |16: Anteroposterior
reduction of the chin

Position the chin using extraoral digital pres-
sure, check the position of the bone using a
caliper, and use a prefabricated chin fixation
plate or bend the appropriate plate to fit accu-
rately and passively (Fig 5-56a). Use a prefabri-
cated chin fixation plate or an X- or H-shaped
bone plate or two straight plates. When the
chin is set back, the posterolingual area often
has a palpable step defect at the inferior border
of the mandible, which may concern the patient.
To contour this area, the osteotomized segment
is pulled downward and forward, and the pos-
terolingual aspect of the chin segment is con-
toured (Fig 5-56b). Protect the soft tissue at all
times during this step.

Anteroposterior reduction of the chin may
result in flattening of the labiomental fold. The
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sharp anterior edge on the superior aspect may
be contoured to counter this effect and en-
hance the depth of the labiomental fold and
chin shape (Fig 5-56¢).

Step 17:Vertical increase of
the chin

Using a 701 fissure bur, drill reference holes
recording the vertical dimensions of the chin. To
maintain the symmetry of the chin, the refer-
ence marks should be made in the midline, as
well as approximately 15 mm lateral to the mid-
line, and the distances between them recorded.
Place a bone plate while the assistant uses the
positioning wire and an instrument wedged be-
tween the segments to maintain the required
space between the bony segments (Fig 5-57).
At least two screws should be placed superiorly
and inferiorly to the osteotomy using an H- or
X-shaped plate or two straight plates to secure
the segment and maintain the vertical height. It
is recommended that a bone graft be placed in
the defect. Do not force the bone graft into the
defect, since doing so might displace or mobi-
lize the chin segment.
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Step |8:Vertical reduction of
the chin

Drill reference marks recording the vertical di-
mensions of the chin. To maintain symmetry of
the chin, place the marks in the midline and
approximately 15 mm lateral to the midline, and
record the distances between them. Perform the
first osteotomy low enough to facilitate perform-
ing the second osteotomy from the superior as-
pect (Fig 5-58). Complete the lower osteotomy,
and mobilize the chin. Mark the amount and
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1 5-56 (a) For setback procedure of the chin, bone plate fixa-
tion is the method of choice. In setback procedures, the use of a
positioning wire is impractical. (b) The medial aspect of the pos-
terior area of the chin segment is removed to prevent a palpable
step defect on the lower border of the mandible. (¢) The labio-
mental fold is enhanced by contouring the anterior edge on the
superior aspect of the mandible.

shape of bone to be removed, and then com-
plete the superior osteotomy. The shape of the
ostectomized bone will influence the final an-
teroposterior position of the tip of the chin; that
is, if the ostectomy is wider anteriorly, the chin
will rotate anteriorly, whereas an ostectomy that
is wider posteriorly will rotate the chin posteri-
orly. Maintain as much soft tissue attachment to
the chin as possible to ensure good blood sup-
ply to the repositioned bone and reduce dead
space. This will also yield a more predictable es-
thetic result.
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" Vertical increase of the chin. The chin segment is held
at the planned height using a positioning wire. Two bone plates performed first and the planned amount of bone then removed
are then placed to fixate the segment. Finally, the defect is superiorly.
grafted.

Step 19: Correction of
asymmetry of the chin

Drill reference holes recording the dimensions of
the chin. For lateral movement of the chin, the
dental midline is marked on the superior aspect
of the osteotomy line, while the midline of the
chin is marked on the inferior aspect (Fig 5-5%a).
When correction of asymmetry requires vertical
change as well, marks are placed lateral to the
midline to record vertical dimensions on both
the left and right sides. Large cants in the chin
contour (eg, in unilateral condylar hyperplasia
or hypoplasia) may have to be corrected by a
propeller osteotomy. The first osteotomy is per-
formed superior and parallel to the occlusal
plane or interpupillary plane. A second osteo-
tomy is performed parallel to the lower border
of the chin (Fig 5-5%9b). The small, triangular
segment is rotated 180 degrees while its mus-
cle attachment is maintained (Fig 5-59¢). The
inferior segment can now be secured by rigid
fixation (Fig 5-59d).

g 5-58 Vertical reduction of the chin. The lower osteotomy is

Step 20:Altering the width
of the chin

Using a 701 fissure bur, drill reference marks
recording the presurgical chin dimensions.

Widening or narrowing the chin
(altering the posterior dimension)

Before the chin is mobilized, fixate a four-hole
straight plate horizontally across the midline to
the labial cortex of the chin. To widen the chin,
perform a midline osteotomy through the buc-
cal and lingual cortex, and complete the os-
teotomy with a small osteotome. The chin can
now be widened by using the bone plate as a
hinge (Fig 5-60a). To narrow the chin, perform a
triangular midline ostectomy on the lingual as-
pect of the chin segment, and narrow the chin
by using the bone plate as a hinge (Fig 5-60b).

Once the desired shape of the chin has been
achieved, further fixation can be placed.
Fixation should be placed on both sides of the
midline osteotomy.
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9 (a) Lateral movement of the chin. The midline of the chin is marked below the osteotomy line and the facial midline above
the ostectomy line. After mobilization of the chin, the chin segment is moved laterally until the lines coincide. (b) The propeller os-
teotomy. A first osteotomy (1) is performed parallel to the interpupillary line. A second osteotomy (2) is then performed parallel to the
lower border of the chin. (¢) The triangular segment, pedicled to the hyoid muscles, is rotated 180 degrees. (d) The two segmenls

are secured by rigid fixation.

Widening or narrowing the chin
(altering the anterior dimension)

To narrow the chin, a predetermined amount of
bone is ostectomized from the mobilized seg-
ment. To simplify the removal of the ostec-
tomized bone from the center of the chin, com-
plete all the ostectomies before mobilizing the
segments (Figs 5-60c and 5-60d).
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In widening the chin, a predetermined width
can be achieved by performing a midline os-
teotomy and increasing the anterior width by
moving the segments laterally (Fig 5-60e). Secure
the graft between the segments with a bone
plate before fixating the segments to the man-
dible (Fig 5-60f).



Genioplasty

f

=!

(a) Widening the posterior dimension of the chin. A midline osteotomy is performed through the chin segment after place-
ment of a bone plate on the anterior surface. The plate is now used as a hinge, widening the posterior chin, and a small bone graft
placed in the midline defect. (b) Narrowing the posterior dimension of the chin. A bone plate is placed on the anterior surface of the
chin and a triangular midline ostectomy performed. The segment is now bent medially to narrow the chin. (¢) Narrowing the anterior
dimension of the chin. A midline ostectomy is performed in the center part of the chin. (d) After removal of the ostectomized bone,
the lateral segments are moved medially. (e) Widening the anterior dimension of the chin. An osteotomy is performed in the center
of the chin segment. (f) After increasing the anterior width of the chin. a bone graft is placed between the segments.

295



5 | Surgical Technique

Step 21: Suturing the
submucosal tissue

First, place an interrupted midline suture to ac-
curately reestablish midline soft tissue align-
ment. Then use a continuous 3-0 chromic suture
to reapproximate the periosteum and muscle
(Fig 5-61). Accurate reapproximation of the men-
talis muscle is of the utmost importance in main-
taining the soft tissue contour.

Step 22: Suturing the mucosa

Place a single midline 4-0 chromic suture to
maintain lip symmetry. Use a continuous suture
to secure the rest of the mucosa.

Step 23: Applying a pressure
dressing

Vertical and horizontal pressure is applied to
the chin via a pressure bandage. Postoperative
hematoma formation and swelling is limited by
keeping the bandage in place for approximately
3 days.
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-~
| To achieve the best esthetic results, it is mandatory that
the mentalis muscles be accurately reapproximated. Mucosal su-
turing should fallow.

The need to accurately position the condyle in
the glenoid fossa has been underlined by the
increasingly common application of rigid fixa-
tion in bilateral sagittal split ramus osteotomies.
However, there is no consensus as to what con-
stitutes an ideal functional and stable relation-
ship between the condyle, meniscus, and glenoid
fossa. The literature not only contains contra-
dictions about the functional relationship of the
components of the temporomandibular joint, but
more importantly, it is vague about how a func-
tional and stable relationship can be achieved
during surgical repositioning of the jaws.

Condylar sag can be defined as an immediate
or late caudal movement of the condyle in the
glenoid fossa after surgical establishment of a
preplanned occlusion and rigid fixation of the
bone fragments, leading to a change in the occlu-
sion. Relapse of the occlusion due to change in
the condylar position may occur immediately
after removal of maxillomandibular fixation or
later, during the postoperative course.
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62 The cause of an incorrect occlusion immediately after

the intraoperative removal of maxillomandibular fixation may be
condylar sag (1), mobility at the osteotomy site (2}, or a shift in the
occlusion during placement of rigid fixation (3).

Avoiding an unfavorable condylar position
intraoperatively is obviously highly desirable
and is the subject of ongoing research that has
focused primarily on two management philoso-
phies: (1) maintaining the condyle in its preop-
erative position (by means of a device record-
ing the relationship of the proximal segments
to a skeletal structure that will remain constant
and not be repositioned during surgery) prior
to bilateral sagittal split ramus osteotomies and
(2) using sophisticated imaging modalities or
computer-assisted navigation to replace the
condyle in its preoperative position. These tech-
niques, although relatively successful, are either
cumbersome or rely on expensive hardware
that is not universally available. A simple tech-
nique that can reliably identify a malpositioned
condyle intraoperatively has obvious advantages.
It is highly desirable to be able to diagnose an
incorrect occlusion at the time of surgery, and it
is just as important to be able to recognize the
cause of the problem. The following text dis-
cusses possible etiologies of malocclusion after
intraoperative removal of intermaxillary fixation
and patterns of malocclusion that should assist
the clinician in differentiating the various etio-
logic factors.

Intraoperative diagnosis of
an incorrect occlusion

A disclusion is often apparent shortly after intra-
operative removal of maxillomandibular fixation.
Figure 5-62 shows possible causes of an incor-
rect occlusion at this stage of the procedure: (1)
condylar sag, (2) mobility at the osteotomy site,
or (3) a shift of the occlusion during placement
of rigid fixation.

Condylar sag

Two types of condylar sag may occur: central
and peripheral. In central condylar sag, the con-
dyle is positioned inferiorly in the glenoid fossa
and makes no contact with any part of the
fossa (Fig 5-63a). In the absence of intracapsular
edema or hemarthrosis (causing hydraulic pres-
sure), the condyle will move superiorly after re-
moval of maxillomandibular fixation, leading to
a malocclusion (Fig 5-63b).

Two types of peripheral condylar sag may
occur. In Type |, the condyle is positioned inferi-
orly, with some fossa contact (lateral, medial, pos-
terior, or anterior) with the maxillomandibular
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Fig 5-63 (a) Central condylar sag. The condyle is positioned inferiorly in the glencid fossa with no bone contact while the teeth are
in occlusion (maxillomandibular fixation) and rigid fixation is placed. (b) After removal of maxillomandibular fixation, the condyle will

move superiorly, causing immediate relapse.

a

b

Fig 5-64 (a) Type | peripheral condylar sag. The condyle is displaced inferiorly with (in this case) medial fossa contact. After removal
of the maxillomandibular fixation, the condyle-fossa contact provides physical support to the occlusion. (b) Postoperative condylar
resorption will lead to superior positioning of the condyle, which will later cause relapse.

fixation in position (teeth in occlusion) and rigid
fixation placed. This type of condylar malposition-
ing provides physical support to the occlusion (Fig
5-64a). Postoperative resorption or change in con-
dylar shape will lead to late relapse (Fig 5-64b).
In Type I, the condyle is positioned correctly in
the fossa with the maxillomandibular fixation in
position (teeth in occlusion); however, with the
placement of rigid fixation, a torquing force is
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applied to the condyle and ramus of the
mandible (Figs 5-65a and 5-65b). The tension on
the ramus is released when the maxillomandibu-
lar fixation is removed, and the condyle will
move either laterally or medially and slide inferi-
orly in the fossa (Fig 5-65¢).

Peripheral sag occurs more often in bilateral
sagittal split ramus osteotomy procedures
where a defect develops between the two bone
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Fig 5-65 Frontolateral view of the glenoid fossa, condyle, and proximal and distal bone segments. (a) The condyle is in the correct
relationship to the glenoid fossa. Note, however, the gap (G) and the contact area (C) between the bone segments. (b) The place-
ment of rigid fixation forces the bone segments together, which applies tension on the condyle and ramus, causing a bowing effect
(B). (¢) Once the maxillomandibular fixation is removed, the tension on the ramus is released, causing the condyle to move medially
and slide inferiorly on the medial wall of the fossa; this creates a posterior open bite. The vertical change in condylar position (V) is

equal to the posterior open bite (V).

segments because of the repositioning of the
distal segment. When these intersegmental de-
fects are closed by forcing the segments to-
gether during the application of rigid fixation,
the condyle is often displaced in the glenoid
fossa. In procedures for the correction of
mandibular asymmetry (Fig 5-66a)—large set-
back or advancement procedures (especially in
V-shaped mandibles) with the use of lag screws
for rigid fixation—special care should be taken
not to displace the condyle in the fossa during
the placement of fixation (Figs 5-66b and 5-66c).
The step at the horizontal osteotomy on the
medial side of the mandibular ramus may also
interfere with bone contact (Fig 5-66d) and act
as a fulcrum during placement of rigid fixation.

An occlusal shift may be identified by careful
clinical examination following the removal of
maxillomandibular fixation. Condylar sag pro-
duces repeatable patterns of occlusal shift that
will help the surgeon identify the offending
condyle. Following are the clinical signs of con-
dylar sag:

A. Central condylar sag (see Fig 5-63)
1. Bilateral central condylar sag (Fig 5-67)
- Dental midlines correct
- Overjet increased
- Anterior open bite
- Class Il malocclusion (bilaterally)
2. Unilateral central condylar sag (Fig 5-68)
- Mandibular dental midline toward the
offending side
- Overjet increased (more on the offend-
ing side)
- Class Il dental relationship on the of-
fending side
- Overjet corrected and the correct occlu-
sion reestablished if the mandible is
moved until the midlines coincide
B. Peripheral condylar sag
1. Type | (see Fig 5-64): this type of sag is
difficult to diagnose intraoperatively be-
cause the contact between condyle and
glenoid fossa supports the occlusion; may
lead to late relapse due to condylar re-
sorption
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56 (a) The intersegmental defects are demonstrated after correction of mandibular asymmetry. The only bone contact is at G,
which acts as a fulcrum if the segments are forced together by rigid fixation. Both the condyles will be forced to the left side in the
glenoid fossa. (b) The positioning screw (left) will tend to maintain the intersegmental gap, while a lag screw (right) readily allows
the bone segments to be forced together, secondarily displacing the condyle medially in the fossa, (c¢) Bicortical screws must be
placed at an angle when the procedure is done intraorally. The lag screw (right) will tend to force the condyle medially and distally
inthe fossa, while the positional screw (feft) will maintain the intersegmental position. (d) During large setback procedures with short-
ening of the mandibular ramus, the horizontal step (of the medial ostectormny) may act as a fulcrum (C). Medial force to achieve bone
contact (x) will displace the condyle laterally in the fossa (y).
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Fig 5-67 Bilateral central condylar sag. (a) Frontal view of occlusion; dental midlines correct (arrows) and a tendency to anterior open

bite. (b) Left view of occlusion. Note the increased overjet, tendency to anterior open bite (white arrow), and Class |l dental relation-

ship (black arrow). The right side of the occlusion is similar.

B ]

Fig 5-68 Unilateral central condylar sag, left condyle. (a) Frontal view of occlusion; mandibular dental midline displaced toward the

left (arrows). (b) Left side of occlusion; increased overjet (white arrow) and Class |l dental relationship (black arrows). The right side

of the occlusion has a Class | dental relationship.

2. Type |l
a. Bilateral peripheral condylar sag (Fig 5-69)

- Dental midlines correct

- Anterior crossbite or edge-to-edge
incisal relationship

- Tendency to Class Il dental relation-
ship

- Tendency to bilateral posterior open
bites

b. Unilateral peripheral condylar sag (Fig

5-70)

- Dental midline of the mandible to-
ward the contralateral side

- Edge-to-edge incisor relationship with
tendency to crossbite on the offend-
ing side

- Posterior open bite on the offending
side with teeth in occlusion

- When the mandible is moved toward
the left to correct the dental midlines,

incisal relationship edge to edge orin
crossbite, with canines and molars
tending to a Class Il dental relation-
ship

It is possible to diagnose central condylar sag
and Type || peripheral condylar sag intraopera-
tively immediately after removal of the maxillo-
mandibular fixation. With Type | peripheral con-
dylar sag, however, where condyle-glenoid
fossa contact supports the occlusion, the mal-
relationship will become apparent only when re-
sorption of the condyle has taken place.

Mobility at the osteotomy site

Inadequate rigid fixation at the osteotomy site
will lead to mobility between the distal and
proximal segments of the mandible. The oc-
clusal signs will mimic those of central condylar
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Fig 5:69 Bilateral Type |l peripheral condylar sag. (a) Frontal view of occlusion; the dental midlines are correct (arrows), and there is a

tencency toward an edge-to-edge incisal relationship. (b) Left side of occlusion; there is a tendency toward a Class Il dental relation-
ship, posterior open bite (black arrow), and edgeto-edge incisal relationship (white arrow). The right side of the acclusion is similar,

Fig 5-70 Unilateral Type |l peripheral condylar sag of the right condyle. {a) Frontal view of occlusion; dental midline of the mandible

displaced toward the left (black arrows). (b) Right side of occlusion; edge-to-edge incisal (white arrow), Class |ll dental relationship,
and posterior open bite (black arrow). The left side of the occlusion has a Class | dental relationship.

sag on the same side. The surgeon should con-
sider this complication when a malocclusion oc-
curs after the removal of maxillomandibular fix-
ation. By applying light, controlled force on
either side of the osteotomy site, the surgeon
should be able to detect mobility between the
two bone segments.

Shift of the occlusion during
placement of rigid fixation

Inadequate occlusal fixation combined with ex-
cessive lateral force during placement of bicor-
tical screws may displace the occlusion. This
displacement may go undetected until after
maxillomandibular fixation has been removed
and the occlusion checked. Thus, the occlusion
should be checked before the removal of max-
illomandibular fixation.
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Intra-articulator hemorrhage
or edema

The step-by-step description of the surgical
technique stressed careful handling of and re-
spect for hard and soft tissue during surgery.
This is especially important during the actual
splitting procedure and in handling the proximal
segment after splitting. Rough, indiscriminate
manipulation of this segment (and the condyle)
may lead to intracapsular hemorrhage and/or
edema or may displace the articulating disc.
Hemorrhage or edema in the temporo-
mandibular capsule may cause increased intra-
capsular pressure. Increased pressure that de-
velops before condylar positioning makes the
positioning difficult. Also, when the hemorrhage
or edema resolves postoperatively, the condyle
will move superiorly in the fossa (condylar sag)
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Fig 5-71 (a) Intracapsular hemarthrosis and/or edema before condylar positioning. The increase in intracapsular hydraulic pressure
tends to displace the condyle inferiorly and make condylar positioning difficult. This may lead to postoperative central sag. (b) As the
hemarthrosis and/or edema resolves postoperatively, the condyle moves superiorly, leading to malocclusion.

Fig 5-72 Intracapsular hemarthrosis and/or edema after condy-
lar positioning. The increased intracapsular hydraulic pressure
tends to push the condyle inferiorly, leading to postoperative pos-
terior open bite (mimicking peripheral sag). With resolution of the
intracapsular hemarthrosis and/or edema, the condyle will move
superiorly, reestablishing the occlusion,

(Fig 5-71). If increased pressure develops post-
operatively, the condyle will be pushed inferi-
orly in the fossa, a situation that is usually ac-
companied by pain. The clinical signs mimic
those of peripheral condylar sag. There is a pos-
terior open bite on the affected side; the bite
will improve as the intracapsular hemorrhage or
edema resolves (Fig 5-72).

Disc displacement

A preoperative history of temporomandibular
clicking or locking signals that the proximal seg-
ment (temporomandibular joint) should be han-

dled with even more care than usual during sur-
gery. The integrity of the joint structures must
be carefully maintained, and, as much as possi-
ble, displacement of the articulator disc must
be avoided. If the disc is not in its normal rela-
tion to the condyle and fossa during condylar
positioning, the bite will open posteriorly once
the disc returns to its normal position in the
fossa (Fig 5-73).

Condylar orientation in the glenoid fossa is a
critical and probably the most demanding step
of the bilateral sagittal split ramus osteotomy
procedure. During the condylar-positioning
maneuver, the surgeon cannot see the condyle
or glenoid fossa. However, its position is influ-
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(a) The articulator disc is displaced anteriorly in the fossa during condylar positioning. (b) Once the disc returns to its nor-
mal position in the fossa, the condyle will be pushed downward, leading to a posterior open bite on the affected side.

enced by numerous intracapsular and extracap-
sular factors, including the following:

* Incorrect vector during condylar positioning

* Incorrect direction of the holding wire or bone
clamp

* An incomplete or greenstick split that pre-
vents condylar seating

* Muscular, ligamentous, or periosteal interfer-
ence

* Intra-articular hemorrhage or edema

* Flexing the proximal segment while placing
rigid fixation (the stress in the segment is re-
leased once the maxillomandibular fixation is
removed)

* Displacement of the articulator disc

* Resistance to movement between the distal
and proximal segments during condylar posi-
tioning

The technique for condylar positioning is dis-
cussed in the surgical technique section. As pre-
viously emphasized, the surgeon who develops
the ability to diagnose an incorrect occlusion
and understands what leads to malocclusion
during surgery has immense advantages. Intra-
operative correction will prevent a disappoint-
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ing occlusal result, many hours of hard work and
irritation for the orthodontist, and probably a
second operation. The surgeon should not de-
pend on extensive, prolonged postoperative or-
thodontics to correct a poor surgical outcome.

During condylar positioning, the maxillo-
mandibular complex (the mobilized maxilla
fixed to the mandible by maxillomandibular fix-
ation with the teeth in the planned occlusion)
must rotate around a point at the condyle. If not
enough bone is removed at the posterior max-
illa, the bone will act as a fulcrum, which will in-
terfere with the rotation (Fig 5-74a). To achieve
bone contact at the osteotomy site, the maxil-
lomandibular complex is forced superiorly,
which pulls the condyles inferiorly in the fossa
(Fig 5-74b). Once the maxillomandibular fixa-
tion is released, the condyles will move superi-
orly into their normal position in the fossa, caus-
ing the mandible to rotate clockwise and the
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(a) The bony interference (arrow) at the posterior max-
illa prevents rotation of the maxillomandibular complex around a
point at the condyle to achieve ideal bone contact. (b) To achieve
bone contact at the anterior maxilla, the maxillomandibular com-
plex is rotated around the bony interference (circle), while the
condyle moves inferiorly in the fossa. (c) Once the maxillo-
mandibular fixation is released, the mandible rotates back in a
clockwise direction, this time with the posterior molars (circle) as
the fulcrum. An anterior open bite and Class |l dental relationship
results.

bite to open anteriorly, with a Class Il tendency
(Fig 5-74c). Slight upward force on the chin will
allow the mandible to rotate counterclockwise,
with the fulcrum now at the second molars.
The surgeon should be extremely critical
when evaluating the occlusion at this stage. In
the evaluation, the following should be kept
in mind. First, the mandibular condyles should
be treated with great care during the entire
procedure to prevent intracapsular edema, hem-
arthrosis, or disc displacement—problems that
would make condylar positioning difficult.
Second, during the placement of rigid fixa-
tion after Le Fort | maxillary osteotomies, the
condyle may not be in its correct position. Some-

times the placement of rigid fixation takes a
substantial amount of time, during which the
condyle is held in an “abnormal” position. After
the release of maxillomandibular fixation, the
condyle may tend to remain in this position and
make it appear that the occlusion and condyle
are well positioned. Therefore, the mandible
should be translated gently laterally and an-
teroposteriorly after removal of maxillo-
mandibular fixation. Then, by light digital pres-
sure on the chin, the mandible is rotated closed
and the occlusion assessed. Any tendency to an
anterior open bite due to interference of the
molars signals possible incorrect condylar posi-
tioning. This effect will only get worse postop-
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eratively. Thus, a surgeon who suspects that the
condyle may be displaced by posterior bone in-
terferences should carefully investigate after the
removal of rigid fixation.

Third, posterior bone interference usually oc-
curs in the posteromedial area of the maxillary
tuberosities (Fig 5-75).

Finally, it is better to remove bone inferiorly
at the posterior area of the downfractured max-
illa than at the superior aspect (see Fig 5-75).
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Advancement genioplasty. See also Genio-
plasty.
cephalometric prediction tracings
postoperative assessments, 111-113
preoperative, 104-110
visual treatment objectives, 104-110
ANB angle, 45f, 45-46
Ankylosis, temporomandibular joint,
233-238
Asymmetry of face. See Facial asymmetry.

B

Bidental protrusion, 70f
Bilateral sagittal split osteotomy
Class lll malocclusion, 166
condylar sag after
central, 297, 298f, 299
description of, 296-297
pertipheral, 297-299, 298f, 302f
signs of, 299, 301
mandibular advancement, 80, 81f, 154
Bilateral split ramus osteotomy
bicortical holes and screw placement,

264, 265f
bone removal from proximal segment,
263
buccal osteotomy, 250-251, 252f
condyle

orientation of, 303
positioning of, 263-264, 303-304
sag of, 297-302
disc displacement, 303-304, 304f
history of, 248
holding wires, 251-252, 261, 264
impacted third molars, 260-2462
inferior alveolar neurovascular bundle,
261
intra-articular hemorrhage or edema,
302-303, 303f
lingula, 249, 250f
malocclusion, 266
mandibular asymmetry corrected by, 239
maxillemandibular fixation
condylar sag after, 297-302
description of, 262-263, 265
occlusion shifts, 302
medial pterygoid muscle and styloman-
dibular ligament stripping, 260, 261f
medial ramus osteotomy, 250
occlusion, 265

osteotomy cut defined using osteotome,
254, 2541
pterygomasseteric sling stripping, 259,
2611
selective odontoplasty, 262
soft tissue infiltration and incisions, 248,
2491
splitting of mandible
fractures caused by, 256-259
procedure for, 254-256
retromolar segment fractures, 259, 260f
vertical osteotomy fractures, 258-259
subperiosteal dissections, 248-249
technigue for, 248-266
trocar placement, 264
Buccal osteotomy
anterior, 268, 269f
bilateral split ramus osteotomy, 250-251,
252f
posterior, 269-271

C

Case study

cast analysis, 73, 73f
cephalometric analysis, 71, 731
clinical evaluation, 71, 72f-73f
dental analysis, 71, 73

diagnosis, 74

esthetic objectives, 78-79
general patient evaluation, 69
radiographic evaluation, 71, 73, 73f
results, 75, 761-77f

treatment objectives, 74, 74t-75t
treatment plan, 74-75, 76f

Centric occlusion, 16
Cephalometric analysis

lateral
description of, 31
skeletal analysis, 43-51
soft tissue analysis, 31-42
mandibular advancement prediction trac-
ings, 93-98, 114, 114f-115f
mandibular setback, 116, 116117
maxilla superior repositioning
with mandibular advancement and pre-
molar extraction, 127-132
postoperative assessments, 122-126
preoperative, 104-110
maxillary advancement prediction trac- -
ings
postoperative assessment, 118-120
precperative, 79-103
maxillary repositioning, mandibular ad-
vancement, and advancement genio-
plasty, 104-110

Index

maxillorandibular complex rotation,
132-138
posteroanterior
hard tissue landmarks, 57
transverse dentoalveolar assessment,
59-61, 60f
transverse planes, 58, 58f
triangular analysis, 59, 59f
vertical cephalometric line, 58
vertical dentoalvealar assessment,
59-41, &40f
Cheekbone-nasal base-lip contour,
21#-22f, 26, 27f
Cheeks, 26-27, 27f
Chin
asymmetry of
characteristics of, 238, 239f, 245
mandible asymmetry and, 240, 241f
ostectomy of, 288
profile analysis of, 30, 30f
prominence of, 37, 371, 42t, 79
Chin-throat area
length of, 38, 38f, 42t
profile analysis of, 30, 30f
Class | malocelusion
description of, 79
division 1
case study of, 154-158
clinical characteristics of, 151-152
crowded cases, 154
mandibular advancement, 154
noncrowded cases, 154
treatment of, 152-154
division 2
case study of, 162-164
clinical characteristics of, 159
cental characteristics of, 159
mandibular advancement for, 159,
161-162
orthodontic mechanics, 159
treatment of, 159-162
Class | open bite
characteristics of, 214
orthodontic preparations, 214-215
surgical solutions for, 215-218
Class Il malocclusion
case study of, 79
cephalometric analysis of, 80f
deseription of, 2
Class |l open bite
arch correction, 222-223
case study of, 220-225
characteristics of, 219
Le Fort | osteotomy for, 219-220
arthedontic preparation, 219-220
surgical solutions for, 220
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Class Il malocclusion
mandibular anteroposterior deficiency
case study of, 177-180
clinical characteristics of, 176
dental characteristics of, 176
treatment of, 176177
two-jaw surgery, 176
mandibular anteroposterior excess
bilateral sagittal split osteotomy for, 146
case study of, 166-170
clinical characteristics of, 165
dental characteristics of, 165
mandibular growth after correction of,
170-175
treatment of, 165-166
Class Il open bite
characteristics of, 225
maxilla repositioning for, 225-226
orthodontic preparation, 225
surgical solutions for, 225
Communication, 10-11
Condylar sag
bilateral sagittal split osteotomy
central, 297, 298f, 299
description of, 296-297
peripheral, 297-299, 2981, 302f
signs of, 299, 301
Le Fort | maxillary osteotomy, 304-306
Consultation
general practitioner, 10
implantology, 10
orthodontic, 8-9
patient, 8
periodontic, 10
prosthodontic, 10
surgical, 9-10
Curve of Spee, 82, 82f, 96, 152

D

Dental arch
compatibility of, for Class || mal-occlusion,
153
crowding of, 154
leveling of, 82
Dental evaluation, 14
Dental midline shifts, 23
Dental tipping, 227
Dentofacial defarmities. See also specific
deformity.
definition of, 1
differential diagnosis, 70f
psychosocial effect of, 1
treatment pathway for, 71f
Downs analysis, 54, 55f
E
E-line, 40-41, 411, 42t
Esthetics
facial evaluation, See Facial evaluation.
imbalance of, 2
treatment planning for, 2-6
Evaluation
dental, 14
facial. See Facial evaluation.

F

Face
asymmetry of. See Facial asymmetry.
symmetry of, 19-20, 20f
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vertical dimensions of. See Vertical di-
mensions of face.
Facial angle, 47, 48f
Facial asymmetry
adolescents, 233-238
adults, 238-245
categorization of, 230f, 230-231
causes of, 230
cephalometric tracing of, 60f
chin
characteristics of, 238, 239f, 245
mandible asymmetry and, 240, 241f
hemifacial microsomia, 233
mandible
bilateral split ramus ostactamy for, 239
characteristics of, 239-240, 245
chin asymmetry and, 240, 241f
description of, 231
maxilla asymmetry and, 242f-243f,
242-244
maxilla, 2421-243f, 242-245
nose, 245
presurgical orthodontic treatment for,
232-233
temporomandibular joint ankylosis, 233-238
zygoma, 245
Facial contour angle, 38-40, 39f-40f, 42t
Facial evaluation
description of, 16
facial form, 18, 18f
facial symmetry, 19-20, 20f
frontal analysis, 18-25
head position for, 16, 16f
lips, 25
profile analysis, 25-30
transverse dimensions, 19, 19f
vertical relationship, 20-25
Facial form, 18, 18f
Facial width, 18, 18f
Full-mouth periapical radiographic evalua-
tion, &1
Functional evaluation form, 631

G

General practitioner consultation, 10
Genioplasty. See also Advancement genio-
plasty.
anesthesia, 286
bone plate fixation, 290-291
chin
anteroposterior reduction of, 291, 292f
asymmetry of, 293, 294f
mobilization of, 288-28%9
vertical reduction of, 292, 293f
width alterations, 293-294, 294f-295f
description of, 80, 81f, 286
incisions, 286
mucoperiosteal dissection, 286-287
osteotomy, 287-289, 2881-289f
positioning wire, 288
reference points, 287
tricortical bone screw fixation, 289-290, 290f
“Gummy smile,” 3f, 122

H

Hard tissue
lateral cephalometric landmarks, 43f, 43-44
planes, 44, 44f

Hemifacial micresomia, 233

i

Implantology consultation, 10
Interarch relationship, 63
Interdental osteotomy, 282
Interincisal angle, 54, 55f
Interlabial gap, 33-34, 123
Interpositioning graft, 189
Intra-arch relationship, 62

L

Labiomental fold, 29, 30f
Labrale inferior, 31
Labrale superior, 31
Lateral cephalometric analysis
description of, 31
skeletal analysis, 43-51
soft tissue analysis, 31-42
Le Fort | maxillary osteotomy
anesthesia, 266, 278
anterior buccal osteotomy, 268, 2691, 270
bone plates, 281-284
buttress wires, 281
Class Il open bite corrected by, 219-220
condylar sag, 304-306
fixation, 278-279, 284-285
history of, 266
interdental osteotomy, 282, 283f
interosseous wires, 270
lateral nasal wall, 274, 276f
maxilla
caliper assessment of, 281
down-fracture of, 273f, 273-274
mobilization of, 274, 274f
positioning wire for, 274, 275f
posterior, 275, 276f
repositioning of, 279, 280f
maxillomandibular fixation, 279, 284-285
mucosa
incision of, 266-247, 24671
nasal, 272, 2721, 281
suturing of, 284, 285f
nasal floor ostectomy, 282-283, 283f
nasal septum, 277f, 277-278, 281, 284
palatine bone fracture, 275
piriferm rim, 278, 278f
posterior buccal osteotomy, 269-271
pressure dressing, 285
reference marks, 268, 268f
refining of osteotomy, 273f, 273-274,
276-277
segmental ostectomy, 283-284
septal cartilage and vomer osteotomy,
273, 273f
submucosal suturing, 284
subperiosteal dissection, 267, 268f, 272
technique, 85f, 266-285
tuberosity separation from pterygoid
plates, 270, 2711
turbinectomy, 279-280
Lips
excessive maxillary vertical growth ef-
fects, 1
lower
length of, 23, 25, 33, 33f
vermilion height, 34
profile analysis of, 29, 29f
prominence of, 35{-36f, 35-36, 42t
symmetry of, 25
thickness of, 41, 42f



upper
length of, 23, 33
thickness of, 42f
vermilion height, 34
vertical maxillary deficiency evaluations,
17, 17-18
Lower anterior facial height, 47, 48f
Lower facial plane, 29
Lower lip
length of, 23, 33, 33f
vermilion height, 34
Lower lip—chin-throat angle, 38, 38f, 42t
Lower third of face
description of, 23f-24f, 23-25
profile analysis of, 29-30

M

Malocclusion
Class |. See Class | malocclusion,
Class Il. See Class || malocclusion.
Class Ill. See Class Il malocclusion.
growth modification for, 1
orthodentic camouflage for, 1-2
arthognathic surgery for, 1-2
Mandible
advancement of. See Mandibular
advancement.
anteroposterior deficiency
Class |l malocclusion. See Class Il mal-
occlusion.
description of, 81f
differential diagnosis, 70f
anteroposterior excess
bilateral sagittal split osteotomy for, 166
case study of, 166-170
clinical characteristics of, 165
dental characteristics of, 165
description of, 164
incidence of, 164
mandibular growth after correction of,
170-175
treatment of, 165-166
anteroposterior position of, 36-37, 37f
asymmetry of
bilateral split ramus osteotomy for, 239
characteristics of, 239-240, 245
chin asymmetry and, 240, 241f
description of, 231
maxilla asymmetry and, 242f-243f,
242-244
buccal cortex fracture, 256, 257f-258f
excess, 70f
maxilla and, anteroposterior relationship
between, 48, 50f
repositioning of
bilateral split ramus ostectomy. See Bi-
lateral split ramus osteotomy.
history of, 248
Mandibular advancement
bilateral sagittal split ostectomy for, 80,
81f, 154
bilateral split ramus osteotomy for. See
Bilateral split ramus osteotomy.
cephalometric prediction tracings
postoperative assessments, 114,
114f=115f
preoperative, 93-98
Class Il malocclusion
division 1, 154
division 2, 159, 161-162

facial changes associated with, 78
maxillary superior repositioning with pre-
meolar extraction, 127-132
model surgery, 138-139
Mandibular anterior dental height, 55, 55f
Mandibular incisors
McNamara analysis of, 53-54, 54f
Steiner analysis of, 52-53, 53f
Mandibular osteotomy line, 144, 145f
Mandibular overclosure, 70f
Mandibular plane angle, 45, 45f
Mandibular setback
cephalometric prediction tracings, 116,
116f~117F
soft tissue effects, 78
Mandibular triangle, 59, 59f
Masseter muscle hypertrophy, 19, 19f
Maxilla
advancement of
cephalometric prediction tracings,
99-103, 118-121
facial changes associated with, 78
anterior segmental ostectomy of, 181
anteroposterior excess
case studies, 183-187
clinical characteristics of, 181
dental characteristics of, 181
description of, 181
treatment of, 181-182
anteroposterior position of
deficiency, 83-84
description of, 36-37, 37f
anteroposterior repositioning of, 196
asymmetry of, 242f-243f, 242-245
expansion of
dental tipping, 227
description of, 227
rapid palatal expansion, 229
surgical, 230
surgically assisted palatal expansion,
229
mandible and, anteroposterior relation-
ship between, 48, 50f
repositioning of
Class Ill open bite corrected by,
225-226
inferior, 78
mandibular positioning after, 86-91
model surgery for, 140-141
superior, 24, 30, 78
techniques for, 181
segmental surgery of, 84
superior repositioning of
cephalometric prediction tracings,
104-110, 122-126
description of, 24
facial changes associated with, 78
model surgery for, 141-142
nasolabial angle effects, 30
segmental repositioning with premalar
extraction and mandibular advance-
ment, 127-132
vertical excess treated using, 195-196
visual treatment objectives, 104-110
transverse deficiency of, 188-189
vertical deficiency of
assessment of, 188
case study, 189-192
clinical characteristics of, 188
dental characteristics, 188

Index

differential diagnosis, 70f
evaluation, 16=17, 17f .
lip position for evaluating, 17
maxillary repositioning for, 188
soft tissue changes associated with, 171
treatment of, 188-189
vertical excess of
case study, 197-200
clinical characteristics, 193
dental characteristics, 193
description of, 193
differential diagnosis, 70f
extrusion of teeth, 193
maxilla superior repositioning, 195-196
maxillary repositioning for, 83
treatment of, 193-197
Maxillary depth, 47, 48f
Maxillary incisors
evaluation of, 51-52
position of, 51-52
tooth exposure, 34
Maxillary molar to pterygoid vertical, 54, 55f
Maxillary teeth, 24-25
Maxillary triangle, 59, 59f
Maxilloemandibular complex
facial asymmetry evaluations, 231, 2311
rotation of. See Maxillomandibular com-
plex rotation.
Maxillomandibular complex rotation
anterior nasal spine
rotation point at, 203-204
rotation point inferior to, 205-206
rotation point posterior to, 204-205
cephalometric prediction tracings,
132-138, 206
Class Il, division 2 malocclusion, 161-162
clockwise
case study of, 208f-209f
description of, 132-137
counterclockwise, 138
description of, 201
esthetic results, 201-202
geometry of, 202-203
indications, 206-213
occlusal plane manipulation, 202-203
planning for, 202-203
prediction tracings, 132-138, 206
rotation point, 203-206
two-jaw surgery with, 91-92
MeNamara analysis
description of, 47-48, 48f, 47t
mandibular incisors, 53-54, 54f
maxillary incisors, 52
Medical history, 14
Middle third of face
cheeks, 26-27, 27f
description of, 21, 21f-22f
nose, 26, 26f
paranasal areas, 28, 28f
profile analysis of, 25-28
Model surgery
description of, 138-139
example of, 143-149
goal of, 138
mandibular surgery only, 138-139
maxillary surgery only
description of, 139-140
repositioning, 140-142
two-jaw surgery, 142
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Nasal floor osteotomy, 282-283, 283f
Masolabial angle, 30, 30f, 34-35, 35f, 42t
Mose

asymmetry of, 245

dorsum of, 26, 26f

profile analysis of, 26, 26f

‘projection of, 26f, 28f

8}
U

Occlusal plane analysis, 56
Occlusal plane angulation, 202
Occlusal-oral function evaluation, 14
Occlusion. See also Malocclusion.
functional evaluation, 62, 63f
stability, 6
Open bite
cephalometric characteristics, 214
chief complaints associated with, 214
Class |
orthodontic preparations, 214-215
surgical solutions for, 215-218
Class Il
arch correction, 222-223
case study of, 220-225
characteristics of, 219
Le Fort | osteotomy for, 219-220
orthodontic preparation, 219-220
surgical solutions for, 220
Class Il
characteristics of, 225
maxilla repositioning for, 225-226
orthadontic preparation, 225
surgical solutions for, 225
posterior, 226-227
Orthodoritic bands,

Orthodontic compromise treatment plan, 3, 4f
Osteotomy. See Bilateral sagittal split
osteotomy; Bilateral split ramus
osteotomy; Buccal osteotomy;

Le Fort | maxillary ostectomy.

Overjet, 35

F
Palatal expansion
rapid, 229
surgically assisted, 229
Palatal ostectomy, 282-283
Panoramic radiography, 61, 621
Paranasal areas, 28, 28f
Patient
communication with, 10-11
consultation with, 8-9
Patient evaluation
dental evaluation, 14
facial evaluation. See Facial evaluation.
medical history, 14
overview of, 13
sociopsychologic evaluation, 14-15, 15f
Periodontic consultation, 10
Posterior open bite, 226-227
Posteroanterior cephalometric analysis
hard tissue landmarks, 57
transverse dentoalveolar assessment,
59-41, 60f
transverse planes, 58, 58f
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triangular analysis, 59, 59f
vertical cephalometric line, 58
vertical dentoalveclar assessment, 59-61,
&0f
Preoperative planning, 3
Profile analysis, 25-30
Pronasale, 31
Prosthedantic consultation, 10

[+
n

Radiographic evaluation
cephalometric analysis. See Cephalomet-
ric analysis.
full-mouth periapical, 61
panoramic, &1, 62f
Rapid palatal expansion, 229
Ratio of effective maxillary to mandibular
length, 48
Ricketts analysis, 40-41, 411, 42t, 54, 55f
Rule of fifths, 19

S

Self-perception, 14-15
Single-jaw surgery
mandibular repositioning, 80-83
maxillary repositioning, 83-86
S-line, 41, 411, 42t
SNA anale, 45, 45f
SNB angle, 45, 46f
Sociopsychologic evaluation, 14-15, 15f
Soft tissue
anteroposterior evaluation of, 34-42
mandibular advancement effects, 78
maxillary advancement effects, 78
maxillary repositioning effects, 78
vertical evaluation of, 32-34
vertical maxillary deficiency effects, 171
Soft tissue glabella, 31
Soft tissue nasion, 31
Speech, 1
Stability, 6, 7f-8f
Steiner analysis
description of, 451, 45-46
mandibular incisors, 52-53, 53f
maxillary incisars, 51-52
occlusal plane, 56
Stomion inferius, 31
Stomion superius, 31
Study cast analysis
case study use of, 73, 73f
form for, 63, 64f
interarch relationship, 63
intra-arch relationship, 62
Subnasale, 31
Subnasale-pogonion line, 291
Surgical consultation, 9-10
Surgical technique. See specific tech-
nigue.
Surgically assisted palatal expansion,

229
-
Temporomandibular joint

ankylosis of, 233-238
evaluation of, 45, 65f

Total subapical osteotomy, 80, 811, 161
Transverse dimensions of face, 19, 19f
Treatment objectives

case study, 74, 7475t

description of, 2

esthetics, 2-6

function, 2

patient consultation, 8

stability, 6, 7f-8f

visual. See Visual treatmeant objectives.
Treatment plan

case study, 74-75, 76f

description of, 10-11, 247
Treatment profile, 9
Treatment sequence, 92
Triangular analysis, 5%, 591
Turbinectomy, 279-280
Two-jaw surgery

maxillary and mandibular repositioning

orthodantic considerations, 20-91
surgical decisions, 86-89
maxillomandibular complex rotation,
F1-92
model surgery for, 142
tooth extraction patterns, 90

U
Unilateral condylar hyperplasia, 244f, 245
Upper lip
length of, 23, 33
thickness of, 42f
vermilion height, 34
Upper third of face, 20-21, 25
v
Vertical cephalometric line, 58
Vertical dentoalveolar assessment, 59-61,
&60F
Vertical dimensions of face
description of, 20
lower third, 23{-24f, 23-25
middle third, 21, 21f-22f
upper third, 20-21
Visual treatment objectives
advantages of, 93
description of, 92
mandibular advancement, 93-98
maxillary advancement, 99-103
maxillary repositioning, mandibular ad-
vancement, and advancement genio-
plasty, 104-110
pretreatment, 92-93

W
Wits appraisal, 46, 46f-471
Z-angle, 41, 42f, 42t
Zygoma asymmetry, 245
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